It should be noted that the municipalities of Itajai, Timbo,  Indaial,
Ilhota, Rio do Sul and Ibirama are also playing an ilportant part in the
industrial production. The municipality of ‘Itajai, with production
structure oriented toward :food products, non-metallic products and paper
products, occupies the fourth position in the basin with production of 6.2%
of the total 'in 1980. The other municipalities listed above, although with
a lower production wvalue, represent important economic roles in their
respective micro-regions.

The tertiary sector of the state is characterized by a large number of
amall establishments in general. 1In 1980, the average annual sales amount
of commercial sub-sector in the basin was Cr$65.1 billion and that of
service sub-sector was Cr$6.2 billion. -~ These accounted for 29.2% and 20.9%
of the state sales amount, respectively. Total amount of these two sub-
sectors accounted for 28.2% of that of the state. The basin alsc had 21.8%
of the employed persons in the state and 20.1% of the number of
establishirents. The total sales amount of the state was Cr$223 billion in
1980 and GVA of the commercial sector in the state was Cr$41,636 million.

The Colonial de Blumenau is the nost 1mportant in services' sector in
the basin, both in commercial activity and in services activity; in the
number of establishments, total employed persons and total sales amount.
It occupies, in state terms, the first place in the Lommerc1al activity and
the second place in the services' activity.

'From 'the ~peint "of wview of. the tertiary sector, the major
municipalities are Blumehau and ‘Brusque, which account fox approxlmately
85.5% of the ‘total sales amount of the sector in the micro-region. Like
other industrial sectors, Blumenau plays the most important role in this
-sector's actlv;ty, with total sales amount .of Cr$24,843 mllllon in 1980.
This amount occu01es ‘about  34.8% of the total sales amournt ‘in the basin.
Blumenau also -accounts . for 26.3% of the number of establashmentb ‘in the
ba51n and,36 3% of the employed persons.

The second mun1c1pallty in 1mportance in the baﬁln is Itajai 'in
Litoral de Ttajai micro- reglon, which partlclpated with Cr$27,365 million,
1,537 establlshment% and " 7;317 employed persens. in 1980. . Of this total
sales amount; Cr$26, 147 m;lllon came from the commerc1a1 sector. - -ln .
particular, wholesale commerce contributed Cr$19, 113 million ox 61. 89 of
the commercial sector The amount of wholesale was much bhigger than that
in Blumenav of Cr$5,571 million. . Fuel and lubrlcant are the principle
components, representlng the greatest wholesale 1ncome

The thlrd mun1c1pallty in 1mp0rLance in the basin-is RlO do Sul L with -
Cr$5,371 million 1n total sales amount, 738 establlshments and’' 3, 960
emp]oyed persons in 1980, It is the Mmost important in the Colonial do Alto
Itajal ‘micro-region, '‘playing a leading role in economic activity for
nelghborlng munlclpalltles of Aurora, Agronomica, Lauréntino, Rio do Qeste
and. Lontras. :

2.4.6 Transportation

The Ttajai river basin is located between mnational highways BR-101 and
~116, the most 1mportant interconnect ing routes beétween north and south
'reqlons of the country. BR-101 cuts the basin near its river mouth along
the seashore line. BR~-116 cuts the western nelghborhood municipalities .
from the basin and connects the. two southern capital cities, Porto Alegre
and Curitiba. * The railway transportation does not exist anymore in the
basin. In the basin, the dominant transportation might mainly rely not on
public mass transportation system but on private vehicles.



Along the ¢ourse of the ITtajal river;, BR-470 connects these two
important -highways, - BR-470 plays an important role as a stem road of
. connecting major municipalities along the Itajai river. It also counnects

the basin to westérn parts of the state over BR-116, '

As.of 1985, the existing road network in the bhasin summed up to 14,604
km, which comprised national (205 .km), state (926.7 km) and municipal
{13,472 km) Troads. 'Of this total length, paved roads accounted for 610.4
km or 4.2%, broken down as follows: national, 205 km; state, 379 km; and
mun:c¢pa1 ‘26 km. Others are stil) gravel or earth roads, of which.3,998
kra. is already improved but is not paved yet. Road density in the ‘basin
registered 0.9592 km/¥n2, which 3is sligntly denser ‘than that in the state
average of 0.923 km/km2.

" 2.5 Flood Problem and Flood Damage

2.5.1 Present river condition and river characteristics

"The Itajai river is characterized by its irregular river bed slope as
illustrated in Flg 4. It will be widely classified into three groups,
namely, upstream river stretch with gentle river bed slope in the upstream
of Lontras city, middle river stretch with remarkable steep river bed,slope
between the downsbream of -Lontras city and ‘Subida, and rather steep river
bed slope between ‘Subida and upstream of Blumenau city, and lower river
stretch with remarkably gentle river bed slope between. Blumenau city and
river mouth.

Thé river bed slope 1n about 70 km lonq upstream ‘river stretch is
about 1 to 2000. Existing Oeste dam is located on Itajai do Ceste river at
about 78 km upstream of the Itagal confliénce. ThHe river bed slope in the
Ttajai do. Oeste is 1 to 4,000, The river width of the upstream river
stretch is about 100 m and ‘its river depth is 10 ",

In the middle rlver stretch the river. bed slope varies w1dely, namely
about 16 km long V~shaped river stretch with the river bed slopé of 1 to' 60
between Salto Pllao and Subida, 49 km long river stretch with river bed
slope of 1 to 700 between Subida and Indaial city, and 15 km long river
stretch with river béd slope of: 1 to 400 between: Indalal 01ty and upstream’
.of -Blumenau city. The river width is 120 to 280 m in Subida - Indaial
‘stretch and 180 to 350'm in Indaial - Blumenau stretch. : :

“In the lowsr river stretch, the river bed slope becomes so gentle as
about 1 to 10,000 £o 1 to 15%,000. The Blumenau city is located along V-
shaped meandered Itajal river strétch.  The river width in this stretch is
about 140 m and ‘its depth is about 20 m. The river width in the ddwnstream
of the Blumenau city is 200 to 300 m on an average and its depth is 15 to
20 m at Gaspar city, 17 m at Ilhota city and 10 m in the upstream stretch

of Itajai-city. -

: The Itajai erlm river, which originates from mountain zone - in the
northern  part of the basin, flows down to northeastward pa331ng through
Botuvera town and Brusque city. Remarkably meandered river stretch between
Brusque and Ttajai cities was improved straightly by means. of short cutting
1% years ago. The Itajai Mirim river divides dinto two stretches at the
southwestcrn part of the Itajai city, namely, one is largely meandered
existing river channel and other is short cut channel connected with the

meandered river channel straightly. JImmediately after Jjoining these two
channels, the Itajai Mirim debouches to Itajal river at the north part of
the Itajai city. The river slope of the endmost Itajai Mirim river is

about 1:10,000. - Kiver width of the Itajai Mirim in Brusgue-ltajai stretch
is about 50 m and its depth is 4 to 8 m:



- River' width, depth, bed slope and flow capacity in the main stream of
the Itajai river and its major tributaries in their confluences with the
Ttajai river are given in Figs. 5. and 6. respectively. Present bankful
flow capacity in major river stretches is summarized as follows:

River stretch : Flow capacity
(m3/sec)
Ilhota -. Blumenau 2,000 to 4,000
Downstream from Ilhota city o 800 to 1,500
Blumenau city _ 3,000
Indaial city 6,000
Ascurra town 3,000 to 4,500
Rio do Sul city 1,000
Lowernmost of Itajai Mirim _ 400 to 500

2.5.2 Past large scale of flocds'and their rainfall characteristics

After the construction of thejéul and Oeste damé, large'SCele of
floods occurred in July 1983 and August 1984.

: In July 1883, the rain started from the night on July Sth and
continued for 7 days up to July‘12th in the entire Itajai river basin. The
recorded maximum hourly rainfall is 22 'mm/hour at Dr. Pedorinhé in the
Benedito .river basin and the basin mean rainfall amount in'l, 4, and 7 days
are estimated to be 65 mm, 216 mm and 324 mm respectlvely Flocd peak
discharges at the major level gauging statlons are 1,500 m3/sec at the Sul

'.dam,-l 000 m3/sec at the Oeste dam, ‘2,000 m3/sec at Rioc do Sul, 2,500
m3 . /sec at Ibirama, 4,400 w3/sec at Apiuna, 4,800 m3/sec at Indaial and 540

n3/sec at Brusque. : : o

In August 1984 the rain started Erom the mcrnlng on. Aug. 5th- to Aug.
8th and the maximum hourly rainfall was 25 rm recorded at Blumenau’ city.
‘The basin mean rainfall in 1 -and 3 .days are 110 mm and 216 mm respectively
‘and: the heavy ralnfall of around 150 mm/day occurred in the Itajail Mirim

basin’. S8ince rainfall pattern in 1984 is more intensive than rain storm in
1983, the shape of flood: hydrograph.is. sharp and flood peak discharge is
larger than in 1983, Flood peaks at major sites are 2,500 m3/sec at the

Sul dem,:l 200 m3/sec at the Oeste dam, "1, 860 m3/sec at Rio do Sul, 400
m3/sec ‘at Ibirama, 4,400 m3/sec at Apiuna, 860 m3/sec at Timbo and 5,100
m3/sec at Indaial.

2h543 Flood flow analysis
(1) Intraduction

In the Itajai river basin, .the large £lood occurred in 1983 and 1984.
'Thereforej DNOS studied the magnitude of flood dlscharge in these
floods and planned ' river 1mprovement works at Blunenau: and Rio do Sul.
De31gn discharge based on the flood mark "in these floods: and non-
uniform flow calculation are 6,000 m3/sec at Blumenau and 3, 000 m3/sec
'at Rio do Sul.

Flood flow analy51s aims at estlmatlng the flood peak dlscharge at
major points in the: entire Itajai river basin’ as a de31gn dlscharge of
flood control facilities such as river improvement, flood control dam,
floodway and so on, which is considered to dffect to flood hydrograph .
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(2)

(3

and its peak discharge. Therefore simuwlation study using mathematic
model and hourly rainfall records is needed to estlmate fleod
discharge hydrograph and its peak discharge.

In'this'section, hydrological data, methodology and results of this
study are summarized. Details are mentioned in ANNEX II HYDROLOGY.

Fiood-recbrds

 Design discharge simulated by rainfallrrunoff model is evaluated by

using occurrence probabllity 6f rainfall since hourly rainfall and
flood hydrograph records are limited. Therefore, probable flood
discharge is estimated by enlarging observed rainfall amount, which is
selected from availability of " hourly rainfall/discharge and
magnitude/shape of flood hydrograph, to probable rainfall amount.

In'Ehis-study, four floods after coristruction of Sul and Oeste dams

- are selected from the preceding reason. They are floods on December
1978, December 1980, July 1983 and August 1984 according to Table 2

which shows  the flood water level at Blumenau. Basin mean hourly
rainfall distribution and’ flood hydrographs at the major sites are
shown in Figs.7 and 8.

Methods and procedures

Probable flood discharges are estimated from probable rainfall using
storage function method. The flood analysis consists of construction
of. a model, rainfall analysis and flood discharge calculation
incliuding establishing the storage function model.

(i) River system model
in  addition "to. the 42 sub-basin divisions,  components having
retarding effects are incorporated. ‘Fig.9 shows the river system
model. for flood analysis{_The river course of Tvajal river is
modelled by 26 rivéer channels and the existing / proposed’ flood
control. dams and floodway are linked to the river system model o
Base point is set -at river mouth of the Itajai river since this
~study objects to prevent from the flood occurring in the entire
“'Itajal river basin.

