1. Present Water Balance

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

is studied for the Arau, Kuranji and Air Dingin rivers.

The present water requirement is estimated as a sum of water re—
quired for the existing irrigation system and present water use for
industries and municipal water supply. The irrigation water require-~

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

Regarding the availability of surface water, the one-in-five-year
dependable runoff is estimated firstly on the monthly data basis,
since the statistical analysis for preparation of the flow duration
with shorter duration can hardly be done due to the paucity of discharge
records, The depéndabie runoff is estimated from the one in five year
monthly réinfall at Tabing station by use of relationship between rain-

fall and runoff at each balance point,

On the other hénd, relationship between monthly average runeoff and
minimum’ 10-day average runoff of the month is studied based on the runoff
records available. The monthly average dependable runoff is converted
into minimum 10-day average runcff of each month using the monthly runoff
vs., 10-day runoff relétionship. Finally the water requirement and the

10~day average available water are compared with each other,

1.1 Present Water Requirement

The surface water of the Arau, Kuraniji and Air Dingin rivers includ-
ing'their tributaries is used mainly for irrigation, industrial and

municipal water supply, and hydroelectric power generation,

A total of 11.6 m3/s of surface water is required at present, which
consists of 10.8 m3/s for irrigation, 0.5 mi/s for industry'and 0.3 m3/s
for municipal water supply. The water requirement of each river is
summarized in the following table, of which further description will be

.

given in the subsequent sections :



ey

Water requirement (m3/s)

River :
Irrigation Industry Mun, water supply Total
Arau 1.167 0.487 - 1,654
Kuranji 5,901 - 0.250 6.151
Air Dingin 3.755 - - 3.755
Total © 10,823 0.487 0.250 11.560

1.1,1 Irrigation

In the study area there exist 12 irrigation systems totalling
7,958 ha of service area, i.e., 858 ha covered by 3 systems in the Arau,
4,339 ha by 5 systems in the Kuranji, and 2;761 ha by 4 systems in the
Air Dingin, These irrigation systems are outlined in Table 0-1 with

location map in Fig, 0-1,

Among these, Gunung Nago irrigation system is by far the biggest.
The system has a 70 m wide non~gated weir across the Kuranji river con—
structed in 1973, The weir has two intakes on both right and left banks

of which service areas amount to 2,478 ha in total.

The actual irrigation water use in 1982 is summarized in Table 0-2,
However, the available records of irrigation water use are limited.
Therefore, the amount of irrigation water requirement for the existing
irrigation areas is estimated Ey the analytical method réferring to an
Internal Note on the Determination of Irrigation Water Requirements for

Sawah Paddy, West Sumatra Design Unit, 1981,

The monthly imit area irrigation water requirement is estimated,
firstly, employing the method and assumptions presented in the sﬁcceedu
ing paragraphs. Then, the irrigation water requirement of each river
system is estimated from the irrigation area multiplied by the unit area

water requirement,
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The calculation process of the unit area water requirement is

shown in Table 0-3, and the estimated monthly irrigation water require-

ments are shown in Table 0-4. According to the estimate, the maximum

irrigation water requirement occurs in July, which is summarized below :
a. Unit area water requlrement : 1.36 1/s/ha

b. Water requirement

Water requirement

River system Irrigation area (ha)

(1/s)
Arau 858 1,167
Kuranji 3,489 4,745
Balimbing 850 1,156
A. Dingin 2,761 3,755
Total 7,958 16,823

Cropping pattern and Varieties of Paddy

The following cropping pattern and growing stages are assumed

for the estimation :

a. Rainy season crop : 150 day variety (padi dalam) from October

to February (21 weeks)

b. Dry seasom crop : 120 day variety (padi gadu) from May to

August (17 weeks)

c. Growing stage

Stage-

150 day variety

120 day variety

Land preparation
Transplanting

Irrigation

 Draying off

Harvesting

Ist to Ath week

4th week

5cth to 18th wéek
19th to 20th week

21st week

lst to 3rd week
3rd week

4th to lhth weck
15th to 16th week
17th week
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Unit Area Irrigation Water Requirement

il

Qin Qoff / Cde

Qoff = Ete + L1 - Re
where

Qin : Unit area irrigation water requirement at intake (1/s/ha)
Qin (1/s/ha) = Qin (mm/day)/8.64

Qoff : Unit area irrigation water requirement at offtake

Cde : Distribution efficiency defined as water losses in
canal system between the intake and field offtake,
0.75 is assumed

Etc : Crop evaporation

Ll

Re

Water loss for land preparation and percolation

.

Effective rainfall

e

Crop Evaporation (Etc)

Etc = Eto x Cp x Cc

where
Eto : Reference crop evaporation (= Ep x Cp)
Lp : Pan evaporation reading at Gunung.Nago; average of
2 years from 1977 to 1978 as shown in Table 0-5
Cp ¢ Pan coefficient, 0.85 is taken according to FAO

publication No.24.

