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1. _ INTRODUCTION
" The topographic suxvey for the study indludes:

- Collectlon and check of’ avallable topographlc data, _
Arrangement of topographlc data for use of master plan study and

- Executlon o£ additional river cross sectional survey.

The topographic data such as topographic maps, aerial photographs,
river profile and cross sectlons were collected from DNOS and organizations
concerned

The collected data were reviewed and arranged for master planning
_uses, From the result of review, the "additional -river cross sectional
. survey were executed ‘in. cooperation with DNOS's surveying staff under
instruction by the JICA TEAM.



2, DATA COLLRECTION AND THEIR REVIEW
2.1 Availablé Data

The topographic maps of several kind of scale were collected from IBGE

and main cities through DNOS. These maps are divided inte the national baseé

maps and the c¢ity planning topographic maps The list of collected maps is
shown in Table TI.1. 1

The stereoscoplc aerlal photographs with a scale of 1: 25 000 whlch_
were shot in 1978 and 1979 and cover along the itajai river were borrowcd
from FATMA. These photographs ware used for plannlng of mabter plan, -

The river proflle and cross sectional data were collected These data
were prepared for use of the river 1mprovement plan of the Itajal river by
DNOS. The list of collected ¢ross séctional data is shown in Table r.1.2.

The data of horizontal and vertical national ground control points
were obtained from IBGE for the purpose of an additional river cross
sectional survey and photogrammetric mapping in the feasibility study.

2.2 Review of Available Data

2.2.1 Topographic maps
(1} National base'map

National base map on a scale of 1:50,000 covering the -east of
longitude 56° W at the Itajai river basin, were collected from IBGE.
The map consists of 29 sheets of colour printed maps with 20 m contoux
interval which were prepared in 1981, Since national base map of
1:50,000  in the west of longitude 50° W at the project area is not
yet published, the map on a Scale of 1:100,000 which was prepared in
1973 was collected. This map consists of 3 sheets of colour printed
and 50 m contour interval.

The datum of these national base maps are;

(i) Vertical : Imbituba, Santa Cataring

{ii)’ Horizontal : SAD - 69. (South American data in 1969) _
(iii) Projection : Universal Transverse Mercator (referred as UTM)

The index map o©f the national base maps is shown in Fig.I.1.1.
(2} TLarge scale topographic maps
(i) Scale of 1:2,000

Large scale topographic maps in Blumenau and Brusque cities on a
scale of 1:2,000 with I m contour interval were obtained. These
maps were prepared by the aerial photogrammetric method and cover
vwhole city area. The horizontal and vertical datum of map is the
same as national base map. However, since they were made more
than ten years ago, namely 1972 in Blumenau and 1975 in Brusque,

I-2



it is necessary to consider the change of social infrastructures
~and geographical features for use of planning.

(i) Sca_ie of 1:4,’000"and 1’:'5,000,

The-topograohlc map on a scale of '1:4,000 and 1:5, 000 were
collected, They are scale of 1:4, 000 with 5 m contour interval in
Timbo city, a: scale of 1 5,000 with 2 m - contour interval in
Picarras c¢ity and with 5 m contour interval in Rio do Sul city.

These_méps have not the coordinates and the datum of altitude is
not clear, therefore, they can not be used for master planning.

(1ii) ‘Scale of 1:10,000

The scale of 1:10,000 topographic maps in Blumenau,. Brusque and
Gaspax cities were collected. The contour interval is 5 m in
Blumenau and Gaspar, and 10 m in Brusque. The datum of map is the
same as the national base map. '

The maps in Blumenau and Brusque were reduced and compiled from
the map with a scale of 1: 2,000 in 1972 and 1975. In case of

" Gaspar, they were prepared in 1978 by aerial photogrammetric
method but did not cover_the whole city.

- Besides, the same scale. of topographic maps along the upstream of
the Itajai river, the Benedito and the Itajai do Norte, Oeste and
Sul rivers were obtained. ThHese maps were prepared in 1959 by the
aarial photogrammetrlo method and covers about 1 km in width in

“both. sides of the river. The. projection of map is U.T.M, but
goordinatées are local system. The datum of altitude is the same
. as national base map. Therefore, these maps are only avallable
for check up of LOpOgrapth feature.

The index map ‘of .the above collected large scale topographlo maps 1is
iliustrated in Fig.I.1.2.

2.2.2 Aerial photographs :

The aerlal photographs Wthh were horrowed from FATMA were shot in
19?8 and. 1979 by whole Santa Catarlna aerial photography program. These
monochrome photographs on a scale of 1: 25,000 ‘were shot by means of 60%
stereosdopic overlap and 30% sidelap in dverage. :

Aerlal camera which is used for R, M K is a wide angle of format Z3cm

x 23cm, and the attached pleogon is a distortion free lens. The negative
films are stored in the aerial photographed firm under the regulation.

2.2.3 River profile and cross sectional data
(1) The Itajai river

(1) ~ Barra - Blumenau



The  river profile and.cross sectional. survey data from Barra to

Bluménau were collected. These ‘data weére prepared for use of
study for river 1mprovemont in the downstream of Blumenau by DNOS
in. 1983 to 1984. The surveyed river c¢ross’ sectlons are in about
45 km in distance with 200 m interval, and they are drawn in a
scalé of 1:1,000 in norizontal ‘and 1:100 in vertloal The datum
of vertical. is the same as natlonal base map. ‘

The drawings; of profile"were' plottedf only’fheight of. ¢ross
section's base points on a scale of 1:2,000 in horizontal and
1:100. in vertical but. the heaght of riverbed and ‘banks are not
shown . '

Salto Pilac - Rio do Sul
The sdme kind of 'da'ta_ for ‘salto. Pilao to Rio ‘do Sul were

gollected, These data wére prepared in 1984 and they are being
used for planning by DNOS for river improvement in the downstream

of Rio do Sul. The surveyed river cross sections are about 24 km .

in distance with 400 m interval. The drawing of cross sections
were plotted on a "scale of '1:2,000 in horlzontal and 1:200 in -
vertical.. Scale and presentlng condition for the draw1ngs of
profile are the same as . (a).

(2) The tributaries

iy

(iii)

The Itajai do Oeste and Sul rivers

The-rlver proflle and Cross soctlonal data of the Itajal do .Oeste
cand Sul rivers were obtained, The distance’ of the surveyed data
"are about 5 km from the confluence with the Itajai main stream to

the Oéste and 3 km in the Sul river. They are prepared by DNOS.
The Itajai Mirim river

The cross sectional data of the Itajai Mirim river were collected
from DNOS. The surveyed data are 41 km in total distance from the
confluence of the Itajai river to Brusque city.

Floodway

The cross sectlonal data for the proposed floodway route were

collected These data were complled hased on the topographic map,
not by actual survey work, because of refusal -on entrance

permission for the sugar cane fields.



) ADDITIONAL RIVFR CROSS SECTTONAL 5URV&

As the reoult of reVLew on collected ‘river cross sectlonal data,'more

‘than 60 additlonal river cross sections were surveyed in this stage in
Cooperatlon with DNOS's surveylng etaff :

The addltlonal rlver CTOSSs . sectlons are 113ted in Table T.1.3 and ‘the

Cindex map of erEL cross sectlons 15 shown in Fig.I. 1.3.

_The draw1ngs of survey data were plotted on a scale of 1:1,000 in

;horlzontal and 1: 100 in vertical.

_ (1)

(2)

(1)

(1),

(ii).

(iii)

The Itajai'river

Itajal - Barra

The bathymetrlc data of the. river wmouth were collected from
PORTOBRAS. The datum of PORTOBRAS 18 not same as national base
map, therefore, the data were converted to the datum of national
base map. - : i :

The addltlonal survey ‘were executed for the river stretch from ¥

“km upstream to 30 km from river mouth. The surveyed data were

connected to natlonal bench marks in Itajai city and ‘along the
natlonal route .

Blumenau - Salto Pilad_

The river stretch along the flood prone ‘areas in the Indaial and

‘Ascurra’ 01L1es was surveyed in short interval of about 500 m, and.’

the  remaining stretch .was surveyed in an 1nterva1 of 5 km. The

'cross section at the water gauging station: located at ‘Indaial,

Warnow and Apiuna cities was also surveyed., The surveyed data
were tied with national bench marks in the main cities and on the
Route BR - 470.

The tributaries.

The‘Itajei_do'Norte river

:The Surveys were exeéﬁted in the donfluence of the'Itajei river

to upper Ibirama city -and connected w1th national bench marks in

_ Iblrama Clty and on the BR - 470.
“The-Itajal do Sul-rlver

'The seven cross sectlons at’ Ituporanga and Aurora cities: were
- surveyed. The surveyed data weres connected to: the record of

topographlc map, because there ‘was no national bench mark in this
area.

The_Itajai‘do_oeste,and,the Trombudo ' river

At the close’ by the confluence of two rivers,  each one cross
section was surveyed and connected to national bench mark..



(iv) The Benedito river

At the downstream of the Benedito river, three c¢ross sections
were surveyed and connected te national bench marks in Indaial
clty. ' .
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Taple I,1.1

COLLECTED TOPOCRAPHIC MAPS

& .
Contour Coordinates _ .
Area Scale Interval = Int&rval Projection Datum  Mapping Remarks
{ m ) { km ) : - )
Itajal river hasin 1/50,000 29 2 urM National 1981
{ East of Yong. S0 W ) -'
Itatai river basin 1/100, 000 50 5 UTH National 1973
{ Wost: of long. 50 W) R ' ' _ o
Blumendu city 142,000 1 0.2 UTH National 1972
Blumenau ity 1/10,000 5 i UTHM Hational 1972
Ttajai eity 1/10,000 5 0.2 uT™ National - =
Rio do Sul city 1/%5,000 5 None - - 1583 Partial area
Brusque chly /2,000 1 0.2 UT™ National 1975
Brusque city, 1/10,000 10 1 uUTH Natienal 1575
Gaspar city . 1/10,000 5 i Ut National - Partial area
Picarras city 175,000 z None - _ 1978
Timbo city - 174,000 5 None - - 1975
Itajai river 1/10,000 10 1 uT™ Local 1959
{ Blumenau-Ric. do Sul )}
Itajai do Worte, S5ul ar 1/10,000 10 1 UM Local 1959
Table £.1.2 COLLECTED RIVER CROSS SECTIONS
Distance Interval Scale Remarks
Name of River Section { kem } (n ) H LY
Itajai Barra-Blumenau 45 Co200 171,600 1/100
Itajai Salto Pilao- 24 400 1/2,00¢ 1/200
‘ Rio do Sul
Itajai do Qeste  Rio do Sul 5 400 1/2,000 1/200
Ttajai do Sul Rio do Sul 400 1/2,000 1/200
Ttajai Mirim Itajai~Bruaque 41 1900 - 1/200 14100 .
Picarras tloodway Picarras-Barra - 10 200 1/1,000 1/100 Planning routs
Table I.1.3 ADDITINAL RIVER CROSS SECTIONS
Distance Interval Scale Remarks
Name of River Section { km ) { km ) ‘H v
Itajai Itajai-Barra 30 1 1/1,000 1/100
Itajal Blumenau-Indaial 25 0.5 - 1/1,000 1/100
Itajai . Indaial-Ascurra 20 0.5 ~ 4 171,000 1/100
Itajai hscurra-= 40 4 -5 1/1,000 1/100
Salte Pilaoc
Itajai do Nerte itajai Acu- & 2 -4 1/1.000 1/100
. ibirama
Itajai do Sul Aurora; L} 6.5 - 1 1/1,000 1/100
Ituporanga '
Itajai do Deste Rie do sul 2 2 171,000 171900
Benedito Indaial ' 1 0.5 - 0.8 1/1,000 17100
Trombude Trombudi 0.5 0.5 171,000 1/100
Note : H : Horizontal V : Vertical
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1. TNTRODUCT ION

Hydrological analysis aims at grasping hydrological characteristics
and formulating the probable flood discharge distribution under present
condition and with flood prevention works proposed in the flood control
plan through the: basic hydrological analy31s and flood. runoff analysis -
using the mathematic “simulation model which is able to evaluate the sffect
of the river improvement .and flood control fa01llty for the reduction of

flood peak discharge.

