coastal barrage at the outlet portion of the floodway to rcgﬁlatc the river flow
especially in off-wet season. The relationship among distribution ratio of river
discharge, sediment deposit condition in the Itajai river channel and river
discharge to flush the deposited sediment by operation of the coastal barrage
should be studied through a hydraulic model test to be performed in the detailed

design stage.

3.5.3 Structural plan of floodway and related struciures

(D

Structural plan of the floodway

The floodway design is carried out based on the topographical maps on a scale of
1:5,000 and at contour interval of 1 m, which have been produced through the
topographical survey in this study period. '

The length of the proposed floodway along its centerline totals around 9 km excluding
the jetty portion and the required channel width for the provisional plan is estimated to
be 50 m based on (he results of the non-uniform flow calculation applying the natural

diversion method.

The river bed slope is topt)gfaphically set at 1:6,000, which is equivalent to two times

 that of the planned one for the ftajai main stream.

In order to determine the side stopes of the floodway channel, the stability analysis was
made on the most critical condition that the river channel becomes empty immediately
after completion of the excavation work. The representative geotechnical values applied
to the stability analysis is derived to be 10° for an internal friction angle and 1.8 t/m? for
cohesion. As a result of the stability analysis, the excavation slope was decided to be
1:2.0 for which the minimom safety factor for sliding comes to around 1.2 as shown in
Fig. V1.3.19. The levee with a trapezoid shape of 5 m in crest width and side slope of

1:3 is provided at the place which is 5 m apart from the edge of the side slope of the

floodway for the long term plan. The crest elevation is determined keeping 0.5 m of
freeboard against the design flood water level. General plan and longitudinal profile
including typical cross section of the floodway plan thus designed are shown in
Figs. VI.3.20 and V1.3.5, tespectively.
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It is anticipated to occur the erosion of river bed at the branch point of the Itajai main
stream due to variation of river bed slope by the floodway plan. To protect the
variation of the desiga river bed and side slope from erosion, a ground sill supported
by coricrete pile and protected by concrete blocks in its up and downstream portions is
applied as shown in Fig. VL.3.21. The revetment comprising foot protection and wet
masonry is provided on the side slope in this ground sill structure portions.

Besides, ground sill consisting of concrete placement and wet masonry for the slope, is
provided at 5 km point from the outlet for maintenance of riverbed slope of 1:6,000 as
shown in Fig, V1.3.22.

Structural plan of related structures

Three bridges are planned to be newly provided crossing the ficodway. Out of these
three new bri'dges, two bridges named No.1 and No.2 bridges are designed applying

the design standard for the national road class bridge. The No.1 and No.2 bridges are

located at just upstream of the jetty at the outlet site for connecting the coastal road and
at 0.35 km downstream of the inlet site for relocation of national road BR-470,
respectively as shown in Fig. V1.3.20. Design éoncepts of these bridges are as
follows;

a) The proposed No. 1 bridge, located just upstream of the jetty, has to be

designed to have a length required to span the cross section of the floodway for
the long-term plan (50-year probable flood).
With regar:d' to the No. 2 bridge, the construction is divided into two stages in
order to reduce the cost overburden in the provisional plan, that is, the bridge
Iength is designed to meet the floodway width in the provisional plan. In the
“stage of the successive flood control plan (the mid-term pian, otherwise long-
term plan), the bridge length will be extended to span the cross section of
floodway for long-term plan. The bridge is aligned to cross a centerline of the
flocdway at an angle of 65° in accordance with the proposed relocation route of
BR-470. _

b)  Freeboard of 0.5 m is secured between the lowest elevation of girder and

| design high water level corresponding to 50 year probable flood for the both
bridges. | '

¢) Both bridges are designed to be of prestressed concrete'(PC).typc.I The

substructures of the bridges are supported by reinforced concrete (RC) piles of
40 cm in _d'iameter, which are driven to the rock zone or firm layer.
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d) The bridge width is determined to be 9.8 m applying the design standard for
the road bridge in Brazil, which consists of 7.2 m for roadway, and 0.9 m for
sidewalk and 0.4 m for curb in both sides.

The structural design of the bridges thus performed is shown in Figs, V1.3.23 and
VI.3.24.

Besides, a new bridge with effective width of 4 m is planned to be constructed at about
3.2 km downstream of the iniet site in order to link the ceniral area of Navegantes and
the rural arca on the left bank side of the floodway, which is isolated from the

Navegantes due to its construction.

Due to the construction of the floodway, relocation of BR-470 road is needed at two
portions. They are about 900 m near the inlet poition and about 1,200 m between 4.5
km and 5.7 km stretch upstream of outlet of the floodway. The road to be relocated
was dcs'igned under the same design criteria as applied to the existing BR-470 road.
Typical cross section of the relocation road is shown in Fig. V1.3.25.