Cc : Crop ceoefficient

150 day (week) 120 day (week) Ccﬁl Remark

1st to 4th ist to 3rd 1.00 ° Transplanting
5th to 7th 4th to 6th 1.10 '

8th to 1lth 7th to 9th 1.35

12th to 15th 10th to 12th  1.30

16th to 18th 13th to l4th 1.05

19th to 2lst 15th to 17th 0.00

[}' Recommended by Prosida for 150 day variety
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Land Preparation and Percolation Lost (L1)

a. For land preparation period : L1 = 7.1 mm/day

b, Fox irrigation period :

Ll = T1Lp + Lb

where

Lp :

b :

Percolation losses through rice field bed
a. For clay or loamy clay
2 mm/day for well established rice field
4 mn/day for newly developed rice field
b. For lighter soils : 6 to 8 mm/day
Percolation losses through rice field banks :

3 mm/day by experimental works.

Effective Rainfall (Re)

Re = R x Cr

where
Re
R :
Cr :

1.1.2 Industry

The present

are all from the

: Effective rainfall defined as a part of actual raihfall,

which is of direct use to the crop
The 1 in 5 year low rainfall by month at Tabing station

based on data for 20-year period. as shown in Table 0-6

: Coefficient of effective rainfall assumed to be 0.7

water uses for industry are listed in Table 0-7. These

Arau river system. Regarding the Kuranji and Air Dingin,

no industrial water use is inventoried.

The industrial water use amounts to 29,200 1/min (or 0.487 m3/s)

among which a cement factory in Indarung uses 14,000 1/min and other

7 factories use the remaining 15,200 1/min.
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1.1,3 Municipal Water Supply

Only one public water supply system is existing in the study area,
taking water from the Kuranji river at Kp. Melayu. The treatment plant
is located at Gunung Pangilun near the intake pump station. This plant

produces 0.25 m?/s of water throughout the year.

1.1.4 Hydroelectric Power

There are twoe hydroelectric power plants, i.e., PLTA Rasak Bunga
in the Arau river and PLTA Kuranji (Batu Bﬁsuk) in the Kuranji river.
Both of these are operated by a cement factory in Indarung (P.T. Semen
Padang). The PLTA Rs. Bunga generates 1,100 kw and the PLTA Kuranji
1,650 kw for the factory. For these plants 1,800 1/s and 2,550 1/s of
water is taken in from the Arau and Kuranji rivers, respectively, and
returned to the respective rivers. The water used for the hydroelectric
power is not counted in the water use table, since it is returned to the
original river after use without consumption, Outline of these power

plants is shown in Table 0-8,

1.2 Available Water

Availability of surface flow data in the objective rivers are as

follows
, Recorded Years of complete
Station ) remarks
period (yrs) data (vrs)
Arau R.
Lb. Sarik 7
Kp. Baru ' 2
Lb., Begalung 5 4 Discharge of
flood relief
chan. only
Kuranji R.
G. Nago 5 ' 2
Kp. Melayu 5 3
Adir Dingin R,
Lb. Minturun 4 2
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Among these only the data at Lubuk Sarik in the Arau river, Gunung
Nago in the Kuranji river and Lubuk Minturun in the Air Dingin river
could be used for the analysis of flow duration in consideration of the

‘period of available data and location of the stations.

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

study :

River Balance point Drainage area (km?)
Arau Lb. Sarik sta. 64
Kuranji G. Nago weir 120
Balimbing 5. Guo weir 11
Air Dingin 1b. Minturun sta. 116

Since the period of available surface flow data are short, sta-
tistical analysis of available water on the éctual record basis can
hardly be done. The available water at each balance point is estimated
from the rainfall data at Tabing station by use of relationship between
montthly rainfall at Tabing station and monthly runoff at each balance
point. Tabing station has longer period of rainfall records since

1948.

One in Five-year Rainfall at Tabing Station

Monthly rainfalls at Tabing station are shown in Table 0-9. The

1 in 5-year rainfall at Tabing station is estimated from this table for

each month as shown in Table 0-11.

Relationship between Monthly Rainfall and Runoff

Relationship between the monthly rainfall at Tabing station and
monthly average runoff at each stream gauging stations is assumed to

be expressed as follows
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Q=KR=fRA/2,630

where
Q : Monthly average runoff at stream gauging station (m3/s)
R : Monthly rainfall at Tabing station (mm/mon)
A : Drainage area (km?)
£ : Runoff rate
K + £A/ 2,630

In order to obtaln the runoff rate, monthly average rﬁnoffs as
available at Lubuk Sarik, Gunung Nago and Lubuk Minturun are plotted
against the corresponding monthly rainfalls at Tabing station and shown
in Fig. 0~2. From this figure the relationship at each station is

expressed as follows :

River Balance points K-value A (km?) f-value
Arau Lb. Sarik 0.0273 64 1.12
Kuranji G. Nago 0.0760 120 1.53
A. Dingin Lb. Minturun 0.0391 116 0.89

IS

Among the three points, the rainfall-runoff correlation at Gunung
Nago is rather weak and the plots scatter in Fig. 0-2. This may come -
from the reason that the average runoff at Gunung Nago is figured out
by the records measured only twice a day, while those at Lubuk Sarik
and Lubuk Minturun are baéed on the hourly records by automatic gauges.
In addition, the runoffs recorded in the evening shows, on average,
30 to 40 Z bigger than those recorded in the morning as shown below,
which indicates that the daily average may change depending on the time

of record :

Average runoff (m3/s)

Yeax Morning record (1) Evening record (2) (2)/(1)
1979 28.8 37.6 1.31
1980 17.2 24.3 1.41
1981 21.4 29.6 1.38
1982 13.6 17.3 1.27




Therefore, the runoff rate derived from records is not applied
to the estimation of available water at Gunung Nago, since the rate

seems too hipgh and considered not reliable.

