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CHAPTER 1 INTRODUCTION 

The main purposes of the hydrological studies for the “Preparatory Survey for the Project on the 
Disaster Prevention and Mitigation Measures for Itajaí River Basin” are the high intensitive 
rainfall and flood discharges. However, in order to comprehend better these phenomena in the 
watershed it is necessary to take into account its physiographic, meteorological, climatological 
and hydrological characteristics. 
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CHAPTER 2 ITAJAÍ RIVER 

The Itajaí-Açu River, or simply Itajaí River how it is usually called, is a brazilian river located in 
the South region, on the Santa Catarina State and its basin is located in the Atlantic Forest area, 
running from west to east direction, until it achieves the Atlantic Ocean. The size of the basin is 
medium and the total drainage area is about 14.933 km². 

The river becomes to be called Itajaí from the municipality of Rio do Sul, by the confluence 
between Itajaí do Sul River and Itajaí do Oeste River. The major tributaries by the left bank are 
the Itajaí do Norte River or Hercílio (on the boundary of Lontras and Ibirama), the Benedito River 
(and its tributary the Cedros River, in Indaial), and the Luís Alves (in Ilhota). Itajaí River receives 
water from its main tributary by the right bank, the Itajaí-Mirim River in Itajaí city, 8 kilometers 
before its river mouth on the Atlantic Ocean. The Itajaí River, therefore is composed by six large 
sub-basins of tributaries rivers and also the incremental area between these sub-basins, as showed 
in the Figure 2.1.1. 

The basin territory is divided in three big natural compartments due to its geological and 
geomorphological characteristics – the upper valley, the mid-valley and the low valley. The upper 
valley includes the entire drainage area by the upstream and the confluence between the rivers 
Itajaí do Norte (Hercílio) and Itajaí. On this area is also located the headborders of the 
Itajaí-Mirim river. The mid-valley includes the area between the mencioned confluence and the 
Blumenau City; from this place the low valley starts and it is influenced by the tide conditions 
because of its low slope in this strecht. 

The drainage areas of major rivers and main fluviometric stations are presented on the Table 
2.1.1. 

Table 2.1.1 Drainage Areas 

SUBBACIA Area (km2) Estação Fluviométrica Area (km2)

Barragem Norte 2.330,5
Ibirama 3.335,4

Barragem Oeste 851,2

Rio Trombudo 590,9
Taio 1.569,9

Barragem Sul 1.165,4
Ituporanga 1.645,3

Rio Benedito 830,9
Rio dos Cedros 600,3

Barragem Pinhal 179,9

Barragem Rio Bonito 119,8
Timbo Novo 1.431,3

LUIS ALVES 580,01 Luis Alves 157,3
Brusque 1.206,6

Canal Junction 1.540,3

Rio do Sul Novo 5.041,6

Apiuna Nova 9.288,8
Indaial 11.276,4

Ribeirão da Velha 56,6

Blumenau 11.922,7
Rio Garcia 158,3

Gaspar 12.271,9
Ilhota 12.498,6

Após a confluência com 
o Rio de Luís Alves 13.093,8

Após a confluência com 
o Rio Itajaí-Mirim 14.914,8

Desembocadura 14.933,2

Total área de captação 
da Bacia Itajaí 14.933,23

RIO ITAJAÍ DO SUL 2.026,87

Area de Drenagem das Subbacias
Area (km2)

RIO ITAJAÍ DO NORTE OU 
HERCÍLIO 3.353,98

RIO ITAJAÍ DO OESTE 3.014,37

RIO ITAJAÍ AÇÚ             
(Entre confluências)          

RIO BENEDITO 1.500,30

1.678,86RIO ITAJAÍ-MIRIM

 
Source: JICA Survey Team 

The major part of the Itajaí basin area is composed by forest and large extension of grazing 
pasture. The population is concentrated nearby the river banks. On this place there are big cities 
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where the density is around 100 thousand to 300 thousand people, such as Itajaí (in the river 
mouth), Blumenau (70 km from the river mouth) and Rio do Sul (191 km from the river mouth). 

In relation to the fluviometric channel, the Itajaí River has a riverbed slope between 1/15.000 and 
1/20.000, from the river mouth until Blumenau City. So, it is a very flat stretch. The altitude of the 
riverbed in Blumenau is lower than the mean of the sea level. The intermediate river stretch, by 
the Blumenau upstream to the Lontras City (around 170 km from the mouth), has a very steep 
slope between 1/100 and 1/1.500. And the Rio do Sul and Lontras stretch slope is reasonably flat 
with a slope of 1/3.000. 

The river width is from 200 to 300 meters in the lower valley stretch; between 150 to 200 meters 
near to Blumenau; between 100 to 150 meters in Rio do Sul. And as it moves upstream, it 
becomes increasingly narrow. 

Currently, in the Itajaí River there are no dykes ou remarkable rectified channel, except partial 
interventions, such as the concrete cribs from the port complex and the Itajaí Mirim River 
rectified channel. The Itajaí River channel keeps almost all of its natural shape.  

The length of the main thalwegs are presented in the Table 2.1.2. 

Table 2.1.2 Main Itajaí Basin Rivers Length 

 
Source: JICA Survey Team 

 

The Figure 2.1.1 presentes the Itajaí River Basin map. In the Figure 2.2 the longitudinal profile of 
the main rivers form the basin is presented.  
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Source: JICA Survey Team (Based on data from IBGE, EPAGRI, CIRAM, ANA) 

Figure  2.1.1  Itajaí River Basin map including drainage areas 

 
Source: JICA Survey Team (Based on data from IBGE, EPAGRI, CIRAM, ANA) 

Figure 2.1.2 Rivers of Itajaí River Basin longitudinal profile and distances from the main rivers 
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Blumenau, located in the Itajaí River basin, is one of the cities which are suffering with the often 
floods. The representative Flood events that occurred recently were: July, 1983; August, 1984 and 
November, 2008. The largests flood disasters happened in the lower valley (Itajaí, Gaspar and 
Blumenau). In the upper valley (Rio do Sul) and in certain small and average size cities in the 
tributaries rivers bank floods are becoming more frequent. In Indaial city and in the mid-valley, 
where the slope is steep, the disasters were smaller. 

The Santa Catarina State has implemented some protection measures against flood through the 
exclusive flood contention dam buildings; such as the Oeste and Sul dams, in the 70’s and the 
Norte dam in the 90’s. There are no significative flood contention infrastructure and no large 
structural measures, except those dams mentioned before. However, the Civil Defenses from the 
main cities, as Blumenau, had firmed a cooperation agreement with FURB and CIRAM and 
implemented the prevention system and warning due to mitigate disasters. 
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CHAPTER 3 METEOROLOGY AND CLIMATOLOGY 

The Itajaí River Basin climate, according to the Köppen climate classification, belongs to the 
category ‘Cfa’ humid temperate with hot summers. For the climate classification and 
characterization of the climate variables were used provided data from the Itajaí River basin 
stations by EPAGRI-CIRAM. The used data came from the following stations: Rio do Campo 
Meteorological Station – 639 (from June 1st, 1994 to July 31th, 2010), Ituporanga Meteorological 
Station – 191 (from October 1st, 1985 to July 31th, 2010), Indaial Meteorological Station – 167 
(from December 1st, 1970 to July 31th, 2010) and Itajaí Meteorological Station – 83 (from August 
4th, 1980 to July 31th, 2010). The variable seasonality analysis observed in these stations is 
impaired due to the limited information availability and different periods observed at each station. 
According to EPAGRI, the Rio do Campo Station – 639 presents a disable observation, 
furthermore its observed data present the shortest duration. Therefore, some information seems to 
be inconsistent, mainly when its observations are compared to the other stations. 

3.1 Temperatures 

The hottest trimester includes the months: December, January and February, the mean of 
temperature on this trimester is around 22º C in the upper valley and 24º C in both lower and 
mid-valley. The absolute maximum range from 28ºC to 43ºC in the entire basin; the lower 
temperature happens in winter season in July, and the higher one in the summer season, generally 
in January. 

The coldest trimester occurs from June to August, the mean of temperature is around 13ºC in the 
upper valley and 16ºC in the lower and mid-valley. The absolute minimum range of -5,4ºC to 
15ºC. The lower temperatures happen in the winter in the upper valley; the higher temperatures 
happen in the summer in the lower and mid-valley. 

The Table 3.1.1 presents the monthly mean of temperature in the indicated stations: 

Table 3.1.1 Means of monthly and annual temperatures (ºC) 
Month Rio do Campo Ituporanga Indaial Itajaí 

January 23,0 22,8 24,5 24,7 
February 23,0 22,7 24,8 24,8 
March 22,3 21,9 23,9 23,9 
April 19,3 19,1 21,3 21,7 
May 15,0 14,9 18,0 18,4 
June 13,1 13,2 16,1 16,3 
July 13,0 12,6 15,6 15,6 
August 14,6 14,4 17,0 16,6 
September 16,3 15,8 18,1 17,9 
October 18,7 18,3 20,3 20,1 
November 20,8 20,3 22,1 22,1 
December 22,3 22,0 23,8 23,7 

Annual 18,5 18,2 20,5 20,5 
Source: JICA Survey Team 
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In the following Figure 3.1.1 presents the plot of monthly mean of temperatures. 
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Source: JICA Survey Team 

Figure 3.1.1 Monthly mean of temperatures (ºC) 

It is notable that in places near to the coast the temperature variation is lower; the months are 
hotter in summer and less cold in winter. 

3.2 Monthly Rainfall  

The rainiest trimester occurs in the summer months of December, January, February, while the 
driest period occurs in the winter. It is relative, however, a month can be extremelly humid in a 
certain year, and extremelly dry in another. Rainfalls that cause floods can happen in any period 
of  the year. 

The monthly mean of rainfall of the indicated stations is presented in the Table 3.2.1. 

Table 3.2.1 Mean of Annual and Monthly Rainfall (mm)  
Month Rio do Campo Ituporanga Indaial Itajaí 

January 227,0 191,4 224,6 238,2 
February 205,6 152,7 180,4 189,3 
March 174,9 108,2 138,5 169,6 
April 108,4 103,6 107,6 121,7 
May 97,3 118,8 111,3 110,0 
June 99,5  96,0 100,7 95,6 
July 126,1 125,0 118,9 117,7 
August 104,2  97,7 117,0 94,0 
September 171,9 159,9 157,6 148,8 
October   226,9 * 170,4 165,7 156,9 
November 160,5 140,5 150,3 169,7 
December 163,5 141,4 169,7 160,3 

Annual 1.865,8 * 1.605,6 1.742,3 1.771,8 
* Value apparently inconsistent 
Source: JICA Survey Team 
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In the following Figure 3.2.1 the montlhy mean of the rainfall plot is presented. 
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Figure 3.2.1 Monthly Mean of Rainfall 

In general, the mean of rainfall deacreses from the cost to the inland. The Rio do Campo rainfall 
station is an exception to this standard, because of the reasons mentioned before.  

3.3 Monthly Mean of Rainy Days 

In the Table 3.3.1 the monthly mean of rainy days is presented. 

Table 3.3.1 – Mean of Monthly and Annual Rainfall Days 
Month Rio do Campo Ituporanga Indaial Itajaí 

January  14 16 16 18  
February 13 14 14 15  
March 12 12 12 16  
April 9 10 9 13  
May 7 10 9 12  
June 8 10 8 11  
July 8 10 8 11  
August 7 9 8 10  
September 12 12 13 13  
October 15 13 13 15  
November 12 12 13 15  
December 12 12 13 15  

Annual 129 140 136 164  
Source: JICA Survey Team 

In the Figure 3.3.1 the monthly mean of rainfall days is presented. 
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Figure 3.3.1 Monthly mean of rainy days 

As the monthly mean of  rainfall, the mean of rainy days also decreases from the coast to the 
inland. Possible outliers values are due to different periods of data observation. 

3.4 Maximum Rainfall in 24 hours 

In the following Table 3.4.1 it is presented the maximum rainfall observed in 24 hours in the 
considered stations for each month. 

Table 3.4.1 Maximum Rainfall (mm) in 24 hours and Occurrence Time 
Month Rio do Campo Ituporanga Indaial Itajaí 

January 78,0 17/01/2009 99,0 15/01/2000 133,5 10/01/2002 187,5 24/01/1999
February 103,6 01/02/1998 77,8 01/02/1997 82,6 28/02/1998 100,7 14/02/1987
March 98,0 07/03/2003 103,8 09/03/2009 92,4 03/03/2003 108,0 25/03/1982
April 140,0 23/04/2010 89,7 26/04/2004 131,8 04/04/2005 100,8 21/04/2008
May 97,2 18/05/2007 97,8 04/05/2001 102,7 29/05/1992 133,1 29/05/1992
June 72,6 19/06/1998 75,5 30/06/2002 96,3 21/06/1991 81,5 27/06/1997
July 115,1 30/07/1999 83,0 09/07/2007 112,1 03/07/1999 97,3 03/07/1999
August 86,4 01/08/2009 101,0 31/08/2005 119,3 31/08/2005 91,2 06/08/1984
September 71,4 25/09/1997 110,2 14/09/2004 121,7 14/09/2004 88,8 28/09/2009
October 136,2 01/10/2001 121,4 01/10/2001 147,2 01/10/2001 123,6 01/10/2001
November 105,0 29/11/2002 112,6 21/11/2000 119,9 23/11/2008 190,5 23/11/2008
December 94,2 06/12/2007 71,4 16/12/2003 134,4 03/12/1972 140,8 29/12/1995

Source: JICA Survey Team 

In the following Figure 3.4.1 is presented the maximum rainfall plot in 24 hours in each 
considerated station. 
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Figure 3.4.1 Maximum rainfall in 24 hours 

The intense rainfall occurs in all the months of the year, generally.  

