4.2 Comparative Study ou Alteraative Flood Contrel Plan
Supplement data in this section are as follows;
- Preakdowa of work quantity and construction cost for alternatives
{ Table 4.,2.1 ) : :

- Design discharge distributions for alternatives {Fig. 4,2.1)
- Design profiles of the Widas viver for alrernatives (Fig. 4.2.2)
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Table 4.2.1.

BREAKDOWN OF CONSTRUCTION COST (1/26 )
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BREAKDOWN OF CONSTRUCTION COST (2/26)

Table 4.2.1.
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BREAKDOWN OF CONSTRUCTION COST (3/28)

Table 4.2.1.
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BREAKDOWN OF CONSTRUCTION COST (4/26)

Table 4.2.1.
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BREAKDOWN OF CONSTRUCTION COST (5/26)
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BREAKDOWN OF CONSTRUCTION COST (6/26)
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Table 4.2.1.

BREAKDOWN OF CONSTRUCTION COST {7/26)
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BREAKDOWN OF CONSTRUCTION COST (8/26)
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BREAKDOWN OF CONSTRUCTION COST (9/26)

Table 4.2.1.
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4.3 Hydraulic study on retarding basin
4.3.1 Side overflow dike
(1) CGeneral

Side overflow dike is to be constructed on the alignment of river
dike as a lower part of river dike to reduce flood peaks immediately
downstream in the viver. The degree of flood péak reduction 1s determined
by the location, the length, and the crest elevation of the side over-—
flow dike. These dimensions are stydied here on the Widas, the Ulo
and the Kedungsoko retarding basins to satisfy the design flood discharge
distribution in the Widas river basin river system for the 25-yr probable
flood.

(2) Fundamental equations

Fundamental equations used for flood routing at a retardino basin
with glde overflow dike are as follows;

In a viver :
(a) Continuity equation

? = -—

b q
{b) Equafion of motion of non-uniform flow
- Q2 O(.(Ez.aA O(g.%
di _ L cIR AZ +'g.A LA X M g A
DA

dx 1 - YA
gA

In a retarding basin :
{a) Continuity equation

v
dt 9

At 8 side overflow dike :
(a) Discharge equation

q = K. 2g h3/2 { perfect overflow )

= K'.h v ?g (h1 ~ h,) (submerged.oﬁerflow)

2 2

Here, @ -: discharge in a river (m3/s)
x i distance along the river (m)
q : overflow discharge (m3/s)
H : water depth .(m)
1 : slope of the river bed
. C ¢ Chezy's coefficlent
R : hydraylic mean radius (m)
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: crose sectional area (m?)
: coefficlent of veloclity distribution
: gravity acceleration (m/sec2)

: storage volume in ‘the retarding basin (m3)
: time )
: coefficlent of perfect overflow

coefficlent of submerped overflow
: water depth over the crest of side overflow dike
: water depths over the crest of side overflow dike
in the river and the retarding basin

TrRRa < ® Q>

=
3]

b

(3) Routing method

Flood routing is conducted to get the flood discharge hydrograph
in the river immediately downstream of the side overflow dike and the
variation of water level in the retarding basin due to the overflow
discharge over the side overflow dike, to a given probable flood
discharge hydrograph in the river immediately uypstream of the side
overflow dike. '

The_pfocedura to calculate the streamflow downstream Qb (t) from
the streamflow upstream QU (t) of the side overflow dike at a time
point t is as follows.

(a) The reach of the side everflow dike is divided into ten reaches
along the river course, and accordingly eleven cross sections
are cousidered in the reach of the side overflow dike. MNumber
is given to the c¢ross sections from 1 to 11, from the downstream
to the upstream.

{b) The value of Q, as the discharge at the cross section 1 most
dowvnstream is dssumed.

{c) The ﬁater depth H, at the cross section 1 1s calculated with
Ql through the stage discharge relation at the cross section 1.

(d} Overflow discharge q; at the cross section 1 is calculated
with R, and the watet level in the retarding basin HB through
the ovérflow discharge equation.

{e) The:water depth H, at the cross section 2 is caleulated with

Q,, q, and H, through the equation &f motion of non-uniform
fiow 1 :

(f) Overflow discharge q, at the cross section 2 i3 calculated
with H2 and HB through the overflow discharge equation.
(g) The discharge (., at the'cross sectlon 2 1s calculated with
and 4 ﬁrough the equation : Q2 Q + (q1 + q, 3/2 x Z&x
w%ere Ax 15 the distance between the cToss section 1 and 2.

(h) The water depth H, at thé_cross section 3 is calculated with

Qi' 4, and H, through the equation of motion of non-uniform
flow.
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(1} The above same procedure is repeated up to the cross section
11, the cross section most upstyream.

{37 The calculated discharge Q,, at the cross section most upstresam
with the above procedure 18 checked if Qll is equal to the
given hydrograph discharge QU (t).

{k)} When the discharge Q1 is not equal to QU (t), a new valuye Q
is assumed agaln and Lhe procedure from (¢} to (i) is conducéed
again, .

(1) When the calculated discharge Q,, is equal to QU (t), then 2
is the discharge downstream of %Ae’side~overflow dike ,QD (t).

After getting the value QD (t), the streamflow downstream of the
side overflow dike, the water level in the retarding basin is calculated
through the following procedure.

(s} The additional volume of overflow discharge over the side over-
: _flow dike is calculated,

{(b) The accumulated volume of stored flpod water in the retarding
basin 1s calculated,

(¢) The water level in the retarding basin is calculated through

the relation between the elevation and the wvolume capacity of
the retarding basin.

4 9 43 9 9 9 97 9 93 Y 9

EERERRENEE
IR

== a5 ﬂ%@2+%754#ﬁ5756"ﬁ7ﬁ@3_59759%5:! —aum
R A A A

(4) Widas retarding basin

The needed function of the Widas retarding basin is determined
through the study on the optimum floed control plan of the Widas river
systems., The Widas retarding basin should reduce the flood peak of
sbout 410 m3/s of the Widas river for 25-year probable flood to less
than 240 m3/s, This. comes from the limit of 270 m3/s allowed to inflow
to K, Brantas. The remaining 30 m3/s 15 the outflow from Al canal.

At the same time, the maximum storapge volume of the wiﬁas_retarding
basin 1s determined around 13.6 x 10% wd for 25-year probable flood
through the study on the optimum flood control plan,

The dimensions of side overflow dike of the Widas retarding basin
are determined on the basis of the above criteria as follows,

{(a) Storage capaclty and area

Storage capacity and area curves used for the flood routing of

the Widas resarding basin are shown in Table 4.3.1 and Fig,
4.3.1.



(b)

(c)

(d)

(e)

(£}

(g)

The curves are obtained from the topographic map of the
scale 1/10,000,

In measuring the area, the design plan ¢f the retarding basin
shownt in Flg. 4.4.4 1s considered,
Stage discharge relation

Stage discharge relation at the downstream end of the side
overflow dike 18 calculated by the unifrom flrw formuyla.

The longitudinal profile and the river cross section used for
the caleculation is shovm in Figs. 4.3.2 and 4.3.3.

The calcylated stage discharge relation is shown in Table 4.3.2
and Fig. 4.3.4.

River cross section
River cross section in the reach of the side overflow dike 1isg

assumed to be the same as that in the reach downstream of the
side overflow dike except the side overflow dike.

.Locatign

The location of the side overflow dike of the Widas retarding
basin is determined in view of the necessary storage capacity

of the retarding basin and the design alignment of the river
dike. When the location of the side overflow dike 1s to¢ down-
stream near t¢ the confluence with K. Brantas, the design high
water level in the retarding basin inevitably becomes lower

ang the storage capacity of the retarding basin could not be
enough for the necessary flood peak reduction ¢of the Widas river,

The location 1s determined at the same time selecting the
reach where the alignment of the river dike is straight,

Thus the downstreamn end of the side overflow dike is determined
to be 4,900 m from the confluence with K. Brantas,

Slope of river bed

The slope of river bed In the reach of the side overflow dike

i{s planned to be the same with that in the downstream reach.

The slope of design river bed downstream of the side overflow
dike 1s 1/3,400,

Dead volume of retarding basin

The dead volume of the Widas retarding basin 1s assumed to be
the storage volume of the retarding basin when the water level
in the vetarding basin {s as high as the design bigh water level
of K. Brantas 37.59 m, from the conservative viewpoint.

Length and ¢rest elevation
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(h)

(1

The longer the slde overflow dike is, the less the discharge

in the river downstream of the side overflow dike becomes, and
the more the storage volume in the retarding basin becomes,

And this relation 1s the function of the crest elevation of the
side overflow dike. With certain length of the side overflow
dike, the heigher the crest is, the more the discharge down-
stream in the river becomes and the less the storage volume of
the retarding basin becomes.

These relations are shown in Fig.4.3.5.

In consideration of these relations shown in Fig. 4.3.5 and
that the maximum overflow depth gver the crest of side over-
flow dike should be at least aroynd 0.5 m from the practical
view point, and the criteria for the Widas retarding basin
aforementioned, the length and the crest elevation of the side
overflow dike is determined as follows: '

L = 400 m
W = 4.4 m

where L {s the length and W is the velative height of the crest
to the design river bed.

Cross-section and longitudinal profile

The design river cross-section and the longitidinal profile in
the reach of the side ¢overflow dike 1s shown in Figs. 4.3.2 and
4,3.3,

Flood routing

Flood routing is conducted with the dimensions of the side
overflow dike decided in the above and the other features of
the design of the river and the retarding basin on the
following conditions.

(1) River condition

River cross section for 25-~year probable flood dnd that for
10-year probable flood.

(11) Flood hydrograph

Flood hydrograph with the return periods of 25-year, l0-
year, S5-year, Z2-year and l.05-year.

The results are given in Table 4.3.4 and Figs.4.3.7 - 4,3.9
the summary is given in Tables 4.3.5 - 4.3.6,

The results for 25-year river cross-section and for 25-yr flood
1s as follews.