For the balance points at G, Nago and S. Guo weirs, the runoff
rate 1s assumed to be f = 1.01 taking the average of those at Lb. Sarik
and Ib. Minturun, since these weirs are located between the stations.

Thus, the K-value at these balance points are derived as follows

River Balance points f-value A (km?) K-value
Kuraniji G. Nago 1.01 120 0.0461
Balimbing S. Guo 1,01 11  0.00422

Available Water at Each Balance Point

Based on the discharge data available at Lubuk Sarik and Lubuk
Minturun stations, the ratio of minimum 10-day average runoff in a month
and ﬁonthly average runoff is studied. The results are shown in Table
0-10. On average, the minimum 10-day average runoff is 68 percent of

the monthly average runoff,

The monthly average available water at each balance point is esti-
mated from the rainfall data at Tabing station by use of the relation-
ship between monthly rainfall and runoff derived in the previous para-
gréph. The minimum 10-day average runoff of each month is estimated
from the monthly average available water multiplied by the ratio 0.68.
The 10-day runoff is taken up as the available water of each month.

The results of calculation are shown in Table 0-11.

1.3 Water Balance

The present water requirement and available water at each balance
point are shown in Table 0-11 and Fig. 0-3. The water balances at the

maximum requirement and the minimum availability are summarized as

follows
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Balance at max. Balance at min.

River Balance point requirement (m3/s) availability (m®/s)
Qr Qa Qr Qa
Arau Lb. Sarik 1.65 3.08 1.59 2.34
Kuranji G. Nago 4.97 5.20 4,69 3.95
BEalimbing 5. Guo l.lé 0.48 1.09 0.36
A. Dingin Lb, Minturun 3.76 4,41 3.53 3.35

(Qr : Water requirement, Qa : Available water)

Although the study made in the previous sections are on the pre-

liminary level, the present water balance could be concluded as follows :

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

present water requirement .

b. The water in the main Kuranji and Air Pingin seems to be almost
enough to the present water requirement except the month of

minimum availability.

¢c. The water at S. Guo is not enough to the present irrigation
water requirement, since the catchment area is too small to
supply water to the wide irrigation area between the Balimbing

and Laras rivers.

2, TIrrigation Water Demand

The existing irripgation systems cover almost all the irrigable flat
plain of the river basins subject to the study except for the urbanized
area. HNone of new irrigation system nor extension of the existing

system is proposed in the study area.

On ithe contrary, the farm lands adjacent to the urban area are
replaced by the housing, industrial and commercial areas in recent years.
The urbanization of the study area is remarkable. According to the
data from Agricultural Office (Dinas Pertaﬁian Tanaman Pangan, Kotamadya
Padang) , changes of paddy field in Kotamadya Padang are shown in Table .

0-12, which are summarized as follows

- 0.10 -



Net paddy field (ha)

District
1566 1969 1980 1983
Kodya Padang 8,539 8,539 8,503 8,398
0ld town 137 7137 600 503

The paddy field in Kotamadya Padang decreases year by year. This
tendency is remarkable especially in the old town consisting of Padang

Barat, Padang Timur, Padang Utara and Padang Selatan,

According to the Master Plan Kotamadya Padang prepared in 1983,
almost all the existing agricultural lands will be replaced by the
residential and other urban areas'by the year 2003, Only some agricul-
tural lands will remain mostly in the existing Gunung Nago (right) and

Lubuk Minturun irrigation systems,

In consideration of the circumstances mentioned above, it could be
concluded that there is little demand for further irvigation water
development in the study area, On the contrary, the existing irrigation
water which shares ﬁhe major part of present water use in the basin
would be used for the other municipal and indﬁstrial-purposes'iﬁ future
keeping pace with the replacement of agricultural.land to ﬁunicipal and

industrial lands.

3., Municipal and Industrial Water Demand

Regarding the future water demand for the municipal purposes, study
has been made in the Feasibility Report on Padang Water Supply Project,
DGCK, prepared in November 1982, The water demand was estimated for the

proposed future service area to be implemented in stages as follows

a. Initial Stage (Ilmmediate Measures} until 1985 : This stage
includes some extension of the existing supply area in the
southern part of the Municipality, especially to improve the

supply conditions in the region of the Harbour Teluk Bayur.

b. TFirst Stage until 1995 : During the first stage project the
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service area will be extended mainly up to the proposed ring-

bypass road. However some areas within the ring-road have

been excluded, i.e. north of the Air Dingin River and east of

Tabing Airport. To make provision for the proposed industrial

development in Lubuk Begalung and some dense residential areas

the first stage service area will exceed the ring-road in the

southern part of the Supply Af

£d.

¢, Second Stage until 2005 : This stage comprises the maximum

possible area suitable for human settlement; excluding some

scatitered villages in the river valleys.