3.5 Relative Humidity 

In the following Table 3.5.1 the monthly mean of the relative humidity in the considered stations 
is presented. 

Table 3.5.1 Relative Humidity Monthly and Annual 
Month Rio do Campo Ituporanga Indaial Itajaí 
January 80,6 79,6 79,0 82,6 
February 83,0 79,6 80,8 83,0 
March 81,8 80,4 80,5 83,4 
April 81,4 82,7 81,4 84,3 
May 81,7 84,7 81,8 84,7 
June 83,5 86,5 83,6 86,5 
July 83,7 85,8 83,3 86,2 
August 81,8 83,0 81,4 85,5 
September 81,5 82,0 81,8 84,0 
October 82,2 80,6 80,4 82,3 
November 78,0 76,5 78,1 80,8 
December 75,1 76,1 77,5 80,6 

Annual 81,2 81,5 80,8 83,7 
Source: JICA Survey Team 

The monthly mean of relative humidity are plot in the following Figure 3.5.1. It is notable that the 
quarter (from May to August) presents the highest monthly mean of relative humidities. 
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Figure 3.5.1 Relative Humidity (°C) Monthly 

3.6 Evaporation - Class A Pan 

The Class A Pan evaporation observed in the mentioned stations is presented in the Table 3.6.1, 
except the Rio do Campo station where the observations are not enough for a representative mean. 
In Indail there is no observations on the Class A Pan. 

Table 3.6.1 Mean Monthly and Annual Class A Pan Evaporation 
Month Rio do Campo Ituporanga Indaial Itajaí 

January - 158,1 - 143,3  
February - 137,2 - 121,2  
March - 130,7 - 116,2  
April - 91,8 - 90,9  
May - 65,6 - 70,4  
June - 47,0 - 52,9  
July - 52,4 - 51,3  
August - 68,7 - 65,6  
September - 82,9 - 73,9  
October - 108,6 - 101,1  
November - 142,7 - 122,7  
December - 161,9 - 140,4  

Annual - 1.247,6 - 1.149,9  
Source: JICA Survey Team 

The monthly mean of the evaporation plot is presented in the Figure 3.6.1. The months which 
have a lowest evaporation are on the quarter (from May to August), according to the higher 
relative humidity. 
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Figure 3.6.1 Monthly mean evaporation of the A Pan 

3.7 Insolation 

The monthly mean of insolation observed in the mentioned stations is presented in the Table 3.7.1, 
except the Rio do Campo station where the observations are not enough for a representative mean. 

Table 3.7.1 Mean of Monthly and Annual Insolation (hours)  
Month Rio do Campo Ituporanga Indaial Itajaí 

January - 159,1 160,6 181,1 
February - 150,7 150,2 166,2 
March - 164,6 160,7 180,8 
April - 138,7 147,5 156,8 
May - 132,8 145,4 156,4 
June - 108,2 126,9 138,1 
July - 118,6 129,5 139,8 
August - 132,4 124,6 140,3 
September - 106,7 101,6 109,9 
October - 124,9 118,2 127,1 
November - 156,7 144,5 153,6 
December - 170,6   134,3 * 175,5 

Annual - 1.664,0 1.644,0 1.825,6 
* Value apparently inconsistent 
Source: JICA Survey Team 

The monthly mean of insolation plot is presented in the Figure 3.7.1 bellow. The obtained value 
for Indaial on December seems to be inconsistent. The summer months present a larger number of 
hours of sunshine, as expected. The insolation in the Itajaí River Basin decreases from the coast to 
the inland. Possible outliers values are due to different periods of data observation. 
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Figure 3.7.1 Monthly and Annual Mean of Insolation (Hours) 

3.8 Annual Mean of Rainfall 

The isohyetal drawing map showed in Figure 3.8.1 was traced based on the annual mean of  
rainfall observed in 39 rainfall stations located in the Itajaí River Basin in the period of 1980 to 
2009 (30 years). In the Table 3.8.1 the stations and the annual mean of rainfall are related. 

Table 3.8.1 Annual Mean of Rainfall (mm) – 1980 to 2009  
Rainfall Station  Code Latitude Longitude Mean 
Ilhota 02648001 -26:55:18 -48:50:21 1519 
Luiz Alves 02648002 -26:43:27 -48:55:54 1777 
Warnow 02649001 -26:56:37 -49:17:22 1629 
Pomerode 02649002 -26:44:08 -49:10:13 1926 
Benedito novo 02649003 -26:46:52 -49:21:54 1593 
Timbó Novo 02649004 -26:49:47 -49:16:19 1705 
Indaial 02649005 -26:54:49 -49:16:03 1536 
Blumenau 02649007 -26:55:05 -49:03:55 1618 
Arrozeira 02649008 -26:44:27 -49:16:14 1726 
Garcia de Blumenau 02649009 -26:58:06 -49:04:27 1754 
Itoupava central 02649010 -26:47:35 -49:05:00 1766 
Doutor Pedrinho 02649017 -26:43:02 -49:28:59 1721 
Witmarsum 02649053 -26:55:34 -49:48:09 1260 
Barra do prata 02649058 -26:41:51 -49:49:41 1177 
Barragem norte 02649061 -26:53:42 -49:40:20 1224 
Barra do Avencal 02649065 -26:34:08 -49:29:30 1252 
Rio do campo 02650014 -26:56:42 -50:08:36 1349 
Iracema 02650022 -26:27:31 -49:59:11 1255 
Nova Cultura 02650023 -26:41:35 -50:08:52 1243 
Brusque 02748000 -27:06:02 -48:55:04 1926 
Apiuna - Régua Nova 02749000 -27:02:17 -49:23:42 1578 
Ibirama 02749001 -27:03:14 -49:31:00 1485 
Ituporanga 02749002 -27:23:55 -49:36:21 1535 
Taió 02749003 -27:06:47 -49:59:40 1601 
Nova Bremen 02749005 -27:02:03 -49:35:23 1423 
Pouso Redondo 02749006 -27:15:26 -49:56:27 1564 
Lomba Alta 02749007 -27:43:50 -49:22:58 1590 
Trombudo Central 02749013 -27:17:25 -49:46:08 1514 
Neisse Central 02749016 -27:02:25 -49:22:53 1643 
Sul Dam 02749017 -27:30:07 -49:33:11 1489 
Vidal Ramos 02749033 -27:23:33 -49:21:56 1205 
Saltinho 02749037 -27:41:00 -49:21:55 1225 
Rio do sul 02749039 -27:12:20 -49:37:54 1205 
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Rainfall Station  Code Latitude Longitude Mean 
Agrolândia 02749041 -27:24:41 -49:49:53 1201 
Ituporanga 02749043 -27:25:07 -49:38:46 1206 
Botuverá 02749045 -27:11:48 -49:05:14 1193 
Salseiro 02749046 -27:19:55 -49:19:42 1134 
Dam 02750014 -27:05:50 -50:02:02 1548 
Cabeceira Ribeirão Caetano 02750021 -27:08:28 -50:15:52 1401 
Source: JICA Survey Team 

 
Source: JICA / EPAGRI / CIRAM 

Figure 3.8.1 Annual mean of precipitation in the Itajaí River Basin 
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CHAPTER 4 HYDROLOGY 

4.1 Monthly Mean of Discharge 

The following Figures 4.1.1 to 4.1.8 present a brief of the monthly mean discharge and the 
seasonality of these discharges in many fluviometric stations located in the main rivers. 

There is no only one dry season due to the occurrency of the rain in all the months of the year. Any 
month can be extremely humid on a specific year and extremely dry in another; July is the month 
that presents a notable contrast between these two characteristics. 

 

 
Source: JICA Survey Team 

Figure 4.1.1 Monthly mean of discharge in the Itajaí do Sul River which is located in Ituporanga 
(83250000) 

 
Source: JICA Survey Team 

Figure 4.1.2 Monthly mean of discharge in the Itajaí do Oeste River which is located in Taió 
(83050000) 
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Source: JICA Survey Team 
Figure 4.1.3 Monthly mean of discharge in the Itajaí do Norte River located in Ibirama (83440000) 

 
Source: JICA Survey Team 

Figure 4.1.4 Monthly mean of discharge in the Itajaí which is located in Rio do Sul (83690000) 

 
Source: JICA Survey Team 

Figure 4.1.5 Monthly mean of discharge in the Itajaí River which is located in Ituporanga Vazões 
Médias Mensais do Rio Itajaí em Indaial (83690000) 
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Source: JICA Survey Team 

Figure 4.1.6 Monthly mean of discharge in the Benedito River which is located in Timbó Novo 
(83677000) 

 
Source: JICA Survey Team 

Figure 4.1.7 Monthly mean of discharge in the Benedito River which is located in Timbó (83680000) 

 
Source: JICA Survey Team 

Figure 4.1.8 Monthly mean of discharge in the Itajaí-Mirim River which is located in Brusque 
(83900000) 
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4.2 Sediments 

In the Itajaí River Basin there are only measurements of suspended sediment concentration, there 
is no bed sediments measurements. The sediment concentration measurements are implemented 
in the main rivers of the basin. These measurements were made by ANA (National Water 
Agency) and they are published on the internet (Hidro Web).  

The solid discharges of the suspended sediments were calculated through the concentration (mg/l 
ou ppm) determined in laboratory using the following expression: 

QSS = 0,0864 × QL × C 
Where: 

C = Concentration of sediment (mg/l ou ppm) 
QL = Liquid discharge (m³/s) 
QSS = Solid suspended discharge (ton/dia) 

After the solid suspended discharges had been obtained from each one of the considered stations 
the sediments rating curve for each one of them had been determined. This rating curve relates the 
suspended solid discharge to the liquid discharges measured in field survey by the suspended 
sediments collection. In the Figures 4.2.1 to 4.2.7 these curves are being presented: 

Graphic 2.3.16 - Suspended sediments rating 
curve  (t/day) in Itajaí do Sul River which is located 

in Ituporanga (83250000)  
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Source: JICA Survey Team 

Figure 4.2.1 Suspended sediments rating curve (t/day) on Itajaí do Sul River which is located 
Ituporanga (83250000) 
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Graphic 2.3.17 - Suspended sediments rating curve 
(t/day) on Rio do Oeste River which is located in Taió 

(83050000)
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Source: JICA Survey Team  

Figure 4.2.2 Suspended sediments rating curve (t/day) on Rio do Oeste River which is located in 
Taió (83050000) 

Graphic 2.3.18 -  Suspended sediments rating curve 
(t/day) on Itajaí-Açu River which is located in Rio do Sul 

(83300200)
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Source: JICA Survey Team  

Figure 4.2.3 Suspended sediments rating curve (t/day) on Itajaí River which is located in Rio do Sul 
Novo (83300200) 
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Graphic 2.3.19 - Suspended sediments rating 
curve (t/day) on Rio do Oeste River which is 

located in Ibirama (83440000)
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Source: JICA Survey Team  

Figure 4.2.4 Suspended sediments rating curve (t/day) on Rio do Oeste River which is located in 
Ibirama (83440000) 

Graphic 2.3.20 - Suspended sediments rating curve 
(t/day) on Itajaí-Açu River which is located in 

Indaial
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Source: JICA Survey Team  

Figure 4.2.5 Suspended sediments rating curve (t/day) on Itajaí River which is located in Indaial  
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Graphic 2.3.21 - Suspended sediment rating curve 
(t/day) on Benedito River which is located in 

Timbó Novo (83677000)
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Source: JICA Survey Team  

Figure 4.2.6 Suspended sediment rating curve (t/day) on Benedito River which is located in Timbó 
Novo (83677000) 

Graphic 2.3.22 - Suspended Sediment rating 
curve (t/day) on the Itajaí Mirim River which is 

located in Brusque(83900000)

Qss = 0,3206QL
1,8117

R2 = 0,6303

1

10

100

1000

10000

100000

1000000

1 10 100 1000 10000

Descarga Líquida (m³/s)

D
es

ca
rg

a 
S

ól
id

a 
em

 
S

us
pe

ns
ão

 (
t/

di
a)

 
Source: JICA Survey Team  

Figure 4.2.7 Suspended sediment rating curve (t/dia) on Itajaí-Mirim River whih is located in 
Brusque (83900000) 

In the Table 4.2.1 it is presented the suspended solid discharge brief for each station, which were 
obtained by the suspended sediment rating curve, mentioned above, and by the monthly mean of 
observed discharge. As there is no solid discharge derived the riverbed, this portion was estimated 
as 20% from the suspended solid discharge, in order to obtain the total solid discharge. The fact of 
the concetration measurements had happened in different time and in each station should be 
considerated. Likewise, the discharge observation period is also different in each 
hydrosedimentometric station. 

