





CHAPTER 1

base, about 60 km long, streiches between the eastern edge and Java Island. The flux of
the tides in Madura Strait is thus governed by the wide fronted body of water on the east
side, therefore generating coastal currents inshore and offshore, but not in a constant
direction. The flow velocity is slow at a maximum of 0.6 my/sec. This prevents the earth
and sand from being carried away, therefore causing them to accumulate near the river
mouth. Accordingly the river channels are lengthening by an average of approximately
150 m yearly.

The Lesti River, with a basin area of 625 km?2, flows from Mt Semeru which has an
accumulation of newly fallen volcanic ashes on its mountainside. As a result, the river
water contains a large amount of sediment.

The Ngrowo River has a basin area of 1,600 km2. Although there used to be a large
marsh in its basin, now it drains into the Indian Ocean through the South Tulungagung-
Neyama Tunnel. Flood inundation habitually cccur near the junction between the Ngrowo
and the Brantas, because the river channel has a small capacity and a high riverbed.

The Widas River has a basin area of 1,538 km2, The junction between Widas and the
Brantas provides a large retarding basin, in which flood waters from the Widas are
controlled, thus contributing to a decrease in the flood peaks of the Brantas River. The area
between the right bank of the Widas and the main stream of the Brantas is a fertile alluvial
plain, complete with irrigation facilities. The area where small and medium rivers run onto
the plain from Mt. Wilis is habitually hit by floods. The water seems to flow backwards
when a big flood takes place somewhere in the main stream of the Brantas.

Another big tributary is the right bank river, Konto, with a basin area of 687 km?2,
which flows from the west side of Mt. Arjuno and then joins the Brantas about 7 km
upstream of the Widas junction. Utilizing abundant water volume and steep terrain, run-of-
river type of hydroelectric power stations (Mendalan and Siman, with a combined output of
29,000 kW), were constructed in the upper regions of the Konto in the Dutch colonial
days.

The incline of the main stream of the Brantas River 1s steep with 1/3,000-1/8,000 in
plains areas, 1/800 in mountainous ones, and 1/200 in the Malang highlands of its upper
reaches (see Fig. 1-4).
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Fig. 1-4 Longitudinal section of the Brantas, its major tribuiaries
and main stream

{2) Hydrology

Now let’s look at the rainfall trends in the basin from 1960 through 1976. The lowest
annual average was 1,288 mm in 1972 and the second lowest, 1,374 mm in 1965 while the
highest average was 2,632 mm in 1955, There was a severe drought in 1925, with as little
as 996 mm of rainfall in the Widas River Basin. The average monthly rainfall for the years
between 1950 and 1983 is listed in Table 1-14.

From the monthly mean runoff records of the main stream and each tributary between
1980 and 1983 (see table 1-15), the Karangkates mean runoff is 67.4 m3/sec and the
specific runoff is 3.4 m3/sec/100 km?, about 10 km downstream of its junction with the
Lesti River. In contrast, the mean is 135 m3/sec and the specific runoff, 4.0 m3/sec/100
km2, both of which are high, at Pakel about 10 km upstream of its junction with the
Ngrowo River, where the Brantas flows onto a plain in the middle reaches. Between
Karangkates and Pakel water collects from the South side of the Kelud Massif, where there
is abundant annual rainfall of 2,300 mm and large water retention capacity on the mountain.
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Tabie 1-14 Monthly mean rainfall

Unit: mm

Rainfall gauging station/location Jan. Feb. Mar. April May June July Aug. Sept. Oct Nov. Dec. Toiat
Malang/Kandangan 38 271 261 180 106 61 39 15 3 & 211 24 | 1,849
Blitar/Lodoyo 3t 278 257 140 108 51 k7S 15 P ¢ o 77 29 | 1781
Tulungagung/Campurdarat 26 21 2 1@ 5% &1 19 3 108 121 180 | 1426
Kedirifiediri 26 246 277 189 148 43 g <] 17 = &2 148 270 | 1,708
Nganjuk/MNganjuk 2 273 26 175 134 43 o 12 8 &2 166 289 | 169%
ParefPare Municipal Office 34 27 271 178 118 51 23 10 37 86 132 185 | 1658
Jombang/Jombang 267 36 272 179 91 = B 18 18 43 13 22 | 1,70
MojokertoMojokerto Municipal Office | 347 325 308 158 100 4] 4] g 16 ¥ 1ie 267 1 1,743

Mean in the basin 85 277 o264 57 113 45 3 4 24 e 151 261 | 1695

Source: Brantas River Basin Development Executing Office {1950-83)

At Jabon Run-coff Gauging Station, located just upstream from where the Brantas

branches off to the Surabaya and the Porong, the annual mean runoff was 259.1 m3/sec

and the water runoff during drought, approximately 35 m3/sec, With the Karangkates Dam

now complete, the water discharge during drought season is 50 m3/sec thanks to water

augmentation of 15 m3/sec. River water in the dry season at the Lengkong Dam all goes to

the Surabaya River and the Brantas Delta irrigation channel, consequently routing almost no

supply to the Porong. In addition, water is drawn and consumed before this point at five

intakes (as of 1995) along the main stream and other tributaries.

