the excess flood water of the Kuranji. This scheme 1s shown in Fig. J-6
and the construction cost is estimated as shown in Table J-5. The
result of cost estimate shows that the cost of the diversion measure
would be higher than that of the existing channel improvement measure.

Therefore this measure is not recommendable,

(5) Existing chamnel improvement

The other conceivable flood control method is improvement of the
existing channel which is the principal flood control measure in the
lower reaches, No other measure is to be found in the lower reaches of

the objective three rivers. Therefore this method is recommended.

3.2 Aiternative Schemes

With regard to river stretches subject to channel improvement of
the comprehensive plan, the upstream end of channel improvement is
determined in consideration of the results of the fluvial geomorpho-
logical study, i.e. the new railway bridge site for the Arau river
where the knick point exists, Gunung Nago weir site for the Kuranji
river and Koto Tuo weir site for the Air Dingin river. The determined

river stretches are as follows

Name of River Length ~ Stretch
(km)

1. Arau river .10.6 rivermouth — new railway bridge

2. Jirak river 4,6 coﬁfluende to mainstream - new
railway bridge

3. Floed relief channel 6,7 whole stretch

4, Ruranji river ' 13.5 rivermouth — Gunung Nago weir

5, Balimbing river 9.7 confluence to mainstream - 2 km
upstream of Lolong Kanan bridge

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

7. Alr Dingin river 6.1 rivermouth ~ Koto Tuo weir

lLocations of these stretches are shown in Fig., J-7.
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Considering the conditions of the existing channel, channel
improvement to dncrease the carrying capacity is required by means of
construction or heilghtening of dike, excavation of channel and their
combination, According to the results of the fluvial geomorphological
study, the fluvial action of the rivers is vivid in the stretch between
Gunung Nago weir and Kalawi bridge of the RKuranji 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 stfetches. The
retarding basin in the Laras river basin is considered as one of the
alternative schemes. Tor the drainage in urban area, the outlet struc—
tures of drain are considered in the channel improvement. Pumping
stations are considered at the outlet of drain in rhe low~1iying area.
The conceivable alternative schemes thus set up are as follows

( refer to Fig. J-8 ) :
3.2.1 Arau River

{(1). Scheme A-1

a., The middle Arau river (between new.réilway bridge and Lubuk
Begalung weir): The existing channel will not be improved by
diking system because the existing channel has sufficient
carrying capacity, but bank protection will be required in

some reaches,

b. The lower Arau river (between Lubuk Begalung weir and its
river mouth): The channel will be subjected to minor improve~
ment to normalize the existing capacity, because houses exist

densely on the hoth banks.

c¢. The flood relief channel : The channel will be improved as a
main floodway for the whole stretch to increase their carrying
éapécify. For the stretch between Lubuk Begalung weir and the
railway bridge, the channel will be widened to the right bank.
For the reaches downstream from the railway bridge, the channel
will be widened to the both banks. Bank prétection will be

required over the whole stretch.
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The Jirak river: The channel will be improved by diking system,

Bank protection will be required in some reaches.

Lubuk Begalung weir: The Lubuk Begaluﬁg weir 1s to be recon-
structed in both the mainstream weir and headwork of the relief

channel,

Drainage facilities: Major drainage channels will be dmproved
with outlet culvert. Pumping stations will be constructed at

the outlets of the Kali Mati, Ujung Gurun and Purus drains,

(2) Scheme A-2

The middle Arau river: The same as Scheme A-1.

The lower Arau river: The channel will be improved as a main
floodway. TFor the stretch between Lubuk Begalung weir and
confluence of the Jirak river, the channel will be improved by
excavation of channel to increase its carrying capacity. For
the reaches downstream from the.confluence, the channel will be
widened mainly on the right banks and continuous dike-with bank

protection will be constructed on kthe both banks,

The flood relief channel: The channel will be subjected to
minor improvement such as repair of dike, bank protection and

drop structure,
The Jirak river; The same as Scheme A-1,
Lubuk Begalung weir: The same as Scheme A-1.

Drainage facilities: The same as Scheme A-1, .

(3) Scheme A-3

The middle Arau river: The same as Scheme A-1,

The lower Arau river: The channel will be iﬁproved on the

intermediate scale between Scheme A~1 and A-2,

The flood reliéf.channel: The chammel will be improved on the

intermediate scale between Scheme A-1 and A-2,

The Jirak river: The same as Scheme A-1,
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2,

£.

3.2.2

(1)

(2)

Lubuk Begalung weir: The same as Scheme A-1,

Drainage facilities: The same as Scheme A-]

Kuranji river

Scheme K-1

The middle Kuranji river {between Gunung Nago weir and water
supply intake): The channel in the stretch between water
supply intake and Kalawi bridge will be improved by diking
system, but dike is not necessary in the upstream reaches from
Kalawi bridge, because the existing channel has sufficient
carrying capacity, Bank protection will be required in some

reaches,

The lower Kuranji river (between water supply intake and its
river mouth): The channel will be improved by compound cross—
section with continuous dike. Dredging of low-water channel
is to be required in this stretch. Bank protection will aiso

be necessary,

The Balimbing and Laras rivers: The channel will be improved

by compound cross-section with continuous dike,

Drainage facilities: Major drainage channels will be improved
with outlet culvert. 'Pumping stations will be constructed at

the outlets of the Ulak Karang and Baung drains.

Schemq_KwQ

The middle Kuranji river: The same as Scheme K-1,

Laras retarding basin: A new retarding basin on the right
side of the Laras river will be constructed to reduce flood

discharge.

The lower Kuranji river: The same as Scheme K-1, but the pro-
posed channel in the reaches downstream from the confluence
of the Balimbing river will be smaller than that of Scheme K-1

owing to the effect of the retarding basin,



The Balimbing and Laras rivers: The same as Scheme K-1, but
the proposed chamnel in the downstream reaches will be smaller

than that of Scheme K-1.

Drainage facilities: The same as Scheme K-1.

3.2.3 Air Dingin River

(L

(2)

4

.

e

‘Scheme D-1

For the whole stretch, the existing channel will be improved
by channel excavation and dike construction, but dike is not
necessary in the middle reaéhes since the existing channel has
sufficient carrying capacity in some reaches, Bank protection

will be required in some reaches.

The existing sand spit at the river mouth will be left as it
is. The back water effects due to obstruction by the sand spit

will be treated by hightening dike,

Drainage facilities: Major drainage channels will be improved
with outlet culwvert., Pumping station will be constructed at

the putlet of the Penjalinan drain.

Scheme Q:g-

a., The chammel improvement is the same as Scheme D-1.

b,

C.

The sand spit at the river mouth will be removed and the

training dike will be constructed to maintain the river mouth,

Draihage facilities: The same as Scheme D-1,

Design Flood for Alternative Schemes

At present, levels of 20-year to 50-year flood are actually adopted

to flood control project in Indonesia as shown in Table J=6, In con-

sideration of the above circumstances, the present situation and future

development plan of Padang city, levels of design flood foxr the compre-

hensive flood control and drainage plan of the objective rivers are

adopted as follows :
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River Return period

Arau river, flood relief channel,

Kuranji and Air Dingin rivers: 50-year

Tributaries such as Jirak, Balimbing

and Laras rivers: 25-year

Drainage facilities: 10~-year

Based on the results of flood runoff analysis described in

APPENDIX F, the design flood discharges for each alternative scheme are

determined as shown in Fig. J-9.

5. Pxoject Works for Alternative Schemes

5.1 Design Criteria

The following are the criteria applied to design of river channel

improvement .