 



Preparatory Survey for the Project on Disaster Prevention and Final Report 
Mitigation Measures for the Itajai River Basin  Supporting Report Annex A 

Nippon Koei Co., Ltd.  November 2011 
A - 22 

 Table 4.2.1 Suspended and Total Solid Discharge  

Station Code River Area 
(km²) 

QSS Mean 
Anual 

Suspended 
Load 

(t/day) 

Mean 
Annual 

Bed Load 
QBL=0,20

QSS 
(t/day) 

Mean 
Annual 
Load 

(t/day)

Specific 
Sediment 

Load 
(t/day/km²) 

Annual 
Specific 

Sediment 
Load 

(t/year/ 
km²) 

Ituporanga  83250000 Itajaí do Sul 1,669.49 90.4 18.08 108.48 0.065 23.717 

Taió 83050000 
Itajaí do 
Oeste 

1,575.00 105.11 21.022 126.132 0.08 29.231 

Rio do Sul 83300200 Itajaí -Açú  5,100.00 463.65 92.73 556.38 0.109 39.819 

Ibirama 83440000 
Itajaí do 
Norte  

3,314.00 183.04 36.608 219.648 0.066 24.192 

Indaial 83690000 Itajaí 11,151.00 1044.17 208.834 1253.004 0.112 41.014 
Timbó 
Novo 

83677000 Benedito 1,342.00 174.62 34.924 209.544 0.156 56.992 

Brusque 83900000 Itajaí-Mirim 1,240.00 260.43 52.086 312.516 0.252 91.991 
Obs: The QBL was supposed to be 20% of the QSS 
Source: JICA Survey Team 

4.3 Flood Rainfall 

After the building of the Sul and Norte dams (in the Itajaí do Sul and Itajaí do Norte rivers) 
occurred the largest flood registered in the Itajaí River Basin (July, 1983 and in August, 1984). In 
November, 2008, after a previously heavy rainy period some instense rainfall happened in the 
lower and mid-valley cities, especially in Itajaí, where a large Flood event happened. In 
Blumenau and other upper and mid-valley cities the flood level was large and caused several 
damage, but it did not achieve the 1983 and 1984 Flood event level. Many landslides, however, 
could be noticed such as the most serious event occurred in Ilhota where many lives were lost. 

In April, 2010, after the beginning of this current survey, many intense rainfall happened in the 
Itajaí River Basin. 

The Figure 4.3.1 presents the isohyetal rainfall in the Itajaí River Basin for a day, four days and 
seven days duration occurred in July, 1983 and the mean of rainfall in the basin for each of these 
durations. 

 
Source: JICA Survey Team (Based on data from EPAGRI, CIRAM) 

Figure  4.3.1 Rainfall (occurred in July, 1983) for 1, 4 and 7 days duration in the Itajaí-Açu River 
Basin 

The Figure 4.3.2 presents the isohyetal rainfall in the Itajaí River Basin for a day and three days 
duration occurred in August,1984 and the mean of rainfall in the basin for each of these durations. 
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Source: JICA Survey Team (Based on data from EPAGRI, CIRAM)  

Figure  4.3.2 Rainfall (occurred in August, 1984) for 1 and 3 days duration in the Itajaí River 
Basin 

The Figure 4.3.3 presents the isohyetal rainfall in the Itajaí River Basin for a day and four days 
duration occurred in April, 2010 and the mean of rainfall in the basin for each of these durations. 

  
Source: JICA Survey Team (Based on data from EPAGRI, CIRAM) 

Figure  4.3.3 Rainfall (occurred in August, 1984) for 1 and 3 days duration in the Itajaí-Açu River 
Basin 

The Table 4.3.1 presents the mean of rainfall in the Itajaí River Basin occurred in many days 
duration during the flood above mentioned. 

Table 4.3.1 Flood Rainfall 
Duration Mean of Rainfall in the Basin (mm) 

July, 1983 August,1984 April, 2010 
1 day  69 106 61 
3 days - 199 - 
4 days 228 - 145 
7 days 347 - - 

Source: JICA Survey Team 

The isohyetal rainfall that led to the floods of July, 1983 and August, 1984 were obtained from the 
JICA report, from January 1988: "Final Report on the Itajaí River Basin Flood Control Project – 
Part 1 – Master Plan Study – Supporting Report”. These isohyetal presented in the report were 
scanned at this current stage of studies. The maximum rainfall values in the basin (for various 
durations presented in the table above) were also calculated at this stage of studies. 

The rainfall observed at hourly intervals, for four days duration, occurred in the Itajaí River basin 
(August, 1984 and April,2010) were used for calibration of HEC-HMS rainfall-discharge model 
developed by the U.S. Army (U.S. Army - Corps of Engineers) and freely available on the 
INTERNET for download. 
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4.4 Maximum Annual Discharge 

The Table 4.4.1 presents the maximum annual of mean daily discharges occurred in different 
fluviometric stations in the Itajaí River Basin. These discharges were updated until 2004 in the 
ANA (National Water Agency) website on the internet (hidroweb). 

Table 4.4.1 Maximum Annual Mean of Daily Discharge (m³/s) 
River ITAJAÍ SUL ITAJAÍ OESTE ITAJAÍ NORTE ITAJAÍ ITAJAÍ MIRIM

Station ITUPORANGA TAIÓ IBIRAMA INDAIAL BRUSQUE 
ANA Code 83250000 83050000 83440000 83690000 83900000 

Year Month Q Month Q Month Q Month Q Month Q
1929 --- --- October 437 October 426 October 1.736 --- ---

1930 February 129 August 247 February 339 August 1.362 January 181

1931 September 169 May 518 May 800 September 2.636 September 340

1932 May 133 May 482 April 628 May 1.887 May 356

1933 October 189 October 725 October 638 October 2.580 October 285

1934 February 53 February 388 February 532 April 1.439 February 247

1935 August 64 September 470 September 1.282 September 2.807 October 260

1936 August 161 June 270 August 528 August 1.935 August 352

1937 October 108 November 277 November 575 October 1.129 May 242

1938 February 58 June 308 June 729 June 1.713 June 182

1939 November 180 June 368 November 1.156 November 2.229 November 420

1940 August 94 March 261 August 240 August 1.226 October 269

1941 November 130 March 314 October 247 November 893 November 178

1942 March 63 February 201 February 545 February 1.376 February 198

1943 August 973 August 427 August 575 August 2.273 August 400

1944 March 118 March 280 January 206 March 574 January 168

1945 April 63 February 153 July 255 February 787 February 148

1946 August 446 February 397 February 659 February 1.667 February 229

1947 October 345 September 249 September 548 September 1.369 October 333

1948 August 809 May 501 May 894 May 2.673 May 398

1949 April 172 June 187 April 396 April 781 March 206

1950 October 276 October 428 October 551 October 2.282 October 253

1951 October 176 October 391 October 515 October 1.526 November 182

1952 October 206 September 321 October 354 September 1.206 October 214

1953 October 325 November 388 October 525 October 2.711 November 255

1954 October 879 October 592 October 770 October 3.990 October 555

1955 July 586 May 356 May 890 May 2.654 May 184

1956 September 391 January 249 January 235 September 1.017 September 181

1957 August 861 August 564 August 1.242 August 5.767 August 364

1958 November 324 March 430 March 502 March 1.504 March 283

1959 April 532 September 155 September 444 September 1.047 April 153

1960 August 354 October 365 November 444 August 1.266 February 321

1961 November 867 September 463 September 796 November 2.515 November 560

1962 May 484 September 328 September 545 September 1.592 March 195

1963 September 1.067 February 634 November 482 September 1.951 September 275

1964 October 167 May 189 May 334 May 771 October 102

1965 August 267 August 297 August 571 August 1.984 December 190

1966 February 461 February 480 February 785 February 2.204 February 226

1967 September 215 February 322 December 360 February 1.253 February 236

1968 December 354 December 212 December 260 September 728 December 80

1969 April 556 February 481 April 842 April 2.433 April 182

1970 October 254 June 221 July 408 July 1.273 July 127

1971 July 473 June 445 June 774 June 2.238 April 143

1972 August 539 August 428 August 927 August 2.344 August 420



Preparatory Survey for the Project on Disaster Prevention and Final Report 
Mitigation Measures for the Itajai River Basin  Supporting Report Annex A 

Nippon Koei Co., Ltd.  November 2011 
A - 25 

River ITAJAÍ SUL ITAJAÍ OESTE ITAJAÍ NORTE ITAJAÍ ITAJAÍ MIRIM
Station ITUPORANGA TAIÓ IBIRAMA INDAIAL BRUSQUE 

ANA Code 83250000 83050000 83440000 83690000 83900000 
Year Month Q Month Q Month Q Month Q Month Q
1973 August 470 August 279 June 1.161 August 3.062 August 279

1974 September 176 February 225 July 624 March 1.432 March 243

1975 September 412 October 375 October 1.186 October 2.533 October 301

1976 January 249 December 317 May 722 May 1.768 August 247

1977 November 278 August 362 October 712 August 1.870 August 416

1978 December 240 December 245 December 975 December 2.589 December 430

1979 October 206 July 257 May 886 October 2.186 October 215

1980 August 356 December 412 December 2.099 December 3.380 December 272

1981 January 148 January 217 December 447 January 1.341 October 284

1982 November 210 November 265 November 663 November 1.903 May 193

1983 July 1.408 August 483 July 2.442 July 5.078 July 484

1984 August 1.096 August 516 August 1.533 August 5.256 August 542

1985 July 143 November 253 April 280 April 819 November 99

1986 November 247 November 308 November 307 October 744 November 188

1987 May 352 January 297 May 656 May 1.562 May 134

1988 September 186 May 259 May 638 May 1.540 September 57

1989 May 280 September 301 September 785 November 1.721 January 145

1990 October 244 June 434 July 793 October 2.084 October 149

1991 October 189 December 257 August 453 October 1.141 November 113

1992 June 289 May 437 May 1.614 May 3.811 --- ---

1993 July 261 September 375 September 548 September 1.807 --- ---

1994 April 261 May 318 July 472 May 1.637 --- ---

1995 January 304 January 363 July 375 January 1.783 --- ---

1996 June 170 February 368 July 348 July 1.116 March 138

1997 February 432 November 382 October 578 February 2.406 February 432

1998 April 235 April 407 April 614 April 2.264 April 391

1999 October 221 July 414 July 565 July 1.919 October 165

2000 September 197 September 316 December 444 October 1.390 October 114

2001 October 325 September 498 October 850 October 3.133 October 378

2002 August 179 October 254 November 297 December 1.145 August 155

2003 December 239 February 167 October 204 December 755 --- ---

2004 September 234 September 205 October 528 October 1.683 --- ---
Source: JICA Survey Team 

The Figures 4.41 to 4.45 presents the cronological plot of the annual maximum mean daily 
discharge in the considered stations. 
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Graphic 2.3.23 - Itajaí do Sul River average of the annual maximum daily 
discharge in Ituporanga (1930 to 2004)
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Source: JICA Survey Team 

Figure 4.4.1 Itajaí do Sul River daily mean of the annual maximum discharge in Ituporanga 
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Graphic 2.3.24 - Rio do Oeste River daily mean of the annual maximum 
discharge inTaió (1929 to 2004)

  
Source: JICA Survey Team 

Figure 4.4.2 Itajaí do Oeste River daily mean of the annual maximum discharge in Taió 
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Vazões Médias Diárias Máximas Anuais do Rio Itajaí do Norte em Ibirama 
(1929 a 2004)
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Source: JICA Survey Team 

Figure 4.4.3 Itajaí do Norte River daily mean of the annual maximum discharge in Ibirama 

 

Graphic 2.3.26 - Itajaí-Açu River daily mean of the annual maximum 
discharge in Indaial (1929 to 2004)
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Source: JICA Survey Team 

Figure 4.4.4 Itajaí River daily mean of the annual maximum discharge in Indaial 
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Graphic 2.3.27 - Itajaí-Mirim daily mean of the annual maximum 
discharge in Brusque (1930 to 2002)

-

100

200

300

400

500

600

19
30

19
35

19
40

19
45

19
50

19
55

19
60

19
65

19
70

19
75

19
80

19
85

19
90

19
95

20
00

M
ax

im
um

 D
is

ch
ar

ge
 (

m
³/

s)

Source: JICA Survey Team 

Figure 4.4.5 Itajaí-Mirim River daily mean of the annual maximum discharge in Brusque 

 
The flood on the basin can happen any time of the year, however the larger Flood events usually 
happen in the winter, on the months of July and August. 
4.5 Flood Frequency Analysis for Sul Dam Heightening  

The hydraulic heightening of the Sul dam, located in the Itajaí do Sul river, aims to increase the 
capacity of the reservoir by the spillway crest heightening. In order to verify the new capacity of 
the spillway, many frequency flood studies based on the maximum annual mean daily discharge 
were carried out at the Ituporanga (83250000) station. Ituporanga station is located in the Itajaí do 
Sul River, its drainage area is about 1,645.41 km² , while the Sul dam covers an area of 1,273 Km². 
Due to the proximity of the areas and the fluviometric observations absence in the dam place, the 
resultants discharges of the fluviometric station for some recurrence intervals were transfered to 
the dam place by drainage area relation. Taking into account that the Sul dam was built in the year 
of 1976, two alternatives for maximum flood survey were considereted: 

       a) Historial range of maximum dicharges after 1975 were not considered; 
       b) Historical range mean of annual maximum discharges were considered. 
As the “a” alternative leads to higher values and it is in favor of the safety, it was the chosen 
option. 