Land acquisition and compensation

The compensation for lands and houses was contemplated for the long-term plan.
Their quantities are preliminarily estimated as follows based on the topographical map

and the field reconnaissance.

Iicm of compensation Unit Quantity
Land km? 18
House Nos 59

Widening of Floodway Channel in the Mid-Term and Long-Term Plans

The floodway channel with a riverbed width of 50 m, formulated for the provisional
flood controt plan, is planned to be widened to 85 m and 135 m in the mid-term and
long-term plans, respectively as shown in Fig. VI.3.5, except for the upstream inlet
portion and downstream outlet (jetty) portion. As well, such related structures on the
floodway as ground sill, bridge and slope protcétion which are proposed in the
provisional plan, have to be extended to the required widths for mid-term and long-term
plans. Main work items and quantities for the mid-term and long-term plans are
described in Chapter 4 of ANNEX VIII; CONSTRUCTION PLAN AND COST
ESTIMATE,
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4, DRAINAGE PLAN IN ITAJAI AND NAVEGANTES CITIES
4.1 General

It is intended by the flood control plan to protect the residential areas in the Itajai city in
the right bank of the Itajai river and those of Navegantes city located in the left bank of the river
by means of the constraction of floodway and improvement works for the Itajai river and its
tributaries. After the implementation of the proposed fiood control plan, present drainage
condition will be remarkably improved since the river water level is lowered by the river
improvement works. However, depression areas along the Itajai river and Itajai Mirim river
that are lower than the design high water level would be still in inundating conditions.due to
inland water caused by rainstorm as shown in Fig. V1.4.1.

In this study, the exist'ing drainage system for these areas was investigated. Based on
the investigation results, an internal water drainage plan including combinations of various
drainage facilities such as regulating pond, pumping stations, gates, heightening of low
elevation area and levee is studied based on the topographic map of 1 to 5,000.

4.2  Existing Urban Drainage System
4.2.1 Existing urban drainage system

The existing main drainage channels and drainpipes in the Itajai city which are led
directly into the Itajai main stream, Itajai Mirim river and Murta river, and a small tributary of
the Ttajai river, are shown in Fig. VI.4.2. This Figure shows that the drainage system in the

Itajai city is in well arranged condition.

The diameter of the drainage pipes ranges from 30 cm to 100 cm. The drainage
system has been expanded in accordance with the development of the residential area, but it is
found that a part of the drainage pipe is not connected with the Murta river:

There are no systematic wrban drainage networks in Navegantes tocated on the left bank

of the Ttajai river.
On the basis of the field reconnaissance and data collected from the city authorities

concerned, the locations of existing channels and drainpipes for the urban drainage in tajai city
were clarified as shown in Fig. VI.4.2, ' '
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4.2.2 Previous study on urban drainage system

The drainage plan in the Itajai city was prepared by DNOS. This plan is a revised plan
of that prepared in 1963 (its details are unknown). In the revised plan, the central section of
Ttajai city was divided into 10 drainage basins referring to the basin division of the 1963's plan
directed by the Itajai city office and the topographic conditions. It is contemplated in this plan
to drain rainwater to the Itajai Mirim river or liajai river directly or indirectly. No urban
drainage plan has been prepared for Navegantes city,

4.3 Present Situation of the Envisaged Drainage Districts

The study area for the urban drainage plan covers a part of Itajai and Navegantes cities
that are lower than the design high water level in the Itajai river even after the completion of the

river improvement work and construction of the selected floodway.

The study area was divided into nineteen drainage districts taking into consideration the
topographic condition and existing drainage network.  The divided drainage districts are as
shown in Fig. V1.4.3,

4.3.1 Drainage district along right bank of Itajai river

The internal water drainage plan for the area along the right bank of the Itajai river is
divided into the following six districts as shown in Fig. VI.4.3. Present situation of the
respective drainage districts is as follows;

(1)  Drainage District IR-1

Drainage district IR-1 is located on both banks of the Schneider river, which flows into
the Itaj'ai river on the right bank close to the river mouth. A -catchment arca of the
district is 4.65 km?, out of which the mountainous area occupies 3.47 km2. In this
district, the drainage arca lower than the design high water level of the Itajai river
commands only around 9 ha, which spreads along the downstream reach of the
Schneider river. The lowest ground elevation of the residential area is around 1.2 m
against the design high water level of around Ei. 1.4 m for 10-year probable flood.

{2) Drainage district IR-2

Drainage district IR-2 is located upstream of the aforesaid IR-1. Its catichment area is
around 1.8 km? and the lowest ground elevation is around 1.2 m. In this drainage
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district, most of the lands are utilized for the residential arca. Rainwater in the district is
being drained to the Itajai river through the existing three drainpipes.