-Therefore, the following studies were carrled cut in the hydlologlcal
analysis;

- hYdrolbgical data ceollection such as meteorological records,
rainfall“data,.dischargc data including hydrograph records, and tide
water. level records whlch afzectb the flood water level in the river
channel, '

- rainfall analysis comprising basin mean rainfall and probable
rainfall estimates against design rainfall duration Lime,

- establishment of simulation model being able to express the relation
between rainfall and runoff, and

- estimate of-probable'flood_discharQé and establishment of design
flood discharge distribution againt the selected retern period,.
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(2)
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METEQ-HYDROLOGICAL DATA

Meteorological data

 Meteorological observation such as ‘a’ temperature, relative humidity,

evaporation, wind velocity and atmospheric pressure have: been carried
out at 9 meteorclogical observatories as shown in Fig.II.2.1 by INMET
and EMPASC since 1911 in and around the Itajai river basin. Table
I1.2.1 shows the observation periocd in each meteoroclogical
cbservatory.

Rainfall data
There exists 69 rainfall gauging stations in and around the Itajai

river basin at which the daily rainfall amcount has been observed at 7
o'clock every morning by DNOS, DNAEE, INMET, CELESC, EMPASC and SOUZA

"CRUZ. The location of the above stations is shown in Fig.IX.2,1.

As shown in Fig.II.2.1, 19 statibns_are located around the basin and
other 50 stations. are densely distributed along the Itajai river and
its tributaries in the basin. '

Among the above 69 stations, 6 stations were installed in 19307's, and
20 stations in 1940's, and most of others in 1970's. And then, the
obgservation at 12 gauging stations were discontinued. ' :

Hourly rainfall observation was commenced at Indaial city in 1970 and
15 stations are installed in the Itajal river basin at present. 11
stations were constructed after the large flooed in July, 1983.

Figs.II.2.2 and II.2.3 show the observation periocd of daily/houﬁly
rainfall respectively.

Water level and discharge

Jater level observation and discharge measurement wvere commenced in
1920 and 36 water level gauging stations in Fig.IT1.2:1 which are
operated by DMNAEE, DNOS and CELESC, are installed along the Itajai
river -and its tributaries at present. '

Water level at the above stations is observed twice a day at seven’
o*clock in the morning and five o'clock in the evening. Water level
observation by an automatlic .recorder was commenced at Apiuna on
August, 1971, At present , 7 statiocns, namely, Apiuna, Rio do Sul
Movo, Brusque, Taio, Ituporanga, Ibirama, and Blumenau are installed
and operated. :

Discharge measurement is carried out about 10 times a year using
current-meter by the preceding organization. Discharge rating curve
for converting water level to discharge is made periodically by using
the discharge measurement records.

Fige.I1T.2.4 and IXI.2.5 show the observation period ¢f daily/hourly
water level and discharge respectively.

Tical data
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The - lower reach downstream f£rom Blumenaun city has gentle river bed

_slope of around 1/15,000. Therefore, the fluctuation of tide water

level affects the flood water level along the lower reach.

The tide water level fluctuation is recorded at the Itajai harbor by
PORTBRAS since 1983.-The location of the observation site is shown in

. Fig.I1.2.1.

Sediment data

Sediment concentration of suspended load on the Ttajai river and its
tributaries are observed several times a year after 1976 at Rio do
sul, Apluna, Indaial, Barra do Prata and Brusque by DNAEE. However, in
regard of wash and bed loads, no observation has been carried out up
to present.
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3. METEO-HYDROLOGICAL CONDITION QOF THE ITAJAI RIVER BASTN.
3.1 Climate ' '

The climatic records are shown in Table II.3.1.

The annual mean temperature in the Itajai river is 19,700 at Itajai,
and 20.1¢C at Blumenau in the lower area, and 18.40C at Ituporanga in the
mount.ainous area.

The minimum temperature is 13.20¢C at.Ituporangé in June and the
maximum is 25.50C at Timbo in January.

The basin mean éhnuél'évaporatibn amount is éstimated to be around
800mm in the Itajai river basin which is c¢orresponding to the evaporation
rate of 2,2 mm/day.

The maximum monthly evaporation amount is 104 mm at Itajai and Timbo
which is corresponding to the evaporation rate of 3.3 mn/day.

Annual mean relative humidity is 85.7% at Itajal and 77.0% at Indaial
which are the maximum and the minimum in the basin. The monthly mean
relative humidity from June to August is higher than other months.

Fig.II1.3.1 shows the isohyetal map of annual mean rainfall in the
itajai river basin for the period from 1976 to 1985. The basin mean annual
rainfall is estimated to be 1630 mm ranging from 1,500 mm in the
mountainous area of the upstream of the Benedite river and Sul river to
1,800 mm along the main Itajai river.

3.2 Low Flow

Monthly discharges for the period from 1976 to 1985 at the water level
gauging station of Rio do Sul and Indaial in the main Itajai river,  Timbo
in the Benedito river, Ibirama in the Itajai do Norte river, Ituporanga in
the Itajai do Sul river, Tailo in the Itajai do Oeste river and Brusque in
the Itajai Mirim river are shown in Table II.3.2.

As shown in this table, monthly mean discharge from July to December
is larger than the annual mean discharge at each_statibn. From this fact,
it e¢an be said that a wet season is from July to December, and a dry season
is from January to June in a year. Monthly mean discharges for the above
periods and annual mean discharge are summarized as below.

Discharge ( m3/sec )
Hame of Station Jan.~Jun. Jul.,-Dec. Annual Mean

Rio do sul i04.7 162.9 135.1
Indaiatl 205.8 347.2 - 286.3
Tinbo- _ 40,7 50.8 47 .7
Ibirama 55.7 100.6 80.5
Ituporanga 39.3 58.8 " 50.9
Brusque 25.3 35.4 31.3
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: The.ruHOff coefficient at Indaial water level qéuging station is
-estimated to be 0.48 from the runoff depth of 786 mm at Indaial and basin
mean annual rainfall amount of 1,630 wm,

3.3 Flood Flow and Rain Storm -

According to the flood records at Indaial in Table IX.3.3 and Blumenau
in Table I1I.3.4, four large scale floods after construction of Sul and
Deste dams occurs on December 1978, December 1980, July 1983 and August

01984, Flood peak discharge at 6 stations are listed up as below.

Flood Peak Discharge ( m3/sec )

Name of Station Dec.1878 Dec.1980 Jul.1983  Aug.1984
"Rio do- sul Novo 720 . 850 1,970 - 1,860
Ibixama B 1,010 1,380 2,480 2,070
Tirbo 560, 690 " 760 860
.Apiuna o . 2,300 3,690 4,310 4,320
indaial : 2,900 3,500 4,740 5,030

~Brusque : 550 320 540 -

Flood hydiogxaphs in 1978,1980 and 1984 shown in'Fig.II,4.11 have the
rising rimb of 1 to 2 days and depression of 3 to 4 days. The flood in 1983
is characterized by the long duxation time of flood peak.

Rain storm which causes the flood is characterized: by'regional and
‘hourly rainfall distribution. According to the isohyetal map . of the rain
storm as shown in Fig.II.3.2, the heavy . rainfall occurs in the entire
Itajai river basin and if is intensive in the mountainous area of main
tributaries which are the Benedito river, the Itajai do Norte river, the
Itajal do Oeste river, the Itajai do:Sul river, the Ttajai Mirim river.
EBspecially, the rainfall of around 150 mm a day falls in the Itajai Mirim
river basin. ' '

Basin mean 1l~day maximum rainfall and rainfall amount of rain storm
are 110 mm and 124 mm-in 1978, 65 mm and 138 mm in 1980, 64 mm and 324 mm
in 1983 , and 110 mm and 210 mm in 1984 respectively. Rain storm in 1983 is
characterized by the great quantlty of rainfall amount of 324 mm.comparing
with the other storms.

Aceordlng te hourly ralnfall dlStrlbutlon recorded in July 1983 and
'August 1984 as shown in Fig.IT.3.3, the maximum hourly rainfall in a range
of 10 toe 29 mm/hour is observed in 1983 and 1984 in the basin and those are
seemad to be not intensive. Hourly rainfall records in 1978 and 1981 are
not available in this study. .

3.4 Tide Water Level

Tide water level at the Itajai harbor 1is shown in Table II.3.5. Mean
monthly highest / lowest tide watér level and mean tide water level are
summarized as below:

~ Mean monthly.highést tide water level 1.01 m

- Mean monthly lowest tide water level -0.60 m

Lol
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- Mean tide water level : 0.20 m

The Ffluctuation of tide water level is in- a range of around (0.8 m.

3.5 Sedimentation

According to the sediment concentration records of suspended load in
Table TII.3.6 and Fig:I1IX.3.4,the relation between flow discharge and
sugspended load is described by the following foimmula, :

Qs = 0,334 Q 1.é51

where, Qs Suspended load ( ton / day )
0 : Flow discharge { m3/sec }

Bagsed on the above formula and daily mean discharge at Rioc do Sul,
Apiuna, JIndaial, Tbirama and Brusque, the specific sediment leads are
estimated to be 65, 113, 135, 59 and 30 m3/kn2/year as shown Table IT.3.7
respectively.
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4. " FLOOD RUNOFF ANALYSIS
'4Tl " General Procedures

In the ILajal river basin, thére exists. the Sul and the Oeste dams as
a flood control dam, Besides, the Norte dam is under construction and the
‘river improvement works :along the reach of the Itajai river between Gaspar
and Blumenau  citles; and "loWwer reach of Ttajali Mirim river are under
exacution at present. DNOS has a dam construction plan for prevention of
large scale flood such as serious flood in 1983 and 1984.