A series of the topographic maps of 1/5,000 scale and the aero—
photos of 1/5,000 scale are used for design of channel and dike

alignments.

The river channel cross-sections surveyed by DPU and the Study

Team are used for design of river channel.

With regard to Manning's coefficient of roughness "n" for
design, 0.026 to 0,04 for low-water channel and 0,04 to 0,07
for high-water channel are adopted considering the channel

conditions,

The following are adopted for design of dike cross-section as

standard values,

_Side slope

:Désign'discharge Free board Crest width wio bank  w/bank

(m3/s) {m) (m)

protection protection

less than 200 0.6 3.0 1+ 2 I : 1.5
200 to 500 0.8 3.0 1: 2 1: 1.5
500 ta 2,000 1.0 4.0 1: 2 1: 1.5
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Fig, J-10 shows the standard dike cross-section.

5.2 Planned River Channel Improvement and Drainage Facilities

Based on the design criteria, the river channel and drainage facili-

ties are designed considering the existing conditions. The outline of

the plamed river channel and drainage facilities are as follows :

e

Alignment of channel: Since the existing river chamnel meanders
in several locations, it is planned to moderate excessive mean-

dering by means of cutoff to secure the stability of the channel,

Profile of.channel: The longitudinal profiles of river channel
are planned based on the ekisting profile of river bed and

ground élope on river banks. The design high water levels are
determined on the basis of the water levels calculated by non-

uniform flow method.

Cross—-section: The compound cross—section of channel consist-
ing of low water and high-water channels is adopted in con-
siderapion of large seasonal fluctuation of river water level,
For the flood relief channel, the single cross-section with
banquettes is adopted considering the existing channel condi-

tions,

Urban drainage: The drainage channel in urban area is planned
to be improved with regard to 16 major drainage channels,
Outlet structures are planned to be constructed at the terminal
point of the channel., Pumping stations are planhed to be
constructed at the outlet of drain in the low;lying area con-

sidering the drainage conditions.

5.3 Required Construction Works, Land Acquisition and Compensation

The required construction works, land acquisition and compensation

are éstimated for each alternative scheme. With regard to land acquisi-

tion, the lands on the planned low-water channel, high-water channel and

dike sites are planned to be acquired., The required works, land

acquisition and compensation are shown in Table J-7.



6. Cost Estimate

6,1 Unit Construction Cost

The unit construction costs are estipated by the unit cost basis
which is supported by unit prices of labor, materials, equipment and
cost for land acquisition and house compensation. The unit prices of
labor, construction materials and unit cost for land acquisition and
house compensation for the price level at the beginning of June 1983
are estimated based on the data prepared by DPU West Sumatra Province

and the data collected from the other agencies.

6.2 Direct Construction Cost

The Direct construction cost is composed of cost for civil works
and costs required for land acquisition and compensation. The cost
required for civil works is calculated by multiplying work quantity by
unit cost, The estimated construcfion cost is shown in Table J-8.

They are summarized below,

River Construction cost {Rp.10 )
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. Adr Dingin river Scheme D-1 Scheme D-2
5,579 ' 6,278

7. Comparison of Alternative Schemes

Adopting design flood of 50 year for mainstream, 25 year for
tributary and 10 year for drainage channel, seven alternative schemes
are studied. The schemes comprised three alternatives for the Arau
river, two alternatives for the Kuranji river and two alternatives for
the Air Dingin river. The most optimum scheme for comprehensive plan

is selected on the basis of the comparative study.
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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 indicates lower cost than
the other Schemes A-1 and A-2, (2) for the Kuranji river, Scheme K-2
indicates lower cost than Scheme K-1, although the cost difference
between the two is a little, and (3) for the Air Dingin river, Scheme
D-2 indicates higher cost than Scheme D-1, furthermore Schemes D-2 will
be more expensive because much maintenance cost is to be required to

maintain the river mouth -in addition to the above cost.

Therefore, i1t is considered reaéonable to select Schemes A-3, K-2

and D-1 for the comprehensive flood control and drainage plan,

8, Proposed Comprehensive Plan

8.1 Design Flood Discharpe

The design flood discharge distribution for the proposed compre-

hensive plan is shown in Fig, J-11.

§.2 Proposed Plan

The proposed river channel alignments, longitudinal profiles and
cross—-sections are shown in Figs., J-12 to J-18, The outline of the

3

proposed comprehensive plan is as follows :
(1) Arau river

The channel improvement plan includes the mainstream of the Arau,
the flood relief channel and the Jirak river. The flood relief éhannelA
is to be improved as main floodway, while the lower reéches of the main-
stream is subject to minor improvement, becaﬁse fhe much widening of the
channel in this stretch is difficult. The Lubuk Begalung weir is to be
feconstructed on both the mainstream weir ahd headwork of the relief
channel as shown in Fig, J-19. Bank protection is to be executed over
the whole stretch of the relief channel and some reaches in the other

stretches,
(2) Kuranji river

The channel improvement plan includes the mainstream of the Kuranji,

- J. 14 -



Balimbing and Laras rivers, The channel is to be improved by channel
excavation and construction of dike in most stretches except the
mainstream stretch between Kalawl bridge and Gunung Nago weir. Bank
protection is to be executed in some reaches. Laras retarding basin

on the right side of the Laras river is to be constructed to reduce the

flood dischaxrpe.

{(3) Air Dingin river

The channel is to be improved mainly by channel excavation for the
whole stretch., But dike is to be constructed in the lower reaches,
The dike is not to be constructed_in the middle reaches since the
existing channel has sufficient cérrying capacity. Bank protection is
to be executed in some reaches, The existing sand spit at the river

mouth is to be left.

(4) Urban drainage

The major drainage channels in the urban area are to be improved.
At the terminal point of the channel, the outlet structure is"to_be
constructed. Pumping station is also to be construéted at the outlet
of drain in the low-lying area., The length of drainage chammel to be

improved and the proposed capacity of pump are shown in Table J-9.

8.3 Construction Cost

Construction costs are composed of those required for civil works,
land acquisition'and compensation, coﬁtingency and engineering and
administration, Cost required for civil works is counted by multi-
plying work quantity.by unit cost. Engineering and administration cost
is assumed at 15 % of the sum of the above-mentioned costs, Cast for
contingency is assumed at 10 % of the sum of the above costs. The con-
struction cost for the comprehensive plan is estimated at Rp.69,662 x 10°

as shown 1in Table J-10.
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9, FEconomic Evaluation

9,1 FEconomic Cost

Fconomic construction cost for the comprehensive plan is estimated
taking into consideration deduction of tax and contractor's profit
from Rupiah currency portion of the construction. cost. fhese tax and
contractor's profit to be deducted are assumed to be 4 Z and 10 %
respectively. The land'acquisition and compensation costs are evaluated
as a part of construction cost. The economic construction cost for the
comprehensive plan is estimated at Rp.67,056 x 10° as shown in Table

J-11.
9.2 Benefits

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

wel geason.

- For evaluation of the comprehensive plan, the benefits are esti-
maéed under the two conditions, i.e., the present condifion provided
after completion of the project aésuming the execution works of 7 year
and the future development condition based on the Master Plan of Padaﬁg

city.

(1) Benefit under preseﬁt condition

Based on the estimated flood damages under the present condition
described in APPENDIX G, the expected reduction of flood damages by the
implementation of the proposed comprehensive plan is estimated as shown

below.