Drainage district IR-3

Drainage district IR-3 covering a catchment area of 0.74 km? is located upstream of the

aforesaid IR-2. Of the catchment area, around 0.69 kin? is developed as a city area. The

ground elevation is in a range of 1.2 m 10 3.5 m. Although the drainage work in this district

is béing conducted by the existing five drainpipes, the city authority has a plan to install a new

drain channel to remedy insufficient capacity of the existing system,

(4

&)

©

" Drainage district IR-4

Drainage district IR-4 is located in the area immediately downstream of the confluence

of the Itajai river and Itajai Mirim river. The drainage district is located in the low lying

area inside a large curved section of the Itajai river. It is bounded by the river and
Leodegario Pedro street. The drainage area lower than the design high water level of
the Itajai river is approximately 1.13 km? of flat land. Its elevation is in a range. of 1.0
to 3.0 m above sea level and the area is occupied by wasteland or woodland where the
elevation is lower than 1.5 m. The remaining (.95 km? of land is residential area.
Rainwater in this district drains directly into the Itajai river through two small channels.

Drainage district IR-5

Drainage district IR-5 is located at the confluence of the Itajai main stream and Itajai

Mirim river, and the drainage area is as small as 0.12 km2. The lowest ground
elevation in this district is around 1.8 m, which is lower than the design high water
level of the Itajai river. Rainwater in this district is drained into the Itajai main stream
through the existing two drainpipes.

Drainage District [R-6

Draihage district IR-6 consists of the low land arca located along the Murta river, a
small tributary of the Itajai river, which joins the Ttajai river at a point apprdximatcly
9.2 km upstream from its mouth. This district occupies a catchment area of
approximately 13.7 km2 of which 11.41 km? is either wasteland or woodland, and the

_ remaining 2.53 km? is residential arca. There are some houses in this district, which
~ were built on land of only 0.5 m above the sca level. This area suffers from flood

damage most frequently. The drainage area lower than the design high water level of
the Ttajai river occupies approximately 4.32 km? which accounts for 31.5% of the
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drainage district. The Murta river has 10 m in width and 5 m in depth in the
downstream reach, while 6 m in width and 3 m in depth in the neighborhood of the
BR-101 national road. Its river slope is apprdximated to be 1:12,000, which is almost
equal to that of the Itajai main stream.

The present land use in the area upstream of the Reinaldo Schimithusen street is largely
classified into the city area, industrial area and undeveloped area. 'The outflow from the
undeveloped areq including a part of the industrial area is drained into the downstream
reach through a drainpipe of 800 mm in diameter. However, because of insufficient

_ capacity of the existing drainage system, the upstream undeveloped area has suffered

4.3.2

from inundation even for a small amount of rainfall.

Drainage district along the left bank of Itajai river

The drainage area located on the left bank of the Itajai river is divided into three

“districts, ﬁamely IL-1, IL-2 and IL-3 as shown in Fig. V1.4.3. The districts are situated inside

the large curved section of the meandered Ttajai river. Most of the land in the district is utilized

for pasture and paddy ficld and there are no houses in the low land area. It will be

contemnplated to fill up the low areas with the earth material to be produced from the excavation

of the river channel.

4.3.3

Drain.age basin along the Ifajai Mirim river

The drainage basin along the ltajai Mirim river is divided inio ten districts as stated in

the followings;

&)

Drainage district IM-1

Drainage district IM-1 is located on the right bank close to the conflaence with the Itajai
main stream. It has a catchment area of 0.13 km? and is enclosed by a large meander
of the Ttajai Mirim river. “The lowest ground elevation in this district is around 1.7 m,
which is lower than the design high water level of the Itajai river by around 1.0 m.
The drainage area lower than the design high water level occupies around 0.12 km?,
which is almost equal to the catchment area. Rainwater in this district is drained into _
the Itajai Mirim river by the existing drainpipe of 500 mm in diameter, which is laid
along the David street in the center of the area.
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Drainage district IM-2

Drainage District IM-2 is situated on the right bank of the Itajai Mirim river close to the
confluence with its short-cut channel. Its catchment area is 0.31 km?, out of which the
land area lower than the design high water level accounts for 0.22 km?2, A difference
between the ground clevation and design high water level is approximately 0.5 m at the
maximum. The city area occupies 0.17 km2 or 75% of the drainage area. The
remaining area consists of low land utilized for pasture and woodland. The internal
rainstorm water in the district is drained into the Itajai Mirim river through the existing
two drainpipes. |

Drainage district IM-3

A catchment area of drainage district IM-3 located upstream of the aforesaid IM-2 is as
quite small as 0.13 km2, Of the catchment area, the drainage area lower than the
design high water level is only 0.06 km2, which consists of a city area with the
maximum difference of 0.6 m in elevation against the design high water level.
Rainwater in this district is drained into the Ttajai Mirim river through the existing three
drainpipes of 300 mm in diameter.

Drainage district IM-4

This district is located on the right bank of the river from the confluence 'point. A
catchment arca of the district is as small as approximately 0.1 km?2. The residential
area is developed on the lands higher than 3.0 m above sea level. Areas along the river
that are 1.5 to 3.0 m above sea level are utilized as pasture.