Floodurunoff analysis almslat the following cbjects:
~ to evaluate the flood scale of the past maximum flood,

- to grasp the retaxdation effect for flood peak discharge by existing-
dams, on-going dam and propesed dams, and

- to formulate probable flood discharge distribution under present
" condition and with flood control works proposed by this Study.

For establishing the above_objeétives, the following study on flood
runoff aralysis is needed so0 as to simulate flood hydrograph at major site
in the Itajai river basin.

- modelling of the river basin and channel,

- constructlon of a river system model in which the river ba51ns and
channels are linked,

- rainfall analysis for determining the design rainfall duration,
rainfall amount and pattern, and

- runoff calculation for the present river condition and with proposed
flood control works using the river system constructed and results
of rainfall analysis.

Fig.II.4.1 shows the geheral procedures in flood runoff analysis.

4.2 Methedology

4.2.1 Simulation model

Probable flood discharge are estimated from probable rainfall using
the storage function model developed in Japan because it ‘is required to
work o0t the f£lood hydrograph for evaluation of simulation of the
retardation effect for flood control dams, river improvement works and
other flood prevention facilities, :

.

Detailed methods and procedures are wmentioned as follows.
{1} Base point and.subfbase point

Bage point, which are evaluation point of flood probability, is
decided at the river mouth of the Itajai river because this flood
control plan objects to prevent from the flood occurring in the entire
Itajai river basin.



{2)

(33

Sub-base points which are the site for estimating the probable flood

discharge are distributed at the following site,

- Before/after the confluence with the major tributaries

-~ Proposed/existing dam site |

- Proposéd/existing flood diversion site

- Begihhing/ending point of  river stretches divided from the fiood
control plan. . : '

Construction of river system model

The Itajai river basin and its river course are divided into sub-
basins and river channels taking inte account the base point and sub-
base points.

River system model is a flow diagram of flood dischaxge in which sub-
basin and river channels are linked on the basis of topo-map of
1/50,000 for present condition and floed control plan.

Flood runoff from sub-basin

Flood runcoff from each sub-basin is estimated by means of storage
function method. The basic formula of storage function method is
expressed by the following eguation.

S = KoP
as/de = (1/3.6) f.r.A - Q

Where, Basin storage {m3):

S

0 Runoff from hasin (m3/ sec)
K,P : Constants
Ct @ Time (sec)

£ Runoff coefficient

Basin mean rainfall (mm/hr)

‘A : Catchment area (km2)
Constants of X, P and lag-time in the equation are'initially estimated
by means of the following empirical formula which are described by
average river ‘bed slope in sub-basin. and then, those are calibrated
using the flood records,
118.84 . i0.3
0,175 . 1-0.235

K

I

il

where, i: Average river bed slope.

In the studj, lag-time in sub-basin is roughly estimated by the
following empirical formula.
TL =L / V
where, Tl: Basin lag-time (hour)
L : Riwver length (km)

V : Flow velocity ( m/sec )
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Vv = 3,5 m/sec i 17100
3.0 m/sec 17200 < 4 < 1/100
2.1 m/sec 1< 1/200

i hverage riﬁer bed.slope

<<
] 3

'Rivér channel model.

Rlver channel has a retardatlon effect for flood peak dlscharge due to

the rise of water level in case that the river bed slope is gentle or
that water level is affected by tldal effect.

The storage_functlon'of_rlver channel is estimated from the river
cross—-section, river bed slope, and length using the non-uniform flow
or unlform flow palculatlon method . :

The basic formula of storage function is shown as follows:

5=KQFPF _ .
where,. § : Storage volume (m3/sec.)
0 : Flood dlscharqe (n3/sec.)
K,P 3 Constant

Tag-time of river channel wodel is estimated from the preceding

empirical formula.

River structure model

(i) Dam/reservoir
The retardation effect of flood control dam is simulated based on
the relation between reservoir water level, storage volume and
outflow from the spiliway and outlet facilities using the

following equation.

ds/dt =1 -0

where, § : Storage volume (m3)
I : Inflow into reservoir {(m3/sec)
O : Outflow froim reservoir (m3/sec)

(11f'Floodway

Flood discharge just before the floodway site is distributed to
the.floodway and to the downstream reach from the floodway site
based on distribution ratio which is expressed as follows.

R = (Qp - Qep)/ Qcp

where, R : Flood distribution ratios,

op : Flood peak dlscharge just bafore the floodway
"~ site, and

Qcp--r'Dlscharge carrying capacxty of the downstream
reach designed by flood control plan.
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4.2.2 Runoff coefficient

Runoff coefficient for f;ood runoff {R) is examined at major water
level gauging station using the rainfall and flood records,

R = (Flood runoff volume)/ (Rainfall amount)

"4.2.3 Base flow

Base flow for examining runoff coefficient is defined as the discharge
just before flood oceurs, and that for probable fleod. is determined from
mean monthly discharge -for the wet season. '

4.2.4 Converting flood runeoff to water level

It is needed to convert the flood peak discharge to water level at the
major points along the Itajai river and its main tributaries for
examination of simulation model which is able to evaluate the inundation
during flood.

Rating curves for the conversion is used for the analysis in
accordance with the following procedures: .

{1) The rating curve based on the results of discharge measurement is
prepared. ' :

{2) For the site at which discharge méasurement is not carried out, the
rating curve is prepared by mean of uniform flow calculation based on
the river cross-section, assuming that the roughness coefficient is
0.035 in river channel and 0.050 in the flcod plain.

4.2.5 Rainfall analysis
(1) Basin mean rainfall

Basin mean daily rainfall 'is estimated by means of Thiesen'®s method.
However, the daily records in Itajai do Noxte river basin are
available after 1977. But it is required for estimation of basin mean
probable rdinfall to use annual maximum basin mean rainfall more than
30 years. Therefcre, the correlation analysis is carried out for
grasping the relation between basin mean rainfall estimated by using
the records in the Itajai do Neorte river basin and rainfall except
Itajai river basin. Results of correlation analysis is applied to
estimation of basin mean rainfall before 1977, '

{2) Basin mean probable rainfall

‘Basin mean probable rainfall ‘is estimated by means of log-normal
distribution method, Gumbel method and Pearson III type distribution
method. The most suitable method among the above is applied for
estimation of probable rainfall comparing the results with the
plotting position by Thomas method.

(3) Duration time and pattern of probable rainfall

Design duration time and pattern of probable rainfall is decided on
the basis of the observed rainfall duration time and patterns.



4.3

(1)

{2)

(3

‘Results of Study

4.3.1 Simulation model

Basin division angd river. system model

The:  Itajai river basin_having a catchment area of 15,221'km2 and its

river course are divided into 42 sub-basins and 26 river channels in

COnsideration with the base point and: sub base points as shown in

Figs.II.4.2 and II.4.3. The Itajai river -is also divided into 26 river
channel which have a retarding effect for flood peak reduction judging
from the river bed slope and- shape of river cross section. Sub-basins
and river channels are. linked by the river system modal for the flood
routlng as described ln Fig.1I.4.4.

‘Runoff coeff101ent

'Runoff coeffLCLent is estlmated from flood volume and ralnfall amount .

Flood volume is .calculated from discharge bhydrograph converted from
water level by. dlscharge rating curve. Fig.II.4.5 shows the discharge
rating curves at major water level gauglng stations which are made by
DNAEE on the basis of results of discharge measurement. However, the
discharge measurement records at "high water level in each station are
not sufficient. In this study, the discharge rating curves at high
water level are checked by uniform / non-uniform flow calculation as
sown in Fig.IT.4.5. "Table II.4.1 shows the flood peak discharges based

'cn the DNAEE's and JICA's rating curves. As seen in the table, the

difference except at Rio, do Sul are less than 20 % against DNAFE's

1va1ue and the rating curves are judged to be applicable. Rating curve
at Rio do Sul gauging station are rev1sed by JICA's curve based on
uniform- flow calculatlon

Table- II.4.2 shows thé flood vclumc, rainfail amount and runoff

coefficients of large floods recorded on Dec. 1978, Dec. 1980,Jul.
1983 ~and Rug. 1984. Runoff coefficient changes from 0.5 against
:&infall amount up to 200 mm to 0.7 against rainfall amount more than
200 mm. From this result, it can be said that runoff coefficients are
reasonable values and that rating curves are appllcable for convertlng
water level to dlS harge.

Flg IT.4.6 shows the relation- between flood runof £ depth and rainfall
amournt. As seen in- the figure, the saturated rainfall which is turning

po1nt from preliminary runoff coefficient is 200 mm.

From the above, runoff.ccefficient in this simulation is modelled as
below. ' o

Runcoff coefficient : 0.5 (R < 200 rm )

1.0 { R > 200 ram )}
Base flow
The Itajai river have wet "and dry seasons and flood usually occurs in
a wet season, Base . flow in a wet season is considered to be large
because of occurrence of frequent rainfall. The following table shows

the monthly mean discharge and its specific discharge at the principle
station, _ .
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4.3,

{1}

(2)

(3)

Catchment  Monthly Mean specific

Name of Station Area Discharge . . Discharge
( km? ) { m3/sec ) (m3/sec/kn?)
Rio do sul 5,230 162.9 0.031
Indaial S 11,491 347.2- 0.030
Timbo 1,450 50.8 0.035
Taio 1,585 52.2 0.033.
Tibi rama _ 3,341 100.¢ £.03¢0
Ttuporanga 1,461 58.8 0.040
. Brusque 1,220 35.4 0.029
Mean 0.033

Base flow in sub-basin in thb 51mulatlon model is estlmated from the
specific discharge of 0.033 m3/sec/km2

2 © Rainfall analysis
Duration time of probable rainfall .

Fig.IT.4.7 shows ths relation against basin mean daily rainfall in
1978_and_1980,'and mathematic average of hourly rainfall in 1983 and
1984 . Ralnfall more than 70 % of total amount falls within 4 days.
Table II.4.3 shows the ba31n mean annual maximim rainfall of 4 days /
7 days from 1951 to 1984. As seen in the table, .the duration time of 7
days of the rain storm on December 1983 is abnormal and rain storm
naving a duration time of 4 days is normally occurred 1n the basin in
ccn51deratlon with the past rain. storms.