Two probable distribuctions were adjusted to the daily mean of the annual maximum discharge of 
the Itupornaga (83250000) fluviometric station: Gumbel and 2 Paramenters Exponential, 
according to the methodology of the guide “Guia para Cálculo de Cheia de Projeto de Vertedores, 
ELETROBRÁS/CEPEL, Rio de Janeiro, 1987”. The Guidelines consider the 2 Parameters 
Exponential distribution as the most robust, but says it can be used Gumbel distribution if the 
asymmetry coefficient of the population is less than 1,5.  

In the case of the sample, the skewness coefficient is 1,114. Even so it is recommended the 2 
Parameters Exponential distribution, because its values takes to largest floods than Gumbel 
distribution, as shown in Figure 4.6.1. Besides the exponential leads to higher values, therefore it 
is in favor of the security. 
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Figure 4.5.1 Maximum Flood in Ituporanga (83250000) in Rio do Sul 

 

The Table 4.5.1 below presents the maximum discharge in Ituporanga (83250000) and the site 
of the Sul dam for 1,000 and 10,000 years of recurrence period, which are commonly used in 
Brazil to design the hydraulic capacity of the spillways. In the case of Sul dam, due to the height 
of the dam and the size of the reservoir, the recurrence period of 10,000 years can be used. 
As the daily mean of maximum annual discharge was used, the instantaneous peak of the Oeste 
dam place was calculated by the Füller method: 

Qi = Q × (1+2,66 × A-0,3) 

Where: 
Qi = Instantaneous discharge (m³/s), Q = Daily mean of discharge (m³/s) 

A = Drainage area (km²)  

Table 4.5.1 Maximum Discharges for Sul Dam - Itajaí do Sul River 
T(years) Maximum discharge (m³/s) 2 Parameters Exponential 

  Ituporanga Barragem Sul 

  Daily mean Daily mean Instantaneous peak (Füller) 

1,000 1,929 1,493 1,958 

10,000 2,545 1,969 2,582 
Remark 1: Sul dam was built in 1976  
Remark 2: Data after 1975 were not considered 
Source: JICA Survey Team 

4.6 Flood Frequency Analysis for Oeste Dam Heightening 

The hydraulic heightning of the Oeste dam, located in the Itajaí do Oeste river, aims to increase 
the capacity of the reservoir by the spillway crest heightening and also increase the capacity of the 
spillways background. In order to verify the new capacity of the spillway a frequency flood study 
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based on the annual mean of maximum daily discharge were carried out on the Taió (83050000) 
station. This station is located in the Itajaí do Oeste River, its drainage area is about 1,570.13 Km², 
while the Oeste dam covers an area of 1,042 Km². Due to the proximity of the areas and the 
fluviometric observation absence in the dam place, the resultants discharges of the fluviometric 
station flood survey were transfered to the dam place by drainage area relation. Taking into 
account that the Oeste dam was built in the year of 1973, two alternatives for maximum flood 
frequency study were considereted: 

       a) Historial range of maximum dicharges after 1972 were not considered; 

       b) Historical range mean of annual maximum discharges were considered. 

As the “a” alternative leads to higher values and it is in favor of the safety, it was the chosen 
option. 

Two probability distributions were fitted to daily mean of maximum annual discharge on the Taió 
fluviometric station (83050000): Gumbel and 2 Parameters Exponential, according to the 
methodology of the "Guia para Cálculo de Cheia de Projeto de Vertedores, 
ELETROBRÁS/CEPEL, Rio de Janeiro, 1987". The Guidelines consider the 2 Parameters 
Exponential distribution as the most robust, but says it can be used Gumbel distribution if the 
asymmetry coefficient of the population is less than 1,5. In the case of the sample, the skewness 
coefficient is 0.469. Even so it is recommended the 2 Parameters Exponential distribution, 
because  its values takes to largest floods than Gumbel distribution, as shown in Figure 4.6.1. 
Besides the exponential leads to higher values, therefore it is in favor of the safety. 

 

Source: JICA Survey Team 
Figure 4.6.1 – Maximum Flood in Taió (83050000) in Rio do Oeste 

 
The Table 4.6.1 below presents the maximum discharge in Taió (83050000) and the site of the Oeste 
dam for 10,000 and 1,000 years of recurrence period, which are commonly used in Brazil to design 
the hydraulic capacity of the spillways. In the case of Oeste dam, due to the height of the dam and 
the size of the reservoir, the recurrence period of 1,000 years can be used. 
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As the daily mean of maximum annual discharge was used, the instantaneous peak of the Oeste dam 
place was calculated by the Füller method. 

Qi = Q × (1+2,66 × A-0,3) 

Where: 

Qi = Instantaneous discharge (m³/s), Q = Daily mean of discharge (m³/s) 

A = Drain area (km²) 

Table 4.6.1 Maximum Discharge in the Oeste Dam – Itajaí do Oeste River 
T(years) Maximum discharge (m³/s) 2 Parameters Exponential 

  Taio Barragem Oeste 

  Daily mean Daily mean Instantaneous peak (Füller) 

1,000 1,143 759 1,010 

10,000 1,445 959 1,276 
Observation 1: The Oeste dam was built in 1973 
Observation 2: Data after 1972 were not considered 
Source: JICA Survey Team 

4.7 Recurrence Interval from July, 1983 and August, 1984 Floods in Blumenau 

The flood contention plan in the Itajaí Basin will be formulated for 5, 10, 25 and 50 years of 
recurrence interval. These flood calculations was carried out through the transformation of the 
intense rainfall into discharges evaluated for these recurrence times assuming that the flood peaks 
have the same recurrence of rains. 

The rain-flow transformations were effected through the model HEC-HMS (U.S. Army - Corps of 
Engineers) available for free download in INTERNET. 

The evaluation of the maximum discharges for various reccurrence periods carried out by the 
observed discharge, besides being a reference, it has to verify the probability of floods in July, 
1983 and August, 1984. 

In order to evaluate the maximum floods recurrence period in Blumenau the daily mean of the 
maximum annual discharge observed in the Indaial rainfall station (83690000) in Itajaí –Açu 
River. In this section, the Itajaí drains an approximately 11,276 km² area. 

There is a fluviometric station at Blumenau, however, the data from this station present a smaller 
observation period and do not present the same reliable data as Indaial (83690000) does.  

The Itajaí drain area in Blumenau is approximately around 11,923 km². Therefore, in view of the 
small drainage area difference, it is reasonable to presume that the floods in July, 1983 and 
August, 1984 have the same recurrence time in both Indail (83690000) and Blumenau cities. 

The methodoly described on the “Guia para Cálculo de Cheia de Projeto de Vertedores, 
ELETROBRÁS/CEPEL, Rio de Janeiro, 1987” was used in this frequency study . The Gumbel 
distribution probalities and 2 Parameters Exponential were adjusted to the maximum discharge of 
Indaial. The guide considers the 2 Parameters Exponential as the most efficient one, although the 
Gumbel distribution can be used if the skewness coefficient of the population is below than 1,5. In 
case of the Indaial (83690000) sample, the asymmetry coefficient is about 1.659, and in order to 
follow the guide, the 2 Parameters Exponential distribution was chosen. 

In the Figure 4.7.1 it is presented the sample discharge plot, the Gumbel distribution and the 2 
Parameters Exponential fittings. 
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Source: JICA Survey Team 
Figure 4.7.1 Itajaí River Maximum flood in Indaial (83690000)  

 
In the Table 4.7.1 it is presented the maximum discharge in Indaial (83690000), for a specific 
recurrence time. The maximum mean of discharges are daily, not the instantaneous discharge, 
therefore the instantaneous peak values are higher than those presented. 

Table 4.7.1 Itajaí Maximum Discharge (m³/s) in Indaial City (83690000) 

T(years) Gumbel 
2 Parameters 
Exponential 

2 1,784 1,640 

5 2,676 2,564 

10 3,266 3,263 

20 3,832 3,962 

25 4,012 4,187 

50 4,565 4,886 

100 5,114 5,585 

500 6,383 7,208 

1.000 6,928 7,906 

10.000 8,739 10,228 

Source: JICA Survey Team 

In July, 1983 and August, 1984 the daily mean of maximum flood in Indaial (83690000) were 
about 5,078 m³/s and 5,256 m³/s. Therefore, it is possible to say that those floods are 100 years – 
reccurrence floods in Indaial (8369000) and also in Blumenau. In the Table 4.7.2 it is presented 
the maximum floods in Blumenau for some recurrence intervals, being this transferred from 
Indaial (83690000) by drainage area relation.  

Q(Blumenau) = [A(Blumenau)/A(Indaial)] * Q(Indaial) 
Q(Blumenau) = (11,923/11,276) * Q(Indaial) 
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Table 4.7.2 Itajaí River Maximum Discharges (m³/s) in Indaial (83690000) 
T (years) Gumbel 2 Parameters 

Exponential 
2 1,886 1,734 

5 2,830 2,711 

10 3,453 3,450 

20 4,052 4,189 

25 4,242 4,427 

50 4,827 5,166 

100 5,407 5,905 

500 6,749 7,622 

1.000 7,326 8,360 

10.000 9,240 10,815 

Source: JICA Survey Team 
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CHAPTER 5 TIDE LEVELS 

The tide level were obtained from the “Associação dos Práticos do Porto de Itajaí”. The largest 
high tide period observed was 1.75 meters on April 24th, 2010 and this value, the most critical of 
the sample, will be used in the calculations of the water levels profiles on various flood 
situations in order to define the flood plain. 

It is noteworthy that the values are not measured in the same time, the number of tide level 
readings is variable on each day. The absolute maximum and minimum values for each day may 
not had been read properly, however more than 30 readings are usually carried out by day. 

The Figure 5.1.1 presents the high tide and low tide daily levels in the mentioned period. 

Gráfico 2.3.31 - Níveis da Maré no Porto de Itajaí-SC - Período 09/04/2009 a 
19/09/2010

-1

-0,5

0

0,5

1

1,5

2

1/
4/

20
09

1/
5/

20
09

1/
6/

20
09

1/
7/

20
09

1/
8/

20
09

1/
9/

20
09

1/
10

/2
00

9

1/
11

/2
00

9

1/
12

/2
00

9

1/
1/

20
10

1/
2/

20
10

1/
3/

20
10

1/
4/

20
10

1/
5/

20
10

1/
6/

20
10

1/
7/

20
10

1/
8/

20
10

1/
9/

20
10

N
ív

ei
s 

da
 M

ar
é 

(m
)

Preamar Baixamar
 

Source: JICA Survey Team 

         Figure 5.1.1 Tide level in Itajaí Port 
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CHAPTER 6 ITAJAÍ RIVER FLOOD AND INUNDATION FEATURES  

6.1  Main Floods Records 

The table 6.1.1 indicates the floods which occurred in the last years in the Itajaí Basin and the 
damages caused in each municipality. The Table 6.1.2 indicates the numbers of the victims and 
the prejudices in each flood. Then, the request measures for the protection against floods was 
summarized, taking into consideration the frequencies and the damage level. 

・ In the last years five floods were recorded which have caused relevant damage: July, 
1983; August, 1984; May, 1992; October, 2001 and November, 2008. 

・ The most relevant damages caused by the flood happened in the municipality of 
Blumenau, and also were relatively large in the municipality of Itajaí, Gaspar and Rio 
do Sul. These four municipalities have high density and large number of industries, 
and they can be considered as cities ready for implementation of measures against 
floods. 

・ In relation to the other municipalities, there are more complaining against damage 
caused by flood in Taió and Timbó, implying that this municipality requires measures 
just like the other four cities mentioned above. In Timbó is necessary to examine the 
interference caused by hydroelectric dams (Rio Bonito and Pinhal dams) located by 
the upstream of the Cedros River. In the city of Taió prejudices are caused by the 
overflowing of the Oeste dam.  

・ The municipalities of Navegantes and Ilhota also had suffered reasonable damage, 
but the safety level in these cities will increase automatically with the measures that 
will be adopted in the major cities, such as Itajaí, Blumenau and Gaspar. 

・ By the other hand, the municipality of Brusque and Ituporanga suffered the damages 
in the large flood Return Periods, greater than or equal to 50 years, such as 1983, 
1984 and 2008 (See Table 6.2.1), but in relation to the other municipalities, the 
current riverbed presents high safety level, decreasing the priority order of the 
measures. 