(1} Flood peak : 410.3 m3/s
(11) Reduced flood peak  210.9 m3/s

(111) Peak cut volume 9.88 x 106 m3

(iv) Maximum water level in the retarding basin 38.6 m SHVP
(v) Maximum inundation area in the retarding basin 13.2 kml
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(i) Supplement

Stage discharge relation

Stage discharge relation at the downstream end of the side over-
flow dike used for determining the dimensions of side overflow
dike is calculated by the uniform flow formula. Actual stage
discharge relation varles according to the water level in K.
Brantas at the confluence with the Widas river.  Some stage
discharge relations are made depending on the water levels in

K. Brantas by using non~uniform formula. The results are

shown in Fig., 4.3.10 | showing that the stage discharge relation
~made by the uniform formula has a substantial basis for designing

the side overflow dike,

Flood hydrograph

Flood hydrograph used for designing the side overflow dike is
only of one type, the type that the flood peak is almost in
the midst of a flood, center concentrated type so to speak.
Flood routing is also conducted assuming other two types of

- flood hydrographs. The one is of a flat type and the other is
of a type that the flood peak occurs in the end of a flood.
They are named type 1 for the former and type 2 for the latter
and the results of flood routing are shown in Fig. 4,3.11.

The compariscn is glven below briefly,

Original type - Type } ‘ Type 2
Peak 3y o 3 3e —— 3 /g m 3
discharge 410m~/s 211m2/s 325m7/s 20lm2/s  499m/s 221m3/s
Max. water 38.57 m SHVP 38.60 m SHVP 38.62 w SHVP
level

Left and right retarding basins

In the calculation of overflow discharge, the following are
assumed.

(i) The overflow discharge is twice of the discharge calculated
in the equation previously given because the side overflow
dike is planned on the both sides of the river.

(ii) Although the storage capacity of the Widas retarding basin
is different on the left side and the right side, the water
levels on the both sides will be raised on the same rate,

Actually, because of the difference of the storage capacity of the
retarding basin on the left side and the right side, the water levels .
are different on the left and the right sides. Accordingly in the
hydraulic condition of: submerped overflow, the total overflow discharge
can not be the twice of the overflow discharge calculated with the said
equation on the above assumption.

For the confirmation of the adequacy of the result obtained on the
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sald assumptlon the flood routing for 25-yr probable flood and 25-yr
cross sectlon is conducted with the final dimensions of the side over-
flow dike for left and right sides and the comparison 1s given below,

Assumption :  same water level
(i) Q peak : 210.9 wd/s
(ii) V max. : .13.57 x 10% n3 .
(iii) H max. ;- 38.57 m SHVP

Different water level

(iy Q peak : 215.9 m3/s
(11} V max. 13,37 x 100 3
(iii) HL’ max. : 38.69 m SHVP
' Hp, max. : 38.56 m SHVP
where;  Q peak : peak discharge dowastream in river

V max,  : maximum storage volume
B max. : maximum water level in retalding basin
.V  max. : maximum total storage volume in retarding basin
H max. = maximum water ievel in the left retarding basin
HR max. : maximum water level in the right retarding basin

(5) Ule retarding basin

The needed function of the Ulo retarding basin is determined through
the study on the optimum flood control plan of the Widas river systems
as well as that of the Widas retarding basin as follows.

(i) The flood.peak of about 591 m3/s of the Widas river for 25-year
probable flood should be reduced to less than 370 m3/s.

(i1) The maximum storage volume of the Ulo retarding basin should
be around 4.8 x 106 m3 for 25-vear probable flood.

The dimensions of side overflow dike along the Widas river of the.
Ulo retarding basin are determined on the basis of the above criteria

as follows.
(a) Storage capacity and area

Stofage capacity and area curves used for the flood routing of
the Ulo retarding basin are shown in Table 4.3.1 and Fig.4.3.1.

The curves are obtained from the topographic - map of thelr
scale 1/10 000,

In measuring the area, the design plan-of the retarding basin
shown in Fig. 4,4,4 1s considered.
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(b)

(c)

(a)

{e)

(£)

(g)

Stage discharge rvelatlon

Stage discharge relation at the downstream end of the side
overflow dike is calculated by the uniform flow formula. The
longitudinal profile and the river cross section used for the
caleculation is shown in Figs. 4.3.2 and 4,3.3.

The calculated stage discharge relation is shown in Table 4,3.2
and Fig. 4.3.4.

Cross section

River cross section in the reach of the side overflow dike is
assumed to be the same as that in the reach dowvnstream of the
side overflow dike except the side overflow dike.

Location

The location of the side overflow dike of the Ulo retarding
basin is determined in consideration that the site should be

as downstream as possible so long as the storage capacity is
enough for the flood peak reduction and that the crest elevation
of the side overflow dike should be heigher than the design
high water lewvel in the Widas river at the confluence with the
Kedungsoko river.

The downstream end of the side overfilow dike is thus determined
to be 700 m from the confluence with the Kedungsoko river.

Slope of river bed

The slope of river bed in the reach of the side overflow dike
is planned to be the same with that in the downstream reach.
The slope of design river bed downstream of the side overflow
dike is 1/1,590. :

Dead volume of retarding basin

The dead volume of the Ulo retarding basin is assumed to be
zero because the river course of the Ulo river is planned to be
changed to join the Widas river before coming into the Ulo
retarding basin. Accordingly the draimnage area of the Ulo
retarding basin is so small as same as about 5 km?.

Length and crest elevation

‘The relations between the length of the side overflow dike,

the crest elevation of the side overflow dike, the discharge
in the river downstream of the side overflow dike, and the
storage volume in the rvetarding basin are as mentioned in the

part of the Widas retarding basin. And such relations are shown

in Fig. 4.3.5, -

In consideration of these relations shown in Fig. 4.3.5
and that the maxXimum overflow depth over the crest of side gver-
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flow dike should be at least arround 0.5 m from the practical
view point, and the criteria for the Ulo retarding basin, the
length and the crest elevation of the side overflow dike is
determined as follows;

L
W

550 m
4.5 m

where L is the length and W is the relative height of the crest
to the design river bed.

(h) Cross section and longitudinal profile

The design river cross section and the longitudinal profile in
the reach of the side overflow dike is shown in Figs. 4.3.6 and

4.3.2.
(i} Flood routing

Flood routing is conducted with the dimensions of the side
overflow dike decided in the above and the other features of
the design of the river and the retarding basin on the follow-
ing conditions.

(i) River condition

River cross section for 25-year probable flood and that
for 10-year probable flood.

(ii) Flood hydrograph

Flood hydrograph with the return periods of 25-year, 10-
year, 5-year, 2-year and 1l.05-year.

The results are given in Table 4.3.4 and Figs. 4.3.7 - 4.3.9
and the summary is given in Tables 4.3.5 - 4.3.6.

The results for 25-year river cross section and for 25-
yvear flood is as follows;

(i) Flood peak 590.7 m3/s
(i1) Reduced flood peak 364.0 m3/s _
(1i1) Peak cut volume 4.78 x 106 n3 :
(iv) Maximum water level in the retarding basin 44.4 m SHYP
(v) Maximum inundation area in the retarding basin 6.3 km2

(i) Supplement

Stage discharge relation

In consideration of the same matters described in the section
of the Widas retarding basin, the stage discharge relation made
by the uniform flow formuila and some stage discharge relations
made by non-uniform flow formula depending on some water levels
in the Widas river at the confluence with the Kedungsoko river
‘are compared in Fig. 4.3,10 . This also shows that the stage
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discharge relation made by the uniform flow formula has a
substantial basis for designing the side overflow dike.

Flocd hydrograph

As discussed in the section of the Widas retarding basin, flood
routing 1s conducted for other types of flood hydrograph and
the result is shown in Fig. 4.3.11 . The brief comparison is
given below,

Original type’ ' Type 1 Type 2
Peak 3fg —o 35 3/ — 3 3/s —— 3
discharge 591m3/s 304mJ/s 426 mfs 330 m?/fs 665 md/s 378 m3/s
Max. water 44,36 m SHYP 44,30 m SHVP 44.43 m SHVP
level

(6) Kedungsoko retarding basin

The needed function of the Kedungsoko retarding bagin is determined
through the study on the optimum flood control plan of the Widas river
systems as well as that of the other retarding basins as follows.

(i) The flood peak of about 455 m3/s of the Kedungsoko river for
25-year probable flood should be reduced to less than 200 m /s.

(i1} The maximum storage volume of the Kedungsoko retarding basin
should be around 4.8 x 106 m3 for 25-year probable flood.

The dimensions of side overflow dike along the Kedungsoko river of
the Kedungsoko retarding basin are determined on the basis of the above
criteria as follows.

(a) Storage capacity and area

Storage capaéity and area curves used for the flood routing of
the Kedungsocko retarding basin are shown in Table 4.3.1 and
Fig. 4.3,1.

The curves are obtained from the topographic map of the scale
of 1/10,000. 1In measuring the area, the design plan of the
retarding basin shown in Fig. 4,4.4 is considered.

(b) Stage discharge relation
Stage discharge relation at the downstream end of the side
overflow dike is calculated by the uniform flow formula. The
longitudinal profile and the river cross section used for the
calculation is shown in Figs. 4,3,2 and 4.3.3.

The calculated stage discharge relation is shown in Table 4.3.2
and Fig. 4.3.4.
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(c)

(d)

(e)

(£)

(g)

Cross section

River cross section in the reach of the side overflow dike 1s
assumed to be the same as that in the reach downstream of the
side overflow dike except the side overflow dike.

Location

The location of the side overflow dike of the Kedungsoko retard-
ing basin is determined in consideration of the topographic
conditions. The Kedungsoko retarding basin should reduce the
flood peaks of the Kedungsoko river and the Kuncir river.

Thus the location of the side overflow dike should be downstream
of the coufluence of the Kuncir river with the Kedungsoko river.
And at the same time the sjde overflow dike can not be so near
to the railway brldge The distance between the two is only
about 1.3 km.