Judging from the above mentioned,'the duration time of 4 days are

adopted as a design duration time of probable rainfall.
Hourly rainfall distribution

It is not sufficient for estimation of basin mean hourly rainfall to
use the Thiesenfs method because the hourly rainfall availability. is
limited. However, the recorded hourly rainfall distribution as shown
in Fig.I1.3.4 is very similar in each rain storm. Therefore, the
average of the recorded hourly rainfall pattern is ddopted as a basin
mean hourly. rainfall in sub-basin for the rain storm in 1983 and 1984
in which hourly rainfall data are  available, Hourly rainfall
distribution for 1978 and 1980 flood is estimated from hourly . records
more than 50 mm of daily amount in 1983 and 1984 because of lack of
heourly rainfall records and daily rainfall amount is calculated by
thiessen method. Estimated hourly rainfall pattern in a day is shown .
Fig.I11.4.8, Fig.I1.4.9 shows the estimated basin mean hourly rainfall
distribution 'in 1978, 1980, 1983 and 1984 floods. Hourly rainfall
distribution of probable rainfall is worked cut by multiplying thé
following enlarging ratio to recorded hourly rainfall distribution.

n = 4- day probable rainfall / 4-day observed ralnfalL

where, n : Enlarglng ratio

Probable Rainfall
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Basin mean 4-day probable rainfall will be estimated on the basis of
annual maximum basin. mean rainfall which are worked out by means of
Thiesen's méthod and the correlation analysis. Thiessen polygon and
its weight are descrlbed in- Fi¢g.IT.4.10, The frequency'curve by means
pf Pearson IIT type distribution is shown in Fig.II.4.11, and probable
ralnfall and enlarglng -ratio are llbLed in Table II.4.4.

4.3.3 Formulatjbh'ahd'Calibration of Simulation Model

'Formulatlon and callbratlon of simulation nodel is carried out by
using -observed rainfall distribution and simulation model. In the
‘calibration, storage function of all the sub-basins are changed by
maitipling the ratio as below. '

K =a Ky .

where, Ky Coeff101ent estimated by emplrlcal formula.
a : .constant

Other factor and storage function of river channels are fixed in the
‘'study. Finaly, constants of strage function in sub-basins. are taken up by
multipling 1.3 times te the initial K-value estimated by the preceding
empirical formula. ' ) '

_The storage functions of sub-basins and river channels are listed up
in Tables II.4.5 and I1.4.6, and the simulated and observed hydrographs are
shown ‘in Fig.IT.4.12. The fitness of the model is considered to be
sufficient 3judging from availability of hourly -rainfall records.
Fig.II.4.13 shows the result of noan-uniférm flow calculation and flood
marks in 1983 flood. Judging from the resulfs,'the similation model is able
to express the hydrological characterisitics in the Itajai river basin and
is applicable for the flood control study.

4.3.4 Dam/Reserv01r Operatlon Study durlng Flood
Dam and reéservoir operation study is carried odut for dlscharglng the
inflow into reservoir from dam smoothly. In this study, the following

methods are examined.

{1} Without flood contrcl dam for evaluating the flood control effect of
the existing dams against the floods.

{(2) Existing operation method with / without Norte dam
Existing_reservoir operation method is mentioned as below.
—'Conduit valves are fully'openediin normal condition.

~ All the wvalves axre closed in prlﬂClple,-when_rain storm is obServed
at dam site. '

~ All the valves afe_closed in principle; when reservoir water level
is ‘over 10 m depth from river bed. .

"(3) All the conduit wvalves are closed, when discharge at Blumenau over
: 1,000m3/sec, . . : :

(4) All the existing conduit valves are fully opened, and when reservoir
" water lével is over the crest elevation of spillway, outflow from
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spiliway based on the rating curve is added to the dischérge from the
conduit valves. : ; . S,

(5) Additional outlet for the Sul dam is installed since the existing
. conduits have small discharge capacity against a large flood such as
in 1983, It is difficult for Oeste and Norte dams to install the
additional outlet judging from topographic and geological condition,
The feature of additional outlet is decided from the discharge
capacity of 800 m3/sec at Ituporanga city.

~ Dutlet tunnel diameter ©.7 m, 1 lane

(6) Additional spillway gates .to heightén the flood water level to: the
following maximum flood water level are installed. When reservoir
water level is over maximum flood water level, outflow corresponding
to inflow is discharged from spillway under the condition that all the
existing conduit valves are fully opened.

~ Sul dam EL.406.2 m ( 3.8 m below dam crest )

~ Oeste dam E1.362.4 m ( 1.8 m below dam crest )

- Norte dam E1.306.5 m’ { 3.0 m_below‘dam crest )

The above maximum water levels are decided by adding free board 1.5 m
{concrete dam type 1.0 m ) to wave height. The feature of spillway
gates are as below. ' ' '

- Sul dam Width 7.50 m @ 6 Nos.

- Qeste dam = Width 7.55 m @ 10 Nos.

- Norte dam Width 12.4 m @ 20 Nos.

Fig.TI.4.14 shows the flood peak discharges at major sites and flood
hydrographs at Blumenau. city. As seen in the results, the effect of the
additional ¢onduit and spillway gates are corresponding to the flood peak
reduction less than 200 m3/sec at Blumenau and they are not effective for
flood peak reduction considering the cost effectiveness. Flood peak
discharge of method (1) to method (4) at Blumenau are surmarized as below.

Flood Peak Discharge (m3/sec1"

Method - 1978 1980 1983 1984
(1) . 2,920 4,310 5,930 - 5,730
{2} 2,770 3,8%0 5,100 5,170
{without Norte dam)
_(2) 2.260 2,930 5,070 C 4,220
(with Norte dam) ’
{3} 2,480 3,110 : 5,060 4,340

(4) 2,490 3,360 - 4,850 4,620

In the above table, since flood pattern in 1978, 1980 and 1984 have
the duration time less than 6 days, the retardation volume in the reservolr
contributes to the flood peak reduction. In flood pattern.in 1283 which has
a large fleood volume, the existing method is not so effective and method
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(4) is better than existing one. However,the flood in 1983 seems to be
“abnormal case because . its duration period ‘lasts about 7 days, while
majority of floods except 1983's flocod have a duration time of 4 days.
* Therefore, the existing method is proposed in this study.

4,3.5 ©Probable Flood Discharge Distribution

_ Probable flood dlscharge ‘distribution is worked out by the probible
flood hydrographs estimated at the bhase point and sub-bases point by
simulation study using the probable rainfall , and i5 studied under the
present river condition with the Norte dam and under the existing reservoir
operation method. And probable flood discharge without the existing flood
chtrol dams is examined for compafing the past flood records.

Fig.I1.4.15 shows the probable flood dlscharge distribution without
the exmstlng flood control dams, which is selected as a maximum value
comparing . with flood peak discharge among four flood patterns in Table
I1.4.7. The probable flood peak discharge at  Blumenau is compared with,

- flood discharge converted from the water level records using rating ocurves
based on the non-uniform flow calculation and shown in Fig.II.4.16. The
estimated probable flood discharges are fit for the plotted flodd records
with return period more than 10 years. But the estimated values less than
10- years probability are greater than the observed flood. This difference
is considered to be c¢aused by the reason why the. selected four flood
patterns are grearter than 2 years flood. From the mentioned,  the results
of this study is appllcable for makLQg the flood contreol plan.

Fig. II 4.17 and Table I1.4.8 show the probable flood discharge
dlstrlbutlon and probable flood peak dlScharge of four patterns with the
existing three dams.

Flood peak discharges at Blumenau wlth/WlthOUt flood control dams are
summarized as below

o Peak Pischarge {m3/sec)
Return Period Without | With

F.C.D ¥.C.D

2-year 3,300 2,300
5~year 4,100 2,800
10-yéar - 4,700 3,200
25-yeax o 5,400 3,800
50-year 6,200 4,900
80~year 6,600 5,200
100-year _ 1,000 5,500

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

From. the above table, the flood peak reduction of 1,000 te 1,500 m3/sec
is expected by the existing dams against the flood peak discharge without
floed control dams. Fig.I1II.4.18 shows the probable flood hydrographs
with/without the existing flood control das, '
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Table 11.2.1  LIST OF METEOROLOGICAL OBSERVATORTES
' IN. AND AROUND  THE ITAJAT RIVER BASIN

':Name 0f  "~ Observatin Period: Tnstitution
Station :
‘Blumanau 1911-1969 INMET
- Brusque - 1911-1966 - TNMET
‘Camboriu | 1912-1983 INMET
Curitibanos '1913-1958 -  INMET
Indaial . 1971¥up to present INMET
Ttajai . 1980—ﬁ§ to present EMPASC
Ituporanga _ .1979mup to present INMET/EMPASC
Lages. 7 1925-up to present . EMPASC
Tiﬁbo : 1955—i969 | INMET

II-17



Table ¥1.3,1 MONTHEY  METEOROLOGICAL DATA

(1) TEMPERATURE

Negwoar of o Unit:
Station Jan Feb Mar Bpr May Jun Jul Awg  Sep Oct Nov Dec  Mesn

Irdatal  24.5 24.7 23.8 21.0 18.9 15.6 15.8 16.9 17.9 20.1 21.8 23.8  20.4
Itajai 24.0 24.6 22.9 20.2 18.2 15.3 15.4 15.9 16.7 19.2 21.5 22,9 19.7
Tmparanga 22.8 23.4 21,9 18,8 17.0 13.8 13,2 14,6 15.2 17.7 20,2 21.8 18.4
Lages 20.3 20.1 18.8 15.8 13.1'11.2 19,9 12,2 13,7 15.5 17.4 193 15.7
Timhd '25._5 2.4 23.3 20,9 17.5 15.7 15.5 16.6 18.1 20.4 21,9 21,2 20.1
Quritibenosl9.4 19.1 18.1 15.3 12.8 11.1 10.612.2 13.5 15.0 '15.9 18.4 . 15.2
Blumenan  24.5 24.4 23.2 21.0 18.1 16.3 15.5 16.4 17.9 19.6 21.5 23.4 20.1
Brusme  24.4 2411 23.2 20.5 17.8 15.7 15:1 16.0 17.6 19.3 21,2 23.0 19.8

Canborin 23,5 23.8 23.1 20.6 17.9 16.0 15,0 15,7 17.0 18.0 20.5 22.3  19.5

(2} EVAPORATION

Frit: ma
Name of . Jan Feb Mar Apr May Jun Jul Awg Sep Oct Nov Dec Total
Station '
Indaial 97 75 M1 67 63 36 57 59 6l 79 8% 94 868
Itajai 104 82 73 58 &0 ) 61 53 4 68 77 82 04 860
Ituporanga - - - - - - - - - - - - -
Lages 68 52 58 44 4D 34 41 49 4B 33 65 74 628
Timbo 104 86 76 B4 59 44 50 58 57 IT 90 97 863

Curitibanes 57 46 43 36 32 33 43 S8 49 55 61 62 576
Blumenav S S0 54 43 38 31 3% 38 39 47 53 61  Sh4
Brusque 15 58 §3 . 45 41 34 38 40 a7 _50 62 68 ¥16
Camborim 83 72 73 64 58 46 S0 55 58 73 74 91 797

(3) RELATIVE HUMIDITY

Hame of ' Unit: 3%
Staticn Jan Feb Mar Apr May Jun Jul - Mg Sep Oct Nov Dec Mean

Indaial 3.7 7717 76,7 77.7 77.4 79.5 80.2 77.6 77.8 76.7 75.1 73.9 7.0

Ttajai 83.2 85.6 85.0 87.3 87.8 88.1 89.4 87.9 84.8 82.5 82.5 83.7 85.7
Ituparanga - - - - - - - - - - - - -
Lagag 77.5 80.0 80,4 81.4 82.4.83.5 86.8 80.4 81,06 79.7 76.6 75.2 79.9
Timbd 79.4 81.4 83.4 84,3 85.1 86.6 86.9 84.9 85.3 82.8 806.1 80.2 83.3