Drainage district IM-5

This drainagc district is located immediately upstream of IM-4. It has an area of
approximately 0.77 km?2 of which about 0.68 km? is residential area and about
0.1 km? is unused area. ‘The ground elevation of the river side residential area is
around 2 m, which is lower than the design high water level of about 2.6 n. The
drainage area lower than the dcs_ign high water level is around 0.13 km2. The drainage
in this district is conducted using the existing two drainpipes of 1,000 mm in diameter,
which is connected to the Itajai Mirim river at upstream of a bridge on the Adolfo
Konder street. '
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Drainage district IM-6

Drainage district IM-6 is located upstream of IM-5 along a tributary of the Itajai Mirim
river. It has a catchment area of approximately 1.17 km? which is divided into
residential area of about 0.52 km?2, hilly area of 0,32 km2 and grassland of 0.33 kmZ2,

The drainage area lower than the design high water level of the Irajai Mirim river is
0.37 km2. Residential areas occupy about 0.16 km? or about 42% of the drainage
area. The rainwater in this district drains through a 5.5 m wide channel constructed in
1983. However, due toits insufficient capacity and the effects of the back water of the
Ttajai Mirim river, the district frequently suffers from flood damage. During 1984
flooding periods, most of the residential arcas were inundated to a depthof 2t0 3 m
from the ground.

Drainage district IM-7

Drainage district IM-7 is located along the large curved section of the Irajai Mirim river,
It has a drainage area of approximately 4.01 km2. Most of the flood areas in the
district are used for athletic grounds, such as soccer fields, or simply remain as pasture.
Behind the district there is a hilly area. The rainwater in this-district runs off into a
small tributary of 5 m in width and 3 m in depth that connects with the Itajai Mirim
river at a point 4.86 km upstream of the confluence with the Itajai river. In the
upstream area of the small tributary, the residential areas are bein g d'eveloped. An
artificial channel having a dimension of 5 m wide and 2 m deep has been pfovided o
cope with requirement of the drainage in the upstream area including the hills. The
channel is connected with two lanes drainpipes of 1,000 mm in diameter in the Ferra
Antigo Leito street and then to the downstream channel.

Drainage district IM-8

Drainage district IM-8 is focated upstream of IM-7. The district is located at the place
where the Itajai Mirim river runs closest to a hill. The catchment area is about
1.37 km?2 of which 0.70 km?2 is hilly and the rem'unmg 067 km? is lowland
consmmg of a residential area and the flood prone area,

The arca along the Ferrea Antigo Leito street passing through the district has been

elevated by around 2 m through the recent road improvement. Consequently, there is
no possibility of inundation due to the influence of back water of the Itajai Mirim river.
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4.4

4.4.1

Drainage district IM-9

Drainage district IM-9 is located on the left bank of the Itajai Mirim river. It is just
opposite side of the river stretch for IM-5 and IM-6. The catchment arca is 1.47 km?
of which 0.51 km?2 is hilly area. The ground is low and flat and is about 1.0 to 2.5 m

above sea level.

Most of the drainage district is lower than the design high water level of the Ttajai Mirim
river. The residential area occupies about 0.35 km? or about 24 % of the district
catchment area.

Drainage district IM-10

Drainage district IM-10 is located upstream of IM-9. The district is bousded by the
BR-101 national road to the west. The district hias an area of approximately 3.74 km2,
most of which is a flood prone area covered with grass and trees. The house yard that
was recently developed in the central part of the district has an area of approximately
0.13 km? with an elevation of about 3.0 m above sea level.

Conceived Internal Storm Water Measures

Several internal storm water treatment methods to be applied to the study area are
studied, and the proposed method for each drainage district are summarized in
Table VI.4.1.

Principles of the internal storm water treatment measwes

In order to set up an adequate internal storm water treatment plan, the opographic

conditions of the drainage basin, the effective utilization of existing drainage systems and the

probleins relating to the existing drainage systems have to be taken into consideration. -

The major principles of the planning considering the above-mentioned matters are as

follows:

(1)

Drainage method

~ A gravity flow typc' is applied for the drainage method from the internal storm water

basins. Flap gates should be installed at each of end of the drainage channels to prevent
back flow from the river., In areas where gravity flow drainage is impossible,
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mechanical drainage consisting of pumping should be adopted to solve the internal
water problems.

Installation of regulating ponds

In the areas where drainage pumping is adopted, regulating ponds having capacities as

large as possible should be installed to reduce the peak runoff from the drainage basin.
In order to achieve higher flood control effects, regulating ponds should be selected at
locations as close as possible to drainage channel ends.’

Integration of drainage

Construction, operation and maintenance costs for the pump drainage method are .
generally costly. Therefore, neighboring drainage basins should be integrated into each

other 1o reduce the number of pumping stations as well as to minimize the capacities of

the pumps.