Flood damages caused by flood of;
' Tnterior
water area

Cause of fleod
Total

Mainstream  Tributary

Reduction of average
annual flood damages 3,548 385 2,782 6,715

(Rp million/y1)
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Even 1f the proposed comprehensive plan is implemented, the flood
damages of Rp 137 million/yr in the interior water area will not be
eliminated, because the improvement of secondary and tertiary drainage
channels 1s not Included In the plan as described in APPENDIX I.
Thefefore, in the present study, the reduction of damages dn the in-—
terior water area of Rp 2,782 nillion/yr are estimated by subtracting
the damages of Rp 137 million/yr from the amount of flood damages under
the present conditions., The expected reduction of the {lood damages

mentioned above will be piven as the most part of flood control bhenefits.

In addition to the above benefilt, by the implementation of the
project, the land which has not been utilized due to flooding during
the wet season will be used for residential quarter. Such development
effects by the project may be counted as enhancement benefit. This
enhancement benefits are estimated on the basis of informations obtained

from the City Planning Office in Padang city as tabulated below.

Arau Flood . Kuranji Balimbing, Adr
. . - Jirak \ \
River main relief main Laras Dingin
river - .
stream channel stream rivers river
Area to be 18.7  15.8  15.8  52.3 18.5 30.9

enhanced (ha)

Rental wvalue to be _
increased due to 4,107 4,114 4,114 4,111 4,124 3,158
enhancement (Rp/m?%) ’

The estimated enhanceﬁent benefits arising from flood control of
mainstreams and tributaries are Rp 1,258 million/yr and Rp 310 million/yr
respectively. The enhancement benefit in the inferior water area is
negligible small so that the benefit is not counted in this study.
Therefore, the estimated total benefits under the present conditions

are Rp 8,283 million/yr.

(2) Benefit under future development condition

For estimation of the damages under the future development conditions,

a number of houses in inundation area should be assumed first. According
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to Master Plan of Padang City 1983 - 2003, developing area is divided
into two categoriles, i.e, (1) the corridor area along the Arau river

and the flood relief channel up to Indarung as a top of triangle area,
and (2) the sattelite area along the Kuranji and Air Dingin rivers up

to the footline of mountains in hintexrland. The average housing densgi-
ties are estimated at 19 house/ha in the corridor area and at 14 house/ha

in the sattelite area.

Based on the above mentioned assumption, and in consideration of
a toll road plan, Master Plan, past tendency of population growth during
last 10 years as mentioned in APPENDIX C, and densities of houses at
the present time as mentioned in APPENDIX G, the number of houses to
be located in the inundation area are assumed as shown in Table J-12
for respective return periods. In this case, it 1s also considered
that there would be no any remaining agricultural land along the Arau

river in the inundated area according to the Master Plan.

From this result, flood damapes under the future development con-
ditions for respective return periods in case of without-project are

estimated as shown in Table .J-13.

On the basis of these damages, the annual average flood damages
are estimated. TIf the proposed comprehensive plan is implementéd under
the future development conditions, the amount of damages of Rp 6,329
million/yr for main stream and Rp 915 miliion/yr for tributaries among
them will be eliminated. That is, they will be given as the annual
average economlc benefit in case of with—pfoject of the proposed com—

prehensive plan.

In the interior water area, even if the proposed comprehensive
plan is implemented, the amount of damages of Rp 72 million/yr will
still remain due to the same reason in case of the present conditions.
Tn the same manner under the present conditions, the amount of annual
average flood damages to be eliminated is estimated at Rp 4,401

million/yr by subtracting the said remaining damages.
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The amount of average annual economic benefit is rthus estimated at
Rp 11,645 wmillion/yr under the future development conditions in case of

with-project of the proposed comprehensive plan.

9,3 Internal Rate of Return

Based on the economic cost and the benefits mentioned above, in-
ternal rate of return for the comprehensive plan was calculated under

the following assumptions.

a. The project life is assumed to be 50 years after completion of

construction works.

b. Operation and maintenance cost is assumed to be 0.5 ¥ annually of

the economic construction cost.

c¢. Facilities made of metal such as pump and gate are Lo be replaced
once in the period of the project life. Concrete lining of the
drainage channel is also to be renewed once in the period of the

project life. They are considered as replacement cost,

Table J-14 shows the economic cost and benefit flow for the proposed

comprehensive plan based on the assumptions mentioned above.

Internal rate of return on the investment, which equalizes the
present value of the outlays and return, is graphically calculated for
the present and future development conditions. The resulks show that
the project is.expected to yield internal rate of return of 10.5 % Ffor

the present conditrlon, and 14.7 % for the fuiure development condition.
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Table J-1

Construction Cost of Limau Manis Dam Scheme

. . . Unit C
DlSCfiPthH Unit ;p%OSt Quantity ;??“Tg%
I, With L. MANIS DAM scheme
A, Main c¢civil work
1. Kuranji river ,
Excavation m3 1,950 434,000 846
Emb ankment m* 1,890 100,000 189
Bank protection m? 22,600 33,400 755
Bridge m? 458,000 360 165
2. Balimbing, Laras river
Excavation m3 1,950 346,000 675
Embankment m3 1,890 145,000 274
Bank protection me 22,600 10,900 246
Bridge m? 458,000 438 201
3. Limau Manis Dam
Diversion tunnel m 2,400,000 - 320 768
Dam Fill up m3 12,800 1,757,000 22,490
Foundation Treatment 1 1,600,000 250 400
Spill way m3 110,000 20,700 2,277
Access road m 220,000 11,000 2,420
4. Miscellaneous L.S 3,172
Sub total 34,878
B. Compensation
Residential area m? 5,000 25,000 125
Other area m? 1,500 659,000 989
House nos 700,000 97 68
Sub total 1,182
C. Total 36,060
H. Without DAM scheme
A, Main civil work
1. Kuranji river
Excavation m3 1,950 530,000 1,034
Emb ankmen t m3 1,890 100,000 189
Bank protection m? 22,600 33,400 755
Bridge m? 458,000 360 165
2, Balimbing, Laras river
Excavation m3 1,950 346,000 675
Embankmen t m3 1,890 145,000 274
Bank protection w? 22,600 10,900 246
Bridge - m? 458,000 438 201
3. Miscellaneous L.S 354
Sub total 3,893
B. Compensation
Residential area m” 5,000 25,000 125
Other area m2 1,500 659,000 989
House nos 700,000 97 638
Sub total 1,182
C. Total 3,075
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Table J- 2 Construction Cost of New Diversion Channel of the Arau River
Description Unit Uni;p?OSt Quantity QE?;EE
1. New diversion channel
A. Main civil work
1. New diversion chammel
Excavation m? 1,950 606,000 1,182
Embankment m3 1,890 48,000 91
Bank protection m” 22,600 59,000 1,334
Bridge m 1,830,000 771,000 1,411
Drop structurei m 7,720,000 i95 1,505
2. Miscellaneous (10 %) 1.8 - 557
3. Sub-total 6,080
B. Compenéation
Residential area n? 5,000 30,000 150
Other area m2 1,500 208,000 312
House nos 700,000 200 140
Sub-total 602
C. Total 6,682
II. Existing river channel
A. Main civil work
1. Arau river
Excavation m 1,950 932,000 1,818
Embankment m3 1,890 69,000 131
Bank protection m? 22,600 96,000 2,170
Bridge | m 1,830,000 132 242
Drop structure m 5,520,000 120 663
2, Miscellaneous (10 %) L.5 - ' 506
-3, Sub-total 5,530
B. Compensation _
Residential area m? 5,000 98,300 492
Other area m? 1,500 141,000 212
House nos 700,000 136 96
Sub-total 800
C. Total 6,330

Note :