Quritibanos 81.9 3.1 84,4 85.7 85:6 85.7 §2.8 §0.¢ 2.5 £1.4 78.7 79.1 £2.6
Blumenat 82.1 83.7 84,3 85.1 85.8 87.2 86.2 85.2 85.2 83.5 B1.2 8L.0 84.2

Brusqe: 83.1 84.3 84.8 86.1 86.5 B7:.4 §7.2 86.5 86.9 85.7 83.9 82.8 85.4

v

Canborin 85.1 86.1 86.5 86.8 87.5 88.3 88.1 87.0 87.6 85.8 84.5 84.3 85,

Data Scurce: EMPASC



Table 3.2 - MONTHLY MEAN DISCHARGE (12)

II-19

: Runoff
: o . Runoft ( ¢cms ) : Dapth
CYEAR  Jan.,  Feb. ~ Mar, Apr. May = Jun. Jul. Aug.  Sep,  Oct.  Nev, Do Mean {mm)
Mo qoSul  { Gatchment area : 5,230 sqim)
1976 176.0 659 144.0 -45.9 128.0 1981.0 ° 83.0 2340 122.0° 92,0 652 24,5 1143 686.1
1677 281.0 2550 125,0. B7.3 454 . 20.1 36.3 255.0 89,7 284,0 203.0 77.7 147.4 88438
1978 67.6 . 552 $2.2 24.0 16.2 243  5314° 34.8 1150 464 903 121.0 609 3654
1979 49.7 - 282 386 453 1330 &81.7 668 ©0.2° 72.4 3550 168.0 124.0 49.5 58r.2
1980 101.0° 5.3 177.0  58.6 63.2 551 167.0 '324.0 256.0. 151.0 126.0 333.0 1553 8321
1981 ‘!75.0"110.0 45.8. 40,2 .31.3 © 29.7° 433 33.7 - 68.3 68,7 603 973 67.0 4021
1982 42.2 188.0° 986 53.6  40.8 88.4 123.0 98.4 57.6 167.0 354.0 140.0 1210 726.2
1983 190.0 185.0 265.0 132.0 338.0 337.0 0539.0. 379.0 216.0 135.0 122.0 182.0 285.1 17115
1983 110.0 73.2 107.0 85.1 1100 206.0 174.0 504.0 159.0 178.0 176.0 100.0 165.2 9917
1985 64,0 23.9 106.0 120.0 645 - - - - - - - - ; N
Mean 125.7 103.7. 118.2 692 97.1 $13.6 186.2 213.7 128.4 1641 i51.6 133.3 135.1 8108
Indaial { Galchment area :11,451 sq.km) _
1976 353.0 166.0 323.0 135.0 293.0 466.0 216.0- 444.0 253.0 198.0 192.0 390.0 285.8 784.2
1977 460.0 369.0 .274.0 238.0 93.7 70.9 95.2 401.0 163.0 642.0 -385.0 1730 280.5 769.8
19878 153.¢ 138.0.219.0 60.8 45.6 57.5 117.0. 101.0°252.0 152.0 172.0 2850 146.1 400.9
1879 107.0 69.6 - 78.5°110.0°403.0 131.0. 142.0 134.0 1960 126.0 421.0 349.0 188.8 6i8.5
1980 232.0 .168.0 383.0 143.0 1230 119.0 381.0.° 5850 520.0 324.0 303.0 702.0 332.3 914.8
1981 384.0 284.0 140.0- 99.1 78.0  67.1 91.0° 73,3 122.0 171.0 170.0 271.0 i62.5 446.1
1982 110.¢ 273.0° 212.0 1300 110.0 236.0° 3150 213.0 131.0 363.0 748.0 340.0 273.4 .750.4
1983 .406.0 434.0 583.0. 270.0° 766.0 ~ 67.3 2026.0 724.0° 503.0 '332.0. 241.0 4061.0 - 562.8 1544.5
1984 216.0 173.0 234.0 182.0 227.0 396.0 310.0 1134,0 322.0 336.0 370.0 209.0 343.2 ©841.8
1985 " " i o ey : " - o . i §
Mean 242.8 217.5 244.7 136.9 213.9 179.0 411.5 423.3 273.6 293.8 334.6 348.7. 286.3 785.7
Timbo { Catchmean! area 1,450 sg.km) :
1976 56,2 471 777 328 6548 67.4 38.8 ' 49.6 J37.6 32.6 342 36.4 47.1 1024.2
1977  54.7 491 614 528 259 18.0 151 270 -18.2 91.5 561 365 42.3 9194
1978 32.8 40.0 574 167 11.6 126 16,1 1.4 350 24.8 26.8 45.7 28.2 614.2
1979 17.6 14.5 18.2 24.00 655 23.2 249 18.6 284 77.8 723 496 38.2 787.7
1980 43.7 53.2 555 29.% 20.4 17.9 53.9 558 56.0 524 %46 1050 49.9 1084.4
1981 77.6 688 41.6 300 21.3 149 19.9 131 14.5 420 43,3 588 a7.2  808.0
1982 28.7 67.7 5&0.6° 33.9 32.7 4198 43.4 32.4 23.0 506 871 528 45.4 987.4
1983 72,5 77.1. 87.7 46.3 1160 91.9 2400 86.9 81.2 61.2 43.8 8i.2 80.5 1967.9
1984 42.2 354 48.7 414 40.1- 45.9 39.7 1390 51,7 46.1 704 314 52:6 1144.4
1985 = - - - - - : - - - - - -
Mean 42.6 453 49.2 308 38.8 3a7.1 54.6 43.1 38.5 53.2 543 552 47.7 1037.5
birama ~ ({ Catchment area :3,341 sq.km)
1976  72.5 33.5 63.¢ 37.2 B80.2 142.0 57.0 116.0 809 54.1  64.0 816 73.6 6945
1977 105.0 36.2 :62.0 65.2 20.1 147 21.8 60.8 32,6 153.0 798  40.2 57.6 543.8
1978 24.0 21.7 61.2 126 101 14.5 41.2 358 69.0 41.0 43.6 BO.4 37.9. 3580
1979 ' 26.4 17.6 154 27.5 151.0 40.6 - 49.7 39.5 75.7 226.0 138.0 112.0 76.6 723.2
- 1980 78.5 '50.2 108.0 39.6 353 '40.5 167.0 166.0 142.0 87.7 805 206.0 99.9 543.4
1981 97.7 17.0 356 254 207 179 243 - 207 31.3 425 4898 99.9 40.2 3784
1982 34.4 909 58.6 33.6 33.3 91.9 1240 708 441 126.0 233.0 131.0 89.3 843.0
1883 103.0 17.0 163.0 65.5 222.0 201.0 653.0 1540 130.0 87,6 50.0 857 1693 1588.2
1084 43B.8 34.4 59.7 41.8 5i.4 1050 78.2 259.0 817 766 97.2 404 80.4 759.2
1985 - - - - - - - - - - - - - -
Mean 58.1 41.8 62.5 348 824 742 1353 1025 76.4 9854 928 974 80.6 760.2



Table 132 MONTHLY MEAN DISCHARGE (2/2)

o - Ruolf
Runoff ( cms ) ' ' . Depih

YEAR  Jan, Feb. Mar..  Apr. May  Jun. Jul: Aug.  Sep. Okl Nov, Dec. Meon {mm}
ltuperanga  { Calchment area 11,4581 sq.km) .

31.8 23.5 227 63.9 3B.6 8337

1876 556 16.0 328 118 410 46.3 319 861

1977 64.5 103.0 227 229 10.0 7.9 12,0 888 312 66.7 757 235, 441 9513
1978 23:8 27.7 23.8 6.8 55 6.5 i2.8 8.7 307 150 22.0° 36.3 8.3 ‘3952
1878 18.0 11.7 8.5 1.3 -23.6 15.4° 148 245 19.7 128.0 48.6 342 207 641.0
1980 311 168 412 {55 17.2  12.6° 403 . 116.0 81.6 43.0 . 31.0 100.0 455 682.7
1681 63.5 2906 12:.8 100 82 89 160 11.0 187 261 156 16.1 -19.7 4254
1982 8.5 344 157 7.8 7.3 235 263 - 232 125 49.1 965 378 285 G157
1983 42,20 42,47 54.2 42.4 101.0 121.0 309.0 157.0 64.7 297 31.2 67.% 885 19101
1984 33.4 193 17.3. 20.4 24.4 68.2 82,4 193.0 57.7 45.4 369 287 523 1128.0
1988 - . - - - - - . - - - - - -
Mean 33.9 301 22.9 149 23.8 345 60.6 787 88.7 47.4 422 453 406 B75.9

Taio { Catchment area :1,585 sq.km)
1976 . 63,7 307 57.5. 16.4 490.7 765 237 568 42.5 347 200 867 47.3 9416
1977 110.0 57.2 59.8 376 129 9.6 109 748 266 1190 50.0 250 49.5 09839
1978 24.2 16.8 37.0 78 49 63 204 150 41z 267 -27.6° 39.0 222 4424
1879 14.6. 104 250 194  81.2 22.8 224 241 831 1320 61.4 541  41.7 -829.4
1980 34.9 20.1 93.2 7.1 199 202 600 956 79.8 50.0 368 120.0  54.0 10737
1981 63.7 505 16.9 159 108 10.2 13.6 127 29.3 258 26.5 44.2 267 530.2
1982 18.2 87.5 59.3 27.4 226 43.5 57.6 ~39.8 231 68.9 1520 60.B  56.0 1113.4
1983 90.1 97.5 87.4 41.9 126.0 113.0 332.0 122.0 771 509 47.0 64.0 104.1 2070.7
1984 346 246 522 39.7 494 686 358 156.0 43.8 551 787 37.9 56.4 11215
1985 - - - - - - - - - - . - - -
Mean 45.4 40.5 4B.8 223 37.7 412 640 863 441 627 56.6 .59.1 50.9 1011.9
Brusque { Catchment area 1,220 sg.kmn)

‘1976 47.6 28.5 37.0 20.0 40.5 51.0 38.3 584 204 225 27.2 312 358 925.4
1977 38.5 554 271 256 123 9.2 107 51.0 290 638 53.3 26.2 33.5 8661
1978 253 21.2 225 95 84 103 126 88 ‘228 17.8 18.6 38.2 18.0 464.6
1979 1437 123 10.2 23.7 31.8 157 14.9 128 229 617 357 227 23.2 6003
1980 20.9 168 247 193 126 10.7 31.4 470 40.1 363 301 622 - 294 7587
1981 34.3 233 214 161 18:2 123 131 109 111 33.0 238 286 201 519.6
1982 16.8, 43.9 25,6 198 §7.2 232 228 20.7 150 2B.7 4%1 255 257 663.0
1983 52.9 501 57.8 37.4 83.8 66.7 1970 833 547 365 30.7 59.2 67.5 17450
1984 38.0 33.7 27.7 227 226 30.4 308 - 47.0 43.0 433 27.1 305 789.0
1985 - - - - - - - - - - - - -
Mean 28.9 285 253 .19.4 242 255 411 325 30.2 381 84.7 357 31.5 8i48
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Table IT.3.3 ~ RECORDED ANNUAL MAXIMUM DISCHARGE AT INDAIAL