Reformation of habitual flooding area

In such dramagc districts as IL-1 to -3, IM-4 and IM-10 whcre they are low land and
there are only a few houscs internal storm water problems will be solved by filling the
low land areas with earth materials to be produced from excavation of the river
channels. In the low lands where there are many houses, levees will be built to protect
them from flooding. |

Planning scope

The drainage facilities contemplated in this internal storm wat'er‘ treatment plan will be
regulating ponds, pumping station, culverts, gates and channels for connection to
existing drainage channels. Improvement work of existing drainage channels will not
be included in this plan. |

4.4.2 Design of drainage facilities

The design of urban dramagc facilities such as regulating pond, pumping station,

drainpipe connecting the existing one and the regulatmg pond is made under the foIlowmg

design condmons

(1)

Probable’ flood hydrograph and its volume to design the. capacny of pump and
regulating pond is simulated by the rational formula using the probable 4-day rainfall of
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210 mm corresponding to 10-year probable rainfall at [tajai, and actual hourly rainfall
distribution records on August 1984 flood.

Probable flood peak discharges for design of drainage channel are estimated by the
rational formula incorporating the following probable rainfall intedsity—duration curve
of 10-year probability, which was established in the feasibility study on the river
improvement project in Bhumenau-Gaspar stretch on the basis of the rainfall records for
22 years from 1935 to 1984 and Pearson I type distribution method.

A 10-year probable rainfall intensity-duration curve is derived as follows ;
110-year = 5.859/(t + 34)

| where, Tigyear - 10-year probable rainfall intensity (mm/hour)

t © Duration (minute)

In order to evaluate the increase in discharge due to the urbanization and-development
of Itajai city, runoff coefficient in future stage is estimated on the basis of the future
land use map planned by the municipal government of Itajai city applying the following

* runoff coefficient classified by land use category in Japan;

- City area ' 0.9
- Farm, pasture and unused lands  © 0.6

- Forest area : 0.7

The runoff coefﬁéicnt for the whole basin is estimated by Weighted average method.

Design high water level in the regulating pond is set to be the average ground elevation
at the pond site and pump capacity is designed so as to keep the pond water level equal
to or less than the design high water level assunling that water level of the main Itajai
river is at the design high water level, since high flood water level in the Itajai river
continues for around 4 days in normal condition.

'Connectfn_g pipe to the pond is designed so as to flow the [0-year probable flood peak
' discharge_'from drainage district.

' Small drainage area subject to relatively shallow inundation depth is protected from the

inflow of outer water by constructing levees with flap gates around them.
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() The method of installing pump and regulating pond should be adopted for large
drainage arcas subject to inundation depth of more than one meter. :

The capacity of the regulating jaond and pump capacity are estimated by the procedure
illustrated in Fig. VI.4.4. As seen in the Figure, the 10-year probable rainfall distribution
derived based on actual one during flood in 1984 is converted into flood hydrograph by the
rational formula using the estimated runoff coefficient and then mass curve is prepared from the
simulated flood hydrograph. Based on the mass curve prepared, the required pump capacity is
determined from the maximum pond volume determined from topographic and land use

conditions.

Features of the regulating pond, pump and gates designed in accordance with the
design condition and procedure are shown in Table VL.4.2. The proposed facilitics corhprise 4
regulating ponds, 4 pump stations and 18 flap. gates. General plan of the drainage facilities
and details of the ponds with the related facilities are given in Figs. V1.4.5 to VL.4.16. The
drainage method in the respective drainage disiricts is presented as follows;

(1)  Drainage district IR-1

Since majority of the area are occupied by unused area with low elevation along the
Schneider river, filling up of the land is planned to prevent the flooding due to back

water of the Itajai main stream,

(2) Drainage districts IR-2, IR-3, IR-5, IM-1, IM-2, IM-3 and IM-5

These districts have a remarkably small depression area of less than 0.2 km?2, A flap
gate will be installed at the outlets of the existing drainage system.

(3) Drainage district IR-4

It has been planned that majority of the depression areas along the Itajai river in this

district are developed as industrial area but it is still in unused conditions due to habitual

inundation. The remaining area is occupied by the residential area with low elevation.

It is planned to fill up this depression area up to the design high water level. Since the

majority of the houses in the residential area are of high floor type with about 0.5 m in-
height, it is planned to fill up to about 0.5 m to avoid shifting of houses and to pr0v1de

the regulating pond and pump station,
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Drainage district IR-6

It has been planned by Itajai municipality that the depression area along the Hajai river
in this district is developed as residential and industrial areas. To meet this

~ requirement, it is planned te fill up to more than design high water level. Since the

remaining arca is occupied by the residential arca of about 0.5 m high floor type
houses, it is planned to fill up to about 0.5 m and to provide the regulating pond and
pump station.