/1 Direct height =

4 m.
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Table J-3

Construction Cost of Cutoff Channel of the Arau River

Pescription Unit U“i}ip(?OSt Quantity ggloi’gé
I. Cutoff channel
A. Main civil work
1. Cutoff channel
Excavation (rock) m3 7,890 72,000 568
Timbering m? 100,000 6,250 625
Concrete lining m3 45,000 13,000 585
Drop structure m 5,520,000 60 332
2. Miscellaneous L.S 211
3. Sub-total 2,321
B, Compensation
Residential area m?2 5,000 - -
Other area m? 1,500 3,000 5
House nes /00,000 - -
Sub-total 5
C. Total _2,326
IT. Existing river channel
A. Main civil work
1. Arau river _
Excavation m3 1,950 212,000 ' 414
Embankment w3 1,890 6,000 11
Bank protection m? 22,600 9,000 203
2. Miscellaneous (10 %) 62
3. Sub-total 690
B. Compensatién .
Residential area m? 5,000 69,000 345
Other area m? 1,500 2,200 33
House nos 700,000 25 18
Sub-total 396
C. Total 1,086

- J.23 -



Table J-4 Construction Cost of New Diversion Channel of the Balimbing River
Description Unit Unl;p?OSt Quantity g???gg
I. Balimbing new diversion channel
A, Main civil work _
1, Balimbing diversion c.
Excavation m3 1,950 265,000 517
Embankment m?3 1,890 16,000 31
Bank protection m? 22,600 8,000 181
Bridge m 1,830,000 220 403
Drop structure m 5,520,000 48 265
2. Kuranji river .
Excavation m3 1,950 15,000 30
Embankment m3 1,890 21,000 40
Bank protection mé 22,600 3,000 68
3. Miscellaneous 155
4. Sub-total 1,690
B. Compensation :
Residential area m? 5,000 10,000 50
Other area m? 1,500 231,000 347
House nos 700,000 75 53
Sub-total : 450
C. Total 2,140
II, Existing river channel
A. Main civil work
1. Balimbing river
Excavation m3 1,950 84,000 164
Embankment m3 1,890 33,000 62
2, Kuranji river _
Excavation m3 1,950 185,000 361
Dredging m3 4,200 48,000 202
Embankment m3 1,890 38,000 72
Bank protection m? 22,600 6,000 136

3. Miscellaneous ‘ _ 100

4, Sub-total 1,197
B. Compensation
Residential area m? 5,000 . 1,000 5
Other area m? 1,500 272,000 408
House nos 700,000 35 25
Sub-total ' 438
€. Total 1,535
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Table J-5

Construction Cost

of Diversion Channel of the Kuranji River

PR , Uni st
DEScrlptlon Unit ;p?oqL Quantity g??;gg
1. Kuranji diversion chamnel
A. Main civil work

1, Kuranii diversion
Excavation 3 1,950 350,000 683
Embankment m3 1,890 25,000 . 47
Bank protection m? C 22,600 21,000 475
Bridge m 1,830,000 110,000 202
Drop structure . m 5,520,000 110,000 608

2. Flood relief channel
Excavation m3 1,950 130,000 254
Embankment m3 1,890 35,000 66
Bank protection m? 22,600 17,000 384
Bridge m 1,830,000 390 714
Drop structure m 5,520,000 60 332

3. Miscellaneous L..S _ 375

4, Sub-total 4,140

B. Compensation T
Residential area m? 5,000 46,000 230
Other area m? 1,500 215,000 323
House 1n0S 700,000 310 217
Sub-total 770

C. Total 4,910

IT., Existing river channel

A, Main civil work .

1. Kuranji and Balimbing rivers :
Excavation m?3 1,950 572,000 1,115
Dredging m? 4,200 48,000 202
Embankment m3 1,890 100,000 189
Bank protection m? 22,600 9,000 204

2. Flood relief channel
Excavation m3 1,950 96,000 187
Embankment m3 1,890 8,000 16
Bank protection m< 22,600 17,000 385
Bridge m 1,830,000 55 101
Drop structure m 5,520,000 40 262

3. Miscellaneous L.S 221

4. Sub-total _ 2,882

B. Compensation
Residential area m? 5,000 8,000 40
Other area me 1,500 280,000 420
House nos 700,000 50 . 35
Sub-total 495
€. Total L3.377
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Table J-g

Design Discharge of Rivers in Indonesia

Return

_ Catchment Design
No. Name of River Province Area ¥lood - Period
(km*) (m3/s) (yr)
1. Sungal Cimanuk West Jawa 3,006 1,440 25
2. Kali Serang Central Jawa - 937 900 25
3. Sungai Citanduy West Jawa 3,680 - 1,900 25
4, Sungai Ular North Sumatra 1,080 800 30
5. Kali Pemali Central Jawa 1,228 1,300 25
6, Sungai Cipanas West Jawa 220 385 25
7. Bengawan Solo Central/East Jawa 3,320 2,000 40
8. Kali Madium East Jawa 2,400 2,300 40
9. Sungai Wampu North Sumatra 3,840 1,320 20
10. Sungai Arakundo Aceh 5,495 2,100 50
11. Sungai Kring Aceh Aceh 1,775 1,960 50
12, Kali Brantas East Jawa 10,000 1,500 50
13. Sungai Bah Bolon North Sumatra 2,776 1,200 20
14. Sungai Waldnae South Sulawesi 3,190 2,900 20
15. Sungai Bila South Sulawesi 1,368 1,900 20
16 Sungai Jeneberang South Sulawesi 729 3,700 30

Data Source :

Directorate of Rivers, DGWRD.
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Table J-8 Construction Cost for Al ternative Schemes

Céonstruction Cost .

land acquisition and house compensation.

- J.28 -~

Lrem (Rp.106)

- Scheme A-1 Scheme A-2 Scheme A-3
Arau River 25,141 25,266 _ 24,033
I. River Channel Improvement 212,967 _ 13,088 _11,890

Arau 3,757 3,792 3,445

Jirak 830 838 761

Fload relief channel 8,380 8,458 7,684
II. Drainage Channel Improvement 10,698 _ 10,698 10,698

Pumping station 5,800 5,800 5,800

Drainage channel 4,898 4,898 4,898
I1E. Land acqu}sition and house 1,476 1,480 1,445

compensation _— = = = - -

River 721 725 690

Drainage 755 755 755

Scheme K-~1 Scheme K-2
Kuraniji River 16,404 15,955
I. River channel Improvement 9,216 8,785

Kuranji 5,845 5,572

Balimbing 2,440 2,326

Laras 603 574

Retarding basin 328 313
I1. Drainage Channel Improvement 6,394 6,394

Pumping station 5,077 5,077

Drainage channel 1,317 1,317
II1. Land Acqg}sition and house 794 776

compensation —_ - =

River 635 617

Drainage 159 159

Scheme D~1 Scheme D-2
Air Dingin River - 5,579 6,278
I. River Channel Tmprovement 2,805 3,476

Air Dingin river 2,805 3,476
IT. Drainage Channel Improvement 2,503 2,503

Pumping station 1,953 1,953

Drainage chamnel 550 550
111. Land acqu%51t10n and house 971 299

compensation —— ——

River 227 255

Drainage 4t 4y
Note : The above construction cost 1s estimated for main civil works,
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Table J- 14 Economic Cost and Benefit Flow
for Comprehensive Plan
(Unit : Rp.10%)

Year in . Economic Cost L : Benefit
order Conség:itlon Replgzzien% goif Total Present Future
1 2,299 - - 2,299 - -

2 2,004 - - 2,004 - ' -
3 10,116 - - 10,116 - -
4 14,781 - - 14,781 - -
5 16,441 - 41 16,482 1,298 1,941
6 16,441 - 123 16,564 3,892 5,822
7 4,974 - 204 5,178 6,488 9,704
8 - - 246 246 8,283 11,645
9 } } n " " "
10 - - " r " "
31 . - 246 246 8,283 11,645
32 - 3,420 " 3,666 n "
33 - 3,420 " 3,666 r "
34 - 3,420 " 3,666 " "
35 - - " 246 " 1
57 ; - 246 246 8,283 11,645
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Fig J-2 General Plan of Limou Manis Dam

N ' .