Water supply outside

Padang City will be limited to the settlement area mainly

along roads and rivers. Insofar "coverage" is not understood

in a special dimension. Also excluded from water supply con-

siderations is the Sub-district of Bungus/Teluk Kabung, which

has been provided with separate supply facilities,

The result of study is summarized in Table 0-13.

municipal water demand of Kotamadya Padang is as shown below

In brief, the

Year
Item
' 1985 1995 2005
House connection (m?/d) 24,200 46,600 78, 600
Public taps (m®/d) 3, 800 6,800 9,400
Non domestic (m?/d) 9,000 14,300 30,100
Loss and internal use (m3/d) 17,800 23,500 27,800
Total (w®/d) 54,000 89,200 145,900
(1/s) 634 1,032 1,689

The annual average demand thus figured out amounts to about 1.7

m3/s in the year 2005. In order to fulfil the demand, a new treatment

plant is to be installed at Gunung Nago to provide municipal water of

0.25 m3/s taken from the Kuranji river. The remaining 1.2 m¥/s of water

will be taken from the Air Dingin river because another treatment plant

is planned to be constructed in the uppef reach of the Air-Dingin river
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in future, The both sites for treatment plants are proposed by the

Padang Water Supply Project.

Other than the treated ﬂater mentioned above, the factories may
need untreated water to be taken directly from the river although the
amount of water'is not known yet at present. It also be noted that
DPU, West Sumatra has plan to take 3.0 m3/s of water from the Kuranji

river for the flushing purpose of drainage channels in the urban area

such as the Jati canal,

The water demand for the municipal and industrial uses is still
small compared with the existing irrigation water use which may de-
crease gradually keeping pace with the urbanization of the study area.
The resources of surface water in the study area could be said enough

to endorse Padang's municipal and industrial development.

4. Mini-hydroelectric Power Development

A preliminary study on potentiality of developing mini-hydroelectric
power by use of flows in the Sfeep slope irrigation canals is conducted
for the electrification of rural villages. The study firstly outlines
the current- and future electric supply systems in Kotamadya Padang.

Then the potential hydroelectric power'is estimated for the selected

irrigation canals,

4,1 Electric Supply System in Padang

Electric power in Padang area is mainly supplied:by PLN (Perusahaan
Listrik Negara). The service area of the PLN is still limited in the
urban areas. Most of the rural villégés are not served with electricity
yet, Some of them have their own diesel generators of small scale,
Facﬁories, hotels and other business corporations also have their own
power generation systems together with the PLN electric supply system.

However, these private power systems are heing replaced by the FLN power

'system.
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Electrieity by PIN in Padang area has been generated in the PLTD
Simpang Haru. In last March 1983, PLTG Bandar Buat began its operation
and by the end of 1983 PLTA Danau Maninjau will be in operation. These
three plants are incorporated with each other and supply the electric
power to Padang cilty and its surrounding areas. Outline of these power
plants are as follows. The electic power sources in Padang area will

be by far strengthened by the end of 1983 :

Ttem PLTD PLTG PLTA

€ S. Haru B. Buat D. Maninjau
Capacity (M) 30 42 - 68
Power source Diesel Gas Water

Start of operation Existing Mar. 1983 ~ Sept. 1983 (partial)
: Dec. 1983 (full)

Notes

PLTD : Pembangkit Listrik Tenaga Diesel (Diesel electric
power plant)

PLTC : Pembangkit Listrik Tenaga Gas (Gas electric power plant)

PLTA : Pembangkit Listrik Tenaga Air (Hydroelectric power pléﬁt)

PLTD Simpang Haru

Simpang Haru diesel electric power plant was the only source of
the electric power for Kotamadya Padang, until the plant in Bandar Buat
was constructed in 1983. The plant is located in the old town on the

left bank of the flood relief channel,.

The existing total capacity of Simpang Haru plant is 30.0 MW,

consisting of the following generators
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Unit capacity Operational Total capacity Year of

() unit (lkw) installation
965 2 1,930 1954
1,200 1 1,200 1968
1,240 1 1,240 1973
2,440 1 2,440 1976
2,520 1 2,520 1977
4,040 2 8,080 1978
6,300 2 12,600 1983
Total 10 30,010 -

PLTG Bandar Buat

Bandar Buat gas electric power plant was constructed recently and
started its operation in last March, 1983. The plant is located in

Pauh Limo near Gunung Nago weir.

The total capacity is 42 MW generated by 2 units of generators
(21 M{ each). . According to the PLN schedule, 21 MW of electric power
will be supplied to the cement factory in Indarung by the end of 1983
and 34 M{ by 1984. The remaining 8 MW will be used for municipal

purposes.,

PLTA Danau Maninjau

Danau Maninjau hydroelectric power plant is newly constructed, and
the facilities are under testing now, The power generated around Lake

Maninjau will be tramnsmitted to Padang area about 90 km far apart.

The plaﬁned total capacity of this hydroelectric plant is 63 MW,
cbnsisting of & units of generators (17 M{ each). Out of four units,
one unit will be operated by Séptember, 1983 and the remaining three

by December, 1983.
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Power Plants by P.T. Semen Padang

Electric power sources of the P,T. Semen Padang, one of the biggest
factories and electric consumer in Padang, are hydroelectric and diesel
electric power plants operated by the factory and electric from PIN.