The location is determined at around the middle of this reach.
The downstream end of the side overflow dike is thus determined
to be 500 m from the railway bridge.

Slope of river béd

The slope of river bed in the reach of the side overflow dike
ia planned to be the same with that in the downstream reach.
The slope of design river bed downstream of the side overflow
dike is }/1,950,

Dead volume of refarding'basin

The dead volume of the Kedungsoko retarding basin is assumed
to be 1,0 x 10°m3 on the basis of the run-off analysis result
because the Kedungsoko retarding basin has its own drainage
area of about 34 kmZ.

Length and crest elevation

The relations between the length of the side overflow dike,
the crest elevation of the side overflow dike, the discharge
in the river downstream of the side overflow dike, and the
storage volume in the retarding basin, are as mentioned in the
preseding part of the other retarding basins., And such
relations are shown in Fig. 4.3.5.

in consideration of these relations shown in Fig, 4.3.5 and
that the maximum overflow depth over the crest of side overflow
dike should be at ‘least around 0.5 ni from the practical view
point, and the criteria for the Kedungsoko retarding basin

~aforementioned, the length and the crest elevation of the side

overflow dike is determined as follows;

L = 360m
W = 3.5m
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(h)

(1)

(1

where L is the length and W is the relative height of the crest
to the design river bed.

Cross section and longitudinal profile
The design river cross section and the longitudinal profile in

the reach of the side overflow dike is shown in Flgs. 4.3.6 and
4.3.2.

.Flood routing

Flood routing is conducted with the dimensions of the side
overflow dike decided in the above and the other features of
the design of the river and the retarding basin on the
following. conditions.

(i} River condition

River.cross section for 25-year probable flood and that
for 10-year probable f£lood.

(ii) Flood hydrograph

Flood hydrograpﬁs with the return periods of 25-year, 10-
year, 5-year, 2-year and 1.05-year.

The results are given in Table 4.3.4 and Figs.4.3,7 - 4,3.9
and the summary is given in Tables 4.3.5 - 4.3.6.

The result for 25-vear river cross section and for 25-year
probable flood is as follows;

{i) Flood peak 455.3 m3/s

(i1)  Reduced flood peak 196.6 m3/s

(i11) Peak cut volume 4,12 x 100 p3 :

(iv)  Maximum water level In the retarding basin 44,6 m SHVP
{(v) Maximum inundation area in the retarding basin 6.5 km?

Supplement

Stage discharge relation

As well as the other retarding basins, the stage discharge relat-
ion made by the uniform flow formula and some stage discharge re-
lations made by non-uniform flow formula depending on sowme water
levels in the Widas river at the confluence with the Kedungsoko
river are compared in Fig. 4.3.10 . This also shows that the stage
discharge relation made by the uniform formula has a
substantial basis for designing the side overflow dike.

Flood hydrograph

As well as the other retarding basins, flood routing is conducted
for other types ¢of flood hydrograph, and the result iz shown in
Fig. 4.3.11 . The brief comparison is given below.
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Original type © Type 1 " Type 2

Peak 455 a3/s - 197 m3fs 322 n3/s -— 179 nd/s 491 p3ss —— 201 n3/g
discharge

Max. water 44.59 m SHVP 44,66 m SHVP 44 .66 m SHVP
level

Left and right retarding basins

The side overflow dike of the Kedungsoko retarding basin is planned on
the both sides of the Kedungsoko river similar to the Widas retarding
basin. Accordingly the same problem on the overflow discharge over
the side overflow dike and the watér level in the retarding basin

on the left side and on the right side exists. But in the case of
the Kedungsoko retarding basin, because of the locational constrailnt
the side overflow dike is planned in the reach where the alignment

of the river dike is convex to the right. It c¢an be said that the
"overflow discharge to the right side retarding basin would be more
than that to the left side because of the design alignment of the
river dike convex to the right,

And the storage capacity of the right side retarding basin is
about 4 times of that of the left side retarding basin. The effect
of the bend of river dike alignment is not included in the equation

of overflow discharge. This should be later confirmed by model
test on the stage of detailed design.

{(7) Summary

The fundamental dimensions of the three retarding basins are given
below for summary, and partly shown in Fig. 4.3.12.

{a) Widas retarding basin
(1) Length of side overflow dike
L = 400 m on Both sides of the Widas river

(i1} Relative height of the crest of side overflow dike to the
design river bed .

W=4.4m

(1ii) Design flood peak cut i 455.3 m3/8 ~—rmme 210.9 m3/s
(iv) Design dead volume : 3.7 x 106 m3

(v) Design maximum storage volume 13.6 x 100 m3
{vi) Design peak cut volume 5.9.9 x 106 ﬁB
(vii) Design maximum'ihpndation aréa . 13.2 km?
(viii) Design maximum inundaﬁion:depth:: 2.4 m

(ix) Design high.water level : 38.6 m SHVP
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(b) Ulo retarding basin
(i) Length of side overflow dike
L = 550 m on the-right side of the Widas river

(i1)  Relative height of the crest of side overflow dike to
the design river bed

W = 4.5m
(111} Design flood peak cut : 590.7 T . 364.0 m3/s
(1v)  Design dead volume : 0.0 x 106 m3

(v} Design maximum storage volume -:) 4.8 x 106 m3
(i) Design peak cut volume : 4.8 x 106 p3
Avii) Design.maximum inundation area : 6.3 km?
(viii)  Design high water level ¢ 44.4 m. SHVP
(c} Kedungsoko retarding basin
(i) Length of slde overflow dike
L = 360 m on the both sides of the Kedungsoko river

{1i) Relative height of the crest of side overflow dike
to the design river bed

W= 3.5m
‘(11i)  Design flood peak cut : 455.3 m3/s ---— 196.6 m3/s
{iv) Design dead volume : 1.0 x 100 3
(v) Design maximum storage wolume : 5.1 x 100 w3

{(vi) Design peak cut volume : 4,1 x 100 @3
{(vii) Design maximum inundatjon area : 6.5 km?

(viii) Design high water level : 44,6 m.SHVP
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4.3.2 Drainage sluice

(1) General

Flood water stored in a retarding basin should be drained as soom
as practicable after a flood. Because the storage capacity of the
retarding basin should be reserved for a next coming flood during a

rainy season.

The rate of draw down of the retarding basin depends on the dimensions
of drainage sluice to be constructed to the retarding basin,

The dimensions of drainage sluices of the Widas, the Ulo and the
Kedungsoko retarding basins are studied here. :

(2) Fundamental equations

Fundamental equations for emptying a retarding basin with a dralnage
sluice used here are as follows;

(a) Continuity equation

{b) Discharge equafion'
Q=Cl'BW V2g-AH

(pipe flow, submerged)

Q= C2-B-h2-V2g- A H |
(open channel, submerged)
Q = C3-B-hlV2g- hl
(open channel, perfect flow)
Q =Cl-B-W-V2g. hl
(pipe flow, perfect flow)
Here; V ": storage volume in the retarding basin (m3)
t ¢  time
Q : discharge through drainage slulce (m3/s)
€l,C2,C3 : constants
B : width:of sluice (m)
W : height of sluice {(m)
g : gravity acceleration (m/52)
AH : HL - H2 (m)
H1 : water level in the retarding basin
H2 : water level in the river _
hi : water depth in the retarding basin
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{3) . Drainage calculation

Drainage calculation is carried out to get the draw down conditioms
of the retarding basin and the discharge hydrograph through the drainage
sluice. On the condition that the drainage sluice would be opened after
a fleod, it is assumed that there is no inflow to the retarding basin
in the drainage calculation,

The procedure to calculated the draw down of the retarding basin
and the discharge hydrograph through the drainage siuice is as follows.

{a) At a time point t, the water level in the retarding basin HB(t)
is assumed.

{b) Then the outflow discharge through drainage sluice QUO(t) is
calculated with the discharge equation by using HB(t) and the
water level in the river HR(t).

{e) 1he average outflow dlscharge is calculated with QO(k) and the
outflow discharge at a precceding time point QO(t-1),

(d} The storage volume in the retardlng basin at a time point t is
calculated with the equation ;

V(t) = V(t-1) — ( QO(t) + Q0(t-1) ) / 2.0 x A t
where At'is the time interval.

(e) The water level in the retarding basin HB'(t) is calculated
with V(t) through the volume curve of the retarding basin.

(f) When’HB'(t) is not equal to HB(t), then'the new value HB(t) is
assumed, and the procedure from (b) to (e) is again conducted.

(g) When these two values are the same, then the water level in the
retarding basin at time point t is obtained as HB(t).

(h) In the above calculation, the influence of the outflow discharge
in the river is taken into account.

(4) Widas retarding basin

The dimensions of the drainage sluice of the Widas retarding basin
are determined here so as to drain the storage volume of about 13.6 x 106
m3 in about 2-3 days. The storage volume of 13.6 x 106 m3 is the design
storage volume for 25-year probable filood. In determining the dimensions

of the drainage sluice, it is taken into account that the flow velecity
in the drainage sluice does not exceed 3.5 m/sec as a standard.

The dimensions are determined as follows;
{a) Storage capacity and area

Storage capacity and area curves used here are the same ones
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nsed in the study of overflow dike and are shown in Fig.4.3.1.

{(b) Discharge hydrograph in river

In ‘the case of the Widas retarding basin, actually there are

two retarding basing on the left side and on the right side of
the Widas river. But in the drainage calculation, it is assumed
that the retarding basin is just one and the stored flood water
in the retarding basin 1s released to K. Brantas,

The design flood discharge hydrograph in K. Brantas is shown
in Table- 4.3.8.

(c) Stage discharge relation

Stage discharge relation in K. Brantas is the one in K, Brantas
of the Brantas River Middle Reach Improvement Project, and is
shown in Table 4.3.7.

(d) Dimensions of sluice

The dimensions of the sluice discussed here are the bed elevation,
width and the height of the opening of the sluice.