{i1): Raiﬁfall analysis

. As for the design rain storm duration, a period of 4 ‘days: is
selected, considering the ‘characteristics of the past rain’
storms. : :

‘The annual maximum basin mean 4 days are sampled as shown in
- Table 3 £rom basin mean daily rainfall calculated by the Thiesen
method and regression analysis for the period from 1951 to. 1984.
_'Fron! the above, the probable basin mean 4 -days rainfall is
calculated by Pearson'IlI type. method as shown in Table 4.

Frequency curve of annual maximum are descrlbed in Flg 10.

'Hourly rainfall distribution of probable ralnfall is constructed
by enlarging the selected storm rainfall to probable rainfall.



(i

i

1
1

} Fleod discharge calculation

{a)

(b)

(c)

(d}

(e)

Flood runoff coefficient

Rélation betweeén storm rainfall and flood runoff depth at the
major water level gauging station are shown in Fig.ll. From
the figure, preliminary runoff coefficient is set at 0.5 and
the ‘maximum limit of rainfall to saturate the ground surface,
depression, etc., is set at 200 mm.

Callbratlon of storage functlon model

Constants of storage function of sub basmn are callblated
through trial and error in comparison between the estimated
flood hydrographs and the hydrographs observed on Dec.1878,
Dec.1980, Jul.1983 -and Aug.1984. Finally, constants of sub-
basins are taken up by multiplying 1.3 times to the initial
K-value estimated by the empirical formula. Tables 5 and 6
show the best set of constants of storage function for sub-
basins and river channels.

Reservoir operation study

Reservoir operation study is carried out to evaluate the
effect "of flood peak reduction to the downstream by using
four floods. The operation methods are summarized as follows;
- Existing operatlon method

-~ All the outlet conduits 1nstalled ‘at dams are closed, when
floed dlScharge_at Blumenau exceeds 1,000 m3/sec.

- Outlet cbndﬁits installed at dams are fully opened.
- Additional conduit at Sul dam is installed.

: f‘Spillway gates'are newly instalied at dams.

-The results ale shown. in Flg 12, 'From the results, the -

existing 'operatlon method . recommendable taking into
account the, effect ; not only agalnst large f1ood but also

.against small and mlddle flood. This method is applied for

estimation of probable: £lood.

‘Base flow

Base flow for probable flood dlscharge is estlmated from the
average monthly dlscharge at the major water level gauging
station during wet season from July to Degeémber. The specific

'discharge. of 0,033 m3/sec/km2 which corresponds to average

monthly discharge is distributed into sub-basins,

Probable floods

1The probable £lood w1th/w1thout the.existing flood control .

dams are estimated by incorporating the probable rainfalls
with 2, 5, 10, 25, 50, 80, 100 yéars return periods into the
established storage function model. Since there are four

‘rainfall patterns in 1978, 1980, 1983 and 1984, four kinds of

flood hydrograph are obtained as shown in Fig.13. 'The peak

‘discharges at the major sites are shown in Table 7. Taking
-the biggest one among four hydrographs, ‘the probable flood

discharge distribution  with/without the existing flood

‘control .dams are shown in Fig.14. From the figure, probable

flood peak discharges at Blumenau are summarized as follows;



(£)

Return Period  Without F.C.D. With ¥.C.D.

- (year) (m3/sec) (m3/sec)
2-year 3,300 2,300
S5-year 4,100 - ' 2,800
10-year 4,700 _ 3,200
. 25-year 5,400 3,800
50-year 6,200 4,900
80-yeax 6,600 5,200
100~year 7,000 o 5,500

‘Note: F.C.D. means the existing flood control dams.

Check of estimated probable floods .and evaluation of past

- flood

The estiméted probable flood is. compared with the recorded

* flood discharge at Blumenau converted from ratlng curve based

on the non-uniform flow calculation as shoéwn in Fig.15. The
estimated probable fiood discharges are fit for the plotted

flood records with return period more than 10. years. But the

estimated values less than 10 years pxobability are greatex

"than the observed flood. Thls difference is considered toc be

caused by the reason why the selected four flood patterns are
grearter than 2 years flood. From the mentioned, the results
of this study 15 applicable for making the flood control
plan.

"Relation between Ehe‘magﬂitﬁdeiofxactuél peak discharge of

the flood in. 1978, 1980, 1983 and 1984 and their probability
was studied assuming that all of ‘the floods are not,
controlled’ by the existing Gams . The. fleood peak discharge at
Blumenau and its probability of the selected four floods
wnder the above asssmption are estimated as follows.

Flood  Without F.C.D. Probability
' (m3/sec) (year)
Dec.1978 2,920 Around 2
Dec.1980° 4,310, . 5-10
Jul.1983 5,930 Around 50
‘Aug.1984 5,730 “Around 50

Hote: F,C.D. means the existing flood control dams.

2.5.4 ¥Fleod damage estimate

_ EnumeraLlon of flood damage amount in ‘the area along the Itajal river
and its tributaries, which is caused by different magnltude of floods is a
vital step of this flood control study in.-terms of assessing not only which
. area severely suffers from flood damage, but also flood control benefit for
progect evaluation.

The'deficiency.of existing_récords of actual flood damages makes it
difficult to depict damage-frequency curve as standard methed of damage
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calculatlon because such Lecords ‘are only conflned to both floods occurred
in 1983 and 1984, and do not cover all damage components.

Analytical methods of simulating probable flood damage is, as a
result, adopted for flood damage estimate by assessing various kinds of
“properties value and analyzing area~depth~duration through hydroleogical
simulation.

For that purpose, probable inundation area covering floéoding area
caused by whatever scale of flood is required to be estimated on the basis
of inundation area due to 1983 and 1984 floods and topographlc conditions.
Probable inundation area 1is segmented into a number of river stretch by
which probable flodéd damage by different scale of flooding is estimated.

The flocod damage was estimated in the fellowing procedures;

(1) érdbable inundatioh:area is divided by meshes having intervals with
500 m which is équivalent to 25 ha.

{2) The components of damageable propérties are paddy, sugarcane, maize,
livestock, buildings, indoor movables inside buildings, and
infrastructure. They are projected at present and future level at
1986 price. Furthermore, indirect damages expreesed by 1loss. of
economic activities are also taken inte account.

{3) Hydrological study - aws :simulated, for four type ‘0of flood runoff
occurred in 1978, 1980, 1983, and 1984, from which area-depth-duration
is analyzed. Based on area-depth-duration analysis as well as damage
rate corresponding to each damageable property, probable flood damage
is estimated by different magnitude of flood and river stretch.

The results of flood damage estimate were summarized as follows:

(1) In thearea from’ Gaspar .to Rio do 8Sul aléng the Itajail river, the

' :degree of damage measured by annual mean  £lood, damage is outstanding
‘in case of 1683 flood The corresponding flgures in Ttajai Mirim and
other trlbutarles are outstandlng in case of 1984 flood

{(2) Most of flood damages is derived from'damages to bullding;and-indook
mevables. Crop damage is mostly attributed to paddy, whereas damages
to sugarcane and maize . 1s scarcely identified. :

(3) Blumenau is the hardest damage- hlt area where annual mean flood damage
. is estimated’ to’ ‘be about 7 % of all property value.

2.6 Ex1st1ng Flood Control Fa0111tles

2.6.1 hx1st1ng dams and their flood control eftect

' In'order to cope:with ‘the repeating:inundatidnj the Sul and Oeste dams
were constructed in 1975 and 1972 respectively and besides, Noérte dam is
being constructed. ' These three dams have been designed as flood control
,use and flood releasing facilities consisting of gated outlet conduits in’
‘the dam bottom and non-gated spillway are provided.

These dams have been operated in such'a way that all the outlet values
are closed when heavy rainfall is observed at dam site and/or reservoir
water level is over 10 m in depth from the river bed.

: The effect of the flood peék reduction by the existing sul and Oeste
dams was examined by simulation study and it was clarified that flood peak



at the Blumenau and Itéjai was reduced by 830 m3/sec and 660 wm3/sec for the
flood in 1983 and 530 m3/sec and 610 m3/sec for the flood in 1984
respectively. ' : S

_ ‘In order to find out the most effective flood control method for théQe
three. dams, study on the flood control effect was made for the following
four methods,

(1) Flood control by means of the present operation method.

{2) ¥lood control by means of operation method in case that all of the
: existing outlet conduits are fully opened.

{3) Flood control by means of operation method in case that an‘édditional
outlet conduit is provided for the Sul dam and all of the outlet
condults are fully opened

(4) Flood control by means of ‘operation method in case that the: splllway
gates are prov1ded for three dams and flood is released through fully
opened Outlet condults and gated spillway.

The flood control effect by these four methods was examined using the
flood discharge data in 1978, 1580, 1983 and 1984. .The result of the
examination shows that; ' :

(1) By an application of . the revised and/or modified operatlon meLhod
more effective flood peak reduction can be made comparing with the
case of the present operation method in case of 1983's flood which has
a long duration of flood peak.’ :

{2} while in case of the floods in 1978, 1980 and 1984 which have a short
flood duration period, .the £flood peak discharges in the downstream -
stretch in case of the application of the. revised and/or modified
operation method 1ncrease comparing w1th the case of the present
operatlon method.

Since occurrence of large scale of flood with a long duration of flood
peak such- as the flood in 1983 is very rare case and consequently probable
“d-day contlnuous rainfall is applied to the estimation of the design flood
in the following chapter, present operatlon method was selected as the most
effective flood control method by the existing dams.

2.6.2 River'imptovement work and plan

DNOS is nOW'lmplementlng the river. 1mprovement work ‘and plan in
Blumenau - Gaspar :stret¢h and Rio do Sul -~ Lontras stretch in the Itajal
river and,Itajai - Brusque stretch in the Ttajai M;rlm river at present.

In about 22 km long Blumenau - Gaspar stretch, the rlver 1mprovement
work is being executed by local contract ba31s under the désign condition
that the river channel is widened to 220.m to dlbcharge the design flood of
6,000 m3/sec. . The estxmated excavation wvolume is 27.5 million m3 and
worklng perlod is estimated at 18 months from January 1985 to July 1986.
_The work ‘is now exeécuted at three sections using dredgers and drugline in
parallel with the detailed design work.  The excavated volume by February
1986'is-1.3 million m3. The progress of the work is, however, largely
delayed due to f£inancing problem.

In 17.4 km long Rio do Sul - Lontras stretch, river improvement plan

was worked out under the condition that the river channel is widened to 90
to 110 m to discharge the design flood of 2,800 m3/sec. The estimated
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bxcavatlon volume is 7.2 mnlllon m3 and constructlon cost is estimated at
Us$14.9 million, :

Slnce the ocecurrence of large scale of flood in 1961, river
improvement including the widening of the river. channel and constructicn of
short - cut channels was commenced in Brusque - ltajai stretch in the Itajai
Mirim river. However, since large scale inundation took place due to ‘the
flood in August 1984, extension work of rviver channel was commenced at the
short ¢ut ‘channel near Itajai city and also at the existing river channel
at Brusque city. Excavated volume during the period from January 1985 to
February 1986 is about 460,000 n3. Definite plan regarding design flood,
design river channel and so on is, however, not yet established.

2.1 Existing River Structures and Related Structures

A revetment is, provided only at the river bank along the Blumenau and
Brusque cities. They are 1.2 km long concrete type revetment in the right
bank of the Blumenau stretch ‘and about 200 m long gabicn Lype revetment at
Ireneu Bornhausen bridge in Brusgque city in the itajai Mirim river.

At the left river bank of the Itajai river mouth, stone pitch groyne
with an interval of 130 m is installed for the river length of 1.3 km.

~ Any levee is not provided for all of the Itajai river and its
tributaries. :

The: related structures such as bridge, pumping stations for municipal
and industrial water supply, hydro electric power station, ferry port and
harbour have been located 1n the Ttajai river and its tributaries.