These are outlined as follows

Source : Unit aiifcity Units Total(;i?acity
a. Hydroelectric power 2,150
PLTA Rs. Bunga 550 2 1,100
PLTA Kuranii 550 3 1,650
b. Diesel electric power 22,944
512 2 1,024
520 1 520
1,600 1 1,600
2,400 2 4,800
5,000 3 15,000
¢. PIN electric power
As of June, 1983 9,250
By the end of 1983 21,000

4.2 Potential Mini—hydroelectric Pover

4.2.1 - Methodology

The generator output is calculated by the following equation of
energy :
P=9.8xEt xEg xQxH

where

P : generator output (kw)
Et, Eg : Efficiencies of turbine and generator, respectively.
The product of Bt and Eg is assumed to be 0.75

taking account of the expected output.
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Q : Available discharge (m%/s)
H : Effective head (m)

Effective Head

The effective head is derived from total head reducting the loss
of head in the leading channel, penstock, ete, The effective head is

estimated as shown below :

a. Total head : Measured on the longitudinal profile at the
potential site. The potential site is selected where the

higher head can be taken with shorter leading channel,

b. Loss of head in leading channel : The friction loss in the
leading channel is
hl = L x I = L/1000
where
hl : Friction loss in leadiﬁg channel (m}
L : Length of leading channel (m)
: Slope of leading channel (= 1/1000)

c. Loss of head in penstock : Friction loss in the penstock is
calculated by Darcy-Weisbach formula. Other head loss in
penstock is assumed to be 25 % of the friction loss.

: i
1.25 (§ x 1B x Y

h2 T

)

]

1, 2
1.25 (0.001246 L)

Dp
where

h? : Loss of head in Penétobk (1)

f : Friction factor = 124.5 nlep1/3; the roughness
n is assumed at 0.011,

Lp : Length of penstock (m); The slope is assumed
1l on 1.5

Dp i Diameter of penstock (m), which is decided so
that the velocity does not exceed 4.0 m/s

V : Velocity of flow (m/s)
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Q : Discharge (m3/s)
g i Acceleration of gravity (= 9.80 m/sec?)

d. Other loss : Ten percent of hy and h, is counted as other

loss of head (hjy)

Available Water

The irrigation water is used for electric power generation.
According to the annual rainfall data.at Tabing station, the year
1982 is the draughtest in recent 7 years since 1975. The flow dura-
tion of the irrigation canal in 1982 is adopted as an available water
for power gemneration. The 75 day dependable discharge is assumed to
be the maximum available water to estimate the maximum generator

ocutput.

4.2.2 Selection of Potential Sites

Judging from the irrigation water records and irrigation area of
each canal system, the canals of which discharge exceed 1.0 m3/s are
(a) Limau Manis, (b) Gunung Nago left, (c) Gunung Nago right,

{(d) Sungai Latung, (e) XKoto Tuo left, and (f) Koto Tuo right irrigation

canals,

On these irrigation canal systems, sire conditions were inspected.
As a result of inspection the Sungai Latung, Koto Tuo left and right
canals are those of milder slope and are not considered suitable for
hydroelectric power generation. Accordingly the following canals are
selected for the study of potential site of mini-hydroelectric power

plant.
a, Limau Manis canal from Limau Manis weir to Kel. Jawa Gadut
b. Gunung Nagoe left canal from G. Nago weir to Kel. Pasar Baru

c. Gunung Nago right canal from G. Nago weir to Kp. Kuranji.

On the above irrigation canals selected,.hydrographic_sufvey is

conducted by the Study Team. The longitudinal profiles of these
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canals are shown in Figs. O-4 through 0-6. The potential sites are
selected at the following places'where the canal slope is more than

1/50 and the higher head can be obtained with shorter leading channel.

a. Limau Manis-l power plant : on the Limau Manis irrigation

canal around 350 m downstream from its intake.

b. Limau Manis-2 power plant : on the Limau Manis irrigation

canal around 1,000 m downstream from its intake.

¢. Gunung Nago left power plant : on the Gunung Nago left irriga-

tion canal around 550 m downstream from its intake.

d. Gunung Wago right power plant : on the Gunung Nago right
irrigation canal around 1,100 m downstream from the right

bank of Gunung Nago weir.

4.2,3 Hydroelectric Power to be Generated

The flow duration curves at the potential hydroelectric power
plants are shown in ?ig. 0-7. These are the intake discharges recorded
in each irrigation canal in the year 1982 which was the draughtest in
recent 7 years since 1975. Since the Gunung Nago left irrigation camnal
separates downstream from the intéke, the discharge at Gunung Nago left
powef plant is estimated from the intake discharge multiplied by 62
percent, the ratio of the irrigation area downstream of the plant site

and the total.

As seen from the Fig. 0-7, all of these flow duration curves get
small abruptly at around 345-day. The minimum available water for
power generation is decided as the 345-day dependable discharge. On
the other hand, the 75-day dependable discharge is assumed to be the
maximum available water to estimate the maximum generator output.

The dependable discharges for different duration are as follows
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Dependable discharge (w3/s)

Dﬁ;ggson L. Manls G. Nago G. Nago
) 1 and 2 left right

75 0.75 2.04 2.35

95 0.74 2.04 2.35
180 0.60 1.67 1.61
975 0. 44 . 1.10 0.98
345 S Q.27 0.67 0.68

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

0-14, The results are summarized as follows :

Ttem L. Manis . L. Manis G. Nago G. Nago

1 2 left right
Leading chan. length (m) 217 358 250 301
Penstock
Length (m) 21 20 . 10 13
Diameter {m) 0.50 0.50 0.85 0.90
Total head (m) 11.6 11.0 5.2 6.8
Max. output (kw) 105 97 128 194
Annual production (MWh) 385 357 462 640

4,2.4 UDtilizdtion of Electricity

Near the Limau Manis-1 and 2 plént sites Kel. Jawa Gadut having
about 170 households ekists. The village is not electrified yet. The
village has scheme to construct a diesel electric power plant within a
frame of Bantuan Desa (Bangdes) Project for the year 1983/84 by Walai
Kota., The diesel plant will have capacity 15 kw and the scheduled budget
is Rp. 1,400,000, In addition, the newly construcited PLTG Bandar Buat

is located in about 4 km distance.