By assuming some values on these dimensions, drainage calculations
are carried out. And the relations between these values and the
necessary time to empty the retarding basin and the maximum flow
velocity through the sluice are obtained and shown in Fig.4.3.13.

In consideration of the relations shown in Fig.4,3.13 and the
criteria for determining the dimensions of sluice aforementioned,
the dimensions of the drainage slulce are determined and the
drawdown of the water level in the retarding basin and the out-
flow discharge hydrograph are shown in Fig. 4,3.14.

The dimensicns of the sluices are determined as follows:

The left side

bed elevation 35.0 m SHVP
height 4.0 m
width 3.0 m x 2 gates

The right side

m SHVFP

bed elevation 35,0
height 4.0 m
width 4,0 m x 2 gates

Necessary time to empty the retarding basin is 1,8 days.

Tn determining the dimensious of the sluices on the left side
and the right side, the following are considered. '

(i) The necessary width is divided into two éppfoximatély
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proportional to the storage volume of the retarding basins
on the left and right sides.

{(1i1) TIn consideration of an emergency case, each sluice should
have two gates.

(i1i) When the width of a gate is too narrow, obstacles would be
stopped at the gate and the smooth flow through the sluice
would be disturbed.

The locations of the sluices are shown in Fig. 4.4.4.
(5) Ulo fetarding basin

The design storagé volume of the Ulo retarding basin is 4.8 x 100 a3,
The same criteria as those of the Widas retarding basin to determine the
dimensions of the sluice are used here for the Ulo retarding basin.

(a) Storage'caﬁacity and area

Storage capacity and area curves used here are the same ones
‘used in the study of side overflow dike and are shown in Fig.4,3.1,

(b) Discharge hydrograph in river

The flood water stored in the Ulo retarding basin is to be
released to the Kedungsoke river at the confluence of the existing
Ulo river and the Kedungsoko river. But the confluence is not

so far from the confluence of the Kedungsoko river with the Wi-
das river.

And the distance is about 1.3 km and the design river bed slope
is 1/2,800. Accordingly, taking into account the influence of
the backwater from the Widas river, the 25-yr probable flood
hydrograph in the Widas river is used here. The hydrograph is
shown in Table 4. 13.8.

(c) Stage discharge relation

In consideration of the above mentioned matter, the stage discharge
relation is calculated in Table 4,3,7,

(d) Dimensiouns of slﬁice

The dimensions of the sluice of the Ulo retarding basin are
determined with the same procedure as that of the Widas retarding
basin.

The relations between the bed elevation, width, height of the
opening of the sluice, and, necessary time to empty the retarding
basin and maximum £low velocity through the slu1ce are shown in

Fig 4,3,13.

: W1th the same consideration as in the case of the Widas retardlng
basin, the dimensions of the sluice of the Ulo retarding ba51n
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are determined and the drawdown hydrograph of the basin and
the outflow discharge hydrograph are shown in Fig. 4.3.14.

The dimensions are as follows;

bed elevation 42.0 m SHVP
height 3.0m
width 4.0 m x 2 gates

Necessary time to empty the vetarding basin is 2.2 days.

The location of the sluice is shown in Fig. 4.4.4,

(6) FKedungsoke retarding basin

The design storage volume of the Kedungsoko reétarding basin is
5.1 x 106 m3. :

The same criteria as the other retarding basins to determine the
dimensions of the sluice are used here for the Kedungsoko retarding basin.

- (a)

(b)

(c)

(d)

Storage capacity and area

Storage capacity and area curves used here are the same ones
used in the study of side overflow dike and are shown in Fig.
4,3.1.

Discharge hydrograph in river

The flood water stored in the Kedungsoko retarding basin is
to be released to Kedungsoko river after a flood,

‘Accordingly the discharge hydrograph in the Kedungsoko river

for 25-yr probable flood is used and shown in Table. 4.3.8.
Stage discharge relation

Stage discharge relation in the Kedungsoko river at the planned
location is calculated in uniform flow and shown in Table 4.3.7,

Dimensions of sluice

The dimensions of the sluice of the Kedungsoko retarding basin
are determined with the same procedure as that of the other
retarding basins. The relations between the bed elevation, width,
height of the opening of the sluice, and, necessary time to empty

‘the retarding basin and maximum flow velocity through the sluice

are shown in Fig. 4,3.13.

With the same consideration as in the other retarding basins,
the dimensions of the sluices of the Kedungsoko retarding basin
are determined and the drawdown hydrograph and the outflow
discharge hydrograph are shown in Fig. 4,3.14,

The dimensions of the sluices are as follow.

The lefr side : . _
bed elevation 41.0 m SHVD
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height 2.0
width 2.0

m
0 mx 2 gates
The vight side
bed elevation 41.0 m SUVP
height 2.5 m
width 2,5 m x 2 gates
Nebesgary time to empty the retarding basin is 1.8 days.
In determining the dimensions of the sluices on the left side and
the right side, the same consideration is given as in the case of the
Widas retarding basin.

The locations of the sluices are shown in Fig. 4.4.4,
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4.3.3 Drainage canal
(1). General

Flood water stored in a retarding basin should be drained as soon
as practicable after a flood. 1In this case, it is needed to provide a
drainage canal so as to lead the flood water smoothly to the drainage
sluice. '

The drainage canal also functions as a canal to drain the runoff
in the retarding basin even when there occurs no overflow over the side
overflow dike. :

(2) Widas retarding basin

In the case of the Widas retarding basin the drainage'condition is
not in a condition that the flood water stored 1In the retarding basio
can smoothly reach the location of planmed drainage slujces.

Accordingly new dralnage canals are planned as shown in Pig.4.3.15.

(a) Canal width

The design width of the canal is principally based on the width
of the drainage sluice. :

(b) Slope of canal bed

The désign glope of the canal bed is principally based on the
design bed slope of the Widas river.

(3) Ulo retarding basin

The downstream reach of the existing Ulo river is planned to change
the river course to join the Widas river in the upstream of the Ulo
retarding basin in order to minimize the dead volume of the retarding .
basin. Accordingly the existing Ulo river in the Ulo retarding basin can
be used as the drainage canal. The other existing drainage canals, -
presently jolning the Kedungsoko river separately are to be connected to
the existing Ulo river in front of the planned drainage sluice of the Ulo
retarding basin as shown in Fig. 4.4.4.

A new canal to connect the drainage sluice’ to the location of side over-
flow is also planned as shown in Flg TN ~ in consideration of the
existing drainage canals. '

(4) Kedungsoko retarding basin

Kedungsoko retarding ba&ln has two retarding basins on the left and
the right sides of the Kedungsoko river.

‘As for the left side, the existing Kuncir river is planned to join
the Kedungsoko river rather upstream of the existing confluence.
Accordingly the existing Kuncir river near the drainage sluice can be used
as a dralnage canal. Therefore no new drainage canal is planned on the
left side. '
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As for the right side, there exist irrigation and draimage canals in
the Kedungscko retarding basin presently jeining the Kedungsoko river.
Accordingly no new drainage canal is planned on the side except the
connecting canal of these canals to lead them to the drainage sluice as
shown in Fig. 4,4.4.
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4,.3,4  Sediment volume
(1) @General

Sediment volume in the retarding basins is studied here. Though
the sediment discharge formula for the Widas river is not available, a
sediment discharge formula is studied for K. Brantas because the sediment
measurement has been carried out in K. Brantas, It is sald that the
sediment load in the Widas river is less than that in K. Brantas because
of the vegetation condition in the basin. For the study of sediment
volume of the retarding basins in the Widas river basin, the sediment
discharge formula in K, Bramtas is employed here.

(2) Sediment discharge formula
Sediment volume in retarding basin is mainly expected from the
suspended load and wash load contained in flood water overflowing the

side overflow dike of a retarding basin.

It is assumed here that the bed load will not overfiow the side.
overflow dike. ' i

According to the hydrological -analysis result, the sediment discharge
formula for suspended load and wash load is :

_ 3 2,0.733
A, 4,901 x 1072 x (h x U*)
where ; gy ° suspended load + wash load (m3/s/m)
h : water depth (m).
U, : friction velocity (m/s)

(3) widas retarding basin
{a) Cross section of the Widas river
Design cross-section of the Widas river in the upstream reach

of the side overflow qike of the Widas retarding basin is as
follows.

. ag.oM 74.0M . 89,0M

1

N

| 54.0’“ |

Design river bed slope is plamed to be 1/3,400.

(b} River bed slope

(¢) Manning's coefficient of roughness

Design coefficient of roughness is 0.03 for low water channel
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and 0.05 for high water channel.
(d) Hydraulic characteristics

Assuming the uniform flow in the channel, the hydraulic
characteristics are as follows.

(i)} Low-~water channel

h P A R Q

(m) (m) (=), (m) (w3/s)
4.0 75.54 256.0 3.389 330.2
4.5 75.54 293.0 3.389 413.5 .
5.0

75.54 ° 330.0 4,369 504.1

{(ii) High—watef channel

~ h P A R Q
(m) {m) (m2) “{m) (m3/e)
4.0 0 b 0 0
k.5 180.7 89.6 0.496 19.3
5.0 183.4 180.5 0.984 61.3

In the above,

water depth {m),

wetted perimeter (m),
cross sectional area (mz),
hydraulic mean radius (m),
discharge (m3/s)

Fali-=R i

Although the floed discharge in this reach of the Widas river
varies during a flood, the design peak discharge is 410.3 m3/s.
The water depth corresponding to this discharge in the above
table 1is 4.405 m. S

Hydraulic characteristics to this water depth for low-water
channel and high water channel are as follows,

(i) Low-water channel

h R Q B Ui h.02
(m) @ @) @ @Y (@sd)
4.405 3.786  397.1 54 0.01091  0.04807
(11) High water=chanqe1 .
h R~ Q B Uﬁ | (h-4) U2
(m) @ @ @ (w3/3) (m3/52)

4,405 0.402 13.6 178 0.001159  0.0004693
" (e) Sedimentation in the Widas retarding basin

(1) Sediment discharge
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(1} Sediment discharge

Substituting the hydraulic values obtained in the above tn the
sediment discharge formula previously mentined, the sediment
discharge to the design flood peak 410.3 m3/s is obtained as follows.