_ More‘than:loo nos of. conciete bridges cross over the Itajai river and
"its- tributaries. Majority. of them are roadway brldges connecting the
naticnal road and local road. For most of the brldges, water supply pipe
is attached and no aqueduct is prov1ded Majorlty of substructure of these
brldges is constructed by concrete plle foundation.. Although it is not
clear about the scouring - ‘phenomena at flood time in 1983 and 1984 “a
serious scouLlng at the brldge foundatlon site . is not found at present

There. are three small seale hydro electrlc power stations in the
Itajai river. basin.  Ong of them is. located at 10 km upstream of, Blumenau}
city and  others are situated in the upstream of the Benedito river
respectively.

' Many dra1nage plpes w1th small size dlameter have been installed along
the river near city area. : '

There are two ferry 31tes in the: Itajal rlver near 1ts river mouth A

harbour is located at. the ‘river mouth' ' of :the Itajai. This harbour is
utilized as shipping port for agrlcultural products and timber and as a
fishing port. In additilon, there are many small and large scale shipyards

‘in the Itaja* river near the harbour.
_ Location of theg river structures and related structures is shown ﬁig.
16. :
2.8 EXLutlng Flood Forecastlng and Warnlng System in the Basin

After the flood in 1983 .DNAEE lmplementéd a flood forecasting and

warning system’ in the Ttajai river basin and started its preliminary
operation in August of 1984, The system operates with data supplied by a
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radlo ‘system composed of five rainfall and water level gauging stations
which are located af faio, Ituporanga, Ibirama, Apiuna and Blumenau. These
Jocatlons are shown in Fig.l7.

Pred:ctlon of flood water, level is made for Rio do Sui, Indalal and
Blumenau by.means of the data supplied by the radio system mentloned above,
"eventually supplemented with information from the existing Sul, and Qeste

dams . The  water levels and rainfall at the statidns of Taio and
Ituporanga, as well as eventual information on the flows Frém Ceste and Sul
dams, will permit ‘estimation of the. levels at Ric do Sul. The same

information, supplemented with the water levels and rainfall at Apiuna and
Thirama will permlt evaluation of the levels at Indaial and Blumenau.

The warnlng system has central operatlng statlons {CEOPS) in Blumenau
and Curitiba, equipped for the control and proce331ng and dissemination of
data and information. The statlons can be interrogated both from Curitiba
(CEOPS) 'and:From Brasilia (DNAEE} by telephone

The data proCessed in Curitiba {CEOPS) ‘are transmltted by telex to
state coordlnatlon of civil defense (CEDEC) in Florianopolis, in which ‘the
nece531ty of warning. is judged CEDEC has the criteria of the attention,
warning and critical water level for each city  above mentioned, and
transmits the results of judgement for warning to Blumenau (CEOPS). The
announcement of warning to the public is -held by COMDEC, which is
subordinate to CEDEC and organlzed by each municipal unit, and emergency
measures are taken also by COMDEC,
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IIT, CONCEPTIONAL PLAN FOR FLOOD CONTRQﬁ

3.1 General

An inundation takes place over the vast arveas along the Itajai river
and “its tributaries. - It is impracticable from .the viewpoints of the
economical effectiveness and budgetary fund to realize perfect flood
control works for entire stretches of the Itajai river basin, Therefore,
it should be contemplated to minimize the flood damage to. a practical
extent by applying structural measures and non-structural measures.

The structiural measures will be adopted in due considération of their
economic effectiveness, safety of livelihood of the riparian people and
social urgent requirement.

Non<structural measures will be considered as possible means of

supplementing the structural measures. In the areas where no effective
structural measures will be applied, mitigation of flood damage by means of
non-structural measures will be considered. Recommendation for the non-

structural measures will be made for the areas where an effective
structural measures will not be applied. : '

A feasibility study to be carried out in the Following stage will be
performed for the structural measures.

3.2 Conceivable Structural Measures

. The following structural measures were cohtemplatéd'fér flood control
planning. for the Itajdi river basin in view of the river channel proflles,
.lnundatlon condltlons and basin topography:

—'Wldenlng of rlver channel.
-~ Predging (excavatlon)

- Levee construction aﬂd/or £3111ng of exbavated material from river
channel

- Bloodway
- Flood retardatlon basin

- Flood ceontrol dars
The respective structural measures are presented below.

(1} River improvement -including widening of 'existing river chanhel,
dredging, levee construction and/or filling of excavated material from
river channel

Exxstlng rlver channel of the Itajal and its trlbutarles are 31ng}e
Cross: ‘section without levee. '+ For this ‘river stretch, river
improvement plan by combining the widening of existing river channel,
dredging, levee construction and/ox £illing of excavated river bed
material will' be adopted in due consideration of river
oharacteristlco,'hydraullc s;tuatlon of river channel and topography
of the river stretch. :

(2} Floodway

The flow capacity in the Itaijai river in its ‘endmost stretch is too
small to discharge the flood.coming from the catchment area of 15;220
kmZ. “The flood flow exceeding the flow capacity of the river channel
overflows from the existing river channel and inundates along both



banks every flood time,. in order to ‘mitigate these inundations, a
floodway connecting with sharp bend portion of the downstream of the
ILaJal leer and htlantlc Ocean near Plcarras city has been proposed.

{3) Flood: retardation basin

Habitual inundation area downstream of Ilhota city ‘is conceivable to
be utilized as ' a flood retardation basin. It is,  however, not
recommendable to utilize it as the flood retardation basin due to the
following reasons; : '

(1) The habitual inundation takes place in low land areas and they are
© utilized as .cultivation area of sugarcane, pasture, etc, and

{(i1) All of these areéas helong to private owned lands and consequently
' it is rather difficult to . control the cultivation activity by
governmenta) law, and it is impractical to purchase these areas to

use them as the flood retardation area.

Due to theee reasons, the plan of the flood retardaticon basin as the
fiood control fa01llty was deleted.

(43 Flood control dams

The effectlve _operation method by the EXLStlnq Sul, Ceste and Norte
dams to reduce the flood peak in the downstream flood prone areas was
studled and it was clarified: that the operation method by means of
c1031ng of the outlet facxllty when heavy rainfall accurred at the
damsite is the most eéffective for flood’ peak reductlon in ‘the
downstream river stretches. The effect ' to the flood peak reduction
- for the case of floods in 1983 and 1984 wvas examined under the
condition that these floods are requlated by adopting the proposed
operation method to’ the existing three dams. It was clarified from
this examlnatlon that although flood peak is largely regulated by the
Norte dam, flood peak is still large such as 5000 m3/sec and 4330
'm3/sec at the Blumenau stretch for respectlve 1983 and 1984's floods.

The concelvable flood control dans schemes to protect flood prone
. areas in the basin are as follows.

'(i) Ascurra dam : Middle of the. Itajal river. CGatchment area is
. : 9,581 km2. '

(ii)  Trombudo dams

{B) and (B) : Upstream of Trombudo river, Catchmeﬁt area is 300
: kra2 for the dam (A) and 116 km2 for the dam (B,

T(ili) Bénedito dam : Upstream 5f Benedito river. Catchment area is 730
iv} Mirim dam : Upstreem of Itaj&l erlm river. Catchment area 1s
: 640 km2 ;

DNARE proposed alternative scheme for Ascurra “dam by comblnlng Salto
pilao, sSubida and Neisse dams. However, . since ‘the reservoir
efficiency {construction cost/effective storage) is inferior to the
Bscurra dam, these alternative schemes were deleted.

3.3 - Flood Control Method by Structural Measures

Since much flood damages take place in major cities along the Itajai
river and its tributaries, it was contemplated .to protect the river
stretches along these cities from flood by combining the foregoing
structural measures.
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3.3.1 Flood control. fox Blumenau city

The Blumenau crty is located along V-shaped river meandering strctch
This river :stretch is a’ vott leneck in view of flood control planning
because - houses and bulldxngs appreoach up to boLh river banks and it 1is
practically 1mpossrble to . increase the Fflow capacrty of the river channel
by its widening or by constructing of high levee.

In consideration of. the these situations, folloﬁing flood control
nmethod was contemplated; )

(1) River improvemeént by mears of ‘widening of the existing river channel
between the downstream end of the  Blumenau river stretch and
downstream of the Gaspar cilty, and also about 6.5 km long river
stretch upstream of the Blumenau stretch. These measures are
necessary to lower the flood water level at the downstream and of the
Blumenau river stretch ‘and sharpening of hydraulic gradleht of flood
water level in the Blumenau river stretch by minimizing rise of flood
water level as far as possible.

{2) Widening of the several left river bank portions along the Blumenau
city, arrangement of river bank slope in the Blumenau stretch and
provision of the slope protection for the arranged river bank,

{3) Provision of concrete parapet for about 600 m long right river bank
along: the Blumenau city in the upstream from the confluence with a
tributary, Garcia river, which is locally low elevation. In view of
scenery ©f the Blumenau city, height of the concrete parapet should bhe
limited less than 1.5 to 2.0 m.

'-The flow capacity of the rlver'channel along the Blumenau crty by
‘means of the .above methods is dalculated at about 5000 m3/sec which
corresponds to 50 year probable flood

To protect major crtres downstream from" the Blumenau C1ty from flood,
flood control method by  combination of ‘river 1mpr0vement and proposed
Ascurra dam.is concelvable

3.3.2‘Flood contrOl for Itajai oity

Many ‘houses and harbor facrlltles approach up to the river banks along
~ the Itajai city and it' is practlcally impossible to widen the river channel
and ko construct high levee. When flood water level is raised to increase

the flow capa01ty of the Itayai river stretch dralnage from Itajal Mirim
river joining to the Ttajai river at -its endmost stretch hecomes
impossibkle. Considering - these situations, following - method was
contemplated- ' o : : . :

(1Y'Constructlon of- the floodway to be prov1ded connectrng w1fh the Itajal
rlver upstream of the Itajal city and Atlantic Ocean near Picarras
01ty to dlscharge the flood exceeding the discharge capacity in: the
Itajai rlver : :

(2)'Wideﬁingiof the existing short cut channel in the'Ita4ai Mirim river
~at its endmost stretch to flow down the flood from the Itajal Mirim
river to the Itajai main stream.



3.3.3 Flood’eontrol;for other_Cities

"Flood ‘control method for GaSpar Ilhota, Ascurra, Rio do Sul,

Ituporanga dnd Brusque Cltles was conLemplated as follows; .

{1)

(2)

(3)

(4)

(5)

3.4

It is practlcally_ 1mp9531ble to widen the river channel and to
construct high levee in the river stretch along the Gaspar city
because many houses approach up to the river banks. To protect the
Gaspar . city. from flood, the flooed discharge more than the Fflow
capacity of the wviver channel along the Gaspar city will be flown down
through a proposed  flood diversion channel to be- provided connecting
with the upstream and downstream ends of V-shaped meandering Gaspar
river stretch,

Since there are many outcrop of -rocks on river bed along Ric do Sul,

Ascurra and Ituporanga cities, river improvement plan by means of
widening” of the river c¢hannel will beée adopted and supplementally,
levee and/or filling of excavated material from river channel will be
provided for the river bank which is locally low elevation.

To protect major c1t1es .downstream from the Rio do Sul cities from
flood, .flood control method by combination of river improvement and
proposed Trombudo dams is concelvable

It is necessary to work out the flood control plan which does not rise
the flood water lewvel in the Blumenau and Ttajai river ‘stretches,
Then river 1mprovement plan by means of widening of the river. channel
will be applled to the: Ilhota river stretch and supplementally, levee
and/or filling of excavated material from river channel will be
provided for the river bank which is locally 1ow elevation.

‘For flood control .for Brusque c1ty in the Ttajai Mirim: rlver, two

methods are conceivable. One is the river improvement by means. of
widening of the river channel. Other is the combination plan of the
river improvement and preposed Mirim dam.