- 0,20 -



Kel. Pasar Baru which is located along Gunung Nago left irrigation
canal has been already electrified. Kp. Kuranji located near the Gunung
Nago right power plant on the opposite side bank of Kel. Pasar Baru
crossing the Kuranji river has around 1,500 households. The village is
not electrified yet. According to the village office, there is no
electrificacion scheme at present. However the village coﬁld be elec-

trified by the PIN system, since the PLTG Bandar Buat is located only

about 2 km apart.

Judgiﬁg from the circumstances mentioned above, the mini-hydro-
electric power projects in these sites are not deemed to be of higher
priority at present. From the viewpoint of development of natural energy
under the difficulty in acquisition of oil, the project might be taken
up in future for electrification of agricultural works as well as village

houses.

- 0,21 -






Table 0-1  Existing lrrigation Systems

NO Irrigation L Intake structure Service
’ system area
Structure Souice of water (ha)
1. Kepala Hilalang Permenent weir Kepala Hilalang river/ 610
Alr. Dingin
2. Sei. Latung Permanent weir Latung river/ 861
Air Dingin
3. Lubuk Minturun  Free intake Air Dingin river 300
4, Koto Tuo Gabion weir Air Dingin river 990
with concrete
crest
Bandar Duku Free intake Kuranji river 75
Tunggul Surian  Free intake Guo river/ Balimbing 200
' river/ Kuranji river
7. Sei. Guo Rip-rap with Guo river/ Balimbing 650
' concrete crest river/ Kuranji river
8. Limau Manis Rip~rap with Kuranji river 936
concrete crest
9. Gunung Nago Permanent weir Kuranji river 2,478
10. Padayo Free intake Padayc river/ Arau river 160
i1, Ulﬁ Gadut Rip~rap with Padayo river/ Arau river 300
concrete crest
12, Lubuk Lawas Gabion weir Arau river 458
with concrete
crest
Total 7,958
Source

1. Proyek Pembangunan Jaringan Irigasi Tersier Sumatera Barat

2. Rekapitulasi Buku Pintar Daerah Irigasi PU, Propinsi Sumatera Barat,

September 1981

3, Peta Situasi, Irigasi Tersier Sumatera Barat dari tahun 1978/1979 -

1980/1981, PU Sumatera Barat

-0.23 -
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Table 0~3  Calculation of Unit Area Irrigation Water Requirement

Heek Evapotranspiration Losses Rainfall Water requirement
Mon, "o Eto Cc  Etc L1 Re Qoff Qin Remarks
(mm/day) {(mm/day) {(mm/day) (mm/day) {(mm/day) (1/s/ha) (1/s/ha)
Sep. 1 - - - - - - - -
2 - - - - - - - -
3 - - - - - - - -
. 4 - - - - - - - -
Oct. 5 3.7 1.00 3,70 7.10 5.90 4,90 0,57 0.76 Land prep
6 3.7  1.00 3.70 7.10 5.90 4.90 .57 0.76
7 3.7 1.00 3.70 7.10 5.90 4,90 0.57 0.76
8 3.7 1.00 3.70 7.10 5.90 4,90 0.57 0.76
9 3.7 1.10 4.07 5.00 5.90 3.17 0.37 0.49 E;;igation
Nov. 10 3.1 1.10 3.41 5.00 6,60 1.81 .21 0.49
11 3.1 1.10 3.41 5.00 6.60 1.81 0.2} 0.28
i2 3.1 1.35 4,19 5.00 6.60 2.59 0.30 0.40
13 3.1 1.35 4,19 5.00 6.60 2,59 0.30 0.40
Dec. 14 3.6 1.35  4.86 5,00 4,20 5.66 .66 0.88
15 3.6 1.35 4.8 5.00 4,20 5.66 0,66 0.88
16 3.6 1.30  4.68° 5,00 4.20 5,66 0.66 0.88
17 3.6 1.30 4.68 5.00 4,20 5.66 0.66 0.88
Jan. 18 4.1 1.30  5.33 5.00 4,70 5,63 0,65 0.87
19 4,1 1.30  5.33 5.00 4,70 5.63 0.65 0.87
20 4,1 1.05 4.31 5.00 4,70 4,61 0,53 0.71
21 4.1 1.0 4.31 5,00 4,70 4,61 0.53 0.71
22 4,1 1,05 4,31 5,00 4,70 4,61 0.53 0.71 _r
Feb. 23 - - - - - - - - .Dryoff
24 - - - - - —~ - - -
25 - - ~ - - - - - Harvesting
26 - - - - - - - -
Mar. 27 - - - - - - - -
28 - - -~ - - - - -
29 - - - - - - - -
30 - - - -~ - - - -
Apr. 31 - - - - - - - -
32 - - - - - - - -
33 - - - - - - - -
34 - - - - - - - -
35 - - - - - - - -
May 36 3.8 1,00 3.80 7.10 3.80 7.10 0.82 1,09 Land prep
37 1.8 1,00 3,80 7.10 3.80 7.10 0.82 1.09
38 3.8 1,00 3.80 7.10 3.80 7.10 0.82 1.09 __}
39 3.8 1,10 4,18 5.00 3.80 5.38 0.62 0.83 Irrigation
Jun. 40 3.9 1.10 4,29 5.00 2,00 7.29 0.84 1.12
41 3.9 1.10 4,29 5.00 2,00 7.29 0.84 1.12
42 3.9 1.35 5.27 5.00 2.00 8.27 0.96 1.28
43 3.9 1.35 5.27 5.00 2,00 8,27 0,96 1,28
Jul, 44 3.9 1.35 5.27 5,00 1.50 8,77 1.02 1.36
45 3.9 1.30 5.07 5.00 1.50 8.37 0.99 1,32
46 3.9 1.30  5.07 5.00 1.50 8,57 0.99 1.32
47 3.9 1.30 5,07 5.00 1,50 8.57 0.99 1.32
48 3.9 1.05 4.10 5,00 1,50 7.60 G.88 1.17
Aug, 49 3.9 1.05 4,10 5.00 3,70 5.40 0.63 0.84 &
50 - - - - - - - - Pryoff
g; : : : _ _ . - - Harvesting
- Notes : Eto : Reference crop evaporation Re + Effective rainfall
’ Cc : Crop coefficient Qoff : Water requirement at gfftake
Etc : Crop evaporation Qin : Water requirement at intake
L1 : Water loss for land preparation