Diversion Tunnel

Scale
300 400 500m

Front View

EL{m} .

900— . Crest Lengh 235m ISm_ 80m
. Spiliway

P

¢ Dam Crest ELBIG.TY

-
< 1 == Ly
. n HW 813.7 e ﬁf’
800 FHWS EL e ElL 805.25
Drainage Pipe
% v{()riginol Ground Line

750G

Assumed Rock Line

Cross Section

EL{m) 'OmF .
820 EL 8167 FHWS o 813.7
800 EW
780 143 . O

— el J A
760 e ‘r‘——/ Fi A F .
740

- 3. 42 -



Fig. J- 3 Outline of the Scheme for New Diversion Channel
of the Arou River
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Fig, J-7 Objective River Stretches for Comprehensive
F’l?‘od Control and Draindge Plan
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Designh Flood Discharge
for Proposed Comprehensive Plan

Fig, J- 11
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Fig. J- 12 Proposed Alignment of River Channel for Comprehensive Plan
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Proposed Profile of Flood Relief Channel

for Comprehensive Plan

Fig., J-13(2)
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Fig, J- 13(3) Proposed Profile of the Jirak River
for Comprehensive Plan
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Fig, J- 14(1) Proposed Cross Section'of the Ardu River
for Comprehensive Plan :
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Fig, J- 14 (2) Proposed Cross Section of Flood Relief Channél
for Comprehensive Plan
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for Comprehensive Plan

Proposed Profile of the Laras River
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Fig, J- 16 (1) Proposed Cross Section of the Kuranji River
for Comprehensive Plan
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Fig, J- 16(2) Proposed Cross Section of the Balimbing River
for Comprehensive Plan
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Elevation {m)

Fig, J- 17 Proposed Profile of the Air Dingin River

for Comprehensive Plan
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Fig. J- 18 Proposed Cross Section of the Air Dingin River
for Comprehensive Plon :
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ANNEX J--1

STUDY ON HYDROLOGICAL EFFECT
OF LIMAU MANIS DAN

Storage of flood water due to dam is one of effective flood control
methods, which is mainly taken in mountainocus area to reduce a peak

flood discharge.

An appropriate dam site is recognlzed in the upper reaches of the
Limau Manis river of the Kuranji river basin., The dam site is located
at Danau Kering upstream about 11 km away from the Gunung Nago irri-

gation weir,

According to gite inspection conducted by hoth parties which
consists of personnel concerned from DPU and the Study Team, the pro-
posed dam site shows suitable geographical features for dam construction,
However, in our judgement it would not be expected to store much volume
of flood water because of its comparative small catchment area of 17.5

km? ,

An analytical tool by use.of the flood runoff simulation model,

which is described in Appendix F, is applied to examine:hydrological
effect by dam regulation, In calculation it is assumed that stored
flood water is discharged from the dam through pipe unartificially,
The dam is planned aiming at a probable flood with 50 yr return period,
Diameter of the pipe is determined at 1.5 m through a comparative study.
Fig., J.1.1 shows that the:pipe with 1.5 m in- diameter gives the minimum
cost among alternatives to yield unit reduction of discﬁarge at Kampung
Melayu., Geographical features at the dam site and discﬁ&rge rating

curve at the dam is shown in Fig, J.1.2.

Hydrological effect in terms of reduction of peak flood discharge
at major sites is shown in Table J.1.l1 with regard to probable floods
for five return periods. Comparison of discharge hydrographs with and
without the dam for 50 year flood is also shown in Table J.1.2 and
Fig. J.1.3. It is recognized that reduction of peak flood discharge

at downstream sites is around 10 %,

~ 1,67 -



On the other hand, cost needed to cope with flood with the dam
was estimated at Rp.37.8 million while that without the dam amounted to

Rp.5.1 million only,

In consideration of the reduction of flood discharge and a huge
amount of total cost, alternative taking the Limau Manis dam is not

recommendable,

Ten day's mean daily discharge at the dam site is estimated for

the referrence, They are shown in Table J,1,3.

~ J.68 -
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Table J.1.2

Discharge Hydrograph of 50 year Flood

Limau Manis dam site __Kp. Melayu
Date Time Inflow Outflow Storage Discharge (m3/s)
(m3/s) (m3/s) (1.0% m3) w/o dam  w/dam
Nov, 23 12 3.09 0.62 0.282 26.32 | 23.59
13 3.13 0.64 0.291 24,45 23.70
14 3.35 0.67 0. 300 24.78 23,97
15 3.34 0.70 0. 310 25,58 24,60
16 3.34 0.73 0.319 26.80 25.57
17 12.42 0.81 0.345 29.43 27.99
18 22.68 1.00 0.405 40.93 39,33
19 42.39 1.35 0.518 93.15 87.14
20 85.08 2.05 0.741 223.32  201.33
21 103.22 3.07 1.071 390.47 348,08
22 81.42 4.07 1.3%0 596.42 510.16
23 85.05 4.95 1.674 674.56  588.26
Nov. 24 0 83,30 5.83 1.957 621.35 542,71
1 82.20 6.69 2.233 609.12 532,99
2 73.03 7.48 2.487 604,92 528.90
3 58.65 8.13 2,695 '569.97 499, 38
4 45.03 8.62 2,852 504.66 454,42
5 36.84 8.98 2.968 429.43 382,87
6 35.39 9.28 3.065 352.85 315.40
7 29.15 9.54 3.147 299.97  269.51
8 24,73 9.73 3.209 267.60  241.15
9 21.47 9.38 3.257 233.66 211.58%
10 18.97 ©10.00 3.294 19¢.92 182.67
11 17.01 - 10.09 3.323 174,42  160.83
12 15.43 10.15 3.345 154.18 163,44
13 14.13 10.21 3.361 138.16  129.67
14 13.05 10.24 3.373 ©125.12  118.43
15 12.14 10.27 3.382 114.35 108.15
16 11.36 10.29 3.387 105.32  101.35
17 10.69 10,29 3.390 98.31 96.138
18 10.10 10.30 3.390 43.37 91.38
19 9.59 10.29 3.388 88.28 86.79 .
20 9.14 10. 28 3.385 83.31 82.40
21 B.74 10.27 3.380 78.73 78,38
22 8,38 10,25 3,374 74.60 14,76
23 B8.06 10.22 3.367 70.91 71.52
Nov. 25 v 7.77 10,20 3.359 67.60 68:62
1 7.51 10.17 3,350 04.64 66,00
2 7.27 10. 14 3,340 61.96 63.65
3 7.05 10,11 3.329 5356 6151
4 6.85 10.07 3.318 57.35 59.56
5 6.66 10.03 3.306 55.35 57.78
1] ©.50 9.99 3,293 53.52 56,15
7 6.34 9.95 3.281 51.84 56.65
8 - 6,19 9.91 3.267 50.29 53.27
9 6.06 9.87 3.254 49.15 '51.98
10 5.93 9.83 3.240 48.03 50.79
1l 5.82 9.78 3.226 46.90 49.77
12 5.71 9.7 3.211 45.79 48.96
13 5.60 9.69 3.197 44.73 48.10
14 5.51 9.65 3.182 43,72 &7.24
15 5.42 9.60 3.167 42.77 46.40
16 5.33 9.55 3.152 41.88 45,59
17 5.25 . 9.51 3.137 41.04 44,83
18 5.18 9. 46 3.121 40.26 44,10
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Cost-Discharge Reduction Rate (Rp 106/m3)