Establishmeht of Flood‘Control Level

In con51deratlon of the flood control method by structural measures,

it was contemplated to work out the flood control- plan in the Itajal river
basin based on the following three flood control levels; :

(1}

(2)

Long-term plah

To ensure the safety of facility and long term stablllty -and 
livelihood of ‘the riparian people concerned, a long-term. plan was.
assumed to. be introduced for ‘target plan for future phase of flood

" control, ~and® 50-year probable flood was applied as the design flood

due to the reason ‘that if the river improvement work to cope with 50~
year probable flood is finished, flood peak discharge with the same
scale: as that in 1983 ‘can be safely flown down through the river
channel along the Blumenau city.

Mid-term plan _ _

in order to realize_the long-term plan, much construction cost and
long term construction period are needed. To attain the final target
plan of flood control as earlier as possible, stage wise flood control
plan was. contemplated and mid-term plan was assumed to be introduced.
A 25-year probable flood was taken as the design flood due to the
reasons that; :
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(i} After- the river improvement plan to cope with 25-year probable
flood is completed, the second largest flood in 1984 can be safely
discharged. : -

{ii) The. mid-term plan can complete the work schedule corresponding to
almost half of the work quantities for the long-term plan.

(3) Provisional plan

In orfder to realize the flood c¢ontrol plan as earlier stage as
possible and to meet with the urgent social requirement, provisional
plan was assumed te be introduced, and 10-year probable flood was
applied as the design flood considering the present flow capacity of
the river channel along flood prone areas; work quantities for flood
control and extent of the compensation of lands and houses,

3.5 Selection of Flood Protection Areas

In order ‘to carry out flood analysis and to select the flood
probection areas to be protected by structural measures, Itajai main stream
and its tributaries were divided by stretches in consideration of location
of the tributaries and major cities. The river stretches thus divided ‘are
shown in Fig.18.

In order to know the degree of level of" 1mportance for flood prone
areas along the respective divided river streLches, prellmtnary selection
of the priority protection areas was made under the following criteria:

Proposed . Area/place to ' Selection
structure - - be protected -~ . criteria
River improvement River stretch  Priorities given by damage

potential of each stretch
(damage cost and inundation
population per km and per km2)

‘Result of the prellmlnary selection’ of the prlorlty protectlon area 15'
glven in Table 8. .This table Shows that the riveér stretches’ class;fled as
Level-1 arxe. the most 1mportant protectlve areas and next prlorlty is- glven
to a strétch of Level-2, then Level~3. Based ori this’ classification by
level, it was assumed that ‘the river stretches with Level-1 and Level- -2 are
' protected by structural neasures.

3.6 Non—structurél Measures

Non structural ‘measures w1ll be considered as a poss:ble means ofe
.Supplementlng the Structural measurés.; In the. areas where no effectlve
structural measures are not applied, ml*lgatlon of flood damage by means of
non-structural measures will be considered and recommendation for the
following non_structural measures will be made;

(1) Flood plain management

{2) Structural change to houses and ;eétriction of new house building
(3) Restriction of land use alongnfiver course ' '

{(4) Flood forecesting and warning system

{5) Land conservation and reforestation



IV. FORMULATION OF PROVISIONAL PLAN

4.1 General

The prov;31onal flood control plan was formulated by means of river
improvement  method 1ncludlng the proposed floodway at the endmost Itaijai
river and taking into account the floed control effect by the existing Sul,
Oeste and Norte dams. :

The river improvement plan was studied under the following procedures;

{1) Selection of protectiﬁe river stretch

(2} Formulation of river improvement plan

The economic evaluation for river improvement structural plan was made
based on the following criteria;

(1) Constructlon cost; Cost in 1986 basis

(2) Bconomic cost; The economic cost is calculated as 85% of the financial
cost .

{3) Floeod control benefit; Benefit accrued from the reduction of flood
damage. : i

(4) Construction period; The consﬁruction@period is estimated based on the
“annual earth work of 0.5 to' 0.6 million m3.

(5) Discount rate for evaluation; 8% per annum.

4.2 Belection bf'ProtectiVe River Stretch.

The flow capacxty in the river stretch’ alonq the Blumenau and Tta]al
- cities is too small to discharge the flood .from the upstream river basin,
and if the Flood control work in the upstream reaches from the Blumenauw
city is exclusively materialized, flood peak discharge in the downstream
stretch will increase remarkably and. consequently, huge amount of the cast
for flood .control work te cope with such inereased flood peak will be
obliged to be disbursed. To aveid such situation, selection of the
protective strebch was studied under the following procedures:

(1I-Selectioh of the'protective-river stretch in the downstream from
- Indaial. S

(2} ~Selection of the protective stretch in the upstream from Tndaial under
the concept that the influénce to the flood control - plan in the
downstreéam due to the flood control in the upstream from Indaial
should be minimized.

Based on the result. of prellmlnary selection of the priority
protection area as shown ' in Table &, the river stretches'along the
Blumenan, Gaspar, Llhota, Itajai and Brusque cities are selected as the
improvement stretch and other stretches are left. as unprotected stretch.
This scheme is herein called as Alternative 1. The flood discharge
 distribution for Alternative 1 is shown in Fig.19.

Fig.19 also shows the flood discharge dlstrlbutlon for Alternatlves 2
which include the river improvement in Rio do Sul stretch. This  figure
shows that the flood peak discharge in the downstream stretch is increased
due to the river improvement work for Rio do Sul stretch and its increased
discharge is 100 m3/sec. The flood water level corresponding. te the
additional increased flood dlﬂcharge of 100 m3/sec is only around 0.10 m at
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the Blumenau and Itajail river stretches. “Since it is considered that the
increase in the river improvement cost due to this increase of: the flood
water level is negligible small, Alternative 4 was selected for plann1ng of
river 1mprovement for provisional plan,

4.3 Formulation of Provisional Pian

4.3.1 River improvement structural plan

The river improvement structural plan for the selected Alternative 4
was carried out based on the flood control method by structural measures as -
stated in sub-section 3.3. Details of the river structural plan are as
follows. ' '

{1) To protect the Blumenau city. from flood, the following plan was"
centemplated;

(i) River improvement by widening of the viver channel in about 18 km
long stretch between the downstream end of the Blumenau river
stretch and downstream of the Gaspar city and also ‘in about 6. 5
ki long stretch upstream of the Blumenau stretch.

{ii) Construction of levee and/or filling work of the excavated
matexrial from rlver channel for the river bank which is locally
low elevation. The levee is provided to the river bank side
wher'e houses are located and elevation is locally low.  Location
of the levee in river bank is decided considering the river cross
section which is able to flow down 50-year probable flood. The
clearance between toe.of theé. levee and edge of ‘the "excavated
river slope is 5 m. . Height of levee is decided based .on the
‘wakter -  level corresponding to 50-tear probable. £lood. Freeboard
of ehe levee is 0. 5 m. The filling of the excavated materials
from river channel is adopted to the river bank side where no
house is located and elevation is locally low. :

.(iiﬂ'wideﬂing of the river chennel in several portions ot the left
‘ bank side in the’ Blumenau stretch

(iﬁ)'Arranqement of the left river bank slope in " the Blumenau stretch
and protecelon ‘of . the arranged river bank slope.

(v) Coneructlon of about 1.5 m high and 600 m long concrete parapet'
in the right river bank along the Blumenau city in the upstream
from confluence with Garcia river. .

(vi) Construction of levee along the inundated: river stretch of

'__trlbutarles ‘flowing into the Blumepau’ city and construction’ of

pumping station at.the confluence portion of the main stream to
drain forc1bly the flood water from the trlbutarles

To lower the flood water level at the Blumenau river stretch, about
‘1.4 km long flood diversion tunnel plan by coennecting with the
‘upstream and downstream ends of V~shaped meanderlng river stretch was
studied. However flow capacity of the tunnel  in ¢ase of one lane with
a diameter of: 12 m is only about 200 m3/sec ‘due to only 0.8 m.-of
-difference of water level between inlet and cutlet of the tunnel for
about 2, 400 m3/sec of present flow capacity of Blumenau stretch, and
small hydraulic gradlent of 1/2,000 to 1/2,500. Since design flood
for provisional plan is 3, 400 wm3/sec, five lanes of .tunnel with the
diameter of 12 m is 'needed to discharge 1,000 m3/sec of flood
discharge. ~However, much constructlon cost 1is needed for such large
scale of tunnel works and be31des, long construction perlod is alseo
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(2)

required.  Dug to these reasons, this tunnel plan was deleted from the

.planning-

The followlng works were planned to protect the Itajal city from
flood;

{i) Construction of about 10 km lohg floodway and,

(ii) Raver 1mprovement by means of widening of about 3.8 km long
existing short cut channel in the Itajal Mirim rviver at its
endmost stretch and levee construction for widened short cut
channel and exlstlng meandering river channel along the Itajai
city.

Among these flood control plans, several alternative studies as stated
in the followings were carried out. for ‘the floodway Tn this study,
50-year prokable flood was applied:

{i} Alternative-~1l which is natural {lood diversion method by
constructlon of only floodway

'(ii) Alternatlve—z which is the flood diversion method by prov:dlng a

closure dam with outlet facilities at Lhe Itajai river side.

©(iid) Alternatlve 3 which is the flood diversion method by provldlng a

~closure dam. with gated overflow weir at the Itajal river side,
and

(iv) Alternative-4 which is the flobd diversion method by‘providing a
closure dam with gated ‘overflow weir at the Ttajai river side and
gated weir at the floodway gide.

Detalls of the explanatlon for flood dlver31on methods and p:::ob].enrts_'=

for these alternatives are given in the supportlng report. Among
‘these alternatives, Alternative—3 seems to be the most suitable method
.in this planning stage con31de11ng filood ‘diversion . method to
‘effectively utilize the limited flow capacity of the river stretch

along the Itajai city and to minimize. the frequency of use of . the
floodway and obtaining of social agreement for this plan. from
inhabitant in Picarras clty, though technical justlflcatlon for th1§
plan by means of model test, study on hydrolegical matters and S0 on.
Thus, Alternatlve 3 is recommended to be adopted te thls study

In order To mlnlmlze the 1nfluence to: the Plcarras c1Ly due to
pIOVlSlon of the floodway, it is contemplated by “DNOS to lessen. the:
frequency of utilization of the floodway by increasing the. flow
capacity .in the downstream of Itajai river by means of earth: Filling
of the low bank ard/or construction of levee.  However, rising of the

_flood ‘water . level to increase the flow capa01ty is economically not

feasible because once the .flood water level. is ralsed high earth
levee or hlgh concrete parapet wall have to be constructed along the
whole stretch of the’ Itajal river downstream of the floodway
confluence and’ also’ further upstream of "the ITtajai Mirim river,’

“besides,- modlfloatlon ‘of the harbour facility along the Itajail river,

helghtenlng of about 10 km lony BR-101 road in the upstream of Ttajai

Mirim river and inner water treatment in the Ttajai city will be

needed.

'The structural plan of floodway and gated overflow weir for

provisional plan is as follows;

{1} . construction of about 10 km long and 180 m wide floodway hav1nq a
compound sections prOVldlng levee on both side.
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{ii) Construction of the gated ovérflow weir with earth filling dam
and riprap at both side slopes of dam, and '

(iii) Construction of'ﬁetty by stone piling at the outlet of the

floodway.
(3) River improvement for other protective stretches was planned as
follows; : '
(i) For Gaspar river stretch; River dredging in about 1.3 km long

Gaspar river stretch and construction of about 1.3 km long and 80
@ wide flood diversion channel connecting with upstream and
downstream ends of V-shaped meandering Gaspar river stretch.

(ii) - For Ascurra, Rio do Sul, Ituporanga and Brusque river stretches;
River improvement by means of widening of the river channel,
levee construction and/or filling work of excavated material from
river channel in the river bank with locally low elevation.