・ The upstream region of Blumenau until the junction with the North Itajaí River is an 
area where a large discharge level is presented. The cities located on this region, like 
Indaial and others, present low priority of measures because the damage caused by 
flood is lower. 
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Table 6.1.2 Main Damage Occurrences Caused by Flood 
Year Month 

Water 
Level 

Municipality Victims Death Population
(%) of 

Victims 
Damage 

(R$)
1980 10   Blumenau S/R 1 157.258 -   
1981 10   Guabiruba  2 7.362     
1983 5 12.46 Blumenau 10.000 2 170.491 5,86   

 7 15.34 Blumenau 50.000 8  29,3   
 12   Blumenau 5.000 1  2,93   
 7   Gaspar 3.981 2 28.012 14,2   
 7   Itajaí 40.000 5 94.449 42,3   
 7   Ituporanga 1.820  18.149 10   
 7   Lontra 4.000  7.390 54,1   
 7   Navegantes 3.070  15.747 19,49   
 7   Rio do Oeste 2.820  7.280 38,7   
 7   Rio do Sul 25.000 5 38.616 64,74   
 7   Taio 5.079 1 18.809 27   
 7   Timbo 1.610  19.368 8,31   
 7   Trombudo Central 2.980  7.404     

1984 8 15.46 Blumenau 70.000  175.145 39,96   
 8   Brusque 20.000  46.558 42,95   
 8   Gaspar 10.000  28.863 34,64   
 8   Itajaí 1.000 2 97.273 1,02   
 8   Ituporanga 1.000  18.499 5,4   
 8   Taio 1.500  18.878 7,94   
    Trombudo Central 1.000  7.511     

1989 1   Gaspar 167  33.523 0,49   
1990 1   Blumenau 594   0,26   

 10   Blumenau 1.310 20 220.741 0,59   
1991 11 12.8 Blumenau 8.528 10 212.025 4,02   

 11 Guabiruba 1.038  9.905 10,47   
1992 1 10.62 Blumenau 21   0,01   

 5   Blumenau 35.000 2 216.422 16,17   
 5   Rio do Sul 800  46.827 1,7   
 5   Gaspar 2.830  36.516 7,75   
 5   Ilhota 5.580  9.548 58,44   
 5   Indaial 817  30.853 2,64   
 5   Itajaí 11.938  122.401 9,75   
 5   Navegante 4.780  24.204 19,74   
 5   Timbo 1.544  24.434 6,31   

1993 2   Itajaí 750  125.266 0,59   
 7   Alfredo Wagner 3.244  9.856     

1995 1   Blumenau 600  225.556 0,26   
 1   Brusque 520  62.328 0,83   

1996 2   Rio do Campo 196  6.576     
1997 1 9.44 Blumenau 353  231.401 0,15   

 2   Lontra 300  7.936 3,78   
 10   Rio do Sul 336  47.822 0,7   
 1   Gaspar 6.000  40.584 14,78   

1999 7   Rio do Sul 201  47.822 0,42   
2000 2   Timbo 150  26.497 0,56 1.473.000
2001 10   Rio do Sul 2.885 1 47.822 6,03 2.071.076

 10   Presidente Getulio 2.100  11.523 18,22 4.648.600
 10   Gaspar 469  40.584 1,15 549.000
 10 11.02 Blumenau 400  231.401 0,12 2.999.300
 10   Itajaí 383  134.942 0,28 2.385.381
 10   Timbo 350  26.497 1,32 57.000
 10   Rodeio 175  9.623 1,81 1.252.200
 10   Indaial 144  35.400 0,4 524.083
 10   Lontras 144  7.936 1,81 786.300
 10   Laurentino 120  4.532   732.490
 10   Trombudo Central 120  5.895   244.500

2002 11   Taio 257  15.997 1,6 1.730.302
 11   Pouso Redondo 450  11.778 3,82 1.233.946
 12   Braco do Trombudo 120  3.531 3,39 1.325.000

Source: Natural Disasters Atlas of Santa Catarina State 
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6.2  Scale of Major Flood  

6.2.1 Return Period of the Rain that Caused the Major Flood events 

The Return Period of the rain that caused the major Flood events were calculated from the 
weighted mean of rainfall intensities of the 4 consecutive days' duration in the basin, and the 
results are indicated on the Table 6.2.1 (See details on the item 7). The rainfalls that caused the 
1983 and 1984 floods, the ones that promoved large losses, have Return Period of 76 and 66 years, 
respectively, succeced by the rainfall occurred in the 1992 Flood event whose Return Period is 
equivalente to 33 years. Rainfalls that caused other Flood events have Return Period around 5 to 
10 years. 

The rainfall that provoked the 2008 Flood event, taking into consideration the balance of the 4 
days duration in the basin, has a Return Period of approximately 5 years. Due to the spice 
distribuction, the torrential rainfalls were located at the lower valley, decreasing considerably 
from the coast to the inland. 

Table 6.2.1 Main Flood Events Return Period 

Date of flood 
occurrence 

Rainfall volum 
for 4 days  

(mean of the 
entire basin) 

Return 
period 
(year) 

Status of damages 

31.10.1961 139,3 mm 6 － 
26.09.1963 149,0 mm 8 － 
25.08.1972 165,7 mm 13 － 
19.12.1980 147,3 mm 7 － 

06.07.1983 222,8 mm 76 

Great damage in the cities of Itajaí and Blumenau. 
Great damage in the cities of Lontras and Rio do Sul. 
Medium and large damage proportion in the cities of 
Timbó, Taió,  Rio do Sul and Ituporanga. 

05.08.1984 218,4 mm 66 

Great damage in the cities of Itajaí, Gaspar and Blumenau. 
Great damage Brusque. 
Medium damage proportion in the cities of Taió and 
Ituporanga. 

28.05.1992 195,7 mm 33 
Great damage in the cities of Itajaí and Blumenau. 
Relatively minor damage in the city of Rio do Sul. 
Mid-size damage in the city of Timbó. 

31.01.1997 133,7 mm 5 
Relatively large damage in the city of Gaspar. 
Minor damage in the city of Blumenau.  

02.07.1999 150,3 mm 8 Minor damage in the city of Rio do Sul. 

29.09.2001 146,8 mm 7 
Minor damage in the cities of Itajaí, Gaspar, Blumenau, 
Indaial e Lontras. Medium damage proportion in the city of 
Rio do Sul. Minor damage in the cities of Timbó and Taió. 

18.05.2005 144,3 mm 7 No significant damage. 

21.11.2008 135,1 mm 5 

There were unprecedented torrential rains in the 
downstream region, causing major damage. However, 
because it is localized torrential rains, in the middle of the 
basin it is computed with less return period. 

23.04.2010 130,3 mm 4 
There are no official data. In the field survey there were 
reports of minor damage in the cities of Rio do Sul, Timbo 
and Taió 

*The calculation of the Return Period of rainfall causing floods is based on the correlation formula showed below. 
Source: JICA Survey Team 
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6.2.2 Return Period of the 2008 Flood Event 

Just like showed in Table 6.2.2, the intensities of the rainfalls in 4 consecutive days were low in 
the Itajaí Oeste, Sul and Norte basin. But, the rainfalls on the Benedito River and Itajaí Açu River 
are equivalent to 30 and 60 years of Return Period, respectively. The intensity of the rain in 
Itajaí-Mirim Basin is equivalent to 10 years.  

Table 6.2.2 Return Period of 4 Consecutive Intense Rainfall Days and Observed Rainfall 
(November 21th to 24th) From Each Sub-basin in the 2008 Flood Event 

Sub-basin 
Itajaí Do 

Oeste 
Itajaí Do 

Sul 
Itajaí Do 

Norte 
Benedito Itajaí Acu 

Itajaí do 
Mirim 

4 consecutive days in the 2008 
Flood event  

49 36 31 214 236 160

Rainfall intensity 

5 anos 153 141 140 155 144 140

10 anos 175 161 160 179 169 161

20 anos 196 181 179 202 194 180

25 anos 202 186 184 208 205 185

50 anos 224 207 204 232 230 205

80 anos 238 220 217 248 249 218

100 anos 244 226 223 255 258 224

150 anos 256 237 233 268 276 235

200 anos 265 245 241 277 288 243

Return Period (years) - - - 30 60 10
* The return time calculation of each flood was based in the Correlation Formule presented in the figure bellow.  
Source: JICA Survey Team 
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Source: JICA Survey Team 

In terms of runoff the results of the torrential rainfall analysis are as follows; 

・ The torrential rainfall concentration on the Itajaí basin (main river), especially by the 
downstream of the Indaial City and the greatest rainfall volum occurred in Blumenau 
City, reached in 4 days (November 21th – 24th) the mark of 576mm.   

・ The rainfalls are concentrated specially in November, 23 th and 24 th reaching the mark 
of 494, 4 mm in 2 days and 251 mm in November 25th, this being the biggest rainfall 
in 1 day. 

In the rainfall Return Period intensity evaluation in Blumenau City, the intensity of the 1 day 
raining was equivalent to the 270 years of Return Period. The following Table 6.2.3 indicates the 
probable rainfall intensity.  

Table 6.2.3 Return Periods of the Intense Rainfall from 1 to 4 days in Blumenau and Observed 
Values in the 2008 Flood Event 

 
Blumenau 

daily rainfall 
Blumenau 

2 days rainfall 
Blumenau 

4 days rainfall 

Rainfall in the 2008 Flood event  251 494 575 

Intensity of probable 
rainfall 

5 years 113 150 173 

10 years 135 182 208 

20 years 158 216 243 

25 years 171 236 265 

50 years 189 263 293 

80 years 207 289 320 

100 years 215 301 333 

150 years 231 325 357 

200 years 242 342 375 

Return Perido (years) 270 - - 
*The calculation of the return period from each flood is based on the correlation formule as shown in the figure bellow. 

Source: JICA Survey Team 
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6.3  Main Flood Events Features 

Among the main flood mentioned before, the flood (1983, 1984, 2008 and 2010 events) features 
that possess enough rainfall or discharge data were evaluated on this chapter.  

6.3.1 1983 Flood Event 

The 1983 Flood event had torrentials rainfalls during the period of 8 days, from de July 5th to 12th, 
the higher intensity occurred between the 6th to 9th days. The mean of rainfall intensity from 4 
consecutive days in all the whole basin was approximately 210mm and it was distributed in all 
sub-basin around 200mm. 

Table 6.3.1 Daily Rainfall Record in July 1983 Flood Event  

Sub-basin Station 
Time Total 

(4 
days) 

Total 
(8 days) 7/5 7/6 7/7 7/8 7/9 7/10 7/11 7/12 

Itajaí-Açú 

Luiz 0,0 39,2 50,4 48,4 62,2 38,4 20,2 20,2 200,2 279.0

Planalsucar 0,0 58,0 47,0 46,0 53,0 39,0 12,0 12,0 204,0 267.0

Pomerode 0,1 41,0 60,2 67,0 70,0 49,2 7,5 7,5 238,2 302.5

Blumenau 0,0 54,4 62,8 43,8 54,4 38,2 30,4 30,4 215,4 314.4

Garcia De Blumenau 0,0 54,0 63,6 43,8 54,4 38,2 30,4 30,4 215,8 314.8

Apiuna Regua Nova 0,0 62,0 58,8 49,0 31,4 29,9 25,2 25,2 201,2 281.5

Neisse Central 0,0 60,0 56,0 53,0 25,0 30,0 25,0 25,0 194,0 274.0

Rio Do Sul 0,0 59,5 70,2 52,5 54,0 50,0 33,0 33,0 236,2 352.2

Mean of the 
Sub-bacia 

0,0 53,5 58,6 50,4 50,6 39,1 23,0 23,0 213,1 298.2

Benedito 

Benedito Novo 0,0 68,9 63,6 36,2 32,2 35,5 16,2 16,2 200,9 268.8

Timbo Novo 0,0 58,2 65,1 39,0 40,0 12,5 18,5 18,5 202,3 251.8

Arrozeira 0,0 68,0 62,6 52,0 75,4 38,2 0,0 0,0 258,0 296.2

Doutor Pedrinho 0,0 57,2 78,2 68,2 75,6 44,0 20,0 20,0 279,2 363.2

Mean of the 
Sub-bacia 

0,0 63,1 67,4 48,9 55,8 32,6 13,7 13,7 235,1 295.0

Itajaí Do 
Norte 

Witmarsum 0,0 47,0 86,8 53,2 40,2 26,4 21,8 21,8 227,2 297.2

Barra Do Prata 0,0 52,4 83,6 69,2 73,4 45,6 32,2 32,2 278,6 388.6

Barragem Norte 0,0 57,6 65,4 59,2 44,4 24,8 24,2 24,2 226,6 299.8

Ibirama 0,0 52,2 58,3 47,0 31,5 34,0 16,5 16,5 189,0 256.0

Iracema 0,0 44,1 93,2 84,0 103,6 64,5 16,4 16,4 324,9 422.2

Nova Bremen 0,0 58,1 58,9 47,1 38,2 38,3 23,4 23,4 202,3 287.4
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Sub-basin Station 
Time Total 