Fig. J.1.1 Cost-Discharge Reduction Rate
for Alternatives of Limau Manis Dam
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Elevation (m)

Fig., J.1.2 Elevation-Area-Capacity Relation Curve
and Discharge Rating Curve at Dam Site
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Discharge ()
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Fig. J.1.3 Comparison of Discharge Hvdrograbhs
with and without Limau Manis Dam
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ANNEX J-2

STUDY ON_EFFECT OF PEAK DISCHARGE REDUCTION BY STEPPED DAMS

For the purpose of knowing the effect to reduce a peak flood dis-
charge by means of a geries of stepped dams construction in the upper
basins which was proposed in the previous study by P.T. Tndah Karya,
the Study Team checked the reduction of peak discharge by the stepped
dams by calculation using the flood runoff simulation medel described

in APPENDIX ¥. The idea of stepped dams construction is as follows.

It is expected to reduce a peak flood discharge by constructing
stepped dams in the upstream reaches of river basin. When the stepped
dam is constructed, the increased storage effect of channel Ghich is
associated with the decrease of gradient in the upstream of the dam
will appear. That will bring the direct reduction of a peak flood
discharge. TIn addition, a time of concentration upstream of the dam

will be delaved to some extent by the stepped dams,
1) ‘Location of Stepped Dams

For calculation, stepped dams are planned in the upstream reaches
of the Arau and Kuranji rivers. The planned sites are shown in Fig.
J.2.1. Actually conceivable sites of stepped dams to be built are
picked up through site inspection by both the persommel concerned from
D.P.U. and the Study Team taking into consideration circumstances such
as a scale of drainage area of the daﬁ, land use and accessibility,
The both parties concerned also agreed that a series of dams are
assumed ro be built continuously in 3 m high and 2 km through 5 km

long as the conditions of ealculation.
2) Profile and Hydrological Effect of Dams

In calculation of storage effect, it is assumed that the river
bed upstream of the dam would show a gradient of 1/2 due to sedimen-
tation, that is, a half of original chamnel bed. The assumption is
based on the experiments through construction of sabo dams. They are
shown in Fig. J.2.2. Hydrological effect of dams is estimated with

regard to 5-yr and 50-yr discharge hydrographs, The result is shown in

- J.78 ~



Table J,2.1. It shows that reduction of the peak discharge 1s extremely
small, The delay of a time of concentration at Lb. Begalung and Kp.

Melayu is less than half an hour,

- J, 79 -
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Fig, J.2.2 Profile of Stepped Dams
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APPENDIX K
URGENT FLOOD CONTROL PLAN
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1, General

The comprehensive flood contrel and drainage plan is formulated
aiming at mitigation of flood damage not only in the existing urban
area but also in future urban area. The economic viability of the plan
under the present development stage is not so high, and alsc much fﬁnd
will be required to implement such a big project, Therefore, the time
has not.come yet to implement the comprehensive plan at present,
However, as mentioned in the APPENDIX G, the existing urban area of
Padang city suffers from habitual flood damage which can not be over-
locked any longer. Realization of an urgent flood control counter-
measures is required aiming at mitigation of flood damage in the
existing urban area., For this reason, urgent flood control plan based
on the comprehensive plan is studied to formulate a priority prdject
for immediate implementation in consideration of the urgency of
countermeasures, as well as the technical and economical effectiveness
of the project under the present conditions, The urgent flood control
plan aims at mitigation of flood damage in the existing urban area and

area to be'developed as residential quarter in the near future.

2. MNecessity of Urgent TFlood Contyol Project

The city of Padang and its surrounding alluvial lands formed by the
Arau, Kuranji and Alir Dingin rivers suffer from habitual inundation
damage due to the insufficient capacity of flood control and drainage
facilities., 1In fact, the area was subjected to large flood damage five
times in these last ten years. Lspecially the damages by floods in

1972 and 1980 ware serious.

On the other hand, urban area of Padang city is expanding rapidly
and nev settlements are developing even in the low-lying land surround-
ing the'existing urban area, The social and economic damage due to
flooding in these afeas are iﬁcreasing. In order to mitigate the flood

damage, implementation of urgent measure of flood control is required.

3. Desigin Flood

In order to select é level of design flood for urgent project,

- K1~



three alternative plans are examined by the scale of the following

design floods.

Return period of design flood (yr)

River

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

The result of comparative study using economic cost showmn in
Table K~1 and economic benefit based on the study results in APPENDIX G
and APPENDIX M are summarized below.

Benefit Fconomic cost B/C with discount

Alternative plan o 106y  (gp.10°) rate of 12 %
1. Plan-A 5,694 37,383 1.19
2. Plan-B 7415 43.678 1.2
3, Plan-C 8,320 66,500 0.90

The above table shows that Plan-B has high economic value of B/C
as compared with those of the other alternatives. In the above table,
flood control benefits are estimated taking into account reduction of flood
damages under preéent situation for private properties, farm c¢rops,
public facilities and the development effect Eo be expected.for land

with the project,.

The plén with 25 year design flood is therefore proﬁosed as urgent
flood concrol project from the standpoint of high ecdnomic value and

gocioc-economic conditions in the area.

On the'other hand, according to the flood damage survéy, thérpagt
remarkable floods in Padang'city were the floods éf May'1972,'0étobei
1976, April 1979, November 1980 and November 1981. Among them,:the
flood of May 1972 was the biggest siﬁce 1960 of which réturn pefiddlcor—
responds to about 23 years. The river channel to bé improvéd by the urgent
flood control project will have capacity to carry the said flood,. The

determined design flood discharge is shown in Fig. K-1.

- K.2 -



4. Proposed Urgent Flood Contrel Plan

4.1 River stretches for Proposed Urpent Flood Control Project

Considering the flood prone area and carrying capacity of the exist—
ing river channel, river stretches as the object of planning for the
urgent flood control works are determined. The upstream end of the
objective strectch for chammel excavation and embankment is deteérmined
based on the comparison of proposed high-water level with river bank
elevation, The river stretches for the proposed urgent flood control

works are shown in Table K-2.

4.2 Tmprovement Plan of River Channels and Related Structures

4,2.1 Design Criteria

The following are the criteria applied to design of river channel

improvement,

a, A series of the topographic maﬁé of l/S,OOOISCale and the aerophotos

of 1/5,000 scale are used for design of channel and dike alignments.

b, The river channel cross-section surveyed by DPU and the Study Team

are used for design of river channel,

c. With regard to Manning's coefficient of roughness "n" for design,
0.026 to 0.04 for low-water channel and 0,04 to 0.07 for high—wafer

channel are adopted considering the channel conditions.

d. The following are adopted for design of dike cross-section as

standard values,

Design Froee board Crest S5ide slope
discharge ¢ width  W/o bank W/bank
(m3/s) {m) (m} protection protection
less than 200° 0.6 3.0 1: 2 1 .5
200 to 500 0.8 3.0 1 2 1 1.
500 to 2,000 1.0 4,0 1: 2 1 : 1.5
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e, Standard cross-section of inspection road is shown In Fig. K-2,

f. Highgr high tide level of 0.78 m at Teluk Bayur is adopted for the

high-water level at river mouth.