(iii) For Ilhota ‘river stretch; River improvement by means of widening
of the river channel and river dredging in about 8 km long
stretch upstream from the confluence with Luis Alves river. )

Fig.20 shows the longitudinal profile of the design river bed and
' design flood water level. General plan of river channel alignment is shown
in FPigs.21 to 28. Standard cross sections for protective stretches are
given in Fig. 29.

For "estimation of the river. improvement cost, direct cost such as the
costs for earthworks and related river structures including revetment,
drainage facility, and bridges to ‘be modified or reconstructed, and
indirect cost.such as compénsation cost for lands and houses,” relocation
cost of public road, engineering fee for investigation and design and
physical contingency are considered. '

q.3.2 Eponomic evalhation for provisional plan

. The construction cost for river improvement for the protective stretch,
was estimated as shown “in Table 9 based on the unit prices in similar .
project near project’ site and estimated work gquantities. Annual - flood
control benefit which accrues from reduction of the flood damage was
estimated from the result of the flood damage study.

. The.:result of the "economic evaluation is shown in Table 10. This table
shows that ecohomi¢ internal rate of return (EIRR) for the Tiver
improvement plan except Tlhota and Ascurra . stretches is slmost more than 8%
‘and’ the highest one is the Blumenau — Gaspar stretch, but BEIRR for river
improvement plan for Tlhota and Ascurra stretches is remarkably small.

- 30 -



V. FORMULATION OF MID~TERM PLAN

L1 Genetal

Ln

The mid-term flood cdontrol plan was formulated by means of river
improvement method. The procedure of planning is the same as that for the
provisional plan, ' : '

5.2 Flood Discharge Distribution

. The influence to the downstream river stretch due to the river
1mprovement inthe upstream: froie Indalal was: studled Fig.30 shows the
flood discharge dlstrlbutlon in: case that Blumenau - Gaspar, Ilhota, Itajai
and Brusqué stretches are protected and thHat for the cases. that respectlve
Rio do Sul, Ascurra and Ituporanga stretches are protected exclusively.
This flgure shows that. the flood discharge in the downstream river stretch
increased due to river 1mpr0vement work in Ri¢ do Sul stretch is 100
m3/sec¢.  Since it is considered that this increased water level i
negligible small; Alternativé 4 was selected for flood control plan:

_5.3 Formulatlon of Mld ~Term Plan

5.3.1 River 1mprovement Structural plan

‘The follow1ng works were planned for flood control for. reépectiﬁe
protectlve strétches. :

(1) Blumenau river stretch: Widening of river channel in about 18 km long
Blumenau - Gaspar stretch and also 6.5 km long stretch upstream of the
Blumenau river stretch.

{(2) Itaja1 river stretch Wldenlng of the floodway and ex1st1ng short cut
channel in the Itajai erlm river.

(3)-Gaspar river stretch Wldenlng 'of the flood dlver51on channel

{4) Rio do Sul, Ilhota and Brusque river stretches,'WLdenlng of the river
channel. '

(5) Ituporanga and Ascurra stretches; River improvement by means. of
widening of river channel and levee construction and/or f£illing of
excavated material from river channel for river bank with locally low.
elevatlon :

Fig. 20 Shows the lonoltudlnal proflle of the design river bed and
design flood water level. General plan of river channel alignment is shown -
“in, Figs. 21 to 28. Standard cross sections for protective stretches are
given in Fig.29.

5.3.2 Economic evaluation for midfterm flood contrel plan

The construct101 cost for river lmprovement for protectlve stretches
was estimated as. shown in Table 9. ‘The result of the economic evaluatlon
is shown in Table 10. This table shows that EIRR for the river improvément
plan except Ilhota and Ascurra stretches is higher than 8% and net benefit
for the river improvement for Blumenau - Gaspar stretch is the hlghest
among the sélected protective stretches.
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Vi, FORMULATION OF LONG. TERM PLAN

6.1 General

The long term flood control plan was studied for both cases of river
improvement plan and combination plan of river improvement and flood
control dam. : )

The proposed Ascurra dam with a catchment area of 9,581 km2 located in
the Itajai river at ‘about 3 km upstream from Ascurra city seems  to be
effective for flood control mainly for river stretch downstream from the
Blumenau -city. ~The proposed Benedito dam with a catchment area of 726 km2
located in the Benedito river at aboub 8 km upstream from the Timbo city is
iimited its dam height less than 40 m because Benedito Novo city is located
in the upstream of the damsite. Since the storageé capacity of the dam in
this casé is so small as about 2 million m3 and effective flood control
eifect is not expected, this dan scheme was deleted from Flood control
plannlng " The proposed Trombudo dams w1th a ‘catchment area of 300 km2 for
dam {A) and 116 kmZ for dam (B) located ‘in the Trombudo river at about 28
km upstream from the confluence with Itajai do Sul seems to be effective
for flood control to the river stretch downstream from Rio. do Sul city.
The proposed Mirim dam with a catchment airda of 640 kmZ2 located in the
‘Itajai Mirim river at about 30 km upstream from the Brusque city seems Lo
be effective for flood control for the Brusque city and endmost Itajai
Mirim stretch along the Itajal city.

Taklng into account the feoregoing expected flood control effect by the
proposed dams, formulation of the long=- term plan by means of the
combination plan of river improvement and'flood .control dam was made by,
dividing into flood control for river stretch along the Ttajail main stream
and floocd control for river stretch along the Ttajail Mirim river.

6.2 Flood Control by River Improvement Plan
S 6.2.1 Rivet impfbﬁéhént structural plan'

Influence to’ the downstream stretch due to the river 1mprovement in
the upstream stretch .was studled in ‘the same way as the mid-term plan: and
consequently the flood dlscharge distributien plan in case that all of the
protective river stretches are improved as shown in Fig. 31 was selected.in
~this ‘study. TO dlscharge the fldod peak ‘shown in this distribution
diagram, follow;ng measures were planned for the respective protectlve
- stretches. :

(1) Widening of the river channel to discharge the design flood for

' Blumenau - Gasplar stretch, 6.5 km long river stretch upstream from
Blumenau stretch[ Rio do Sul: - Lontras stretch, "Ascurra stretch,
Ituporanga stretech, Ilhota stretch, and Brusque stretch

{2) Wldenlng :of the flood. diversion channel at the Gaspar stretch
- Floodway and ex1st1ng short cut channel in the Itajai Mirim river,

“Fig. 20 shows the longltudlnal proflle of the desxgn river bed and
design flood water ‘level. General plan of river channel ‘alignment is shown
in Figs.' 21 to 28. Standard cross sections for protective stretches are
given in Fig.29,



6.2.2 Eoonomio evaluation for river-improvement plan

The construotlon cost requlred -for the long term plan by means of the
river 1mprovement p]an is given in Table 9.

The result of the economic evaluation for the long term plan by means
of the river improvement plan is given in Table 10. This table shows that
EIRR for the rlver'lmprovement plan for Rio ‘do Sul - Lontras stretch
slightly decreases comparing with that for the mid-term plan but it.is
still hlgher than about 8%, while EIRR for the river improvement plan for
Ilhota stretch is negligible small. When the increase in the flood damage
potential in the future is taken into account for the economic evaluation,
EIRR for the river improvement plan for Ascurra stretch in this case is
8.5%.

6.3 Flood Contrel by Combination Plan of Rlver Improvement and Flood
Contrel Dam

6.3.1 Flood control for river stretch along ITtajai main stream'

Two alternatlve flood’ control methods by. comblnatlon of river
improvement and flood,control dam were contemplated for river stretch along
the Itajai main stream. "Alternatlve 1 is the flood control method by
combination .of river 1mprovement and proposed Ascurra dam. -Alternative 2
is the flood control method by comblnatlon of river improvement and
proposed Trombudo dams ,

Flg 32 shows the flood dlscharge dlstrlbutlon for Alternatlve 1 under
the condltlon that the flood peak discharge larger than 25-year probable
flood at the Blumenau stretch is regulated by the Ascurra dam, Fig. 33
.shows the flood discharge distribution for Alternative 2. under  the
‘condition that all of the flood from the upstream of the proposed Trombudo
dams is stored in the’ reservoirs.

.+ The proposed Ascurra dam ‘was planned as concréte grav1ty dam in,
consideration of geolog1031 condition and ‘topographic. condition for dam
“structure and flood releasing facilities. While the Trombudo dams (A} ‘and -
(B) were planned as earth fill dam con31der1ng the geologlcal and
topographlc conditions of the dam 51tes-

- Table 11 shows the cost comparlson for Alternatlves 1 and 2 and only
river 1mprovement plan. It clarifies that only river 1mprovement plan is
the most economical for flood control in the stretch along the Itajal main
stream. Thus, the combination plan of the river improvement and flood
contrel dam for the rlver stretch along the Itajai river was deleted from
the study.

6.3.2 Flood control for river stketch'along'ltajai Mirim

To protect the Brusqne c1ty and endmost Itajai Mirim stretch along the
Itajai city, flood control method by combination of river improvement and
‘proposed Mirim dam was stiudied. : .

Fig. 32 shows the flood dlscharge dlStrlbutlon ‘under the condltlon
that:the flood dischdarge larger than 25-year probable flood at the Brusque
stretch is regulated by the Mirim dam. The proposed Mirim dam was planned
as a rock £ill dam considering the topographlc and geological conditions.

Table 12 shows the comparlson of the cost for the combination plan of
river 1mprovement and Mirim dam and for only river improvement plan. It
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clarifies that only the river improvement plan is more economical than the
'combinatio_n plan. Thus, flood control by combination of river improvement
and Mirim dam was deleted from Lhe study.



VII. IPLEMENTATION PROGRAM OF FLOOD CONTROL PROJECTS

7.1  Formulation of Flood Control Project

The flood control plans worthly of. 1mplementatlon were contemplated in

Chapters

4 to 6 w1th1n the frameworks of long~term, mid- ~term and

provisional plans.

The promising flood control projects are summarized bellow;

Promising Provisional Mid-term Long-~term

Project - _ o plan’ plan plan
Design'Fleod _ : 10~year 25-year 50-year

River Improvement

. - Blumenau-Gaspar stretch  24.5 km (E) 24.5 km (E} 24.5 km (E)

~ Floodway and down- ' 14.5 km 14.5 km (E) 14.5 km (E)
stream of Itajai Mirim ' :

- Rio do Sul-Tontras and, 17.4 km (E) 17.4 km {E) 17.4 km (&)
Ituporanga stretches '

- Brusque stretch 9.0 km (B) 9.0 km (E) 9.0 km (E)
~ TIlhota stretch ' - - 3.7 km (E)
- Ascurra stretch : - ' - 4.0 km {E)
Note; E means enlargement ef.ehanne;

'Among ‘three  stages of the plan, first priority for 1mplementat10n'
should be given to the provisional 'plan since it plays ‘an important role
for ralslng safety factor for flood control in an early stage.

1.2 0utllne of the Proposed Flood Control Pro;ect

The follow1ngs show the outllne and purpose of the proposed flood”
control proijects;

(1) 'Provisional.pian'stage

river improvement ‘in this stage comprises the following work

The
items;
(i)  Blumenau - Gaspar sttetch (24.5 k'm)

The’ rlver channel in 18 km long stretch between the downstream of
the Blumenau stretch and downstream of the Gaspar stretch is

‘widened to lower ‘the flood water level in the Blumenau and Gaspar

stretches. ‘The river channel in 6.5 km long stretch in the
upstream of the Bluménau stretch is widened. Levee and/or
filling of excavated material from river channel is provided only
at ‘the river bank with locally low elevation. About 1.3 km long
and 80 m wide flood diversion channel is constructed detouring
the Gaspar city. .~ Several left river bank “portions in the

‘Blumenau stretch are widened. The river bank slope in the
" Blumenau stretch is arranged and surface slope protectlon work is

executed. About 1.5 m high and 600 m long concrete parapet is
provided in the right river bank along the Blumenan city. To
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{2)

“{3)

protect the lowland along the inundated rivexr ' stretch ih the
tributaries flowlng into the Blumenau city, levee is provided,
and pumping station is provided at the confluencb portion of the
main stletch

(i1} Floodway and downstream of Itajai Mirim
‘Eiggﬂumggxxmm@

‘About 10 km long and 180 m wide floodway will be constructed to
Atlantic Quean near Plcarras city and Jjetty consisting of stone
piling will be provided at the outlet of the floodway to prevent
the flowing the sedimented river water into the coastal area in
theé Picarras city. .To divert the flood from the Itajai river, a
gated overflow weir with earth filling dam and riprap at its
outside slope will be constructed in the Itajai river at 3ust
~Qownstream of the confluence thh the floodway.