Drainage districts IL-1, IL-2, IL-3, IM-4 and IM-10

Since there are no houses in these districts, only the filling up of the land up to the
design high water level is planned. However, earth filling for IM-10 should be carried
out in the future stage when the area is developed, since the earth material to meet the
requirement is not sufficiently available.

Drainage districts IM-6 and IM-7

The hinterland of these districts forms mountainous areas. The rainwater from these
mountainous areas is planned to be drained directly to the Itajai Mirim river by
providing new drainage channel along the boundary zone between IM-7 and IM-8. The
drainage in the remaining area is 152armed to be performed by providing the regulating
pond and pump station.

Drainage district IM-8

The low land in this district will be filled up since there are no houses. However, this
carth filling will be performed in the future stage when the area is developed since earth
material for filling up is not sufficiently available. The hinterland in this district is the

- mountainous area and rainwater from this area is planned to be drained directly to the

Itajai Mirim river by providing new canal.

Drainage district IM:-9

This district will be topographically divided into two zones. Rainwater in the western
part of this district is drained directly to the Itajai Mirim river by providing new canal.

- The drainage in the remaining area is planned to be made by providing the regulating

pond and pumping station.
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Table V1.2.1 EXISTING RIVER STRUCTURFS

AND RELATED STRUCTURES (2/2)

(2)  Pump Station for Municipal Water Supply

Location :
No. Distance from Left/Right  Administrative Nos. of Intake
River-Mouth/Confluence Bank Office Pump Discharge
{km) (i/s)
- Ttajai Mirim Short-cut Channel _ |
1. - 4.50 L CASAN 2 560
- Canhanduba River :
2. 0.37 R CASAN 2 150
(3) Irrigation Watér Usc
~ Location
No. " Distance from Left/Right Pump Irrigation
River Mouth/Confluence Bank Capacity Area
(km) ‘ {Ifsec) (ha)
-Itajai River
1 15.20 R 50 12.0
2 15.51 L 50 12.0
3 15.85 L 50 8.0
4, 1630 1L 50 13.0
S. 16.30 L 30 9.0
6. 16.30 L 30 2.0
7 16.85 L 30 10.0
8 17.13 R 30 10.0
9, 17.43 L 50 13.5
10. 17.43 L 40 10.0
11 171 L 30 i2.0
12. 17.71 L 50 6.0
13. 17.99 L 25 4.0
(4) River Crossing of Water Supply Pipe
Location
No. Distance from Administrative -~ Diameter Length
River Mouth/Confluence Office (mm) {m}
(km)
- liajai River :
1. 6.05 - CASAN 250 250
2. 6.76 CASAN 200 300
-Irajai Mirim Short-cut Channei
3. 3.1 CASAN T 400 78

Note : Numbers in this table correspond to those in Fig. VL.2.5.
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Table V1.3.1 REQUIRED WIDTH OF FLOODWAY CHANNEL AND WAT! ER

LEVEL AT BRANCHING POINT FOR ALTERNATIVE CASE

(1) Eloodway-I

Design Discharg;c Required  Water Level Flow Velocity
{cu,m/sec) Riverbed al Branch {m/sec) .
Main Floodway Widih Poini Main Fioodway
Streain {m} {EL.im) Stream
1000 . 5030 900 127 0106 0506
2,000 4,030 313 2.09 0.6-1.0 1.2-1.4
3,000 3,030 140 . 329 1.0-1.6 1.8-1.9
4,000 - 2,030 60 4.54 1.3-2.1 2.1-2.4
5,000 1,030 15 575 1.6-2.6 2.0-2.7
(2) Floodway-II
Design Discharge Required Water Levol Fiow Velocity
{cu.an/sec) Riverbed at Branch (mm/sec)
Main Floodway Widlh Point Main Floodway
Stream {m)_ {EL.m} Stream
1,000 5,030 890 © 127 0.1.0.6 0.5-0.7
2,000 4,030 310 2.04 0.6-1.0 1.2-1.4
3000 0 3,030 135 3.18. 1.0-16 1.9-2.0
4,000 2,030 60 4.38 1.3-2.1 2.0-2.5
5,000 1,030 15 5.55 1.6-2.6 20238
(3) Floodway-111
Design Discharge Required - Water Level Flow Velocily
{cu mfsec) Riverbed at Branch {mfsec)
Main Floodway Width Point ~ Main Stream Floodway
Stream {m) (EL.m) Down /} Up 2 '
1,000 5,030 15 4.52 0.1-0.6 2.1-2.7 0.6-0.7
2,000 4,030 60 359 0.6-1.0 2125 12-1.4
3,000 3,030 130 2.68 1.0-1.6 - 2.0-2.3 1.9-2.0
4,000 2,030 280 1.86 1.3-2.1 1.9-2.1 2225
5,000 1,030 800 1.27 16-26 18-19 2.1-2.7
Remark :