_ Flood

Year Date _Discharge

’ { cas ) -
1934 “Apr.26. - 1,037
1935 sep.24 2,684
1936 Aug. 6 1,913
1937 Oct.16 1,279
1938  Jun.27 1,995
1939 Nov.26 2,590
1940 Chug. 26 1,256
1941 Nov.18 996
1942 Feb.20 1,410
11943 Aug. 3 2,220
1944 Mar.14 645
11945 Feb.20 849
1946 Feb. 2 1,755
1947 Oct .26 1,256
1948 2ug. 2. 2,372
1949 Jun.12 760
11950  Oct.17 2,308
1951 Oct.19 1,545
1852  Sep. 7 1,332
1953 Nov. 1 2,724
1954 May.18 1,845
1955 May.19 3,060
1956 Sép.20 1,079

1957 Aug.18 5,468
1958 Mar.19 1,545
1958 Sep. 2 1,126
1960 Aug.18 1,425
1961 Nov. 2 2,468
1962 . Sep.20 1,740
1963 Sep .29 2,010
1964 " May. 2 795
1965 Aug.21 1,965
1966 Feb.10 2,180
1967 Feb.27 1,256
1968 Dec.25 760
1969 Feb.20 1,560
1970 Jul. 2 1,338

Flood

Year Date Discharge
{ cms )
1971 Jun. 9 2,356
1972 Rug.28 2,340
1973 Aug.29 2,900
1974 ~Jan. 9 1,244
1975 Oct. 2 2,980
1976 May.29 1,830
1977 Nov.12 1,995
1978 Dec.26 2,830
1979 Oct. 9 2,308
1980 Dac.21 3,700
- 1981 Dec.23 1,197
1982 - Nov.l15% 1,920
1983 Jul, 9 4,791
1984 Aug. 7 5,026
1985 . Jun.l6 1,380
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Table II.3.4 " PAST LARGE FLOOD WATER LEVEIL AT BLUMENAU

Water

I1--22

Water .
Year Date Level Year "Date Level
{m) ' ()

1852 Nov.16 16.00 1954 May.18 8.90
1855 Nov.20 . 13.00 1954 Vot .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 8.98
1891 Jun.18 13.50 1961 Nov. 1 i1.70
1898 May. 3 12.00 1962 Sep. 9 8.64
1898 Dec.24 11.00 1963 Sep.30 8.58
19800 Jun. 2 12.59 1966 Feb.13 9.42
1911 Oct. 2 16.60 1967 Feb.18 10.20
1911 Oct .30 © 9,56 1869 Apr. 6 9.00
1925 ‘May.15 9.80 1971 Jun. 9 9.50
1925 Mav.24 10.00 1972 Aug.16 10.40
1926 Jan.13 9.70 1672 Aug.29 10.65
1927 Nov. 9 12.00 1973 Jun.25 10.55
1928 Jun.1g 11.46 1973 Jul.z2 8.70
1928 Aug.15 10.52 1973 Aug.29 11.84
1928 Sep.17 10.00 1975 - Oct.3 12.15
1930 ‘Feb.l6 9.05 1976 May.29 10.55
1931 Apz. 1 10.90 1978 Dec.26 11.05
1931 May. 2 10.44 1979 " May.l0 9.30
1931 Sep.l4 10.62 1979 Oct. 9 §.78
1931 Nov.17 12.30 1980 . Dec.22 12.95
1932 May .25 8.90 1983 Mar. 4 9,95
1933 Oct. 4 10.90 1983 May.20 12.06
1938 Sep.24 16,50 1983 ~Jul.$-18 15.37
1939 "Nov.27 11.08 1983 Aug. 2 .11.20
1943 2ug. 3 9.82 1983 Sep.24 11.10
1946 Feb. 2 8.80 1984 Aug. 6-9 15.46
19438 May.18 11.20¢

1950 oct .17 8.80

1953 Nov. 1 9.30

Source " Bacia do Rio Ttaiai " , DNAEE



Table I1.3,6  TIDE WATER LEVEL AT ITAJM HARBOR

Monthly Highest  Tide Water Level

Moitth

Unit : ELm

11-23

Yeaor . Jan. Feb, Mar, Apr. Jun, Jul, Alg. Sep.  Od. MNov. Dec, Mean
1983 - 146 196 117 116 - 096 1.28
1984 - 1.02 0.88 - 1.14 1.06 .29 1.11 i1 092 071 0.91 1.04
1985 0.81 - - - - . 0.86 0.96 0.97 077 0.86 0.87
1986 - 0.62 077 ~ 0.91 : : 0.77
Mean monthly highost fide water level ) 1.0i

Monthly Lowest Tidé ‘Waler Level
. L - Month - Unit ; ELm
Year Jan, - - Feb, Mar, Apt, Jun. Jut. _Aug. Sep. Ol Nov. Dec. - Mean
1983 034 -014 ©-0.44 -0.44 - - .09 -0.35
1884 -0.44  -0.62 - -0.54 020 048 -0.53 ) -0.48  -0.69 -0.74° -0.82 -0.4% -D.53
igas -0.81 - - - . - - -0.84 -0.85 .0.79 -0.94 -0.76 . -0.87
1986 -0.64 . -0.74 -0.79 -0.72
Mean monthly lowest: .tide " water lavel -0.60

Monthly “Mean Tide Water Level -
- Month : Unil : Elm
Year Jart. Feb.  Mar. Apr. Jun. Jui. Aug.. . Sen. Oct Nov. Dec. Mear
1983 L 0.44 073  0.34  0.28 . - 013, 038
1984 0.t6 D ig - 0.35 0.45 0.37 0.40 0.11 .04 0.12 0.10 0.25
1985 0.03 - - - - - T 011 0.05 0,12 .04 6.02 0.06
1986 0.08 0.09 0.01 Q.05
Mean lide waler level 0.20



Table T1I,3.6 SEDTMENT CONCENTRATION RECORDS

(1) _Apluna {2) HBarra do Prata
Gage Discharge Sedimant Gage ischargo Sediment *
Date Helght Concentrat lon ‘Date . Height ) Concent rat lon
{m} {cms) {ppm} : : ) {m) {cma} {ppm}
Mar.20 By 0.58 62.3 49.2 May.1% 73 1.55 35.8 "1%.6
Jun.lé 0.50 44.7 45.8 Mar.19 *81 ¢.97 8.0 109,0
sep.21 0.58 56.2 37.8 Jun.y  *81 .81 4.0 53.2
Dec,23 1,30 280,90 52.5 Sep.27 1.83 43.4 268,5
Jan.,16 'B2 0.58 64,6 29.9 Dec.26 1.48 28.8 iB.9
Mar.1? L 0.89 64.3 5,1 Jan.lz ‘82 1.37 23.1 43,8
Jul.s 6.%0 342.9 5.3 Max .2y 1,50 28.7 3.3
Sap.9 0.85 129,0 35.8 5ep,.15 1.18 14.9 14,2
Hov, 198 1,490 553.0 31.6 Nov,31 2,03 89.0 9.2
apvr.29 83 1.36 299.4q 48,8 AOT .29 ‘A3 1.35% 24,1 22.4
Jun.22 - 1,58 344,90 3%.1 Juri. 29 1.54 61.5 16.4
oct.Z2l 1.12 208.9 180.9 Oct .23 1.88 62.0G 251.3
Jan,20 '54 1.06 177.0 244 .7 Jan,17 ‘64 1.20 14.5 108.4
Mar.? 1.48 317.0 144,40 Jan.22 1.26 16.5 138.5
Jul.z1 1.50 351.0 56.5 Apr.23 1.390 19.4 18.1
Jan.z5 '85 0,62 $7.0 41,0 Jul .20 0.90 5.1 13.1
Oct .20 1.08 116.0 81.8 Jul.21 1.52 34.4 28.4
Oct .17 1.26 17,7 18.4
(3) Brusgue {4] Rio _do  sSul HNovo
Gage Discharge Sediment - Gage Discharge Sediment
Date Haight Concent ration Date Height - Concentration
) {m) {cris) {ppm} - tmj {cm3z) (ppm)
Apr.2z *11 1.31 13.5 23.7 ng.za 19 G.87 22.3 91.2
Aug.z29 1.47 27.0 46.0 May.5 1.68 B82.4 25,1
Oct .13 - 2.3% 1.6 _183.'1 Mar.l7 81 1,06 32.3 57,1
Aug.7 ‘78 0.98 7.8 20.2 Jun,1i 1,06 32.3 65.9
Oet . & 1.05 10.1 29.3 Sep.23 1.68 82.¢ 35.1
Bec.8 1.21 15.8 53.0 Dec.10 1.49 57.7 54.7
Mar.8 1% G.99 8.1 64.7 Jan.14 '$2° 1.14 38.0 18.2
Feb.21 '81 1.41 24.9 159.7 Mar,24 2.22 122.0 90.2
Hay.iz 1.0%9 11.9 44,2 Sep.9 1.45 62.7 176.8
Aug, 24 9.99 . 1.a 78.1 Hov.22 3.7z 303.0 538.4
Nov.27 1.14 11.8 43,7 Jan.z24 B3 1.80 92.0¢ 26.4
Feb.12 '82 1.54 32,0 253,90 Mar.15 1.17 43.3 3z2.9
Jun,. 1l 1.19 14.6 43.9 ADr.26, 2,30 126.0 63.27
Aug.6 - 1.18 15.2 38.4 Jun.27 1.39 433.0 32.3
Oct.8 " 2.90 125.0 gz2c.8- Jul.17 3.79 268.0 53.6
bec.4 1.83 43.2 -136.3 Oct .23 2.40 130.0 120.6
Pec,22 *83 2.28 81,z - 203.9 Cet .9 *84 5.70 522.0 324.3
Fob.21 "84 1.41 22.1 21.3 Jan.,15 '85 1.08 34.3 0.1
May.12 1.26 15.9 42.8
May.25 2.30 64,7 169.1
Nov.23 1.71 38,1 B0.6
May.23 *85 1.04 15.6 32.8
Aug.25 0.78 5.9 23.%
{5} Iandaial
Gage Discharge Sediment
Date Height Concent ration
] L} tcms) {ppm)
Got .27 16 1.75 223.0 79.9
Dec. % 3.15 849.0 282.0
Dec.12 3.04 784.0 120,4
May.1? 17 1.21 81,0 35.2
Sep.21 1.45 138.0 S 45.8
Nov.17 '78 1.26 82.0 23.2
Mar.17 79 1.15 §2.0 7.0
May.29 1.5% 16l.0 22.5
Mar.22 ‘51 1.30 40.0 37.8
Jun.1? i.16 72.0 62.8
Sep.20 1.06 50.0 31.5
Dec.b 1.47 140.¢ s
Jan.% '82 1.40 123.90 33.9
Mar.lé 1.44 132.0 i5.8
Sep.22 1.30 106,90 62.2
Nov.18 3.05 854.0 71.6
Apr.18 '83 1.68 312.0 105.3
Jin.190 2.40 485.9 ii3.8
ot .20 2.10 348,0 ic4.2
Jan.18 ‘B4 1.7¢ 212.0 459.7
Mar.24 1.98 310.0 896.0
Juki.23 2.29 398.0 224.3
Gok .22 1.82 191.0 116.90
Jan.26 '85 1.26 70.5 86.1
Jan.1lt 1.45 135.0 109.4
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Table [I1.3.7 ANNUAT,  SEDIMENT  LOAD