Downstyeam of Itaial Mirim (3.8 km)

About 3.8 km long existing short cut channel "in the Itajal Mirim
river will be widened and levee will be provided for thé widened
short cut channel and existing meandering river stretch along the
Itajal city.

" {iii) Rio do Sul - Lontras stretbh and Ituporanga stretch (14 km)

The river channel will bé widened‘and'supp1ementally levee and/or
filling of excavated material from river channel will be. prov1ded
for the river bank wa*h locally low elevation.

(v Brusdque stretch (9:km}

The river channel w111 be widened and supplementally levee and/or
filling of excavated material from river channel will be provided
for the river bank with locally low elevation.

Mid-term plan stage

The river channel in Blumenéu'—'Gaspar streteh; river stretch upstream
of the. Blumenau stretch, Ric do Sul - Lontras stretch, Ituporanga
stretch, Brusque stretch, short cul channel in Ttajai Mirim river and
floodway is further videned.

Long-term plan staqe;

(i) River channel in Ttuporanga lst:etCh; ‘Rio do Sul - Lontras-
stretcn, Bluménau - Gaspar stretch, river stretch upstream from
Blumenau stretch, Brusque stretch, existing short cut channel in
the ITtajai Mirim river and floodway will be further widened.

(i1} TIlhota stretch (3.7 km)

‘The river channel. is widened and supplemental]y levee and/or
filling of excavated material, from river. channel is provided for
the river bank with lecally low - elevatlon To lower the Fflood
water level in this stretch, river dredging is executed to
excavate locally rised river bed in about 8 km long stretch
upstream from the confluence with . a tributary, Luils Alves river.



{iid)

Ascurra stretch (4 km)

The river channel is widened and suppleméntally levee and/or:
filling of excavated material from river channel 15 provided for
the rlver bank .with. locally low elevation.

7.3 Implemehtation Program

Taking into . account the result of economic evaluation , degree of
social urgent requirement and extent of compensation of lands and houses,

implementation

shown in Flg 34.

7.4 Cost Estimate of Flood Contrel Project

schednle of the flood control .projects was worked out as

The censtruction cost necéssary for each stage was estimated. The
estimated cost was summarized as follows;

Total (106 Cz$)

Provisional plan stage
River 1mprovement

Blumenau- Gaspar stretch

Floodway and déwnstream of Itajai
Rio do Sul-Lontras and Ituporanga
Brusque stretch

Sub-total

Mid-term plan stage
River improvement

Blumenau-Gaspar stretch

Floodway and,downstream of Itajal
Rio do Sul-Lontras and Ituporanga
Brusque stretch

Sub-total

Lohg’term pian stage
River improvement

- Blumenau-Gaspar stretch’ .
_Floodway and downstream of- Itajal

Rio.do Sul- Lontras and Ituporanga
Brusque stretch
Ilhota stretch
Ascurra stretch

Sub-total

Grand total

Mirim
stretches

Mirim
stretches

‘Mirim.

stretches

507
737
879
105

261
119

. 378
13

2il

391
197
283
22
237
95

1.225

Note; Cost is estimated on 1986 basis,.
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8.1

VIIT. RECOMMENDATION ¥FOR NON-STRUCTURAL MEASURES

General

Non-structural measUres were contemplated to supplement the structural

measures and to minimize the flood damage for the areas where no effective
strudtural measures are .applied. Recommendation for non-structural
measures was made for the following items; : :

-~ Flood piain management

-~ Structural change to houses and restriction of new house bulldlng
- Restriction of land use along river course

=~ Flood forecasting ‘and warning system

- Land conservation and reforestation_

The recommendatlon of non- eructural measures was studied assuming the

situatien after the provisional plan was completed.

8.2

(L)

Recommendation for Non—Structutal Measures
Flood plain management

The flat lands in the flood vulnerable area along the Itajal river and
its tributaries have been utilized as an agricultural land. It: is

.predicted  that these flat lands will be also utilized as the

agrlcultural Tand as 1t is - even in the future stage.

This measure intends Lo minimize the agricultural flood damage by
regulating the agricultural activity in. the area where the structural
mneasures: are not applled General procedure for an application of
this- measure is’ as’ follows, F

- Selectlon of flood prone area where agricultural productlon has heen
damaged

- Designation of flood prone ‘zone w:th ranks 1n_con51deratlon of
intensity of flood such as flood depth and frequency, and ‘ : ‘

- Settlng forth of regulatlon for agr;cultural act1v1t§ in the
de51gnated flood prone areab : : '

The result of the flood damage survey Clarlfles that among the
agricultural productlons, ‘rice and upland crops have been serlously'
damaged by flood.. Then the river stretches with cultivation area of
paddy and upland crops even in the future stage were selected from the
river 'stretches ‘in which:the structural nmeasures are not applled
They are listed as Follows,

‘Symbol River stretch.
IT5 © Upstream of Ilhota city
102 " Ric do Sul city
IMI oo Itajai city
IM2 . " [
IMB " n

M4 1 L1}




(2)

'In order to examine the sultablllty of land use for paddy and- upland

crops ‘cultivation: in the flood prone. areas along these river
stretcheo, inundation area in each stretch was. estimated assunming that
2-year and  5-year probable : flood take place after the river

-lmprovement work to cope with the provisional plan is finished, The

estimated inundation area-was divided into two divisions assuming that
watexr depth is area division - 1 is 0.0 to 0.5 m for 2-year probable
flood and 0.0 to 1.0 m for 5-year probable flood and water deépth for
area division - 2 is more than 0.5 m for 2—year probable flood and
more than 1.0 m for 5~ year probable flood

Zonlng map of each stretch is illustrated in Fig.35. Based on this
zoning map and land use map in the basin area, it is recommended that;

(i) Present agrlcultural lands in area lelblOn 1 are mainly utilized
for uplands crop and’ sugar cane cultivation and pasture land. In
order to decrease flood damages on agrlcultural productlon, a
counter-measure for the cultivation of upland crop- is necessary,
which is the most "vulnerable among agricultural production
mentioned above., Accordingly, it 1is recommended tHat the
cultivation of vegetable and vulnerable products be converted Lo
‘grain crops‘sueh as maize and wheat,

{ii) Present aqucultural lands in area division- 2 are mainly’ utlllzed
for paddy production, - This is because these lands are. located in
flat areas along the Itajai river and its tributaries depending on
their abundant water resources and because paddy is relatlvely
tough feor flood as compared with other crops, Although area
lelSlOH 2 has higher potential of vulnerablllty on flood than
area division-1, ' extensive 1and uge alteration of paddy
cultivation w;ll be practically difficultg, con51der1ng the reasons
mentioned above. Thus, it is recommended to establish official
relief méasures to relieve fleood victims.

Strubtural change to'houses and restriction of new House building

These measures intend to mltlgate the flood damage in flood prone area'
by’ applylng structural change ‘to houses 5uch as house with high floor,’
dlklng around houses and/or elevating grouﬂd by larnd £filling, and by
restrlctlng new house building.

It is consxdered that the-structural'change to houses is effective for
the area with relatively. few resident and shallow inundation depth,
while restriction of new house building is applied to the area with
deeper inundation depth and frequent inundation,

Theiriver‘stretqﬁes'with'ﬁﬁe_areas to appiy these measures were
selected as follows from among the river stretches in which structural
measures are not applied.

CSymbol : River stretch

IT 3 Upstream of Itajai city
SIT 4 Ilhota city

IT 5 - Upstream of Ilhota city

IT 12 " Ascurra city

I0 2. " Rio do Sul city
M 1 " Ttajai city

IM 2 n N L]

IM 3 111 L1}

IM 4 w N 1




For these selected river stretches, inundation area was estimated
_assuming that 2-year and 5-yeaxr probable floods take place after the

river improvement work for .the provisional.plan is finished.:  The
estimated inundation areas were divided into two . divieions, assuming
that water depth in area division = 1 is 0 to 0.5 m for  2-year

‘probable flood and 0 to 1 m for 5-year probable flood and water depth

for area division -2 is deeper than the area lelSlOD ~ 1. Fig,35
shows two divislons thus classified. -

Based on this study result, it is recommended from the view point of
the inundation depth that; '

(i) Structural change to houses is applied to the area division - 1.

h;) Restriction of new hotse building is adopted to the area division
~ 2 and in case that existing houses are located in the area
division - 2, structural change to house is to be applled.

Restriction of 1and,use along river course:

This measire lntends to prevent disaster for houses and inhabitant due
to side er0510n of river bank and falling down of river bank slope by
restricting the constructlon of houses and buildings along the river
course.

‘There are existing regulation for land use: along the river bank,

namely, land use of river_bahk in the stretch between the Itajai river
mouth and Blumenau is controlled by navy and land use in 33 m wide

.from the edge of river bank 1s restricted, while the land use in 15 m
“wide from the edge of river bank is restricted in the river stretch

upstream of Blumendu.

These_fegulatlons are considered to he falrly effective in view of

- operation and. malntenance ‘of the river channel if the land use in. the

rivér: bank : is strictly controlled by these regulatlons However
actually,‘many houses are belng builg up to river bank at present.

The dlsaster due to s;de erosion of river bank and falling down ‘of
river bank slope does not ‘take place’inithe Ita3a1 main stretch in’ the
past but the disaster took place in the trlbutarles flowing into the
Blumenau 01ty :

It is anticipated to increase the houses along the ;iver course 4n’
future stage. To prevent the’ dlsaster for houses and, inhabitant alodng
the river "banks, it is recommended to reinforce restriction by

:foregoing existing regulations, especially for the .following

stretches;

- Ituporanga stretch _ _

- Confluence portlon ‘of Itajai do Qeste and Itajai do Sul rivers
- Blumenau stretch

- Gaspar stretch

- Tlhota stretch _

- Endmost stretech of Itajai Mirim riﬁer

- Tributaries flowing into Blumenau city.



(4)

(5}

Flood forecasting and werning system

This measure is effective Lo mitigate thé flood damage. to properties
as well as oasualty in the areas to be protected by the structural
measures -and in the areas where no structural measure is applied, if
flood warnlng is given in advance.

DNAER planned and implemented the flood forecasting and warning system
in the Itajal river basin 51nce occurrence of flood in 1983 and its
preliminary operatlon was started in August 1984, The flood
forecasting and warning effect by this system is still unknown because
of no ocecurrénce of large scale flood since its operatlon stage.

In order to work out the flood forecasting and Warning;system in the
basin consistent with the flood control plan in this study,
improvement of the following matters is required to the existing
system; :

- To improve the data transmission method from. radio system tao
telemetering system,

- To obtain rainfall data in the mountainous areas of the Norte, Sul
and Benedito river basins, and :

- To collect rainfall ‘data in tributaries following intc the Blumenau
city to cope Wlth the back swanmp problem in the city area.

in due con31deratlon of these problems, it is recommended to install
additional telemetering statlons as shown in Fig.36 to the existing
system.

Land conservation and reforestation .