/1 : Downstream of the branching point of floodway
/2 : Upstream of the branching point of floodway
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Table VL3.2 RISE OF WATER LEVEL AT GASPAR AND ILHOTA DUE TO
- ENHANCEMENT OF PRESENT FLOW CAPACITY [N THE
PREOJECT RIVER STRETCH

(1) Floodway-I

Water chél-(EL.m) at

Design Upstream end Ilhota Gaspar
Discharge of
(cms) Protection Arca
Loob 1.65 6.50 - 920
2,000 2.33 6.50 9.20
3,000 350 . 6.36 9.20
4,000 475 7.00 9.34
5,000 6.12 7.50 9.55
{2) Floodway-II
: Water Level (EL.m) at
-Design Upstream end Ilhota Gaspar
Discharge of :
{cms) Protection Area
1,000 2.21 6.50 9.20
2,000 2.77 6.51 9.20
3,000 3.52 6.60 9.22
4,000 4.65 : 6.95 9.28 -
5,000 5.85 ' 743 9.50

(3) Floodway-IIT

Water Level (EL.n) at

Design Upstream end Iihota Gaspar
Discharge - of :

{cms} Protection Area
1,060 - 3.90 ' 6.63 9.24
2,000 4:10 6.75 9.27
3,000 4.52 6.87 9.29
4,000 5.10 7.08 9.40
5,000 580 C 743 9.50

VI-42



Table VL.3.3

SUMMARY OF CONSTRUCTION COS'T
FOR ALTERNATIVE CASES OF FLOODWAYS-1 AND Il
(EXCLUDING COST FOR URBAN DRAINAGE WORK)
{Unii: USS thougggd_)_
Design Floocl Discharge (cms) *
Component Floodway I Floodway 1L
1,000 2,000 3.000 1,000 2000 3,000
1. Itajai River 20,119 21,762 26,431 20,062 21,622 25,458
2. Floodway 2300682 177,873 - 89,719 327,575 123,981 66,045
- 3. ltajai Mirim River 8,169 8,520 9,069 8,169 8,526 9,069
4. Tiajai Mirim Short-cut 2,253 2,348 2,584 2,253 2,348 2,584
Channel -
5. Picarras River

1,211 . 1,286 1437 . - - -

Tolal

2332434 211,795 129240 358,059 156477 103,156

Note: * Design flood discharge in [tajai river downstream of confluence with
Ttajai Mirim river

_ Table V134

SUMMARY OF CONSTRUCTION COST
FOR FLOODWAY-III WITH SHORT-CUT CHANNEL

{(Unit; USS$ thousand)

Component Design Flood Discharge (cms) *

' ' ' 3,000

1. TItajati River 26,476
2. Floodway 54,176
3. htajai Mirim River : 9,069
4. Itajai Mirim Short-cut Channel 2,584
5. . Short-cut Channcl 13,151
Total - 105,456

Note : * Dez.lgn HOO(l d;scharge in Itajai river downsteam

of conflucnce with Itayn Mirim river
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Table VI.3.5

COMPARISON OF ALTERNATIVE FLOODWAY ROUTES IN

THE LONG-TERM PLAN (50-YEAR PROBABLE FL.OOD)

Alternative Floodway Route

Predicted

greatest among the three
alternatives in view of
influence on resort arca
and land scape.

lowest among the three
alternatives concerning
every environmental
factor.

Item Floodway - 1 Floodway - I Floodway - 1II 1o
to Picarras to Navegantes Navegantes Coast
Coast Coast {with - a  shott-cut
channel in meandering
portions downstream
of BR-101 bridge)
i. Dimension of Floodway
a) Length (kin) : :
- Toland 10.20 8.80 5.80
- Jetty 1.89 1.03 1.03
Total 12.09 9.83 6.83
b} Riverbed Width (m) 140 135 130
¢ Riverbed Slope 1/6,000 1/6,000 1/6,000
2. Land Acquisition/ '
Compéensation
a) Land (ha) 217 177 131
b) Houses (Nos.) 95 59 111
) Relocation of Road/Bridge 2,600 m/4 Bridge 2,100 m/3 New Bridge Mil/3 New Bridge
& Other Main Compensation - Sugarcane - Water Treatment - Church
Item - Cemelery Facilitics - Cemetery
- Substation for
Power Sapply
- Construction of
Drainage Culverts
3. Construction COSlll
(UJS$ Thousand)
a) Floodway
- Inland 74,057 47,852 37,015 .
- ety 11,088 14,044 14,028
- Land Acquisition/ '
Compensation 4,574 4.149 3,133
Sub-total 89,719 66,045 54,176
b) River Improvement Works 39,521 37,111 51,280
¢) Total Cost 129,240 103,156 105,456
4. Environmental Impact ‘The impact will be the The impact will be.the The impact will be serious

in terms of scparation of
town area of Machados in
the ‘municipality of
Navegantes. Concerning
other factors, the impact
will be similar to that in
Flooday-I1.