Q = q x B, = 0.02861 : low water chanmel
swl swl *
= = 0. : hi 1
stZ Ao X B, = 0.003169 : high water channe
Accordingly the total sediment discharge A, is as follows.
= - 3/a
R R 0.0318 m*/s

‘Therefore ; . _
Q,,/Q = 0.0318/410.3 = 7.7452 x 107

{ii) Sediment wvolume

Assuming that the retarding basin is filled with the flood
water when the flood discharge is 410.3 m3/s, the sediment volume
and the mean depth of the sediment of the Widas retarding basin

are,
V. o= 7.745 x 107 x 13.6 x 10° n’ = 1053.3 0’
o .
hsw = 1053.3 m3/13.2 ka® = 0.08 mm
Where ; 3
5w volume of sediment (m™)
h_ ¢ mean depth of sediment (mm)

Even when the retarding basin is fully filled with the 25-yr
probable flood every year, the sediment depth is only 0,08 mm per
year.

Accordingly it is concluded that there is no need to take

into account the design dead volume due to sediment, though the very
local sedimentation in the retarding basin should be taken care of.

(4) Ulo retarding basin

With the same procedure as that of the Widas river, the sediment
volume in the Ule retarding basin is calculated as follows.

{(a) Cross-section

Design cross—section of the Widas river in the upstream reach
of the side overflow dike of the Ule retarding basin is as follows,

ig.1m i 67.0M i lgam
N e
L_a&em
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(b) River bed slope
Design river bed slope is plamned to be 1/1,590.
{c) Manning's coefficient of troughness

Design coefficient of roughness is 0.03 for low water channel
and 0,05 for high water channel.

(d) Hydraulic characteristics

For the design flood peak discharge 5%0.7 m3/s, the hydraulic
characteristics are as follows.

(i) Low-water channel

h R Q B, u2 h.UZ
(m) (m) (m3/s) (m) (m/s) (m3/s?)
4.813 4,015 584.8 45.8 0.02475 0.1191
(ii) High—water.channel o
h R Q B, v2 (h-4.3) .02
4.813 0.494 6.0 36.2 0.003045 0.001562

{e) Sedimentation in the Ulo retarding basin

{1} Sediment discharge

Substituting the hydraulic values in the sediment discharge
formula, the sediment discharge to the design flood peak 590.7 m3/s
is obtained as follows.

x B, = 0.0472 : low~water channel

x By, = 0.001556 : high-water channel

Q = q

swli

Q = q

swl
sw2

The total sediment discharge is then,

= - = 3
Qu, = Q1 + Qup = 0-04876 m3/s

Therefore,

Q,/Q = 0.04876/590.7 = 8.2539 x 107

{(ii) Sediment volume

~ On the same asstmption as thet of the Widas retarding basin, the
sediment volume and the mean depth of the sediment in the Ulo
retarding basin per year are,
8.2539 x 1070 x 4.8 x 10 = 396.2 m°

396,2 m/6.3 knZ = 0.06 mm

v
.8wW

It

SW
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Accordingly it is concluded that there is mno need to take
into account the design dead volume due to sediment.
(5) Kedungsoko retarding basin

With the same procedure, the sedlment volume in the Kedungsoko
retarding basin is calculated as follows.

{(a) Cross-section

Design cross-—section of the Kedungsoko river in the upstream
reach of the side overflow dike of the Kedungsoko retarding basin

is as follows.

124m 67.0M qgam

[ |
\\\\\ J////r 2.8™
l 55.8™ |

Design river bed slope is planned to be 1/1,950.

e

{(b) River bed slope

(c) Manning's coefficient of roughness

Design coefficient of roughness is 0.03 for low-water channel
and 0,05 for high water channel.

(d) Hydraulic charactiristics

For the design flood peak discharge 455 3m /s, the hydraulic
characteristics are as follows.

(i) Low-water channel

h R Q B, v? hou?
(m) (m) (m3/s) (m) (w2/s2) . (m3/s?)
3.94  3.636  443.0 55.8  0.01826  0.07194
(ii) High—water channel
ho R Q B, v ol
(m) (m) m3/s)  (m) @2/s2)  (m3/s?)
3,94 1,030 13.947 24,2 0.00518  0.00591

(e) Sedimentation in the Kedungsoko retarding basin

(i) Sediment discharge

Substituting the hydraulic values in the sediment discharge
formula, the sediment discharge to the design flood peak 455.3 m3/s
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is obtained as follows,

0.03973 s low-water channel

stl T gyl ¥ By =
QSW2 = Qo X B, = 0.00276 : high-water channel
Accordingly the total sediment discharge‘QSw is,
_ 3
st = stl + stZ = 0,04249 m" /s

Therefore , .
Q. /Q = 0.04249/455.3 = 9.3323 x 1072

(ii) Sediment volume

On the same assumption as that of the Widas retarding basin, the
sediment volume and the mean depth of the sediment in the Kedung-
. soko vetarding basin per year are,

5 3

V. =9.3323x 107 x 5.1 % 10° w? = 475.9

h
sW

i

475.9 m3/6.5 kmz = (.07 mm

Accordingly it is concluded that there is no need to take
into account the design dead volume due to sediment.
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Table 4,3,1 STORAGE CAPACITY AND Table 4.3.1  STORAGE CAPACITY AND

AREA OF WIDAS
RETARDING BASIN (1/3)

1. Right side

H
(m)
36.2
37.0
38.0
39.0

2. Left side

. H
(m)
36.4
37.0
38.0
39.0

3. Total

H
(m)
36.2
37.0
38.0
39.0

Table 4.3.,1

{m)

43.0
44,0
45,0
46.0

1. Right side

A 7 il A
(kmz) (x106 m3) (m) (km?
0.0 00 43.50 2,858
1.222 0.489 44,00 2,858
7.051 4,625 45.00 7.591
10. 394 13.348

2. Left side

A Vo H A
(km?) (x106 m3) _ (m) (km?)
0.0 0.0 43,2 0.0
0.992 0.298 44.0 - 0,399
3.268 2,428 45,0 2.754
4.751 6.437

3, Total

A v H ' A
(km?) {(x10% m3} {m) (km?)
0.0 0.0 43.2 0.0
2.214 0.786 : 46,0 3,257
10,319 7.053 _ 45.0 10,345

15.145 16.785

STORAGE CAPACITY AND AREA OF
ULO RETARDING BASIN (2/3)

A v

(km2) {x106 m3)
0.0 0.0
5,589 2. 794
7.505 4,341
9.553 17.870

4,102

AREA OF KEDUNGSOKO -
RETARDING BASIN (3/3)

v
(x106 pd)

0.0
1,429
6.653

¥
(k106 g3)

0.0
0.160
1.736

7

(x106 u3)
0.0
1.589
8.389



Table 4.3.2 STAGE DISCHARGE RELATION OF WIDAS RIVER

AT WIDAS RETARDING BASIN (1/3)

Cross—section for 25-year probable flood

h (m) 3.9 4.0 4.4 4.8 5.2

5.6 5.0

Q (m/s) 133.4 1411 1713 220.3  269.2

323.5 383.0

Table 4.3.2 STAGE DISCHARGE RELATION OF WIDAS RIVER . .
AT DOWNSTREAM OF ULO RETARDING BASIN (2/3)

Cross-section for 25-year probable flood

b (m) 4.3 4.4 4,8 5.2 5.6 6.0

q m/s) 265.9 278.2  341.8 - 416.4 -500.6 593.7
Cross-section for lCG-year prbbable flood

h (m) 4.3 4.4 4.8 5.2 5.6 6.0

Q >/s) 218.4  230.2  286.8 354.4  431.7 517.8

" Table 4.3.2 STACE DISCHARGE RELATION OF KEDUNGSOKO RIVER

OF KEDUNGSOKO RETARDING BASIN  (3/3)

Cross-section for 25-year probable flood

b () 3.1 3.4 3.8 4.2 4.6 5.0

Q (/s [12.8 139.0 182.1 232.8 290.3 354.2
Cross-section for 10-year probable flood

b (m) 3.1 3.4 3.8 . 4.2 4.6 5.0

Qs 98.3 122.3 162.4 210.1 264.6  325.5

Legend _ _ _ o _

' h = elevation from the design.low—water channel bed
Q = discharge
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Table 4.3.3 PROBABLE FLOOD AT WIDAS RETARDING BASIN (1/3)

River Condition

For 25-year flood

80.6 89.0 94.3

95.9

Return For 10-year flood
?i:gd .05 2 s [0 2 5 0 25
| 60.1  79.4 97.0 106.5 7904 97.1 106.5 119.6
2 754 99.5 122.6 135.2 99.5 122.8 135.5 151.4
3 102.7 135.6 163.4 177.6 135.7 164.0 . 178.4 . 195.9
¥ 137.6 181.7 212.6 227.9 182.0 213.8 230.4 249.6
5 175.2 231.4 260.4  266.0 232.0 261.0 267.9 275.7
6  199.8 263.8 277.5 285.5 264.2 278.7 289.3 300.9
7 209.7 276.9 295.8 305.6 277.6 297.8 311.6 325.3
§  219.5 289.%8 313.2 324.3 291.0 316.0 332.2 348.1
9 22%.4. 301.6 328.9 340.9 303.3 332.4 350.3 367.7
10 235.9 311.5 341.9 354.8 313.6 346.2 365.5 384.3
11+ 261.4 318.8 351.5 365.5 321.2 356.5 377.3 397.3
12 244.5 322.8 357.2 372.3 325.6 362.8 385.2 406.3
13 245.0 323.5 358.5 374.7 326.5 364.7 388.5. 610.3
14 242.9 320.7 356.2 372.6 323.9 362.5 386.9 410.)
15 238.0 314.3 349.9 366.5 317.9° 356.2 380.7 405.0
16 229.3 302.8 339.9 356.8 306.7 346.5 370.6 395.0
17 216.7 286.1 324.6 342.4 290.0 331.6 356.3 381.3
18 201.8 266.4 304.0 322.5 270.2 310.9 336.3 362.5
19 167.3 220.9 281.1 299.1 231.5 287.5 312.0 338.)
200 1291 170.4 258.2 274.9 176.8 264.0 286.5 311.1
21 103.8 137.0 191.5 238.5 140.8 207.2 262.0 284.4
22 86,7 114.5 148.8 177.8 116.8 158,0 200.2 259.5
23 75.5 99,7 .121.7 140.0 100.9 127.2 153.1 192.4
24 68.6 90.6 104.5 116.5 91.3 107.7 124.3 148.7
25 63.8 84.3  94.9 102.3 84,8 96.6 106.9 122.8
26 61.3 80.9 89.9  95.8 $1.2  90.9  98.7 . 108.7
27 61.0 '30.8  89.7

i03.6
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PROBABLE FLOOD AT ULO RETARDING BASIN