. i Unit : Million cm )
Statiaon ' :

~ Year " Ric do Sul Apiuna - Indaial Ihirama . - Brusgue

1976 - 0.74 1.20 0.13 " 0.04
1977 - 0.84 1.26 0.11 - 9.04
1878 0.12 0.29 0.49 0.07 0.02
1979 0.25 0.69 1.03 0.17 0.02
1980 - 0.47 1.17 1.64 0.20 0.03
1981 0.11 0.26 0.46 0.06 0.02
1982 1 0.29 0.73 1.11 0.15 0.02
1983 - 0.66 3.59 4.86 0.69 0.12
1984 0.56 1.30 1.95 0.20 0.02

1985 0.27 - - - -
Total 273 .61 14.00 1.78 0.33
Mean 0.34 1.07 1.56 0.20 0.04
Catchment Area 5,230 9,487 11,491 3,341 1,220

(km2) : .

Specific Sediment 65 113 135 58 30

load (m3/km2/year}
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Tab_lo I1.4.1

‘Gage Height

COMPARISON OF FLOOD PEAK DISCHARGE BASED ON

RATING CURVES BY DNAEE AND JICA TEAM

Flood Peak Dischargs

Name of “Difference

Station {m) DNAEE - JICA {oms) (%)
bec. 1978 : _ :
Rio de Sul 6.80 ST720 700 20 {2.8)
Ibirama 4.43 1,010 1,07¢ ~60 {5.9)
Apiuna 5.47 2,300 2,100 200 {(8.7)
Timbo _ 6.46 560 470 90 {16.1)
indaial 5.92 2,900 2,400 500 117.2)
Brusque 7.58 550 490 60 “(10.9}
Dec. 1980
Rio do Sul 7.57. 850 860 -10 {1.2)
Ibirama 7.30 2,480 2,950 -470 {(19.0}
Apiuna 7.70 3,690 3,250 440 (11.9)
Timbo 7.28 690 590 100 (14.5)
Indaial 6.60 3,500 2,900 600 {17.1)
Brusqgue 5.45 320 290 30 (9.4)
Jul. 1983 ) :
Rio do Sul 13.28 1,970 2,560 -590 (29.9)
Ibhirara .7.30 2,480 2,950 ~470 (19.0)
Apiuna 8.64 4,310 3,900 410 (9.5)
Timbo - o — ~ -
Indaial 7.78 4,760 4,200 560  (11.8)
Brusque 7.54 540 4890 © 60 (11.1)
Aug. 1984 _
Rio do Sul 12.80 1,860 2,370 ~510 (27.4)
Ibirama §.56 2,070 2,430 ~360 (17 .4)
Apiuna 8.66 4,320 3,950 370 {8.6)
Timbo 8.26 860 800 60 (7.0
indaial 8.02 5,030 - 4,500 530 {10.5)
Brusque - - - - -
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Table 1I.4.3  ANNUAL MAXIMUM BASIN MEAN
: 4 DAYS / 7 DAYS RAINFALL

Year bate 4-day Date 7-day (7-day)~- (4-day)/
('} {am) {(4-day) {7-day)
{rarn) %
1951 OCT. 15 90 oCT. 14 145 55 62.1
1952 SEP. 3 87 QCT. 13 103 i6 84.5%
1953 ocT. 28 93 ocT. 27 101 8 92.1
1954 MAR. 31 101 oCT. 16 137 36 73.7
1955 MAY. 16 115 MAY. 15 126 11 91.3
1956 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 19.6
1959 AUG. 30 88 AUG., 2 124 36 71.0
1960 JUL. 31 89 JUL. 30 97 8 91.8
1961 SEP. 9 138 SEP. 6 193 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
1965 AUG. 16 91 AUG. 16 104 13 87.5
1966 FEB. 9 121 FEE. 9 166 a5 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 a6 27 71.9
1971 MAY. S 66  APR. 16 109 34 66.0
1972 AUG. 25 146 AUG. 22 165 19 88.5
1973 AUG. 2 108 AUG. 22 149 41 72.5
1974 JUL. 22 99 JUL. 19 115 16 86.1
1975 SEP. 30 102 SEP. 27 127 25 80.3
1976 MAY. 26 90 MAY. 23 108 18 83.3
1977 AUG. 15 125 AUG. 13 137 12 91.2
1978 DEC. 25 118 DEC. 24 122 q 96.7
1979 MaY. 1 106 MAY. 8§ 141 35 75,2
1980 DEC. 19 151 DEC. 18 164 13 92.1
1981 DEG. 21 99 DEC. 21 102 3 97.1
1582 FEB. 3 96 FEB. 4 111 15 86.5
1983 JUL. 6 . 216 JUL. 6 324 108 66.7
1984 AUG. 5 213 AUG., 2 259 46 82.2
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Table II.4.4 PROBABLE RAINFALL: AND ENLARGING RATIO

Return Probable Observed Rainfall (mm)

Period Rainfall Déc.1978 Dec.1980 Jul.19%83 Aug.1984
{year) {mr) 118 151 216 213 VAl
2 110 0.932 0.728 0.509 0.516
5 140 1.186 0.927 0.648 0.657
10 160 1.356 1.060 0.741 0.751
25 185 1.568 1.225 0.856 0.869
50 210 1.780 1.391 0.972 0.986
100 230 1.949 1.523 1.065 1.080

Note : /1 Actual d-day rainfali {rnm)
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Table XI.4.5 STORAGE FUNCTION OF SUB-BASIN

Basin Catchment River River Bed Coeff. of Storage Lag-time

NO. Ared Length Slope Function ( heour }
( 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.¢  1/1,300 17.98 0.944 3.0
4 116.0 20.0 1/220 30.63 0.622 3.0
5 200.0 35.0 17100 38.81 10.516 3.0
6 183.0 22.5  1/250 29.48 0.641 3.0
7 440.0 26.0.  1/100 38.81 0.516 2.0
8 . 850.0 32.4 17425 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 0.585 3.0
12 174.0 26.6 1/60 45.23 0.458 2.0
13 854.0° 43.1 17435 24,97 0.730 6.0
14 584.0 a8.4 17170 33.10 0.585 4.0
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 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 1 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 17100 38.81 0.516 3.0
24 779.0 52.4 1/55 46.43 0.449 4.0
25 64.9 8.9  1/540 23.40 0.768 1.0
26 71.1 9.0  1/165 33,39 0.581 1.0
27 405.0 37.7  1/305 27.77 0.671 5.0
28 262.0 3.2  1/160 33.70 0.577 4.0
29 197.0 21.6  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 1.2 7.1 1/670 21.93 0.808 1.0
33 590.0 19.0 ~ 1/980 19.57 0.883 6.0
34 111.0 11.4  1/210 31.06 0.615 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 1.9
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 2.0
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 sg.km
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Table IT.4.6

STORAGE FUNCTION OF RIVER CHANNEL

Coeff. of Storage Function

Name of Stretch River River Bed Tag-time
Length Slope K 4 TL
(km} ' {hr)
IT1 1.6  1/12,000 21.519 0.704 Q< 1,000 1.0
0,677 1,204 0 > 1,000
T2 11.7  1/12,000 27.918 0.749 0 < 1,000 2.0
0.581 1,307 O > 1,000
IT3 1%.0 1/12,000 46.457 0.700 © < 1,200 2.0
0.329 1.398 Q > 1,200
IT4 3.7 1/12,000 12.910 0.67 0 < 1,200 0.0
0.403 1.160 Q> 1,200
15 8.0 1/12,000 34.066 0.642 Q< 1,600 1.0
_ 0.512 1.211 0> 1,600
ITG 13.0 1/12,000 37.507 0.629 Q< 2,700 2.0
. _0:662 1,140 Q> 2,700
17 14.0 1/12,000 42.507 0.675 Q< 2,50 2.0
_ : 1.307 1.120 0 > 2,500
IT8 19.0 1/500 27.443 0.681 ' 3.0
iTs 4.2 1/1050 6.261 0.669 1.0
IT10 18.0 1/1050 24.006 0.677 2.0
IT11 4.0 1/2,500 6.479 0.683 Q< 2,50 1.0
2x10-7 2,870 Q> 2,500
ITi2 42.0 1/100 9.23% | 0.711 3.0
1713 22.0 1/5,000 29,626 0.740 Q< 800 1.0
0.141 1.540 Q > 800
Benedito river 0.000 '
BN1 8.6 1/1,000 10.531 0.8657 1.0
itajail do Horte river 0.000
iNl 7.5 - 1/240 8.274 0.637 1.0
Itajai do Oeste river 0.000
01 6.0 1/5,000 14.853 0.738 <200 1.0
10,777 1.317 Q > 200 _
102 15.1 1/5,000 15.801 0.745 Q< 800 2.0
0.060 1.578 Q > 800
Itajail do Sul river _ 0.000
Is1 12.0 1/4,000 20.552 0.781 Q< 700 2.0
‘ 0.060 1.648 Q > 700
152 - -13.0 1/1,000 12.898 0.66% 2.0
183 . 3.4 1/600 5.262 0.683 Q< 800 1.0
0.111 1.190 ¢ > 800
Itajai Mirim river 0.000
M1 8.4 1/10,000 11.3209 G.805 O < 100 1.0
' 0.040 2.032 Q > 100
M2 8.4 1/2,300 7.515 0.735 g <200 1.0
0.0 2,341 Q > 200
M3 9.2 1/2,900 0.201 1.559 Q< 200 1.0
0,077 1.740 9 > 200
M4 13.4 1/2, 600 2.403 1.087 Q< 200 2.0
o 1,104 1.234 Q > 200
M5 9.0 1/2,000 0.966 1.211 Q< 200 1.0
. 0.250 1.4686 Q > 200
Tuiz Alves river 0. 000
LAl 2.0 1/10,000 4.853 0.610 Q< 100 1.0
0.001 2.810 0 > 100
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Flg. 11.2,2 AVAILABLE DAILY RAINFALL RECCRDS

IN ANMD AROUND THE ITAJAI RIVER BASIN { 1/2 )