Notes :

1. The features above show those in the case of the 50-year design flood of 3,030
m3/scc for every aliernative Floodway route.
2. {1 ; exclodes the cost for the urban drainage works,
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Table VI4.1 -~ CONCEIVED INTERNAL WATER TREATMENT
METHOD FOR DEPRESSION AREAS

' Residential of (1) .
Catchment _Areflhl':ﬂowcr : \ Conceived
District Aren N Max, niernal Water
(xkm?) R'D'}(Il;\:%' M (ﬁfg) Tnundation Treatment Mothod
depth {m) : '
IR-1 4.65 0.09 0.07 0.3 Levee construction along the Shneider
: EiVEE
IR-2 1.80 0.21 0.19 0.3 Installation of flap gate ai oullet of
_ o drainpipe
R-3 0.74 021 018 0.4 - ~do -
IR-4 1.13 0.73 0.21 1.2 Filting of low eclevation area with
Co ‘ excavated material/Instailation of flap
gate, regulating pond and pump
IR.5 0.12 0.07 0.04 1.6 Installation of {lap gate at outlet of
: : . drainpipe :
IR-6 13.70 432 0.98 2.8 Filling of low clevalion area with
' excavated material/Installation of
regulating pond and pump
IL-1 (.88 057 - - Filling of low clevation area with
excavated material
IL-2 3.62 0.63 - - -do-"
IL-3 4.04 2.67 - - -do-
M-1 0.13 0.12 0.11 0.9 Installation of flap gale at outlet of
_ ' drainpipe
IM-2 0.31 0.22 0.17 0.5 ' -do-
IM-3 013 0.06 0.05 0.6 - -do-
M4 0.10 0.08 - - Filling of low eclevation arca with
_ : excavated material
M-5 0.77 0.13 0.09 0.2 Installation of Dap gate at outlet of
' ‘ : drainpipe _
IM-6 1.17 0.37 0.16 0.7 Diversion of excess waler inlo IM-7
basin area SN .
IM-7 4.01 0.78 0.25 0.7 Scimrmion_ of outflow from hilly and
that from urban area/Installation of
regulating pond/Pump in short-cut
porticn of the hajai Mirim
IM-8 1.37 0.5 0.06 1.0 Separation of outflow from hilly arca
and that from urban arca/Filling of law-
: - land with excavated malerials
IM-9 147 0.51 0.18 1.0 Separation of outflow from area’ of
' ‘ADOLFQ KONDER STREET/Instal-
. ‘ lation of regulating pond and pump
IM-10 3.74 0.56 - - Filling of low clevation area with

excavated material

Note: R.D.H.W.L. means the river's design high water level.
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Table V142 MAIN FEATURE OF PROPOSED DRAINAGE FACILITIES (1/2)

(D Regulating Pond

Available Design

Drainage. Caichment Pond Boltom Design Effective " Present
. Arca . \ HW.L. Depth
District &m?) Capacity Elevation ) () Land Use
| (103 m?) m
R4 0SS0 130 0.50 150 10 Unutilized Area
R-6 1:830 200.0 0.50 _ 1.50 1.0 Pasture
IM-7 (6) 1497 130.0 0.50 1.70 1.2 Pasture
M9 0.790 700 050 1.70 1.2 Pasture
Total — 4.667 413.0
(2)  Pump Station
" Design '1‘?pe Discharpge Unit Total Head
PS:]tTt]i):;g Discharge of per Unit Dlsal:rl:;fcr Number Difference
A (m3/s) . Pump (m3/s) © of Unit (m)
R4 0.5 Submerged 0.25- 400 2 230
IR-6 0.5 Submerged -~ 0.25 400 2 340
IM-7(6) 0.5 Submerged 0.25 400- 2 2.60
M9 0.3 ° Submerged 0.15 300 2 2.60
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Table VI.4.2 MAIN FEATURE OF PROPOSED DRAINAGE FACILITIES (2/2)

(3) - Flap Gate

Location _
i . Diameter of
%fsl:ﬁg? Distance from River mg{f{n}‘(gm Flap Gate
‘ Mouth/Confluence e :
{km) (1)
Hajai river
IR-2 I-01L + 300 m R 800
' I-0IL + 450 m R 300
1021l R 800
1R-3 1-02L + 200 m R 1,000
1-03R R 600
I-03R + 180 m R 600
-04R R . 500
I-05R + 60 m R 500
IR-5 [-24R + 20 m R 100
Itajai Mirim River
™M1 M-10R R 500
IM-2 M-13L +30m L 000
M-13L 4+ 80 m L 600
IM-3 M-31L L 200
_ M-31L + 80 L 300
M-32L + 70 L 300
IM-5 : M-43R + 30 R 800
M-43R + 170 R 600
IM-9 . M-47L + 100 L 600
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Fig.V12.3 - CROSS SECTION OF ITAJAI RIVER (1/2)
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