Table 4.3.3 (2/3)
Return Period { yr ) Unit m3/s
Time (hr) 1.05 2 5 10 25
1 25.4 40.0 47.1 52.1 56.3
2 32.0 50.5 63.0 73.2 . 81.3
3 63.1 99.6 133.9 161.2 186.5
4 121.8 192.1 256.,6 304.7 352.8
5 179.2 282.7 366.5 434.8 494,9
6 215.8 340.5 436.8 515.1 570.0
7 234.7 370.3 468.6 547.4 590, 7
8 238.1 375.6 467.6 539.8 584, 1
9 225.6 355.9 435.8 497.1 5540
10 200,0 . 315.6 380.7 430.5 498.1
11 168.1 265.2 315.6 356,2 424.8
12 136.2 214.9 251,9 281.3 348.3
13 108.8 171.7 197.2 218.8 278.7
14 ' 87.0 £37.3 154,64 169.8 219.6
15 70,7 111.5 122.7 134.1° 173.1
16 59,3 93,5 101,2 109.1 138.6
17 50,8 80.2 86,1 92.2 113.6
Table 4.3.3 PROBABLE FLOGD AT KEDUNGSOKO RETARDING BASIN (3/3).
Return Period.( yr ) tinir m3/s
Time (hr) - 1.05 5 10 25
I 4.0 18.2 21.9 26,1 27.3
2 28.4 37.0 67.1 54,5 66.0
3 63.3 '82.5 107.9 128.0 152.5
4 14,2 148.9 195.0° 230.6 274.3
5 166.3 216.9 280.2 326.9 384.5
6 206.4 269.2 361.3 392.4 455.3
7 217.0 283.0 351.0 398.3 455.2
8 189.4 247. 1 298.7 333.8 374.8
9 146,72 90,7 22641 246.9 272.1
10 1N 144.9 166.7 181.6 197.2
n 88,1 116.9° 130.4 140.7 151.2
12 73,2 95.95 107.3 115,01 123.90
13 62.4 8.4 90.8 97.0 103.6
14 53.4 69.8 77.5 82.6 85.0
15 46,4 60.5 66.8 700 75.5
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Table 4.3.4 FLOOD ROUTING IN THE WIDAS RETARDING BASIN (1/7)
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Table 4,3,4 FLOOD ROUTING IN THE WIDAS RETARDING BASIN (2/7)

€ Q-2yr L Rivar 23-yr } Q-5 & 2bvae I8-yc }
Tn Hans KT ';" ad kg Livs R Tow — Huns & " v
(utsl o} a%n)  a) ) fe) fartal) 8%} f=)  je'se) S S o7 S & T a
LI LI TORT w0 358 3,89 1::: ”':“ sk 2 W38 0.8
35,3 3LATe 958 37318 [ 159 .69 loros ::.x:: ::l" J:'m’ ° Waie 0.6
138, LA T 1% ) .82 ¢ jLA TR N1 e s ;'9 18100 ° e
18,9 Mo 12900 10,917 2.9 39 3,69 108 ]s":; : s.: 1830 2 Mav e
1.0 LU PO TTIE B TR YE R S 7.3% 170 Jari ;." 92, ’:-‘“ Lz EE N I 1)
4.1 583 190.2 18459 0.9 .61 )26 3"-. N-s?: 1931 LT L)s LTI Y
e st 16s0 raors e o el J”., L$98  19LE 3,500 100.1 L1 BT
91,0 1,551 186.7 38,592 9.3 e AL m'. M6k 1985 18 He.0 Ao
0.1 IA0Y  Ishy Ins0E 1643 R A et z:::g ::": :"5“’ 1303 3 s
iLE 1Y lss.s . 3ME 10 LER TR Y et st m:', O e et
30,2 M.610 2003 w52 130.7 [IN TR WYY m', :u-esa m"s ::"“ 1L A3 bdo
ns.e W8 200 BN 1M 3L 397 s WoAss 1os7 M'”] W e ee
LR FLNTEI T T S Y1 B FTY FURTIRF Y s s 103 ”'”: pesoower a.n
TIR} 622 10080 0,53 1131 HEETEN]) ) ) ' > Pre. o wLn
I T 35,430 2047 FLR-1Y ) 13,6 653 3.1%
I8 /ey 0.l WA NnLT W L .
LT ) 3B 68T . 1036 35588 §23.9 .12 450
8. 1 W06 1587 Wl loso W07 LM
) b1 ) 18.82% 3018 355339 1219.8 18,22 .41
1900 580 19hE MLASE #Da LI TR WY :
N0y Ja.ét0 19%.1 38518 WE? .2t 2.45
1102 ELIS ST T S TR 1.2 LI TRy
2014 }LR 1] JLINS ) IB.E8Y LIPS 18.13) 10. 7%
.4 15503 HEA . A 40 e 03 Ty L1075 T T P UF R PO
et WAt et kam o .18 s N N . 1318 10,8 ELE 11 10,6k
FLIN | Pl }H [LUNY . 1.1 314,38 10,88
1408 pLE 1Y 50,9 1,907 e 35,18 8,89
AT ] ELI1 Y] lez.7 18,159 - 4.8 0.3 FO.9%
e 3. o 116.5 3,559 o 515 5,97 17,2 37,908 131.2 .2
0.8 M4 1003 3139 o FRTIN T : : ) e -ed o
1013 L e RER SIS A7 W3 Il
.3 WWr 91,3 A [ v
6.8 33,650 100, REISTTY - L% . WIS Y0.50
LI I e 37,189 ° LU BTN 5] )
0. L N R S T
81,2 M N M8 ¢ LS L I A LS 9.7 LIS T W S ¢ TS
0. b TR T T Y & s b ’ . ' TR M e
Lapest s . Tagens ¢ .
Q t discharge upscresn of side oveellow dike
ﬁull : ‘l“"—‘;!' :P‘“:“ ot :”‘ °‘"“:"1' 31::,“ l";' 1 vater Tevel upstream of aids overflow dlke
74 b ovater Jeval upattnia of side overilow QUi 1 diacharge dametresn of side ovecllow flha
Qare 1 dlwcharge dovnatreas of side avartioy ihe KT eter Tavel domat H
MYyt 1 water leval dowsstress of slde overflow dlka dte wnatinas of slde overdlew diie
dre roar o o'y everflow dicchrge
Q' t avariluw Slacharge , b P vatar lavel {e retarding basin
kb | wxter level In retarding basio v 1 sterage volums §n retardiog besia
L] 1 atorags voluan {o vetaeding banin ]

G T T T
) TR e SIS = S - 2 M T M 1.0 I
106.% 351 1045 37,847 1) 1.3 .69
§X5,8 3,957 1333 b1 31 ] ] 37,57 )69
17 31,433 1S 1818 0.3 LM Nee
0.3 3.8 (11PN ALY 1.0 .9 38
Wy I MY 1932 M.ked M. I8k 343
209.% 1.350 1963 6,450 9.5 ML.eE 401
T 18811 195.3 15418 11,3 M.s? sl
LEEDE S MEM 019 38,339 10.3 pER I .88
21303 18,888 20%.0 38,360 16,3 2.9 A
5% 15,638 105.3 a5 139.8 e B3
FH R M40 07,2 1,388 et M9 el
5.3 MeH jod.) pLIS T urnt .00 1.0}
nay 18.417 2084 38.£01 40,1 15,08 1.02
3.y IATE 1983 H.397 HEe H Aam
1801 H.ATE IGF.4 0592 (25 FEUNS TN E R N 1]
3t 14.48] 2064 34,302 1647 1525
336. 58.451  204.7 .56 FETTE TN T I8 ]
34,3 5413 202.3 3N 55 134,89 I8
BIE N 18,611 189.4 39,516 Nt ».n
84,5 LIRT ) 19&.1 . il T4 18.42
1.9 3360 1913 sl 85,5 1543
200.3 © R 32F 1E.T FLA 10,8 - 4T
13}.0 M9 Ie5,2 RLEPI =122 M.y
L {083 BT Y LA -47.0 .
106,1 008 Lad.4 I TIPS Ty
(1N 7.583  130.7 an -3.0 1
%0 31,330 k2.0 RN -11.1 .43 IL.6R
Lagerd 3 .

u‘",. 1 disthatge upstisan of atde overilow dike

Il“',‘ 1 vatar lavel ugatvess of lllc_ overflow &lke

Qypy 1 d1echargs dovnscrons of aide overflov ik

Hyyg 1 water lavel downstraan of side svatllow dlks

qv  t overflow dimcharge

By ¢ water luvel in ratérding Bagin

Yo p erevage veluer An Tetardiug bpaln

4,107



Table %-3.4 TFLOOD ROUTING IN THE WIDAS RETARDING BASIN {(3/7)