(4 
days) 

Total 
(8 days) 7/5 7/6 7/7 7/8 7/9 7/10 7/11 7/12 

Mean of the 
Sub-basin 

0,0 51,9 74,4 60,0 55,2 38,9 22,4 22,4 241,4 325.2

Itajaí Do 
Oeste 

Taio 0,0 63,4 71,4 67,8 34,0 63,8 28,0 28,0 236,6 356.4

Rio Do Campo 52,0 80,8 68,6 41,4 33,8 21,4 33,4 33,4 224,6 364.8

Pouso Redondo 0,0 50,4 66,3 49,4 73,0 60,4 39,4 39,4 239,1 378.3

Trombudo Central 0,4 43,0 62,2 58,5 60,8 61,8 40,6 40,6 224,5 367.9

Agrolandia 0,0 52,8 73,0 54,2 49,0 50,6 45,0 45,0 229,0 369.6

Barragem Oeste 0,0 63,0 74,0 66,6 34,0 63,8 28,0 28,0 237,6 357.4

Mean of the 
Sub-basin 

8,7 58,9 69,3 56,3 47,4 53,6 35,7 35,7 231,9 365.7

Itajaí Do Sul 

Lomba Alta 0,0 41,2 63,8 42,8 32,6 44,4 74,0 74,0 180,4 372.8

Saltinho 0,0 46,7 61,6 45,0 26,3 45,3 73,4 73,4 179,6 371.7

Ituporanga 0,0 47,9 61,8 42,6 36,8 56,4 59,6 59,6 189,1 364.7

Barragem Sul 0,0 40,8 76,3 51,6 42,4 47,6 43,2 43,2 211,1 345.1

Ituporanga 35,0 45,0 43,0 49,0 41,0 65,0 46,0 46,0 178,0 370.0

Mean of the 
Sub-basin 

7,0 44,3 61,3 46,2 35,8 51,7 59,2 59,2 187,6 364.9

Itajaí Mirim 
Vidal Ramos 27,4 36,5 34,6 31,7 42,3 38,5 27,4 27,4 145,1 265.8

Mean of the 
Sub-basin 

27,4 36,5 34,6 31,7 42,3 38,5 27,4 27,4 145,1 265.8

Total Mean of the Sub-basin 7.2 51,4 60,9 48,9 47,9 42,4 30,2 30,2 209,0 319,1

Source: ANA Measurements reformulated by JICA Survey Team 

In the 1983 Flood there was only hourly rainfall data (however, in Timbó Novo there are gaps not 
recorded in July 8th to 9th) in two locations: Doutor Pedrinho and Timbó Grande (both located in 
Benedito River Basin). The discharge records (converted values from the streamflow levels) exist 
in 6 locations. It is noteworthy that these data are basically recorded twice a day (7 a.m and 7 p.m), 
but in the Rio do Sul case, they are recorded in 1 to 3 hours. 

The Figure 6.3.1 indicates the hourly rainfall and discharge data from both locations. 

・ The rainfall had more intensity in the first half of the flood period (Days 6th and 7th), 
when the maximum hourly rainfall reached 21mm/h in Doutor Pedrinho, and the 
other hours around 15mm/h. 

・ The peak of the discharge occurred between July 8th and 9th, lagged by more than one 
day of the rainfall peak. There was only a delay on the peak in Rio do Sul e its cause 
was unknown, due to the lack of the hourly data, but it seems that a retention had 
happened on the Sul and Oeste dams. 

The maximum discharge was 4.760 m³/s which happened in Indaial. In Rio do Sul and Ibirama 
the discharges was about 2000 to 2500 m³/s and about 500 to 1000 m³/s in Brusque.  
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Source: Final Report on The Itajaí River Basin Flood Control Project Part II 
Data Book, JICA, 1988 

Figure 6.3.1 Rainfall and discharge Curve in the 1983 Flood event   

6.3.2 1984 Flood Event 

There are records of hourly rainfall in eight station about the flood that occurred in August (1984). 
The Figure 6.3.2 indicates a consecutive rainfall in the four days. 

In the 1984 Flood event rained in four consecutive days, from August 5th to 8th, the rainfall 
recorded in the stations ranged from 160mm to 300mm. The higher rainfall level was about 
300mm in Ituporanga and the rainfall was relatively high in Rio do Sul and Blumenau. Generally, 
there were more rain  in the central and southwest regions and propensity for lower rain in 
northwest, north and east regions. 
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Source: Final Report on The Itajaí River Basin Flood Control Project Part II 
Data Book, JICA, 1988, reformulated by JICA Survey Team (the missing 
measurements were completed according to the Table 6.1.7).  

Figure 6.3.2 Rainfall total distribution in the 1984 Flood event 

 
The Figure 6.3.3 indicates the hourly rainfall distribution in four days (mean of the basin is 
213mm). The rainfall focused in Agust 5th and 6th and the recorded peak was 10mm/h at midday in 
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the second day (maximum per station was 18mm). From Agust 7th the rainfall was decreasing to 
the ratio of 1 to 2 mm per hour. 
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Source: Final Report on The Itajaí River Basin Flood Control Project Part II Data 
Book, JICA, 1988, reformulated by JICA Survey Team  

Figure 6.3.3 Hourly rainfall distribution in the 1984 Flood event 

In the Figure 6.3.4 it is indicated the river discharges (converted values from water stages). There 
are water stages data in 6 locations, basically 2 daily readings carried out, but in Ibirama there are 
records from 1 to 3 hours.  

・ The discharges peaks in the 1984 flood (peak values among twice a day data) were: 
5.000m³/s in Indaial and 4,300 m³/s in Apiúna, reaching the peak at 7 a.m in Agust 7th. 
Then, there is a lack of approximately 20 hours in relation to the rainfall peak.     

・ In the 1894 Flood event there was a delay in the peak occurrence in Rio do Sul in 
relation to the others, highlighting the interference of the dam.The discharge peak in 
each station was around 4,000m³/s in Apiúna, 2,000m³/s in Rio do Sul and Ibirama 
and 1,000m³/s in Timbó. 
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Figure 6.3.4 Discharge records in each station on the 1984     Flood event 
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6.3.3 2008 Flood Event 

In the 2008 Flood event it started raining around November 18 th, and then it remained until 
November 27 th. The most of the rainfall happened during 4 days, among November 21th to 24th, 
reaching the mean of mark of 120,9mm in four days. However, as mentioned before, this flood 
focused in the downstream of the basin, reaching 266mm on the Itajaí (Lower Valley), 214mm on 
the Benedito river basin and 160mm on the Itajaí-Mirim river basin. 

Hourly rainfall data were indicated on the Figure 6.3.5 and in the Table 6.3.2. The larger hourly 
rainfall recorded was 40,4mm/h in Agust 22 th in Blumenau. 

Table 6.3.2 Daily Rainfall in the 2008 Flood Event  
Sub 

basin 
Station 

Date Total 
(4 

days) 

Total
(11 

days)11/18 11/19 11/20 11/21 11/22 11/23 11/24 11/25 11/26 11/27 

It
aj

aí
 A

cu
 

Pomerode 2.5 9.8 11.4 41.5 34.3 114.3 62.3 15.3 11.2 25.5 252.4 328.1
Blumenau 0.2 30.8 13.9 38.0 43.3 243.5 250.9 10.5 9.6 20.8 575.7 661.5
Apiuna Regua 
Nova 

0.7 14.3 4.8 3.6 10.6 55.5 83.1 8.3 9.7 8.9 152.8 199.5

Neisse 
Central 

0.5 15.6 0.5 3.7 0.0 65.5 66.5 8.3 11.0 6.5 135.7 178.1

Rio Do Sul 1.0 2.4 0.5 1.6 8.6 17.4 35.9 1.6 2.6 1.8 63.5 73.4
Mean of the 
Sub-basin 

      17.7 19.4 99.2 99.7       236.0 288.1

B
en

ed
it

o 

Arrozeira 1.4 11.7 8.3 36.6 28.9 125.2 72.7 7.8 12.9 32.6 263.4 338.1
Timbo Novo 1.4 15.8 14.5 11.0 21.6 184.9 63.4 55.2 36.9 29.4 280.9 434.1
Doutor 
Pedrinho 

1.4 8.2 9.0 28.8 11.1 36.0 22.1 0.0 31.0 6.8 98.0 154.4

Mean of the 
Sub-basin 

      25.5 20.5 115.4 52.7       214.1 308.9

It
aj

aí
 D

o 
N

or
te

 

Witmarsum 0.9 0.0 1.0 4.9 13.1 11.2 9.7 4.8 1.6 0.0 38.9 47.2
Barra Do 
Prata 

0.0 0.0 4.0 0.0 3.2 0.0 2.7 0.0 0.0 0.0 5.9 9.9

Barragem 
Norte 

0.0 0.0 0.0 0.0 4.4 7.8 20.0 0.0 0.0 7.0 32.2 39.2

Iracema 3.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.4
Nova Cultura 0.0 2.3 2.0 1.8 0.9 2.1 0.0 18.0 2.3 0.0 4.8 29.4
Ibirama 0.0 0.0 0.0 0.0 10.0 55.0 40.0 9.0 4.0 0.0 105.0 118.0
Mean of the 
Sub-basin 

      1.1 5.3 12.7 12.1       31.1 41.2

It
aj

aí
 D

o 
O

es
te

 

Taio 0.0 5.0 5.5 10.0 18.1 24.7 8.9 6.3 1.7 0.0 61.7 80.2
Pouso 
Redondo 

1.0 3.3 7.7 8.0 26.1 15.8 20.8 2.1 2.3 4.0 70.7 91.1

Trombudo 
Central 

1.2 0.2 1.3 1.6 7.4 15.2 11.5 1.0 0.7 1.5 35.7 41.6

Barragem 
Oeste 

0.4 2.1 2.9 0.0 24.7 14.2 6.6 8.7 1.4 3.5 45.5 64.5

C. Ribeirão 
Caetano 

56.6 15.8 6.6 3.0 2.1 0.6 36.2 14.4 20.5 1.4 41.9 157.2

Agrolandia 0.0 0.0 0.0 11.0 8.2 10.0 6.0 2.0 1.8 0.0 35.2 39.0
Mean of the 
Sub-basin 

      5.6 14.4 13.4 15.0       48.5 78.9

It
aj

aí
 D

o 
S

ul
 Ituporanga 0.5 2.9 2.7 2.1 4.0 8.9 11.0 1.6 2.3 2.5 26.0 38.5

Lomba Alta 0.2 0.0 7.4 5.1 12.0 19.6 7.8 4.6 3.2 0.9 44.5 60.8
Barragem Sul 0.0 0.3 7.2 0.5 18.7 13.5 7.6 1.8 0.2 1.4 40.3 51.2
Saltinho 0.0 1.8 7.3 0.0 12.8 13.8 5.4 0.0 0.0 0.0 32.0 41.1
Mean of the 
Sub-basin 

      1.9 11.9 14.0 8.0       35.7 47.9

It
aj

aí
 

M
ir

im
 

Salseiro 0.6 12.6 6.8 6.6 6.6 53.6 24.7 6.7 2.4 3.9 91.5 124.5
Botuvera 0.0 5.1 15.5 26.5 35.9 165.2 106.5 22.5 6.0 15.7 334.1 398.9
Vidal Ramos 0.0 24.9 7.4 28.5 7.0 9.4 8.9 25.4 6.0 5.0 53.8 122.5
Mean of the 
Sub-basin 

      20.5 16.5 76.1 46.7       159.8 215.3

Total Mean of the Basin       12.1 14.7 55.1 39.0       120.9 120.9

Source: ANA measurements reshaped by JICA Survey Team  
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Related to the 2008 Flood event, the rainfall data indicated on the report “Desastre de 2008 no 
vale do Itajaí” is as following: 

Blumenau   H=11.5m    Q=4200m3/s 
Timbó       H=8.0m    Q=710m3/s 
Indaial       H=6.0m    Q=3100m3/s 

 
Source: Disaster of 2008 in the valley of Itajaí 

 
Figure 6.3.6 Rainfall Level records on the 2008 Flood event 

The Figure 6.3.7 shows the 2008 flood simulation about the result hydrograph (See details in the 7 
item model). Due to the focused rainfall distribution and the scarcity of simulated rainfall 
recorded information it is difficult to calibrate the rainfall, but the discharge were calculated 
around 4000m³/s in Blumenau, 1200m³/s in Brusque and around 100m³/s in Timbó. The 
discharge was estimated around 6500m³/s in Itajaí, but due to the large flood occurrences, the 
discharge is believed to be lower.  
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Figure 6.3.7 Outflow calculation results in 2008 Flood event (1/2) 
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Source: JICA Survey Team 

Figure 6.3.7 Outflow calculation results in 2008 Flood event (2/2) 

6.3.4 2010 Flood Event 

In the 2010 Flood event the intense rainfall started in April 21th and continued until 26th. Rainfall 
data from this flood were recorded in 18 stations. However, different agencies carried out the 
measurements in many places; and, due to the unreliability or high number of missing 
measurements in some stations, data source and organization manners were adopted and showed 
in the following Table 6.3.3.  