Table 1-15 Monthly runoff by gauging station

o o Unit: m¥s

River Brantas Brantas | Brantas Kento Widas Sclo Solo
Gauging station Karangkates | Pakel Jabon | Kalikonto | Ngudikan | Jipang | Wonogiri
Basin area (km2) 2050 | 3410 | 9675 236 212 10,810 | 1,252
January 94.3 184.2 426.9 4.1 3.0 4223 53.9
February 100.5 1¢5.7 510.7 17.5 11.5 588.2 62.0
Mareh 84.3 208.9 520.7 15.8 13.2 536.4 54.8
April 78.3 182.8 387.0 12.3 11.5 411.3 41.3
May 69.5 187.7 2857 10.1 7.7 267.6 252
June 58.0 121.8 174.6 8.3 4,0 86.2 i1.8
July 53.8 101.4 141.8 7.4 2.2 893.0 1.1
August 44 .0 74.6 82.9 5.0 1.3 43.0 5.0
September 36.7 §2.2 50.7 5.4 1.0 23.8 3.7
Cctober 41.8 £85.9 73.3 6.1 1.5 39.9 8.3
November 54.8 i06.1 160.3 8.6 2.8 176.2 28.0
December 823 1585 | 2944 10.8 75 | 3271 339

Mean STf _______ __‘! 35.0 258.1 ?0.2_ . 6.1 259.7 27.6
Specific rnof 3.4 4.0 2.7 4.3 2.9 2.4 2.2

Source: Brantas River Basin Development Executing Ofiice {1950-83)
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At Selorejo along the Konto River, the specific runoff is high at 4.3 m3/sec/100 km2.
In the lowest month the runoff accounts for 53% of the annual mean, thus showing a
minimal annual variation. In comparison to this, at Ngudikan along the Widas River, the
specific runoff is low at 2.9 m3/sec/100 km?, and the runoff in the lowest month makes up
only 16% of the annual mean, showing a large annual variation. This may be because the
Selorejo River Basin is composed of the Quaternary volcanic zone forests of the Kelud-
Arjuno Massif. Whereas 70% or more of the Ngudikan Basin consists of the Tertiary
mountainous zone and paddy fields.

Incidentally, the runoff of the Solo River is much lower in the dry season and the
lowest month accounts for only about 10% of the annual mean runoff.

(3) Irrigation

Of the total arable land area in the Brantas Basin, 636,000 ha, paddy fields account for
324,000 ha, For 316,500 ha of this, water is drawn from the main stream or large
tributaries. As of 1995 with an increase in Surabaya's urban area, the trend is moving
toward decreasing arable land (refer to Appendix 3).

There was an increase in the area of paddy fields during the 23 years between 1970 and
1993, but only 10,000 ha, from 314,000 to 324,000 ha. The arable land area per farm
household is 0.29 ha, much smaller than the average 0.30 ha of Java Island. However the
yield per unit area is high. The rice yield per farm household is 2.39 t/ha, exceeding the
national average of 2.21 t/ha (see Table 1-16).

Irrigation is used in both the dry and the rainy seasons. Since even in the rainy season
clear weather sometimes continues for ten days or more, supplemental irrigation is used to
compensate for the lack of rainfall, Irrigation in the dry season is limited to the area along
the main stream of the Brantas and its tributaries having sufficient river flow. Therefore the

irrigated area in the dry season is reduced to about one third the rainy season's area.

Table 1-16 Rice yield per hectare {1983)

Harvested area Yield per ha {t/ha) | Area of paddy fields Yield per farm
{1,000 ha) per farm household household {t)
(ha)
Entire nation 8,499 567 .38 2.21
Java Isiand 3,426 7.80 .30 2.34
Brantas Basin 324 8.23 0.28 2.3%
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Although most of the existing agricultural facilities were constructed in the Dutch
colonial days between the 19th and the early 20th century, there are many newly established
facilities built as part of the Brantas River Basin Development Project. Currently a network
of water utilization facilities has been carefully established; 5 barrages consisting of newly
built concrete and rubber dams in the main Brantas, and diversion dams and small
Teservoirs in mountainous areas in the tributaries. Although now old, many of them could
still be quite functional, if appropriately repaired and maintained.

Back in 1960 there were water intake facilities at 18 locations along the main stream of
the Brantas, which covered 300,000 ha for irrigation. However, as of 19935, consolidation
and abolishment of such facilities is under way and the irrigated area will soon reach
316,500 ha with only five intake facilities.