(Q-25ys & Mvar P3eyr }

U L TN Hors ™ 5 w
=275 o tatn)  tm te'n) (e (asofes
13,6 e SLE - 30 0 89 e
195,18 35.473 1223 34,353 1.3 59 ey
LN JA AT 191 ¢ . KLD - 38,3 T LK
sz T 33,576 155.7 13.473 a,q M.E2 s
300, 9 1401 198,05 13,501 102,19 p LYY &35
11 TR FIT TR TS R PICE YR P TIR) M s
EIUS SR TYTRRE .S IR YICES S PV T TR WY
HL7 O HAEC 2060 3510 1607 WAy we
W I 2080 38354 1760 80 e
W3 Mk 2094 38610 189 EER T
s, 3 b LMY 219.% .519 (330 ] .00 T.a7
FIT S P9 TR 1T B TN T TR T TN was o onae
o, ) EI S TR I R T SR LT ) FLRT I
403.0 b5 210.2 Ja.610 9L r L2 11 g.81
333.0 - IN.582 T 209.1 p LA (LD l_ kL I 0.2
381,23 3670 . 00,6 35,593 1%y mn 10.99
32,3 L% 2054 38,373 13N LRI TIY)
M1 6N 00,6 I4NE 10,3 [N IR YR T
ML MBI 206 I N W30 12,88
i n.éle 100, .51 0 38,93 13.06
59,5 3.1 0L IMSE M4 .6 1.3
1904 e0l 13RS - T [IRT RN TRY)
53,8 18.38% 1971.2 18,497 -0 FL3 11,43
112.3 ELTE-T) S T S LS E R 1M 3858 1397
10,7 WA 91 WAL eddd s 1
CHLS M 1812 3840)  -E) nsr o In
1020 38430 LILS IBMY -20.8 EEMC TR
TR TR B L W |1 1/ RS WAL 1228
RS VT TS PR T PIC S T S T RN IR P
(LT T T Y TR T IS TS L YRR ¥ ENTO T
161.) 33471 i82.7 3B. 351 =114 3.0 1678
L0 BT IS JARE 128 NIRRT
1766 3540 16,0 I8P = 7.4 A3 s
17,1 WA 8L nan T R O BT 1]
L R T R T L R T T X S X T AR T Y}
183.0 38437 120.0 I8, 363 ’ . =§h J8.47 ALY
e FLLF I 5 N H.248 <2004 Ikl 1.5t
[T T 7 TS TR TR TS BYR B TN IO WY
[EE 7% I T TP I TR YW 1Y BTN I VYR T H
[EEN B I TR YT S V3 11 A3 M 1L
VIS 3.6 1181 ALl ST B TR SR TIe S
103.9 3.6 1170 3T.s07 Sl W 1
LT T I IR NS P T % N TR ST T
[ TR T TS ST I B PO 9.0 WMy L
ne w3 9.z wan B T I TR T
Wy oman oma R B T T T
N0 s 5.0 3r.azr -'$.9 ]l,]l. 1,05
IO T T TR T O S N Y -63 N HL
2.4 a0k M =50 WY 10
[10 SEV YR TS B AT B TR T BT R
R N T T T P O R | 75 E N 0TS
1005 1850 BB I8 ERTE R TR RS T Y
[FETE TP TS IR 136 B 38 3Y Sk BT 10
12,6 LA EM.E 3L 47 M 09
Regand 1
Q‘.h v Jlacharge upstekaa of alde overllov diue
X b wacar level uprtreacn of side ovacfliow dita

QM‘ t dischérge downstrean of slds ovaeflcw dixa
Hape ) vaLer Javal dovoatcean of sldy everilov dive
o 1 cvarflov discherge

Hy t water Ievel in ratarding bestn

L] | dtorage 'Iol@ fa relardicy hanin

4,108



Table 4,3.4 FLOOD ROUTING IN THE ULO RETARDING BasIN (4/7)
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Table 4.3.4 FLOOD ROUTING IN THE ULO RETARDING BASIN (5/7)
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Table 4.3.5 FLOOD PEAK REDUCTION AND ITS VOLUME

Widas Retarding Basin

River Return Period _Peak Discharge Volume

Cross-section of Flood Before reduction After reduction {x106m3)
(Year) (m3/s) (m3/s)

a0 375 207 7.86
10-yr plan 5 358 . 205 6.97
2 324 201 5.07
____________________ 1.05 a5 91 1.85
25 410 ' 211 9.88
25-yr plan 10 389 S . 208 8.53
5 365 206 7.2
2 327 201 S 520

Ulo Retarding Basin

. River Return Period Peak Dis<harge Yolumpe

Cross-section of Flood Before reduction  After ,reduction  (x10 m3)
{Year) (m”/s) ' {mB/S)
0 547 108 4.73
10-yr plan 50 469 295 3.21
R T 376 ] 278 1S5
25 591 364 .78
25-yr plan 10 547 156 3.39
' 5 469 339 242
2 376 319 0.71

Kedungsokb Retarding basini

River Return Period : Peak Discharge ' : Volume

Cross-section of Flood Before reduction  After reduction (X106m3)
_ (Year : (m3/s) ' {m3/s)

10 398 70 363
10-yr plan 5 351 165 2,82
2 | 283 156 RN

_____ 1.05 217 w7 og1
25 455 197 R
25-yr plan 10 398 189 318
5 351 . 183 2.40
2 283 173 134

.05 217 163 0.51

4,112



Table 4.3.6

MAXIMUM WATER LEVEL, INUNDATION AREA AND
STORAGE VOLUME TN RETARDING BASIN
{Cross-section for 10-year probable flood) (1/2)

Retarding Basin

ﬁetzrg Widas Ulo Kedungsoko
(3232) Hb Vb A Hb Vb A ilb Vb A
_ (m) (x10%03) (km2) (w) (x105%m3)(ka?) (m) (x10%m3)(km?)
1.05 37.82  5.54 9.15 - - - 44.03 1.77 3.35
2 38.46  8.76 11,15 43.67 1.55 4.20 44,22 2.71 4.25
5 38.34 10.66  12.08  44.07 3.217 5.75 44.40 3.82 5.30
10 38.42 11.55 12.45 44.35 4.73 6.25 44.52 4.63 6.05
Legend
. Hb ¢ maximum water level in retarding basin
Vb ¢ maximum storage volume in retarding basin
A ¢ maximum inundation area
Table 4.3.6 MAXIMUM WATER LEVEL, INUNDATION AREA AND
STORAGE VOLUME IN RETARDING BASIN
{Cross-section for 25-year probable flood) (2/2)
Return Retarding Basin
Period Widas Ulo Kedungsoko
{Year) Eb Vb A Hb Vb A Hb Vb A
_ (m) (x10%03) (km2) (m) (x10%m3)(km?) (m) (x100m3)(km?)
1,05 - - - - - = 43,98 1.51 3.20
2 ©38.18 B.89- 11.25 43.33 0.71 2.20 44,15 2.34 3.90
5 38.37 10,95 12,25 43.82 2.12 4.90 44.33 3,40 4.85
10 38.47 12,22 12,70 44,11 3,40 5,80 44,45 4,18 5.60
25 38.57 13.57 13.20 44.36 4,78 6.30 44.59 5.12 6.50
Legend

" Hb : wmaximum water level in.retarding basin
Vb : maximum storage volume in retarding basin

A ! maximum inundation area
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Table 4:3.7 STAGE DISCHARGE RELATION IN K., BRANTAS USED FOR
STUDY ON DRAINAGE SLUICE OF WIDAS RETARDING BASIN (1/3)

Elevation (m) Q (m3/s)

34,00 100,00
34.55 : 200.00
35.26 400.00
35.83 600.00
36.30 800.00
36,72 1000.00
37.10 1200, 00
37.45 1400,00
'37.59 1500.00
37.60 1600.00

Table 4,3.7 STAGE DISCHARGE RELATION IN THE KEDUNGSOKO RIVER USED -
FOR STUDY ON DRAINAGE SLUICE OF ULO RETARDING BASIN (2/3)

Elevation (m) Q. (m3/s)
39,50 0
40,50 31.71
41.50 ) 10}, 85
42.50 -~ - : 202.92
43,50 332.66
43,70 361.96
44,00 419,38
44,50 536.36
45.00 674.69
45,50 ‘831,97

Table 4.3.7 STAGE DISCHARGE RELATION I¥ THE KEDUNGSOKO RIVER user FOR
STUDY ON DRAINAGE SLUICE OF KEDUNGSOKO RETARDING BASIN (3/3)

Efevation (m) Q (m3/s)
40.75 0
41,75 15,92

L 42,75 52,18
43.75 106,35
43.85 112,75
43.95 120,79
44,15 139,04
44,35 159,57
44,55 182,12
44,75 206,56
44,95 _ 232.78
45,15 260.70
45,35 290.28
45,55 . 321.45
45,75 354,20

5.114



Table 4.3.8 DESIGN FLOOD DISCHARGE HYDROGRAPH IN K. BRANTAS USED
FOR STUDY ON DRAINAGE SLUICE OF WIDAS RETARDING BASIN (1/3)

No ) (m3/s) No. 9 (@3/s8) Yo. Q (mBIS)
1 1198.1 25 895.2 49 895.2
2 1180. 8 26 895.2 ° 50 895.2
3 1163.1 27 1895.2 51 895.2
4 1145.0 28 . . 895.2 52 895.2
5 11266 29 895.2 53 895.2
6 1167.9 30 1 895.2 56 895.2
7 1089. 1 31 895.2 55 895,2
8 1070.2 32 895.2 56 895.2
9 1051,2 33 895.2 57 895.2

10 1032.1 34 895.2 58 895.2

11 1013, 1 35 895.2 59 895.2

12 994, 3 36 895.2 60 895.2

13 959.,0 37 895.2 61 895,2

14 895.2 38 895.2 62 - 895.2

15 895,2 39 895,2 63 895.2

16 895.2 40 895.2 64 895.2

17 895.2 41 895.2 65 895.2

18 895.2 42 895.2 66 895.2

19 895.2 43 895.2 67  895.2

20 895, 2 9 895,2 68 895.2

21 895, 2 45 895.2 69 895.2

22 895.2 46 895.2 70 895.2

23 ‘895.2 47 895.2 71 895.2

24 895.2 48 895.2 72 895.2
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Table 4.3.8