4,2,2 Improvement Plan of River Channel and Related Structures

Based on the design criteria, the river channels and its related
structures are designed considering the existing condition and the
proposed comprehensive plan, The proposed alignments of river channel
are shown in Fig, K-3, and the detailed drawings of the ﬁroposed.aligﬁ—
ments, longitudinal profiles and cross~sections of river channel and -

their related structures are compiled in "DRAWINGS".

The outline of the plan of river channels and related structures

is as follows :

(1) Mainstream of Arau river

The existing alignment is adopted fbr the improvement plan, No
cut—off channel is planned. The high-water levels of the proposed
channel areplanned to be lower as much as possible by excavatlon of
channel, since houses exist densely on both banks in the downstream

reaches from the confluence of the Jirak river.

Rivermouth — Suspension Br.

No channel improvement is planned in this stretch, because the

exlsting channel has sufficient capacity to carry the design discharge,

Suspension Br. — Confluence of Jirak river

a. The channel is to be widened to the left bank, because houses on

the right bank exist densely compared with those on the left bank.

b, The de51gn high-water levels are determined to be lowered or to be
the same as ground elevation of river banks for drainage. The
design river bed is determined on the basis of the existing lowest

river-bed,

c. Low dike construction is planned in some places. Free board of
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0.5 m is adopted for stretch with no dike.

Bank protection by means of wet masbnry 1s planned to protect bank
slope on lower part than low-water level, Protection of the both
banks at Seberang bridge site is planned to protect the bridgé by

means of wet masonry up to high-water level.

Confluence of Jirak river - Lubuk Begalung Weir

No channel improvement is planned in this stretch, because the

existing channel has sufficient capacity to carry the design discharge.

(2)

(3

Jirak river

Alignment of channel is planned to moderate excessive meanders
by means of cutoff, since the existing channel meanders in several

locations.

Construction of dike is planned on the right bank in the downstream
reaches from Kp. Koto Kecil and on the both banks in the upstream

reaches from there,

A bridge at Sec. No, J.9 is planned to be reconstructed due to

widening of the channel,

Flood relief channel

. The whole stretgh of the channel is planned to be improved to in-

crease their carrying capacity.. The proposed high-water levels are

designed to be lower than those of the existing. To avoid much widening,

cf the channel, the proposed:channel—bed is planned to be lower as much

as possible by excavation. Bank protection by means of wet masonry is

planided in the whole stretch,

River mouth — Railway Br.

The channel is to be widened to the both banks., The slope of banks

of 1 : 1.5 is adopted,

Jati bridge, the drop structure and the siphon are to be recon-

structed, The other existing bridges are not reconstructed, but
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the piers and abutments of bridges are to be protected.

Railway Br. -~ Lubuk Begalung weir

a. The channel is to be widened to the right bahk. “The outlets of

drain on the right side are to be treated by back-water dike method.

b. The dike crown with 5 m width is planned on the left bank in order

to utilize the dike as public road.

¢. Aru bridge, the siphon and the two drop structures are to be

reconstructed.

(4) Lubuk Begalung weir

Although Lubuk Begalung weir is planned to be réconstructed on both
the mainstream and relief channel weirs in the proposed comprehensive
plan, only the relief channel weir is planned in the urgent plan to be
reconstructed in order to increase the design discharge of the flood
relief channel. The mainstréam—weir is not té be reconstructed in the
urgent pian, because the weir body 1is juaged to be still structually
strong enough based on the stability analysis described in APPENDIX E,
But some works such as repairing of bridge, reinforcement of downstream
apron and closiﬁg two openings to decrease dischérge diverted to the

mainstream are planuned to be carried out in the urgent plan,

The location of the new relief channel weir is planned to be built
at the downstream side of the existing weir considering diverting func-
tion of the weir during the period of construction and the ‘existing

channel conditions at the weir site.

New relief channel weir of 60 m width with 6 openings is prelimi-
narily designed as-shown in Fig. K-4. However it is recommended that the

dimension of the weir should be determined by hydraulic model test,

(5) Kuranji river

a. The stretch between the river mouth and 1.4 km upstream from the

water supply intake will be improved by compound cross—section with
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continuous dike,

The cutoff channels are planned to mederate excessive meanderings
in the stretches the railway to Nanggalo Br. and water supply

intake to Kalawi Br.

In the stretch between the river mouth and Ulak Karang Br., single
section is adopted as cross—section, because houses exist densely
on the both banks. Dredging of channel-bed will be carried out to

increase the channel capacity.

In the stretch between the railway bridge and the confluence of

the Balimbing river, the channel alignment is planned to be shifted

‘to the right side in order to moderate river course, and

stone groin is planned to be set on the left side.

The side-slope 1 : 3 is adopted for the low-water channel except

the stretches of bank protection.

In order to protect the pier of the railway bridge and Ulak Karang

Br.,, the foot of the pier will be reinforced by riprap.

The Nanggale bridge will be expanded by one more span to the left

side due to widening of the channel,

Balimbing river

Since the existing river channel meanders in several locations, it

is planned to moderate excessive meandering by means of cutoff,

To protect residential quarter on the left bank in the stretch

between the confluence of the lLaras river and Kp. Padjang, the

.dike will be constfucted only on the left bank, In the stretch

" between the confluence to the Kuraniji river and Tunggul Hitam

bridge, the dike will be constructed only on the right side. In
the stfetch between the Tunggul Hitam bridge and the confluence
of the Laras river, the dike is to be constructed on the both
banks,

Tuﬁggul’Hitam bridge will be reconstructed due to widening of the

channel.



(7

(8)

Laras river

Since the Laras retarding basin is adopted to reduce the flood of
the Laras river, the excess flood over the existing channel caﬁa—
city will overflow from the right bank, and they will be stored in
the retarding basin, The dike is planned on the left bank in the
stretch from the confluence of the Balimbing river to 1.5 km up-
stream in order to stop overtopping on . the left bank. On the right
bank in the reaches from the confluence of the Baliwbing river to
350 m upstream, the dike will be constructed connected to the

dike of the retarding basin.

The profile of the proposed highQWater levels and river-bed are
determined on the basis of the existing profile. Thé back-water

dike is also planned in the lower reaches.

Laras retarding basin

The Léras retarding basin on the right side of the Laras river
will be constructed to reduce the flood discharge of the Kuranji
river in thé lower reaches., The excess flood discharge of the
Laras and Merah rivers will be stored temporarily by the retarding
basin. The excess flood of the Balimbing river is not controlled

by the retarding basin owing to topographic condition.

The area of the retatding bésin is to be about 1.5 km? and the
storage capacity is to be about 1 x 105 m3 with 1 m depth in
average, On the boundary of the retarding basin, small dike and
drainage channel will be constructed to show the boundary line

and to store flood water.

Fig., K-5 shows the locatioﬁ of the Laras retarding basin, and
Fig. K-6 shows flood inflow and water level hydrographs for design

flood. Table K-3 shows the result of calculation.