L1
T o oy T Gbaervation | Periea. TS
i 10, Numb livsHiuk .
tame @ Srotior ,_?;-mﬂf":iuk_ffTuT?'?ﬁ 30| |, '36|  aqp tas| . ts0| 'sel  ‘ed]  ‘es|  'Tol ‘75 ‘80| ‘85|
Gaspar 0ze48000 0] : . 1‘ ’l ” ] ”” ] H
Tlhota 02648001 01 *[ H,:' T Ii
uiz Alves 02648002 0l ' T !I ™1
" itajai 02648008 02 ] ! i] ;
pigarras D26ABOLY 01 ‘ : -
Passo. Manso 02649000 01 . : T " l”
Warnow 02649001 01 Ei AR AERS TP
Pamerodo . 02649002 m l i HITTAVETS T T
Jenedito Hovo 02649003 01 T 1 BRARRRN1RA
CTimbo ) 02619004 o0 i1 T i T
Indaial 02649005 01- - et i s IIIF
Blumenau 02642007 01 ‘ I ; | T I RRANARARRNR RS
_Rio des Cedrod -02649(08 01 } T T 1 i"‘ T 5.“2
Garcia . : 02649009 0l i T AN BRRBRARERE ”_E N E
JItoup Ceatrat | 02649010 0L ! T T [T T i T
br. Pedrinlio 02049017 01 T L1 e ™
Massaranduba | 02649019 | 02 : nsanaaiifeesl Tk
Blumenau 02649020 05 RERASSNERS] } i ! !
_Rinko. 02649024 05 l Hi | le
| Jaragua do Sull 02649037 01 - :I [
Indaial 02649038 - | 05 : ! : i :
Witmar sum 02649053 ol | REE 1 Tl
. Pile il
Cltaiopolis 02649054 01 I
" Rico Negrinho 2049055 a1 R
ltaiopolis 02649056 01 LS B NS
‘Barra do Prat] 02649058 | 01 : , ESEAELTES
CBarragen Nortyd 02049001 02 I T
ltaiopolis 02649013 Q2 ] i =
Papanduva 020530000 "0l T f} ISSEREREL
Kio do Campo | 02650014 03 T 'fp
Monte Castelo| 02650015 | 01 | e
Santa Cecilia]| 02630016 01 I f et
A ; : AR
~Brustue G2748000 01 H i T o AR R NN N DA AR NN KR
Hajor Gercina| (2748001 01 { r;:l ; r; ";; 1T :"; 7
Nava Trento 027438002 ot i’;! ;T T '[ H’I‘ ui
_Augelina OZI4BUOS 01 [ERESNERE 1 1T Elll
Brusque 02748014 05 T i} l tl I I ;f i
Grusque 02748015 | 29 _ ‘!; . l Bt s
Cludnial 02749000 0oL Y et o
" ibirama 02749001 | 0l S AR RTANENN CARENERARTNERED ENNRNNRENS LANERARRENLE
“1tuporanga 02749002 | m i [ T T e
Taio 327149007 02 13 | 7T "
Alfredo Wagnell 02749004 ol i il ; il !
_Nova Bremen 02749005 0l TTTHTT T T
Ieuso Redondo v2749006 | 01 T
Lomba Alta 02749047 01 T
Rio do Sul 02749008 01 i
Pres. Getulia 02749011 01
Tromb, Central 02749013 01
Barracao 2749014 01
Faz.Boa EsperJ 02749015 c1
Necisse Centrall 02749016 a1
Barragem Sul 027459017 02
Barragewm Qesty (2749018 01
Rancho Queimndo 02749020 01 i
Ibirama 02749022 15 !
Rio do Sul 02749024 3]
Apiuna 02749025 15
Anirvapolis 02749027 13}
Vidal Ramos 02749033 01
Leoberto lLeal Q249034 01
Saltianhao 02749037 431
Eio do Sel Nodo 02749039 13}
[ Agretandia | 02749041 101 | 1kl . |
Lt Institulian 01 DNAEE
o2  DNOS
o5 INMET
15 CELESC

2% 5SCUZA cRuz
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Fig., 1I.2.2 AVAILABLE DAILY RAINFALL RECORDS
IN AND AROUND THE ITAJA! RIVER BASIN (2/2)
L ‘
Homa of Stotion 1D, Humbar Institution . * Observation ' Period .
- - IR 2sp 'sol 381 ‘ol ‘48] 'sop '65| ‘60 ‘650 'rol ‘75! ‘Bol  ‘ad |-
Lages . 02750003 01 I _ 1
Lages 02749009 0l
Purltibanos 02750010 0 T
bonlte Alta 02750611 01 T BARRR!
Nom Retiro 02749032 ol i | I I m
L1 Inatitulion 01 DNAEE
Fig.- I1.2.3 AVAILABLE HOURLY RAINFALL RECORDS
iN THE 1TAJA! RIVER BASIN
Homs of Stotion 10, Number Inshtution . . . Obsr vu:ion . P.eriod_ .
. 25 30l 35l ‘aol asl csol 'ssl veol ‘esi cvol 15l ‘ed] ‘s
[tajal. 02648024  FMPASG -
Blumenau 02649007 01 | e
doutor Pedrinhol 02649017 133 T
indaial 02649038 05 ’“-"'
Barra do Prata 02649058 121 IT
harragem Horte | 02649061 0l i
Rio do Canpo 02650014 01 b
pidna 02749060 01 e
Tbirama 02749001 0l Yd
Ituporanga 62749002 0L ‘1:.
Taid 02749003 | 01 | e
Barragem Sul 02749017 01 Ll
saltinho 02749037 01 e
Rio do Sul 02749039 0L e | M
Barragem Oestel 02749018 01 | ﬂ [11d
Inatilution 01 DHAEE ]
05 INMET
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Fig. Tr.2.4 AVAILABLE DAILY WATER LEVEL / DNSCHARGE
IN THE LVAJAL RIVER BASIN (1/2)
S 6 S
Noins ot Skation 10, Nuymber {rabitglion : . . U:D!B rvafion  Pariod
o pRn) T30f 35 Mop g el 86 ‘60 65 ‘7op 75| BO|  '8s|
1) Ttajal river 1 T 1 Tl
Rio do Sal 83300002 0l
tio da Sul Movag 83300200 01 -14 .
Bubida 83460000 01 A (T] l -
Apiitna 83500002 01 ot "
JALNOW 83520000 01 i sniidiianeian R TR B -
ndajal . 83690000 .01 . -
rasgo Manso 83700000 .0 T T U
[touprava Seca 33780000 01 |
Blumcnau 83800002 0% L FEETTT TTF *"|" T FF
Gaspar 83840000 01 TP I SiEinniEEdS
1 hota 83860000 0t ek ptr r e b el g RAN i
- . — ——t A H- SRESEIRER
b)itajai Mirim piver _'" T
brasque §3 900000 01 :
3 Tats Aves diver i nsinhihiG
83880000 01 et ;
R —— SRR SEREEEEAREESLEAREAEERREE RS 11.).
] Testo river I NiEl T y t_ I
hio do Testo | 83720000 01 et
B} Garcia river T 1
Garcia 83820000 01 H
FlBenedito river IH l—
henedito Nove | 83660000 01 LA ! : L
T imbd 83680000 0 - : Ay
S D S — N 1- ] 1411 .L’,‘
b)Itajal do Norjte river | 1 |
Paxrra do Prata | 83345000 (i3] :
Nova Bremen 83421000 01 S8 V'T : {"
Ibirama 83440000 0} : i
Zarragem Norte | 83349400 a2 i debeb bt s
[ Weisee sived 1T TR L S
fﬂéiése Central | 3348000 01
—te JUGHESSRRNY; NS SEASNRREAN ARE N (13 BEs
i)Itajal do Cedte river I rr T i ‘J
raid 83050000 0l e
rif»arraqem Qeste | 83030000 02 JE =
| . B I | ARRERRIRDRENIR] |
i)itajal do sul river - i i HHHH
Barracio 83100000 01 :
saltinho 83105000 ol : J
Tararaca B3120000 01
Rarragem sul | 83145000 02 I RERBSRANEANGE
Ftuporanga £3250000 01 REENEERR
Rio do, Sul 83300000 ol T TTE
- EIRRRNRANRRANRAE : L 41
Lagend LE institytion o1 QHAEE
s Doily  walar  tevel / discharge 02 DHOS
oy Holer Theat

I1I-38






Flg.II.?.;ll AVAILABLE DALY  WATER LEVEL/ DISCHARGE

IN THE ITAJAl RIVER BASIN (2/21)
Noma o! Slalien I Humber trstrlution , , , Observotion , .Pa'riud,
e e A e LB 300 TBSE MO MBS0 IS8 60| test | TO ‘TS| ‘80| 8%
k) Pombas river ]
Pouso Redondo 83060000 01 ' ’
P 2 IR R
—d e ST . RREA RSN SRERANEE
1L} Irointumdo river I ! I
i
Trompudo Central BID70000 0] ! |
1) _Adaga Tiver U ' (T T T T
il
Barracao 83095000 01 w1 I :
H B ‘ N t
n) Perimbo riveyw T : T T *,“_7"“
' : i [
- : . i ‘; Hit I
Barra do Perimljo 83200000 61 T 1‘
o) Franel river A T i X T
[
o - i
iPresident Ge’Lﬁ]1io 83401000 133 d frt bbb el B .0, :

: 1
in)Cedros river . I i ]
Arrozeira | 83675000 ol RANNEAYEEEY :

q) itoupavn river i
Ttoupava 83760000 01 e S UER st
,,,,,,,,,, . S IR BN R NS ,JA BEEREE IAEERREES 1 1]
LLegend . L3 Lastitulian Q1 DUHAEE
memema  Daily  woter level / Dischorge 02 DNOGS
=== Quaily wotar tevel
Fig. I1.2,5 AVAILABLE HOURLY WATER LEVEL RECORDS
I THE |ITAJAI RIVER BASIN.
. e —— ,i,!___ﬁ_,;.m___".._'__g._ . - . -
Fama of Sratica 1T, Nymbar "’""'"ﬁmi.‘ . . R ok“"‘“’”“" Pariod.
. . e LBYT3OH T35 40 Cd 5] 501 ‘551 ‘eo] 'es] ‘7ol cvs ‘ac] as
i Apiuns - a3soso0z | o }ML ] .L. L%L‘I[ . ug}—qjﬂ—ﬂ - T !.-rﬁ! ] %l—n:w i
e 45 sat Mevs ~e3300300 el 1] I i i l.% THIT ] 1
i_ﬁr_u!qua . 33800000 | ol H i I % TH T TH !
Taio |__e3csgooe | o1 i 3 T ’i AT T
p_:_u,amnqa a3zsoo00 1} o ] | 1 H ‘j‘_',.i_ { T
1barams i 8354 0000 o1 i ] T I_IL -L‘i}il ,g,__,____;}, .
Tesesoos o T T T T T T
Institution a1 DNAEE

O3 IHNMET
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