(4) Rainfall and runoff characteristics

In tropical regions rainfall continues for a short time, rarely exceeding ten hours. Rainfall
is usually very predictable, occurring at almost the same time every day. This is the reason
flood peak usually takes place at intervals of approximately 24 hours. In the Brantas Basin
it begins to rain at approximately 3 o’clock in the afternoon for about three hours or so.
Even storm rainfall involving flood continues for up to 7 or 8 hours, and over 70% of the
rainfall occurs during the first two hours (see Attachment (5); Time distribution of storm
rainfall at Karangkates). While the largest precipitation in a single storm at a point is
usunally 200 mm, the average rainfall in the basin is fairly small because of its limited area.
The maximum daily rainfall in the Lesti River Basin was 165 mm according to the 1952-75
records.

It is estimated that in the upper regions of Karangkates Dam the runoff coefficient of
flood waters (total volume of flood runcff/total volume of rainfall) is some 30% for small
and medium scale floods; and some 50% even where the rainfall exceeds 100 mm.

From the characteristics of rainfall and the basin area described above, it follows that
the flood peak is comparatively small in mountainous area through which the Brantas runs,
For example, at Karangkates Dam, the design flood discharge is 2,580 m3/sec and the
specific yield is 1.4 m3/sec/km?. For Selorejo Dam, they are 720 m3/sec and 3.0
m3/sec/km? respectively.

After a trial calculation of the annual rainfail in the Brantas River Basin, the water
balance in the basin can be expressed as follows:

P=R+i+E+AS
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where, P = rainfall, R = surface runoff, { = percolation , £ = evaporation, AS = rate of
change in storage

Almost all rainfall retained underground experiences evaporation and outflow into river
channels. Outflow to the sea ts said to be less than 1% because of the exceptionally slow
ground flow velocity, therefore it can be disregarded. From the annual water balance, AS
can be regarded as . The water balance in the upper reaches of the Ishikari River in Japan,
which was measured for 1957-63, is compared with that in Brantas, the Tone River in

Japan, and other areas in Table 1-17.

Table 1-17 Water balance of rivers by area

River Measuring point Pimm) | Airomy | E{mm} | E/P{%)
Ishikari, Japan Upper reaches 1,330 1,003 327 25
Tone, Japan Middle reaches (Awahashi) 1,326 820 4086 3
Brantas Upper reaches 1,815 1,068 747 41

Lower reaches 1,883 845 838 50
Asia River mouth 726 283 433 &0
Scouth Ametica River mouth 1,648 583 1,085 65
Europe River mouth 734 | 349 | 415 | 57 |

Remarks: 1} P mean rainfail in the basin, A volume of runoff (direct runoff + delayed runoff, groundwater), £
evaporation, £/ rate of evaporation
2} For Tone River, P is mean rainfatl in e whole basin and R is oblained by converting flow 1o
Brecipitation.
3y Data for the Ishikari River is from "Suimongaku” {Hydrology) by lsamu Kayane.

From the table, it is roughly estimated that the evaporation of the Brantas is between
40% (in upper reach) and 50% (in lower reach) of its rainfall. According to the trial
calculation, for the volume of direct runoff from the ground surface, and that of delayed
runoff (runoff that becomes groundwater once and then flows out into river channels), it is
likely that the latter is the runoff generated in the dry season. Especially assuming that the
flow in the three months with the least annual rainfall, August through October, is all from
underground, the volume is expressed as in Fig. 1-5.

From the above, though they are roughly estimated values without regard for any
outside influences, such as water intake for irrigation in the basin or any other factors, the
folowing can be said: Of the annual rainfall in the Brantas River, approximately 40% is
direct runoff from the ground's surface out to river channels (runoff coefficient in the
basin); 20% (upper reaches) to 10% (lower reaches) are retained under the ground with
delayed runoff to river channels; and the rest of 40% (upper reaches) to 50% (lower
reaches) or less undergo evaporation from the ground’s surface or trees.

Consequently, making a rough estimate of all rainfall in the Brantas Basin area, 40-50%
undergoes evaporation, 10-20% becomes delayed runoff (retained as groundwater later
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flowing out to river channels), and some 30-40% becomes direct runoff (flowing directly
out to river channels).
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2) Qmis calculated atier sublracting rainfall occurred in the dry season (little as 2% of annual raintall) and the
15 m¥s of discharge from Karangkates Dam.

Fig. 1-5 Monthly runoff by area

{5) Flood waters of Brantas' main stream

From the Malang highlands, the Brantas River forms comparatively deep gorges until
flowing onto plains in the middle reaches of the basin, collecting water from its tributary
streams along the way and generating almost no flooding. The river channel capacity near
Pakel is 1,500 m3/sec, where the Brantas flows onto plains, and it has enough river
channel capacity until the junction with the tributary, Ngrowo River.

At the junction with the Ngrowo, the main stream of the Brantas meanders in the shape
of S, with a sharp decrease in river width and channel capacity (to about 500 m3/sec) to
Kediri City. As a result, flooding occurs near this junction, part of it flowing backwards
into the Ngrowo. The largest flood took place in November 1955, at a rate of 1,700 m3/sec
at Pakel, when a great flood occurred near the junction causing part of the overflow to run
down into the paddy fields on the Brantas right bank and flow backwards into the Ngrowo
marsh as well. The area near this junction used to remain filled with flood waters for a
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