Table 6.3.3 Data Source and Organization Manners 
Sub 

Basin Station Source Data Reability and Failure Data Interpolation  Interpolation 
Equation

R
io

 I
ta

ja
í d

o 
S

ul
 

Alfredo 
Wagner FURB 

Good correlation with Ituporanga, no reability problems. Missing measurements 

were supplemented by the Ituporanga INMET data. 
y = 0.7425x + 0.1077

Ituporanga 
INMET, 
FURB, 
ANA 

The correlation between INMET and FURB is good, implying that the 

reliabilities are also good. Thus, the missing measurements were complemented 

with INMET based on FURB. 

y = 1.0021x - 0.00687

R
io

 I
ta

ja
í d

o 
O

es
te

 

Rio do 
Campo INMET Correlation was observed with Dam West, and they are reliable. Missing 

measurements complemented with Dam West. 
y = 0.7593x + 0.6886

Oeste dam ANA Good and reliable correlation with Taió (FURB). Missing measurements 

complemented with the same. 
y = 1.2405x + 0.0829

Pouso 
Redondo FURB Some correlation with Taió and Rio do Oeste are reliable; The data is reset 

because of missing measurements. 
- 

Taió FURB, 
ANA 

Good and reliable correlation between FURB and ANA with similar values. 

FURB data was used with minor missing measurements, the missing ones were 
y = 0.7737x + 0.1200
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Sub 
Basin Station Source Data Reability and Failure Data Interpolation  Interpolation 

Equation
supplied with ANA data. 

Rio do Oeste Salto Pilão, 
FURB 

Good correlation between Salto Pilão and FURB, but Salto Pilão values are 

approximately the double. By the other hand, the correlations between Taió and 

FURB are not good enough, but the rainfall volumes are virtually the same. 

Thus, the decision was consider the FURB as the superior one. The missing 

measurements were supplied by Salto Pilão with larger correlation. 

y = 0.5189x - 0.0159

R
io

 I
ta

ja
í 

do
 N

or
te

 Boiteux dam Salto Pilão Some correlation with Ibirama are reliable. The missing measurements were 

supplied with Ibirama. 
y = 1.4989x + 0.5459

Ibirama 
Celesc e 
ANA, 
FURB 

Good correlation between FURB and Celesc, similar and reliable values. The 

missing measurements were supplied with ANA, based on FURB. 
y = 0.9013x + 0.0383

It
aj

aí
 b

y 
th

e 
up

st
re

am
 

Rio do Sul FURB, 
ANA 

Good and reliable correlation between FURB and Salto Pilão. The missing 

measurements were supplied with ANA, based on FURB with minor flood 

missing measurements. 

y = 1.1004x - 0.0096

Apiúna Salto Pilão, 
FURB 

Good correlation between FURB and Salto Pilão, but the last one presents a 

trend to be larger. The priority is FURB because of its accordance with other 

stations. The missing measurements were supplied with Salto Pilão. 

y = 0.6311x + 0.1298

Indaial 
INMET, 
Celesc e 
ANA 

Due to the different values from Celesc to the other trends in the first half of the 

flood, it was based on the INMET. There are no missing measurements, the 

complementation  was unnecessary. 

- 

B
en

ed
it

o 

Pinhal dam Celesc The rainfall is not detected mainly in the second half. There are many missing 

measurements. Being close to the Bonito Station, despised the Pinhal. 
- 

Rio Bonito 
dam Celesc 

Some correlations in Timbó are low. However, there is no problem because there 

are no missing measurements. The missing measurements were supplied with 

Timbó. 

y = 0.6111x + 0.8844

Timbó FURB 
Correlation with Indaial, and values are consistent. Thus, the measurements were 

complemented with Indaial missing measurements. 

 

y = 0.8860x + 0.1164

It
aj

aí
 b

y 
th

e 
do

w
ns

tr
ea

m
 Blumenau Celesc 

Correlation with Indaial, and values are consistent. Thus, the measurements were 

complemented with Indaial missing. 

 

y = 0.6532x + 0.3515

Itajaí 

Cepsul 
Ibama, 
Pesquisador 
Robert 

There are correlations in both. There is no problem on the values which are 

similar.  Average values for both, due to there are no missing measurements. 
- 

It
aj

aí
 M

ir
im

 

Salseiro ANA 
Many missing measurements, which are important as data since the rainfall 

characteristic is different about Brusque. Missing measurements complemented 

with Ituporanga that showed reasonable correction. 

y = 1.4944x + 0.1234

Brusque ANA 

No metering station nearby, but is relatively high the correction with Indaial 

(Itajaí is low, Blumenau with high number of missing measurements, discarded). 

Missing measurements complemented with Indaial, because the values are also 

consistent. 

y = 1.0431x + 0.0793

Source: JICA Survey Team 

The Figure 6.3.2 indicates the hourly rainfall distribution and rainfall level (by each station) in the 
2010 Flood event. 

・ The 2010 Flood event had two peaks: Between the days 21th and 23th and between 
24th and 26th. The rainfall volume was practically the same in both times. 

・ The maximum value of the hourly rainfall in the basin was around 9 mm/h. The 
values remained on the level of 10 to 30 mm/h; like in Brusque (30mm/h) and 
Boiteux dam (28mm/h). 

・ The total rainfall was rised specially in the Boiteux (Itajaí do Norte Basin – total 
rainfall: 400mm), in Rio do Campo and Oeste Dam in the Itajaí do Oeste Basin, and 
in Rio Bonito Dam in the Benedito Basin. The rainfall seems to be larger in the north 
and northeast regions. 

・ By the other hand, the rainfall was relatively weaker in the Itajaí do Sul Basin, as 
Alfredo Wagner and Ituporanga. 
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Figure 6.3.8 Mean of hourly rainfall in the 2010 Flood event (mid-valley) 

The river level data were obtained in 7 locations. In the Figure 6.3.9 were indicated the river level 
recorded and in the Figure 6.3.10, the discharge convertion results made by the relation 
discharge-level. 

・ The peak discharge at Rio do Sul was approximately 850m³/s. According to the 
researches made in Rio do Sul , in loco, part of the city overflowed. 

・ The peak occurrence in Taió was delayed because of the dam. The Oeste dam 
overflowed on this event. A flood close to the prefecture happened in Taió City  

・ Discharge variation on the opening of the Sul Dam gates occurred in Ituporanga. The 
Sul Dam did not overflow, fulfilling its role as regulator of flooding, and there was no 
flood in that city.  

・ The discharge peak was approximately 800 m³/s in Ibirama. The Norte Dam fulfiled 
its role as regulator of flooding, and there was no flood in that city. 

・ The peak discharge at Timbó was approximately 600m³/s. According to the 
municipality information part of this city overflowed. 

・ The discharge peak in Blumenau was approximately 2,600m³/s. 
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Source: Rainfall data measured by JICA Survey Team 

Figure 6.3.9 River Level record in the 2010 Flood event 
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Source: Rainfall data measured and converted in discharge by JICA Survey Team  

Figure 6.3.10 2010 Flood Discharges  

The operational situation of the Sul and Oeste dams in the 2010 Flood event are indicated in the 
Figure 6.3.11. 

The Oeste dam started the gates closing in the 22th day, in the first period of the flood; and in the 
23th day closed 5 gates, keeping open 2 others. As the rain got lighter, the dam opened the gates 
again, letting 4 gates opened in the 25th day. However, it restarted to rain pouring and all the gates 
were closed in the middle of the day 26th. Consequently, the reservoir began filling on the 
afternoon of the day 26th, starting the overflow. The overflow discharge reached the peak in the 
morning of the day 27th, but by that time the rain had ceased. 

On the other hand, the Sul dam began closing the gates on the 25th afternoon, closing them 
completely in 27th. However, the river level reached the overflow maximum quota EL. 396.1 m, 
leaving approximately 3m to the overflow elevation (EL 399m).  

In both operations the dam guidelines were not followed as mentioned in the Annex B. 
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CHAPTER 7 FLOOD OUTFLOW ANALYSIS 
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CHAPTER 7 FLOOD OUTFLOW ANALYSIS 

7.1 Synthesis 

According to the explanation in the Annex D, there are difficults to define the security level 
against floods, which is a adequacy planning measure. Then, the calculated flood discharge to 5, 
10, 25, 50 years of Return Period project. The flood discharge will be calculated by outflow 
analysis based on the rainfall design, the bellow figure contains the analysis flow. 

 

Determinação do tempo de 
duração da precipitação

Escolha da enchente -de-projeto

Cálculo de chuva média da bacia

Cálculo de chuva média 
da bacia provável

Determinação do local de 
referência e divisão da bacia

Escolha do modelo de 
escoamento de enchente

Determinação da chuva -de-
projeto

Calibração da constante do 
modelo estabelecida baseado na 

precipitação real

Análise de Precipitação Análise do escoamento de 
enchente

Simulação do modelo de 
escoamento de enchente

Determinação da vazão de 
enchente provável

(Hidrograma de escoamento )
 

Source: Equipe de Estudos da JICA 

Figure 7.1.1 Flood discharge calculation flowchart  

7.2 Rainfall Design Rainfall Analysis  

7.2.1 Duration Time 

When calculating the rainfall design, there are some points that should be considerated, such as 
the rainfall features and the flood outflow way due to determine the rainfall design time duration. 
There are cases that the rainfall time duration is indicated by hours; however, in the Rio Itajaí 
Basin the rainfall time duration during the flood (time when the flood arrives at the downstream) 
is larger than the first day. As the daily rainfall data are more reliable (only part of the recorded 
data are hourly rates) the time unit used is considerated as daily.  

The Figures 7.2.1 and 7.2.2 ilustrate the distribution of total rainfall during frequency which is 
bigger than 50mm and 100mm, respectively. The total rainfall time bigger than 50mm is from 5 to 
6 days, maximum. The rainfall time duration bigger than 100mm is from 5 to 6 days, maximum, 
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but the biggest frequency corresponds to 4 days. Thus, rainfall design time duration was 
established as 4 days. 
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Souce: JICA Survey Team 

Figure 7.2.1 Total rainfall of the frequency distribution duration bigger than 50mm 
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Souce: JICA Survey Team 

Figure 7.2.2 Total rainfall of the frequency distribution duration bigger than 100 mm 

7.2.2 Mean of Rainfall Calculation on the Basin  

For determinating the rainfall design (4 days duration), firstly the mean of the basin rainfall was 
calculated using the daily rainfall data recorded on the Itajaí River Basin stations. The calculation 
methodology is described bellow. 

 As basis for the calculation, selected daily rainfall data recorded by ANA 
since1950 and on were used, because of its reliability. 

 The Thiessen method was used for determing the mean of rainfall in the basin. The 
stations that lack daily records were neglected in the calculation (then, when the 
daily measurement is neglected, the ponderation of the coefficient and Thiessen 
changes.) 
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To indentify the rain trend, it was calculated the mean of rainfall in the whole Itajaí River Basin 
and the mean of rainfall in each sub-basin of the main tributaries rivers (See Figure 2.3.1 – ANA 
Rainfall Station Localization Map). 

7.2.3 Rainfall Design Determination  

The rainfall design was determinated based on the rainfall highest rates from 4 days since 1950. 
Furthermore, it was calculated according to the following guidelines for the whole basin and for 
each sub-basin of the main tributaries. 

 The extreme value distribution (Gumbel distribution), which has a high degree of 
compatibility with the short-term hydrological phenomenon; also its variants, 
extreme value distribution and generic (GEV) and exponential distribution 
maximum value (SQRT-ET) were considered as a distribution model.  

 It was used the SLSC as an indicator more consistent and the jackknife error 
standard estimated as an indicator of stability, where the SLSC is less than 0.04 into 
the distribution, following the model of distribution that minimizes jackknife error.  