Although a housing development plan named "PROYEK PERUMAHAN PT,
PEMBANGUNAN SUMBAR" is proposed in the location of the retarding
basin, the location of houses ta be built is reCommended to be
changed to the area between the.Laras and Balimbing rivers or the

west area, out of the retarding basin.
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(9) Adir Dingin river

a, Since the Air Dingin river has comparatively steep slope of 1/800
- 1/100, the river chammel is to be improved mainly by excavation
of chamnel. The compound cross-—section consisting of low-water
and high-water channels with low height dike is adopted in the
lower reaches from the river mouth to 3 km'upstream. The channel
upstream from there will be improved by channel excavétion. The
bank slopes of the channel 1 : 3 for low-water channel and 1 : 2

for high-water channel are adopted.

b. Excessive meanders of the existing channel upstream of the Muara
Penjalinan Br., is to be shorten by means of cutoff to make smooth

alignment,
c. The existing sand spit at the river mouth will be left as it is.

d. To protect river-bed at upper end of cutoff chamnel, the river-bed

will be protected by ground sill.

e. Since the channel near the railway and Muara Penjalinan bridges
is narrow compared with that -in the upstream and downstream reaches,
the abutment and pier of the bridges will be protected by ground

5111 and other protection method.

4.3 Improvement Plan of Urban Drainage Channel and Related Structures

4,3,1 Improvement plan of major drainage channels

Within the comprehensive plan, the stretches of major drainage
channels to be urgently improved are selected considering existing
urbanization, flooding conditions and priority order in old urban area

proposed by the Cipta Karya.

Stretches'subject-to the improvement and their design discharges

ara as follows :
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Drainage Length to bhe Design

channel improved discharge
' (m) (m3/s)
1. Olo-Nipah 590 25 - 14
2, Ujung Gurun . . 810 _ 18 - 10
3. Purus 580 | 13
4. Ulak Kanang - 1,030 6,5 - 2.5

Stretches to be improved are shown in Fig. K-7.

4,3,2 Plan of terminal drainage facilities

At the terminals of the Ujung CGurun, Purus and Ulak Karéng dfains,
pumping stations are planned to be constructed urgently.- The required
capacities of pumps are estimated based on hydraulic analysis aﬁd
the study on economic aspects. The study results are described in

APPENDIX I, The capacities of pumps are determined below.

Pumpiﬁg station : Ujung Gurun  Purus Ulak Karang

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

b Proposed Urgent Flood Control Works

Based on the proposed river channel mentioned above, the following
major works are proposed for the urgent flood control project in’ this

study,

(1) Mainstream of Arau river including Jirak river

a. Excavatioh/dredging of channel and embankment of dike,
b. Bank protéction by means of wet masonry and gabion,

¢. Construction of outlet culvert, '

d. Recounstruction of bridge.

e, Ground sill on river bed,
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(2) Flood relief chamnel

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

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

c. Construction of outlet culvert and drainage pumping station,

d. Reconstruction of drop structure on channel bed, bridge, siphon
and diversion weir, .

e, Drainage channel Improvement,

(3) Kuranji river including Balimbing and Laras rivers and Laras

retarding basin

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

b. Bank protection by means of wet masonry, dry masonry, gabion
'aﬁd groin,

¢. Construction of ocutlet culvert and drainage pumping station.

d. Réconsﬁruction of bridge.

e, Ground sill on river bed.

f. Drainage channel improvement,

"(4) Air Dingin river

a. FExcavation of cHannel and embankment of dike.
b. Bank protection by means of wet masonry and gabion,
c. Construction of outlet culvert,

d, Ground sill on river hed.

The.proposed.work quantities are shown in Table K-4, and they are

summarized below,

River channel improvement

Excavation/dredging 1,789 x 103 m3
Embankment o | 310 x 10°% m?
Bank protection
| Wet masonry 83,700 m?
Dry masonry : 28,300 m?
Gabion 14,200 m3
Groin 10,500 m
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Reconstruction of diversion weir 1 place
Reconstruction of bridge 5 bridges
Reconstruction of drop structure 3 places
Reconstruction of siphon 2 places
Ground sill 3 places
Construction of drainage culvert 52 places
Drainage channel improvement

Construction of pumping station 3 places
Drainage chaunel improvement 3,000 m

The location of the drainage culvert is listed in Table K~5.

4.5 Land Acquisition and Compensation

land acquisition and house compensation are required prior to the
execution of the construction works, The quantity is shown in Table
K-6. Number of houses to be compensated in each river stretch is

listed in Table K~7.

The quantities of land acquisition and compensation are summarized

below ;

Land acquisition
River channel improvement _ 1,057 x 103 m2

Drainage channel improvement 90 x 103 p?

House compensation
River chamnel improvement 244 nos

Drainage chammel improvement _ ' 58 nos
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Table K-~1

Economic Cost for Alternatives
on Urgent Flood Control Project
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L.C __F.C
Const~ .. Econo- Const- Equiv. I conomi.c
Ttem ruction Taxil Profitiz mic ruction in Rp. ’ ost
cost cost cost ¢
(Rp10®) (%) (B (rp106) (US$10%) (Rp10%)
Plan-A
1l.Land acquisition 1,510 - - 1,510 - - 1,510
2.Civil works
(1) Earth works 4,583 183 394 4,006 12,097 11,734 15,740
(2) Structure works 3,071 123 263 2,685 8,067 7,825 10,510
Sub-total ' 7,654 306 657 6,691 20,164 19,559 26,250
3.Cost for engr'sg _ _ )
& administration 1,720 65 - 1,655 4,711 4,570 6,225
4. Contingency 1,127 45 97 985 2,488 2,413 3,398
5.Total. 12,012 416 754 10,841 27,363 26,542 37,383
Plan-B
1l.Land acquisition 1,820 - - 1,820 - - 1,820
2,Civil works _
(1) Earth works - 5,391 216 518 4,657 13,212 12,816 17,473
(2) Structure works 4,236 169 407 3,660 9,568 9,281 12,941
Sub—-total 9,627 385 925 8,317 22,780 22,097 30,414
3.Cost for engr'g -
& administration 2,085 83 - 2,002 5,681 5,511 7,531
4 .Contingency 1,354 54 130 1,170 2,846 2,761 3,931
5.Total 14,886 522 1,055 13,309 31,307 31,369 43,678
Plan~C )
1.Land acquisition 2,280 - - 2,280 - - 2,280
2.Civil works 7
{1) Earth works 10,353 414 888 9,051 22,014 21,354 30,405
{2) Structure works 5,944 238 511 5,195 14,680 14,240 19,435
Substotal 16,297 652 1,399 14,246 36,695 35,584 49,840
3.Cost for engr'g
& administration 2,305 90 - 2,215 6,309 6,120 8,335
4. Contingency 2,169 85 210 1,874 4,300 4,171 6,045
5.Total 28,051 827 1,609 20,615 47,304 45,885 66,500
Remarks: /1 : rate of tax : 4 %
/2 : rate of contractors profit : 10 Z
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Table K-7 Number of House to be Relocated

Number of Houses

River Stretches Left side Right side
Arau Sugpension Br. (A 112)

to Seberang Padang Br. (A 68) 21 8

Seberang P. Br. to Jirak River 11 9
Jirak Confluence to Railway Br, 29 12
‘Flood Relief Channel

River Mouth to Aru Br. (B 59) ' 16 25

Aru Br. to Diversion Weir 0 18
Kuranji

River Mouth to Railway Br. (K.19) 12 1

Railway Br. to Kalawi Br. (PM.40) 33 13
Balimbing

Confluence to Kp. Sungai Sapiah (B.141) 12 19
Laras Confluence to Kp. Blantikan (L.11) 2 0
Alr Dingin River Mouth to Muara Penjaliman (C.17) 3 5

M. Penjalinan to Koto Tuo 7 >
Total 146 115
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Indonesian Ocean

Fig, K- 1 Flood Discharde Distribution for
Urgent Flood Control Project
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Fig. K-3 Alignment of River Channel for Flood Control Project
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Fig K-5 Proposed Retarding Basin
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Fig. K-6 Hydrograph of Retarding Basin
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Fig- K" 7
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