25-YEAR PROBABLE FLOOD HYDROGRAPH IN THE
WiDAS RIVER AT THE CONFLUENCE WITH THE
KEDUNGSOKO RIVER (2/3)

No. Q (w3/s) No.  Q (m3/s) No. @ (m3/s)
1 263.0 20 203.0 39 100.7
2 224.9 21 202.2 40 133.9
3 193.0 22 180.6 41 155.5
4 163.9 23 1725 42 161.8
5 138.3 264 150.3 43 160. 3
6 115.3 25 129.0 44 157.3
7 87.2 26 112.5 45 152.1

8 86.2 27 99.9 46 144.0
9 78.7 28 89.5 47 132.0

10 73.1 29 80.6 48 121.0

11 68,8 30 73.0 49 107.0

12 65.8 31 66.5 50 92.0

13 66.1 32 61.2 51 80,0

14 73.1 33 6.4 52 70.0°

15 87.9 34 52,2 53 61.0

16 109.9 35 49,0 54 54,0

17 136.4 36 48.3 55 52.0

18 165.1° 37 53.6 56 51.0

19 189.9 38 70.6
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‘Table 4,3,8 25-YEAR PROBABLE FLOOD HYDROGRAPH IN THE KEDUNGSOKO RIVER (3/3)

No. Q (@m3/s) No. g (m3/s)
r 151,2 24 1467.4
2 123.0 25 135.0
3. 103.6 26 117.4 .
4 88.0 27 101.0

5 75.5 28 88.5
6 65.7 29 | 78.4
7 57.9 30 69.5
8 5145 3 61.6
9 46.1 | 32 54,7

10 41.5 33 - 48.8

11 3.6 34 63.8

12 34,3 35 39.6

13 31.6 36 6.1

14 29.4 37 36.9

15 27.4 38 50.3

16 28.7 39 - 70.7

17 39.2 . : 40 79.1

18 64. 1 41 - 72.9

19 92,5 42 65.1

20 1l4,1. 43 60.8

21 134,0 44 | 58.1

22 149.0 - 45 : 55.2

23 152.8 46 51,3

4.117
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4.4 Proposed River Channel Improvement

1. River width

In gemeral, river width is determined based on not only scale of
design discharge but also river channel profile, topography, geology,
land use in the riparian area and so on.

In this plan, river width is determined considering the following
aspects of design standard and present condition,

Design standard of rivers in Japan

Design standard in Japan is as_fdllowa;

Design discharge . - River width

{ m3/s ) {m)
300 40 .- 60
500 60 - 80

S1000 . G0 - 1007

On the other hand, actual river width which curfently designed and/
. or under construction and/or constructed is given on Fig. 4.4.1 showing
'relationshlp among river width, design discharge and basin area.

Present river width

Out .of the objective rivers, the upper reach of Kedungsoko river has
been improved essentially involving construction of flood dikes on the
both banks. In this plan, these existing dikes are fully utilized by
strengthening and heightening. For the others, the river width including
" high-water channel has been not yet fiked and varles depending on the
scale of flood discharges. '

In some vivers especlally Widas river, excessive meandering, are
remarkable in locations and such excessive ones are smoothened by cut-
off channel considering stability of rilver clhiannel. In determination
of river width, it is considered to cover such large meandering of
river course, that is, tiver width is determined considering the extent
of the large meandering of the existing river course,

Under the above con51derations, river width of the respective rivers
is determined as shown below,
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‘By basin Area ‘By'desigg disc¢harge Present Proposed

River Area River Design  River average river
' width  discharge width river width
: (km?) {m) {m3/s) {m) width {m) {m)
Lower Widas  1350-1200 350310 5§70-530 90-80  300-400 300-100
Upper Widas 690- 230 250-150 640-440 100-70  100- 50 110- 50
Diversions + 230- 220 150-140 230-190 50 " Upper. Ulo 50
Upper Ulo 40
Kedungsoko 500 210 - 470-200  75-50 100 100- S0
. Kuneir” S g0 707 g8, .50 30 40

2, Longitudinal pfofile

Design profile is determined considering profile of the existing
river channel, The river bed elevation is set at the averdge upper 1ine
of the deepest river bed in the existing channel.

Design high-water level is determined based on the following crlterla
For rivers which diking system have been employed or are to be employed,
the high-water level is set not so as to heighten the existing flood
water level or max. flood level in the past, in principle, TFor rivers
which are improved by excavation of low-water channel without diking
system, it is set below average existing ground height as low as possible.

The design'elevatione of dike erown, high—weter_level and river bed
are shown In Table 4.4.1.

3. River c¢ross—section and 1ts cross-sectional area

Double section consisting of high-water channel and low~water channel
is adopted to river channel section considering large fluctuation of
river discharge and stability in principle. However, alsec single section
with berm is adopted to the lower Ulc which is newly counnected to the
middle Widas river,

The required cross-sectional area is estimated by uniform flow
method. The adopted Manning's coefficient roughness '"n" is as follows;

n
n

0.03 for low-water ehannel
0.05 for high-water channel

The major proposed dimensions of typical cross- -section for comprehensive
plan and first stage plan are given in Table 4.4.2. Those typical cross—
sections are shown on Figs. 4,4.2 and 4.4.3 respectively

Based on the above design profile and typical cross- section, the river
cross-sections at the respective surveyed ‘cross-sections are proposed as
explained later (Fig. 4.4. i5). For reference, carrying capacity of the
proposed river channel of the compreheusive plan is checked by non-uniform
flow calculation and the results are shown in Table 4.4.3, According to
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the Table 4.4.3, it shows that the propesed river channel can be flown
design discharge below the design HWL for almost whole stretches.

4.,  Bank protection works

The bank protection works consisting of wetmasounry and gabion are
provided at flow attacking places and/or along dewsely populated aveas,
The right bank of the new diversion channel and Upper Ulo river -is
protected by wetmasonry type revetment for almost whole strecches to
prevent Nganjuk urban area from breach of flood dike due to flow attacking.

Length and area of bank protectioun works are shown in Table 4.4.4
‘and ‘locations of major bank protection works are shown on Fig. 4.4.4,
Approximate 40% of total bank protection works for comprehensive plan
is constructed by first stage plan considering existing condition.

5. Layout of proposed dike alignment and related river structures

Feasibility designs for comprehensive plam and first stage plan are
made based on - the typical cross-section and longitudinal profile. The
proposed dike alignment, controllable retarding basin, related structures
and river cross-sections are given on Figs. 4.4.4 and 4.4.5.

The contrellable retarding basias and related river structures are
desceribed in the sections of 4.3 and 4.5 in this ANNEX-4, respectively.

6. Design discharge and river width of secondary tributaries

The secendary tributary is improved mainly by construction of back-
water levee including minor excavation. The objective tributaries are
12 rivers in total. Such tributaries are improved for 5-yr flood for
comprehensive plan and first stage plan.

The design discharges of the above tributaries are estimated based
on the specific discharges which were calculated by hydrological study
and those are summarized below. :

N Specific Design
Netki§§a discharge discharge
. (m3/s/kn?) (m3/s)
Lower Widas '
Pohbuntu 61 1.38 85
Nglempoh 13 1.87 . ' 25
Jaan 11 1.87 25
Tributary 19 - 1.44 15
Tretes 31 1.44 45
Upper Widas ' : '
Ngrembek . 4e 1.27 60
Tributary 6 1.27 100
Pelangkengi 72 2.49 180
Wotrangkul 44 1.63 75
Upper Ulo :
Secong 63 1.51 100
Wineng 11 2.18 25
Kuncir '
Gonggang ~ Malang 37 0.5 .20
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For the above design discharges, the following proposed river width
and length are provisionally adopted to tributary improvement for cost
estimate considering existing river width and its carrying capacity.

The "n" values of 0.035 for low-water channel and 0,05 for high—water
channel are adopted.

————are

Existing Condition’ Design Condition

Average Average Design Design Design TLength

R
. Lver River Carrying * HWL of Dike Crown River  to be

width Capacity Conf. of Conf. Width Improved
{m) (@3/s)  (m.SHVP) (m.SHVP) (m) (km)

Lower Widas

Pohibuntu 20 - 39.13 40,13 30 0.9
Nglempoh 10 15 40.50 41,50 - 20 1.6
Jaan 20 35 41,39 42,39 30 1.3
Tributary 10, - 41,55 42,55 29 1.2
Tretes - 25 15 42,50 43,50 35 1.5
Upper Widas
' Ngrembek 35 180 46,86 47.86 45 1.5
Tributary 25 40 47.24 48,24 35 1.5
Pelangkengi .50 180 47.80 48.80 60 2.9
Wotranghkul 45 120 50.93 51,93 55 2.5
Upper Ulo
Secong 30 40 54,50 55.50 40 1.5
Winong 20 90 57.30 58.30 30 0.5
Kuncir
. Gonggang-Malang 10 10 45.83 46.63 20 0.8

Al canal a main dralnageway in Warujayeng irrigation area is to be
improved for 5-yr flood of 70 m 3/s by Waru-Turi Project.

7. Merit and demerit of construction of surrounding dike of retarding
basin

Surrounding dike of a retarding basin essentially aims protect the
inland from flood water retarded in the retarding basin., But even )
without the surrounding dike, the inundation condition of the retarding
basin would be improved with the construction of river dike and side
overflow dike than in the present condition, depending on the hydrological
and topographical features.

Here are the brief discussions on whether to construct surrounding
dikes or not,

(1) Cost .

In the case of construction of surrounding dike, the following costs
are needed,

-{a) Land acquisition cost

{b) "Construction cost of dike’

{c) Construction cost of sluices or culverts
-{d} Operation and Maintenance cost
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