and percolation
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Table 0-4 Estimated Irrigation Water Requirement

Unit Water requirement (1/s)
Month  area req. Arau Ruranji  Balimbing A. Dingin - Total
(1/s/ha) (858 ha) (3,489 ha) (850 ha) (2,761 ha) (7,958 ha)
Jan. 0.87 746 3,035 740 2,402 6,923
Feb. 0 0 0 0 0 0
Mar. 0 0 0 0 0 0
Apr. 0 0 0 0 0 0
May 1,09 935 3,803 927 3,009 8,674
Jun. 1.28 1,098 4,466 1,088 3,534 10,186
Jul, 1.36 1,167 4,745 1,156 3,755 10,823
Aug. 0.84 721 2,931 714 2,319 6,685
Sept. 0 0 0 0 0 0
oct. 0.76 652 2,652 646 2,098 6,048
Nov. 0.49 420 1,710 417 1,353 3,900
Dec, 0,88 755 3,070 748 2,430 7,003
Table 0-5 ' Table 0-6
Reference Crop Evaporation One in Five Year Rainfall
Month (mm?gay) (mﬁ?zay) Month iaiﬁle{r
SR (mm/day)
Jan. 4,8 4.1 Jan. 4.7
Feb. 4,6 3.9 Feb, 3.2
Mar . 4.8 4.1 Mar . 3.2
Apr.’ 4.7 4,0 Apr, 4.3
May 4.5 3.8 May 3.8
Jun. 4.6 3.9 Jun, 2.0
Jul, 4.6 3.9 Jul, 1.5
Aug. 4.6 3.9 Aug. 3.7
Sept. 4,7 4,0 Sept. 4.7
Oct. 4.4 3.7 Oct. _5;9
Nov. 3.6 3.7 Now. 6.6
Dec, 4.3 3.6 Dec, 4.2
(Ave.) (4.9 (3.8) (hve.) (3.98)
* Based on records at * Bééed on records at
G. Nago sta. Tabing sta.
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Table 0-8

Outline of Existing Hydroelectric Power Plants

Item

PLTA Rs., Bunga

PLTA Kuranji

2,550 1/s

Intake water 1,800 1/s

Intake Arau R. Kuranji R.

Off take Arau R, Kuranji R.
Leading channel

Length 1,520 m 3,200 m

Depth 1.60 m 1.50 m

Width 1.60 m 1.95 m
Drop height 70 m 90 m
Turbin

Nos 2 units 3 units

Capacity 2 x 900 1/s 3 x 850 1/s
Generator

Nos 2 units 3 units

Capacity 2 x 550 kw 3 x 550 kw
Source : P.T. Semen Padang
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Table 0-10 Relationship between Ten-day Runoff and Monthly Runoff

) Qiod / Qmon

Month Lb. Sarik Lb. Minturun Averageil
Jan. 0.71 0,72 0.7
Feb. 0.79 0.83 0.80
Mar, 0.72 | _ 0.79 0.75
Apr, 0.63 0,77 0.69
May 0.68 0.78 0.73
Jun. 067 0.66 0.67
Jul, 0.55 0.65 0,59
Aug., 0.66 0.63 0.65
Sept. 0.74 0.73 0.73
Oct. 0.56 0.58 0.57
Nov. 0.70 0.53 0.62
Dec. 0.69 0.54 0.62
Average 0.68 0.68 0.68
Notes

Qiod : Average of minimum ten-day runoff in each month (m3/s)

Qmon : Average of monthly runoff (m3/s)

/1 : Weighted average against member of data
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Table 0-12  Historical Paddy Field in Kodya Padang

Net paddy field (ha)