Although forest plays an important role for flood control.as well as
soil conservatlon,‘lt seems that .deforestation in the Itajai’ rlver‘
basin 15 now progre551ng judging from IBGE census in 1980 ‘that’ the
estimated deforested area in the basin ‘is about 3, 111 ha while the
reforested area is only 1,%00 ha.

It is considered that inundation may take place by increasing runoff
coefficient due to large scale deforestation and land slide will be

rcaused by deforestation . in. steep slepe zone. It was intended in this

study “to minimize -the dlsaster due to deforestation by lnvestlgatlng
the relationship between progress of the- deforestation and occurrence
Of .disaster. -However the data showing the location ‘and acreage of
annual deforestation are not avallable at all.

Tt was clarified that ‘gentle undilating area in the Norte river basin
has been deforested and now deforestation is progressing in the
mountainous .areas in the left bank of the NWorte river and between the
Itajai and Itajai Mirim rivers. Several places in these areas consist
of steep slope zone and deforestation in that places is prohibited by

. law ‘but the deEOLestatlon is still progressing., - Besides, since the

mountainous area between the Itajai and Itajai Mirim rivers is very
fragile agalnst land sliding, permanent reservation of the forest is
needed,

In viéw of these situations, it is recommended to IBDF, which is a
federal authority and is a charge of management of forest resources,

to take the fOllOWng measures;
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(1) Reihforcement of forest conservation to restrain progreés of the
' ‘deforestation, and ‘ :

(i1} Promotion of reforéstation in non-utilized areéa of hilly and
mouritainous area, and deforested area by informing the impdrtance
of forest function to flood for inhabitant and campalgning the
enlightenment to reforestation, ' '

To proceed with the above measures, it is firstly requested to IBDF to
investigate present situation of the deforestation in the basin area
‘including topography, geclogy, vegetation, etc. by cooperating with
other organization and agency.



- IX. SELECTION OF FLOOD PROTECTIVE . STRETCH
' FOR FREASIBILITY STUDY

The‘pfotectivc river stretch and flood Control‘faclllty to be selected

for the feasibility study was decided taking into account the following
iaCLOrS 7

~ High economic effectiveness
~ Degree of social urgent requirement

- Influence to downstream reach due to reallzatlon of flood control
prOJect,

- Extent of compensation for lands, houses, public facilities, etc.

-~ Degree of difficulty for execution works

Among the proposed flood control projects, the river impiovement

project in the Blumenau - Gaspar stretch  was selected for the feasibility
study due to the following reasons;

{1}

(2)

{3}

(4)

(5}

(1)

(23

‘(3)'

{4)
(5)

Among the proposed flood control projects, the river 1mprovement
project in thlS stretch has the hlghest economic viability.

Among pOPUlathH in the flood prone areas for whole Itajai river

_basin, about 36% conceéntrates in this area and cousequently urgent

social requirement to realize the flood contrel project is strongly
reguested,

Even if the river improvement work in this stretch is realized, flood

-dlscharge to the downsatream stretch is not 1ncreased

The river lmprovement work in - the Blumenau ~ Gaspar stretch is partly
executed by DNOS and a pa;t of the compensatlon problem was already
solved Especxally,_xt is considered that there are no problem for
compensatlon for lands and houses to early realize the provisional
plan. : -

Major works ‘in this river 1mprovement prOject comprlse w1den1ng of the
existing river channel and river dredging to arrange the river channel’
and these works can be e331ly executed u51ng common c¢onstruction
equlpment- :

The river improvement project invelves'the'fo116Wing works;'

.Widening of the ex1st1ng river channel and levee constructlon for the‘
‘river banks thh locally low elevation.

Construction of concrete parapet wall” in the Blumenau stretch

Slope protectlon for several portlons of .river bank by revetment and
sod facing. :

Drainage work for tributary to minimize back swamp problem.

River dredging to excavate partially rised river bed.
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Table 2 PAST LARGE FLOOD WATER LEVEL .
AT  BLUMENAU

Year Date Water Year . Date Water

Level . Level
{m} {m)}
1852 Nov.16 16.00 1954 May.18 8.90
1855 Nov.20 13.00 1954 Oct .22 11.84
1864 Sep.17 ~ 10.00 1955 May.19 9.96
1868 Nov.28 13.00 1957 Jul.21 8.68
1869 Jul.22 11.00 1957 Aug. 20 12.42
1870 Nov.10 10.00 1961 Sep.13 9,52
1880 Sep.23 16.80 1961 Sep.30 g.98
1891 Jun:18 - 13.50 1961 Nov. 1 11.70
1898 - May. 3 12.00 1962 Sep. 9 8.64
1898 Dec.24 S 11.00 1963 Sep.30 §.58
1900 Jun. 2 12:50 1966 Feb.13 9.42
1911 Oct .. 2 16.60 1967 Feb.18 10.20
1911 Oet .30 8.56 1969 Apr. 6 9.00
1925  May.15 9.80 1971 Jun. 9 - 9.50
1925 May.24 16.00 1972 . Aug.lé 1040
1926 Jan.13 ©98.70 1972 Aug.29 10.65
1927 Nov. 9 12.00 ' 1973 " Jun.25 10.55
1928 Jun .18 11.46 1973 Jul.22 §.70
1928 Aug. 15 1052 1973 ‘Aug.29 11.84
1928 sep.17 10.00 21975 ¢ ¢ Oct .3 12.15
1930 . - Feb.16 .9.05 C 1976 May.29 10.55
1931 - Apr.. 1.  '10.90 1978 Dec.26 - 11.05
1931 May. 2 10.44 1979 - May.10 9.30
1931 - Sep.i4 10.62 1979 Oct. & - 9.78
1931 .Nov.17 12.30 1980 Dec.22 112,95
1932 - May.25 8.90 - 1983 Mar. 4 9.95
1933 % . 0ct. 4 10.90 . " 1983 .. May.20. 1206
1935 Sep.24 10.60 : 1983 © ° Jul.g~18 = 15.37
1939 Nov .27 11.08 1983 Aug. 2 11200
1943 Aug. 3 C . 9.82 1983 Sep.24° 11.10
1946 Feb. 2 :8.80 1984 Aug.6-9 15.4%6
1948 May.18 11.20 :
1950  Oct.17 8.80
1953 Nov. 1 9.30
Source : " Bacia do Rio Ttajai " , DNAEE
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Table 3 ANNUAL MAXIMUM BASIN MEAN
: 4 DAYS / 7 DAYS RAINFALL

Year Date 4-day PDate 7day (7-day) - (4-davy)/

{rmm) : (ram) (4-day) = {T-day)
_ _ :

1951 oeT. 15 99 ocT. 14 145 55 62.1
1952 SEP. 3 87  OCT. 13 103 16 84.5
1953 ocT. 28 93 OCT. 27 101 g8 92,1
1954 MAR. .31 101 OCT. 16 137 36 - 73.7
1955 MAY. 16 115 MAY. 15 126 11 91.3
11956 SEP. 16 56 ° SEP. 14 . 94’ 38. 59.6
1957 AUG. 16 118 AUG. 13 133 15 . 88.7
1958 MAR. 13 121 ° MAR. 13 152 31 79.6
1959 AUG. 30 88 AUG. 29 124 36 71.0
1960 JUL. 31 89 JUL. 30 97 8 91.8
1961 © SEP. 9 . 138  SEP. & 193 - 55 71.5
1962 SEP. 18 89 SEP. 17 100 11 89.0
1963 ~ ~ SEP. 26 ° 138 SEP. 25 176 38 78.4
1964 APR. 28 57 ° OCT. 20 . 66 9 86.4
11965 AUG. 16 91 AUG. 16 104 13 87.5
1966 FEB. . 9 121 FEB. ‘9 166 . 45 72.9
1967 'SEP. 18 56 SEP. 18 86 30 65.1
1968 - DEC. 22 - 103 DEC. 20 115 12 89.6
1969 FEB. 16 93 MAR. 30 110 17 84.5
1970 FEB. . 2 69 FEB. 1. 96 27 71.9
1971 CMAY. S 66 APR. 16 100 34 66.0

1972 . . AUG. 25 146  AUG. 22 165 . 19 88.5 "
1973 - AUG. 26 108 . AUG. 22 . ‘149 41 72.5

1974 | JUL. 2299 JUL. 19 115 16 86.1.
1975 SEP. 30 102 SEP. 27 127 25 80.3
1976 MAY. 26 9¢ °  MAY. 23 108 18 83.3
1977 AUG. 15 125  AUG. 13 137 12 91.2
1978 DEC. 25 118  DEC. 24 122 4 96.7
1979 MAY. 7 106 ~ MAY. : 8 141 35 75.2

11980 ' DEC. 19 1517 DEC. 18 164 13 92.1
1981+,  DEC. 21 99 © 'DEC. 21 102 3 97.1

1982 FEB. 3 96 — FEB. 4 . 111 15 86.5
1983 JUL. 6 216 < JUL. 6 . 324 108 . 66.7
2

1984 . . AUG. 5 = 213 AUG. 2 259 46 82.
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Table PROBABLE RAINFALL AND ENLARGING RATIO
Retfurn Probab‘le Ob’ser\?éd Rainfa;ll {rm)
Period Rainfall Dec.1978 Dec.1980 Jul.1983 Aug.1984
{year) {rom) 118 151 216 213
2 110 0.932 0.728 0.509 0.516
5 1490 1.18¢6 0.92?. 0.648 0.657
10 160 1.35%6 . 1.060 0.741 0.751
.25 | 185 'i.568 1.225 0.856. 0.869
50 210 1.780 1.391 0.872 | 0.986
100 230 - 1.949 1.523 1.065 1.080
Note : . {1 Actual 4_—day; rairi:]fail

~ 48 -
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Tabla 5 _S'TORAGE FUNCTION OF SUB-BASIN

Basin' Catchment River River Bed Coeff. of Storage TLag-lLime
NO. Area Length Slope Function { hour )

{ sg.km ) { km } K P
1 860.0 ~ 45.0  1/130 - 35.87 0.549 4.0
2 725.0 56.0 " 1/90 40.05 0.504 4.0
3 866.0 70,0 1/1,300 17.98 0.944 9.0
4 116.0 20.0 1/220 30.63 0.622 3.0
5 300.0 35.0 - 1/100 38.81 . - 0.516 3.0
6 183.0 22.5 1/250 29.48 0.641 3.0
7 440.0 126.0 1/100 38.81 0.516 2.0
8 850.0 32.4  1/425 25.14 0.726 4.0
9 159:.0 28.5  1/220 .30.63 0,622 4.0
10 326.0 28.2.  1/200 31.52 0.608 3.0
11 217.0 28.0  1/170 33.10 ¢.585 3.0
12 174.0 ~ 26.6 1/60 ' 45.23 0.458 2.0
13 85410 43,1  1/435 24.97 S 0.730 ¢ 6.0
14 584.0 48.4  1/170 33.10 0.585 1.0
15 880.0 32.8  1/140 35.08 0.559 3.0
16 - 611.0 44.9 . 1/355 . 26.54 0.696 6.0
17 431.0 1 59.8  1/285 28.34 0.661 8.0
18 348.0 17.9 1/95 39.41 0.510 1.0
19 657.0 41.1  1/105 38.24 0.522 3.0
20 50.4 7.5 1/100 38.81 0.516 1.0
21 314.0 29.1  1/120 36.74 0.539 3.0
22 205.0 34.4 1/65 44.16 0.467 3.0
23 .. 606.0 43.0  1/100 38.81 0.516 3.0
24 779.0 52.4 1/55 46.43 . 0,449 4.0
25 L 649 8.9 1/540 23,40 0.768 1.0
26 711 9.0 - 1/165 33.39 0.581 1.0
27 . 405.0 37.7 17305 27,717 0.67L 5.0
28 . 262.0 38.2  1/160 ©33.70 0.577 4.0
29 C197.0 - 20.6 | 1/220 30.63. 0.622 - 3.0
30 191.0 22.9 . 1/270- 28.81 0.652 3.0
31 ©15.2 3.2 1/180 . . 32.53 0,593 0.0
.32 61.2 7.1 "1/670° 121.93 0.808 1.0
.33 590.0: 49.0  1/980 19.57 0:883 6.0
34 111100 11,4 1/210 31.06 10.615 . 2.0
35 . 640.0 66.0° 1/145 34.71 0.564 6.0
36  457.0 58.0  1/675 21.88° - 0.809 8.0
37 170.0 15.7- . 1/55 . 46.43 - 0.449 1.0
38 179.0 15.0 - 1/55 46.43 0.449 1.0
39 116.0.  14.1  1/145 34.71 - . °0.564 1.0
40 122.0 . 20.1 -1/510 23.80 0.757 3.0
41 14.5 1.7 1/240 29.84 0.634 0.0
42 - 18.4 1.5  1/500 23.95 0.754 0.0
Total Catchment Area : 15,220.7 sqg.km
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Table 6 STORAGE FUNCTION OF RIVER CHANNEL