Pistrict 1966 1969 1980 1983
Kota lama 737 737 606 . 503
Padang Barat i) 6 0 -0
Padang Timur : 302 302 278 278
Padang Utara 342 342 241 144
Padang Selatan 87 87 81 81
Kec. Koto Tangah 2,083 2,083 2,083 2,083
Kec. Nanggalo 310 310 434 432
Kec, Kuranji 2,118 2,118 1,993 1,993
Kec. Pauh 1,141 . 1,141 1,167 1,167
Kec. Lb. Begalung 831 831 835 835
Kec. Lb. Kilangan 584 584 596 596
Kec, Bungus TL. Kaﬁung 735 735 795 789
Kotamadya Padang 8,539 8,539 8,503 8,398
Source : Dinas Pertanian Tanaman Pangan, Daerah Tingkat 11, Padang.
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Table 0-13 Municipal and Industrial Water Demand

Items Year 1985 1995 2005

House connection

“Population (per.) 193,228 318,699 524,303
Unit demand (1/c/d) 125 140 150
Demand (m°/d) 24,153 44,618 78, 645

Public taps

Population (per,) 126,549 226,662 314,492
Unit demand (1/c/d) 30 30 30
Demand (m3/d) 3,796 6,800 9,435

Non-Domestic
Demand (m°/d) 9,035 14,349 30,108

GROSS DEMAND (m3/d) (36,984) (65,767)  (118,188)

Uncounted-for water

% of grose demand 38 29 17
Quantity (m3/d) 13,974 18,952 20,427
NET PRODUCTLON (m3/d) (50,958) (84,719)  (138,615)

Internal use

% of total production : 7 5 5
Quantity 3,836 4,459 7,296

TOTAL PRODUCTEON

(m3/d) 54,794 89,178 145,911
(1/s) ' 634 1,032 1,689

Source : Feasibility Report on Padang Water Supply Project,
Nov, 1982, DGCK,

- 0,33 -



0%9 99 £'6¢ S$y'9g €0°0 20'0° 0f£°0 0L £€8°0
0% 2°19 1%°9 0°0  90°'0 0£°0 g6 0€'T T 0670 ¢ A912WBTP YDOISUIJ
8981 0726 FAN) ®0°0 %T'0  0£°0 cg 86" T wer yzduel }oo3susayg
49 0"80T  ST°9 <0'0 070 OBEO 02 cgz W 1o @ y3BueT -ueyd Burpwe]
761 0°80T GZ°9 §6*0 0Z°0 0£°0 Gt (Y ara gty o pEey 1EI0L
LHOTE O9VN ONANND
Z9n 7€ 0°7¢ 68"y €0'0 €0'0  ST°0 0L 68°0
€11 9°6Y gy €0°0 200 ST O <6 6¢°T @ gty f 133I9WETP }DOISUBJ
€CT 0°<9 8L°% 70°0 €10 <T'0 cQ 8 T w T s yagusT {ooasusg
%€ VARV gLy %00 SI'0 6Z°C  .0T 0" 2 m gz yiBue -ueyd SurpES]
87T 7 1L gL'y #0°0 SI'0  <€T°0 S/ ¥0°Z wgg s peay [el0lL
14T 09VYN HNONOD
JAs3 C7 6792 % 0T G0'0  GT°0 9¢'0 0¢ ]
68 1°6€ €2°0T L0°0 %£°0 9€°0 56 75°0 w50t I932WETP HO0ISUDG
oot 6y 666 500 9§70  9¢°0 53 29°0 L A yaguay {oo3suag
52 g 786 IT°C 69°0 9¢°0 02 w0 w gce  : yaBuel -ueyd Burped]
L6 1°4¢ 86 IT°0 1470 9£°0 Gl GL°0 w oIt : pesy Teiol
Z— SINVH OVHIT
¢8¢ 8% 8° 9T gT"IT %0°0 9T°'¢ ZT'0 0¢ gg"o
96 671y 96°0T 90'0 9£°0 TT°O0 3 7570 wQgto ot 1272WRTD }O0ISUSJ
80T L°2¢ 4701 8C°0 6570 2270 €38 £9°0 w Ty : u38ueT Mocasusg
87 G* L8 60T 60°Q ZTL'D  TTO 0z %10 Wizt u3aBuel ‘ueyd Fulpee]
SOT T°8¢ $6°0T  0T°0 #°'0 2Z°0 S/ $1°0 w 9Tl pesy 1101
T- SINVW OVRIT
14/4 ’
ol ey @@ @@ e e
renty 4mm¢mm nd3ng .uwwmwm = < E uoTieIng e3ieydstd AusTd zEmod
TE30L ¢ SSOT PE3H ; . ’

£3T0Ta302Td 3O UOTIONPOIJ TEBNUUY JO UCTIETNOTEND

?1-0 2T4qEL

- 0.34 -



Fig, 0-1 Existing Irrigation Systems
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Fig., 0- 2(1) Relationship between Monthly Rainfall and Runoff
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Fig, 0~ 2 (2) Rélotionship between Monthly Rainfall and Runoff
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Fig, 0~ 3 Present Water Balance

:  E
58 g8
£ &
////%JD T - N ./D o o ' % P . ) _ .//HD
//N W,N % = WN
N'E N° NN \&
,/ann < ammmmmnn mmnﬂ
- - m i
3| 3|5, &
mm = rumm = MW munl:, .Wn ] WM
=5 o | EE - 185 @n 37 -

(S/.L) 8640YdSTQ UD3Y ATUIUOY

~ 0.38 -




Fig, 0- 4 Longitudinal Profile of
Limau Manis Irrigation Canal
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Fig., 0~ 7 Flow Duration Curve at Potential

Mini-hydro Power Sites
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