Name of Stretch River River Bed Coeff,. of Storage Function Lag~time

Lengﬁh Slope . K P : Tl
{km) . (hx)
1Tl 7.6 1/12,000 21,519 " 0.704 0 < 1,000 1.0
' : 0.677 1.204 Q> 1,000
IT2 11.7 1/12,000 27.915 0.749. Q@ <'1,000 2.0
0.581 1.307 Q> 1,000
1T3 15.0 1/12,000 46.457 0.700 Q< 1,200 2.0
_ : 6.329  1.398 Q> 1,200
. TT4 3.7 1/12,000 12.910 0.671 0 <1,200 0.0
0.403 1.160 Q > 1,200
IT§ - : 8.0 1/12,000 34.066 0.642 Q< 1,600 1.0
0.512 1.211 Q > 1,600
ITé 13.0  1/12,009 37.507 0.629 0'<.2,700 2.0
o ©0.662 T 1.140 Q> 2,700
CIT? 4.0 1/12,000 42.507  0.675 Q< 2,500 2.0
_ N ‘ 1,307 . 1.120 Q> 2,500
1T8 _ 19.0 17500 27.443 g.681 3.0
Ty . 4.2 171050 - - 6.261 0.669 1.9
IT10 : 18.0 1/1050 © 24,006 0.677 _ 2.0
iT11 : 4.0 1/2,500 6.479 0.683 Q< 2,500 1.0
2x10-7 2.870 0 > 2,500
IT12 42.0 1/100 - 9.239 9.711 3.0
IT13 . 22.0 1/5,000 29.626 0.740 Q< 800 1.0
o : : 0.141 1.540 Q > 800
‘Benedito river ) ) -G.060
‘ BNl S B.6 1/1,000 10.531 0.657 1.0
_Itajai do Norte river . = 0.000 ‘
: w1 - b7 7.5 i/240 8.274 0.637 . 1.0,
Itajai do Oesté river © 0.000 ' S o
101 C 6.0 175,000 14.853 0,738 Qg < 200 1.0
SRR Co o L 0.777  :1.37° Q> 200 -
102 ' f 15.1 1/5,0060 15,801 © 0.745 9 <800 - 2.0
. : - = 0.080 1.578. Q. > 800
Ttajai do Sul river . 00000 L ‘ .
151 : 12.0 - 1/4,000 20.552 0,781 Q< 700 2.0
: o o - 0.060 1.648 Q> 700"
sz S 13i0 171,000 12,898 0.669 . C 2.0
153 3.4 1/600 = 5.262 0:683 Q < 800 1.0
j ‘ N N R 1.190 Q> BOO
itajai Mirim river o.000 -, - " _
Ml a g.4 1/10,000 11309 0.805. 0 <100 . 1.0
- . ' 0.040 : 2.032 0 > 100
e - 8.4 1/2,300 “7.515 0.735 Q<200 1.0
o ' 0.001 2,341 Q> 200
M3 9.2 1/2,900 6.201 1.559' Qi< 200 0 1.0
e 0.077 . 1.740 ‘g »:200
M4 C 13.4 1/2, 600 2.403 1.087 Q < 200 2.0
o o 1.104 1.234 Q > 200 ;
IM5 ' 9.0 - 1/2,000 0.966 1.211 o< 200 1.0
: : 0.250 1.466 © » 200
'Tmiz Alves river _ _ 0,000 '
a1 2.00  1/10,000 4.853  0.610 g« 100 1.0
0.001 . 2.810: Q > 100
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Tabla 8 SELECTION OF PROTECTION  AREA

River  Flood Affected Annual Popu- Potential

at 100-year scale flood.

(2) Affected'popﬁlation means estimatéd number

of population affec;ed by 100~-year séale flood.

(3) Criteria of levelling damageability

by stretch :
Population Damage
pexr km2 per km2
Level 1 .1,000 over 1,000 over
Level 2 100-1,000 100-1,0600

Level 3 below 100 below 100

(4) Simulation of affected population and annual
mean flood damage'in river stretch of IN-1 is
based on the condition- that Norte dam is
constructed

Municipality Damage—
Stretch Prone Popu- Mean lation Flood ability
Area lation Damage per km2 - Damage level
{ka2) thousand per km2
Cz$ thousand Cz§
Ttaiai IT1+2 53.1 106,000 259,520 2,000 4,890 1
Navegantes IM1+2 ’ '
Ilhota 173 25.1 0 50 0 2 3
Ilhota IT4 4.4 800 1,100 ' 180 250 2
Gaspar ) ITS 10.1 10 .18 <1 2 3.
Gaspar/Blumenaun  IT6+IT7 27.4 105,870 . 228,660 3,860 8,350 1
Indaial ire 0.0 0 "0 0 : o 3
_Indaial ITS 0.0 0 0 0 g 3
Indaial /Rodeio ITi¢ 5.7 10 35 2 [ 3
Ascurra IT11 9.4 3,800 8,350 400 8490 2
Apiuwna/Tontras IT12 4.3 0 33 0 8 3
Lontras/ ] IT13 24.8 36,400 267,169 1,470 10,770 1
Rio do Sul :
Aurora ISl
’ Agrdnomica I01
Aurcra 182 1.5 0 70 0 45 3
Ituporanga 183 2.2 4,800 13,390 2,180 6,090 2
T.Central 102 4.0 100 210 .25 50 3
Timbo BH1 1.5 100 110 65 70 3
-Ttajai M3 12.1 © 0 520 0 40 3
Itajai/Brusqgue CIM4 11.5 10 750 1 65 3
Brusque' IMS 6.0 18,640 50,600 3,110 8,430 1
Ibirama IN1 0.0 0 0 4] 0 3
Total 203.1 276,540 830,585
MNote '(l)'Floéding area meéns:estimated inundated area



Table 9 CONSTRUCTION COST FOR RIVER

IMPROVEMENT

IM-5 Lo 104.85

96

{Unit Million Cz3)
: Provisional Mid-Term Long-Term
Stretch Plan PLan Plan
-1 /1 _ 0.11 0.11 0.11
T-2 /1 3.77 3.717 3.77
Floodway 680.58 796,70 ' 986.32
T4 135.49 168.58 236. 40
-6 202;59 - 339.22 544.46
-7 298.06 422.50 608.08
TT-11 13160 58.05 94.68
ITFi35..‘ S - 678.32 1,011.04 1,235.91'
10-1 “_ o 112;3i | .?izs.os "_159;32' E
‘IS—l P Cosean ‘éé.pg  83.58
I5-3 S 34,73 | 47.69 59.95
™-1 /1 ' _é3,4i:' 23.47 23.47
IM-23 (oué.a xm) - 15.18 15.64 16.53
'IM«zs (0.353.8 km) 13.40 15.27 20.98
| 11%. 40,42

Note.: /1 For these stretches, the works for Long-Term
: " Plan is to be taken from the stage of
Provisional Plan as theé difference of
required quantities is negligibly small
" among Provisional, Mid-Term and Long-TerT

Plans.

- 54 -



Table 10

RESULT OF ECONOMIC EVALUATION

{(Unit:Million Cz8)

55 -

: Design Economic Present Worth /2 EIRR
Stretch Symbol Scale Construction /1 Benefit Cost B-C {%}
- {year) Cost

Itajai IT1+2 10 580.7 514.8 444.1 70,7 9.2
: IMi1+2 25 682.3 655.0 506.6 ~148.4 10.2
50 853.3 720.5 5956.9 123.6 9.6
Ilhota iT4 10 110.8 4.5 - 92.2 -87.7 e
25 139.3 8.4 111.7 -103.3 {-)
50 197.7 9.9 146.4 -136.5 {(—)
Blumenau IT6+7 10 368.2 501.3  305.4  195.9  12.7
Gaspar 25 592.8 708.1 '434.0 274.1 12.6
50 929.3 783.0 - 559.6 223.4 11.3
Ascurra IT11 10 8.3 0.0 8.0 ~8.0 (-
25 46.5 29.2° 34.2 -5.0 {(6.8)
50 78.1 56.6 53.2 3.4 (8.5)
Rio do Sul IT13 10 660.2 586.0 553.9 32.1 8.5
Isi 25 974.4 818.6 T63.7 54.9 8.6
101 50 1,207.4 907.2 839.7 67.5 8.3
Ituporanga 1S3 10 27.5 33.6 25,7 1.9 10.8
25 38.7 49.6 35.5 14:1 11.7
50 4.2 55.3 43.3 12.0 10.6
Brosque ™S 10 75.2 70.1 68.2 1.9 8.2
25 . 86.5 i32.2 76.3 55.9 13.7
50 105.8 161.9 88.8 3.1 14.3

HNote: £l Economlc constructlon cost .

' : Economic cost of main ClVll works is 85 % of flnanclal cost..
Economic cost of ccmpen'-‘,atlon is evaluated by productlcm foregone
of crops or bulldlngs _

Englneerlng/admlnlstration service_ is evaluated by financial cost.
2 Discount rate 8%
£3 Parentheses 1nd1cates economic evaluation at future level.



Table 11

COST COMPARISON OF

STRUCTURAL MEASURES

FOR ©LONG-TERM PLAN

Million Cz5)

(Unit;
Stretch Itajal river Itajai Mirim river
AL-1 AL-2 R/ X Mirim dam +R/I R/X
T 1 - - - 0.1 0.1
iT 2 - - o 4.0 4.0
Floodway 785 950. 987 - -
IT 4 169 230 2317 - -
IT 6 339 530 545 - -
IT 7 423 575 608 - -
IT11 58 86 935 - -
IT 13 1,236 1,160 1,236 - -
10 1 159 iz28 159 - -
Is 1 84 84 84 - -
IS 3 60. 60 60 - -
IM 1 - - - 24 24
M 2 - - - 1 38
IM 5 - - - 118 141
Ascurra dam 1,271 - - - -
Trombudo .
. (A) dam - 334 - - -
(B) dam - 214 - - -
Mirim dam - - - 313 -
Total 4,584 - 4,351 4,011 490 207
Notes; : :
AL-1: . :Alternative 1 (Ascurra’ dam + River Improvement}
AL-2: Alternative 2 (Trombudoc. (A),(B) dam + River Improvement)
R/I Rlver Improvemenr
Table 12 ADDITIONAL TELEMETERIC STAT.IONS -
'Location Main Protection Area
1. Louba Alta Sul dam and 1ts downstream
2.5ul dam Rio do Sul : -
3.Rio do campo Oeste dam-and its downstream_
4.0este dam - _ Rio do Sul
5.Barra do Prata  Norte dam :
' §.Norte dam Ibirama, and its downstream
7.Dr. Pedolinho ‘rimbo, its downstresm
8.Garclia Blumenau
9.Porto Escalvado Picarras

-~ 58 ._.
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