(1) Rainfall Design for the Whole Itajaí Basin  

1) Mean of Rainfall in the Basin 

The maximum rainfall of 4 days for each year was extracted by the Thiessen method (which was 
determined by the mean of rainfall in the whole Itajaí River Basin). As illustrated on the Figure 
7.2.3, the biggest rainfall of 4 days happened in 1983, 222,2 mm rate, the rate of 1984, 218.4mm 
was the second biggest, and 1992 was 195.7mm. In the 2008 Flood event, which has caused 
serious damages, the rainfall was focused in some regions; so, the mean of the basin rates was 
144,3 which is considered a average size Flood event. 
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Source: JICA Survey Team (Based on data from the ANA station) 

Figure 7.2.3 Maximum daily rainfall of each year in the whole Itajaí River Basin (1950 - 2009) 

2) Rainfall Design 

The mean of the whole Itajaí River Basin complies to the exponential distribuction of maximum 
value (extreme value). The rainfall design of 5 return years is 134,7mm; 10 return years is 156,3 
mm; 25 return years is 178,5 mm and 50 return years is 209,2 mm. The 1983 and 1984 Flood 
event are equivalent to 30 return years flood. The 2008 Flood event, considering the whole basin, 
is equivalent to the 5 and 10 return years. 
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Table 7.2.1 Results of the Rainfall Design Calculation for the Whole Itajaí River Basin 
T oda Bacia

Distr ibuição 
exponencia l

Distribuição 
de  Gumbel

Di stribuição ra iz  
qu adrad a exponencia l

Distr ibuição 
genérica de 

valores 
extremos

D istribuição 
de  Pearson 

tipo  II I

Distribuição 
lo g-normal 
parâmetro 3

D istribuição 
log-normal 
pa râmetro  3

Distr ibuição 
log-normal 
parâmetro 2

Método 
momento L

Método 
momento L

Máxima 
verossimilhança

Método 
momento L

Método 
momento L

Método Iwai
Método 

Ish ihara/T akase
Método 

momento L

Exp Gumbel Sq rtEt Gev LogP3 Iwai I shitaka LN2LM
1/2 100.8 1 06.3 104.8 105.1 105.2 － － －

1/3 115.2 120 118.5 118.4 118.8 － － －
1/5 133.2 1 35.2 134.7 133.9 134.3 － － －

1/10 157.7 1 54.3 156.3 154.2 154.6 － － －

1/20 182.2 1 72.7 178.5 174.6 174.8 － － －

1/30 196.5 1 83.2 191.9 186.8 186.7 － － －

1/50 214.6 1 96.4 209.2 202.6 202.1 － － －
1/80 231.2 2 08.5 225.7 217.4 216.7 － － －

1/100 239.1 2 14.2 233.7 224.7 223.8 － － －

1/150 253.4 2 24.6 248.5 238 236.8 － － －

1/200 263.6 232 259.3 247.7 246.3 － － －
0.942 0 .996 0.996 0.997 0.996 － － －

0.04 0 .035 0.026 0.027 0.025 － － －

Valor 
estimado

214.6 1 96.4 210.5 202.5 201.6 － － －

Erro  
estimado

16.8 14.4 14.1 21.9 20.3 － － －

?

Função d istribuição de  
probab ilidade

Abreviação

SLSC
Coefic iente de correlação

Método  ap licado

Estimação de parâmetros

Valor  
hidrológico 

provável 
(e stimação de  
parâmetros em 

todas as 
amostras)

Método 
Jackknife

1/50

 
Source: JICA Survey Team  

(2) Rainfall Design for the Tributaries Rivers 

1) Mean of Rainfall in the Basin 

The Figure 7.2.4 and the Table 7.2.2 ilustrates the mean of rainfall in each sub-basin of tributaries 
rivers. 

 In the large 1983, 1984 and 1992 Flood events the maximum rainfall of 4 days 
occurred in  the same period. By the other hand, in the 2008 Flood event, in the 
Itajaí River Basin, Benedito River Sub-basin and Itajaí Mirim River the largest 
Flood event occurred in the month of November; in the High Valley, the rainfall 
rate was low and the rainfall of four days occurred in different periods. 

 In the 1983 and 1984 Flood events the rainfall rates were around 200/250 mm in 
the whole basin; but, in 2008 rainfall with different rates occurred in the whole 
basin; in the biggest basin, Itajaí River Basin, the rate was higher than 300 mm. 
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  Source: JICA Survey Team 

Figure 7.2.4 Mean of Rainfall in the main tributaries rivers of the basin (1950-2009) 
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Table 7.2.2 Mean of Rainfall for Each Sub-basin of the Tributaries (1950 – 2009) 
1950 3/1 122.9 3/1 110.6 3/1 105.8 3/1 106.8 3/1 103.3 3/1 87.1
1951 10/15 102.9 10/14 115.2 10/15 98.1 10/15 88.4 10/18 82.6 10/15 84.1
1952 1/23 115.3 1/23 99.8 9/3 97.9 9/2 76.3 1/23 89.7 1/23 103.5
1953 10/28 108.0 10/28 98.7 10/28 93.3 11/11 70.8 10/28 96.6 10/28 93.5
1954 10/19 105.5 10/18 142.7 10/19 102.5 3/31 140.5 3/31 161.7 3/31 159.9
1955 5/17 117.3 7/4 90.4 5/17 145.8 5/17 164.8 5/17 124.8 5/17 127.6
1956 1/16 72.2 1/29 88.7 1/22 76.1 1/21 80.7 5/5 53.5 9/18 68.3
1957 8/16 155.8 7/30 125.7 8/16 135.1 8/16 97.6 8/16 112.2 7/30 123.2
1958 3/14 145.2 8/6 104.2 3/13 139.3 2/18 143.9 3/13 128.8 3/13 136.6
1959 2/20 78.0 4/23 96.3 8/30 97.6 8/30 119.6 8/30 102.5 8/30 116.6
1960 11/10 78.6 7/31 102.1 7/31 76.7 11/26 121.5 11/27 134.6 1/31 106.7
1961 9/9 196.3 10/31 129.5 9/9 135.5 10/31 141.6 10/31 185.5 10/31 178.2
1962 9/19 90.0 9/17 95.2 9/19 89.6 9/19 76.0 9/19 99.1 9/18 111.4
1963 9/26 160.5 9/25 205.7 9/26 140.3 9/26 135.4 9/26 137.6 9/26 155.3
1964 1/31 86.6 4/28 78.5 2/16 59.3 4/28 73.4 4/28 61.9 4/28 78.0
1965 8/18 100.8 8/17 104.7 8/18 91.3 8/18 86.6 4/28 93.7 8/18 90.4
1966 2/9 150.8 2/12 126.0 2/9 122.1 2/9 95.6 2/9 135.7 2/9 118.0
1967 8/21 75.2 9/20 98.5 2/23 67.8 2/10 77.5 2/23 94.7 2/10 82.1
1968 12/21 144.0 12/22 128.1 12/22 117.5 10/27 91.2 12/22 84.9 12/22 100.1
1969 2/16 153.2 2/16 120.2 2/17 114.1 11/13 126.3 2/27 85.8 6/15 90.5
1970 12/10 81.6 1/1 83.0 12/24 81.9 12/22 88.7 1/1 96.1 2/2 94.4
1971 1/9 97.0 7/2 99.3 6/5 90.7 10/10 94.3 5/5 70.9 5/5 74.2
1972 8/25 199.5 8/25 155.8 8/25 165.5 8/25 164.3 8/25 144.8 8/25 159.9
1973 8/11 111.6 7/19 105.1 8/26 115.4 8/25 139.5 8/26 114.8 7/19 132.7
1974 2/17 121.2 8/31 77.0 7/22 116.2 7/22 162.5 7/21 113.1 3/21 123.2
1975 9/30 139.2 9/30 79.9 9/30 127.6 9/30 113.4 9/30 119.2 1/6 125.1
1976 11/29 141.0 11/29 98.2 11/29 96.3 5/26 96.7 5/25 85.9 5/26 92.4
1977 8/15 163.1 8/15 175.9 8/15 123.3 1/17 128.5 8/15 107.6 8/15 102.2
1978 12/25 124.9 12/23 115.9 12/25 138.3 12/23 120.3 12/23 121.8 12/23 138.1
1979 5/7 116.1 5/7 100.7 5/7 112.7 10/6 100.8 4/3 96.3 5/7 92.9
1980 12/19 195.4 12/19 155.3 12/19 135.2 12/19 156.8 12/19 123.1 12/19 121.4
1981 12/20 118.7 12/20 81.9 12/21 81.8 3/27 99.2 10/27 116.5 10/27 140.1
1982 11/3 111.2 11/3 102.4 11/3 94.1 2/4 127.0 2/2 103.4 10/5 73.3
1983 7/6 231.6 7/7 197.3 7/6 260.0 7/6 252.0 7/6 207.4 7/6 172.4
1984 8/5 229.0 8/5 251.6 8/5 191.0 8/5 207.8 8/5 215.2 8/5 226.8
1985 2/12 158.8 2/12 69.2 2/13 92.2 4/5 109.4 2/12 87.9 11/20 100.2
1986 11/3 118.0 11/3 108.4 4/4 92.0 9/18 93.0 9/19 90.4 10/9 114.6
1987 1/11 107.8 5/12 117.2 6/13 109.9 2/13 176.4 2/14 140.3 2/14 113.1
1988 5/21 80.0 9/20 69.8 5/21 93.0 5/21 94.7 9/19 79.1 9/20 69.6
1989 5/3 105.2 5/3 109.0 9/11 105.1 1/4 145.0 1/5 178.7 1/6 132.2
1990 5/30 154.1 2/10 139.2 5/29 137.0 7/18 105.4 7/18 113.4 5/30 118.8
1991 6/20 121.6 6/20 106.1 6/20 126.1 6/20 143.8 1/23 115.2 1/23 115.2
1992 5/27 165.5 5/28 159.3 5/28 217.8 5/28 224.8 5/28 179.7 5/28 179.7
1993 9/21 137.8 7/2 126.0 9/21 157.6 9/21 130.2 9/21 110.2 9/21 110.2
1994 5/10 109.6 6/19 82.1 5/10 108.9 5/10 137.3 5/10 96.4 5/10 96.4
1995 1/10 110.8 1/10 111.7 1/10 86.6 7/5 127.8 1/7 129.7 1/7 129.7
1996 6/17 94.6 1/14 81.9 6/17 140.3 6/17 114.5 6/17 85.5 6/17 85.5
1997 1/30 113.7 1/30 191.1 10/6 123.3 1/20 150.3 1/31 167.2 1/31 167.2
1998 4/26 115.0 4/27 90.8 1/31 95.5 8/13 108.3 4/26 101.7 4/26 101.7
1999 7/2 163.4 7/2 113.4 7/2 166.2 7/2 176.5 7/2 117.5 7/2 117.5
2000 9/12 112.1 9/12 115.4 9/12 119.9 2/14 146.8 2/14 113.4 2/14 113.4
2001 9/28 156.1 9/29 152.0 9/29 150.9 9/29 148.6 9/29 145.2 9/29 122.5
2002 11/27 128.6 4/18 91.5 7/31 79.5 7/31 92.9 1/10 94.6 4/1 76.6
2003 12/12 74.5 12/12 99.2 12/11 78.9 12/12 86.6 3/2 93.8 12/12 102.5
2004 9/12 107.8 9/12 119.7 10/22 104.3 10/22 159.1 10/23 101.5 9/12 86.5
2005 5/18 160.8 5/18 178.2 5/18 134.1 8/30 109.8 5/18 129.4 8/30 125.1
2006 11/18 92.2 1/23 97.3 11/17 89.1 9/30 57.1 11/18 94.4 11/18 82.1
2007 11/1 71.1 11/1 54.3 12/5 87.2 12/4 115.5 11/2 89.0 11/1 70.7
2008 10/16 126.4 10/16 87.7 10/15 113.6 11/21 258.7 11/21 309.3 11/21 222.7
2009 9/28 129.3 9/28 114.2 9/28 116.3 9/28 121.8 9/28 122.3 4/23 75.0

Itajai Acu Itajai do MirimItajai Do Oeste Itajai Do Sul Itajai Do Norte Benedito

 
Source: JICA Survey Team 

2) Rainfall design 

The Table 7.2.3 ilustrates the rainfall design in the Itajaí river and its tributaries. 

 The rainfall design is relatively large in the Itajaí do Oeste Basin, Bendito basin and 
Itajaí Basin  

 The Itajaí do Sul, Itajaí Mirim (both located in the south region) Rainfall Volume 
and Itajaí do Norte basin are relatively small. 

 The rainfall design of the whole basin is relatively small, because of the focused 
pouring rainfall are balanced and the level is lower. 
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Table 7.2.3 Itajaí River Rainfall Design and its Tributaries 
1/5 1 /10 1/20 1/25 1/50

T otal da Bacia 134.7 156.3 178.5 187.7 209.2
Itajai d o Oeste 153.1 175.2 196.3 201.7 223.8
Itajai d o Sul 140.8 161.4 181.1 186.1 206.7
Itajai d o Norte 140.4 160.3 179.3 184.1 204
Benedito 154.8 179 202.3 208.1 232.4
Itajaí-açu 144.1 168.9 194.4 205.2 229.9
Itajai Mirim 140.1 160.5 179.9 184.8 205.2  

Source: JICA Survey Team 

7.3  Choice of the Flood Design 

The flood that will be used for Flood Plan evaluation (based on the recurrence time) will be 
choosen from the flood group obtained of the outflow calculation using the hyetograph of 
precipitation for the extended real rain project. In order to formulate flood prevention measures 
for different modalities of rainfall (different hyetograph) the ideal would be choosing several 
types of floods. 

In the Main Plan was formulated a plan for 5 return years (mean of rainfall volume in 4 days in the 
whole basin = 135mm) until 50 return years (mean of rainfall volume in four day in the whole 
basin = 209mm); therefore, the four days precipitation was considered as 130mm to 220mm. The 
Table 7.3.1 bellow show the extract flood; the hourly data available needed for the outflow 
analysis refers to six passed floods (1972, 1980,1984,2005 and 2010); the rainfall rates were 
based on these six floods were. In relation to the1984 and 2010 Flood events, there are rainfall and 
discharge data measured in differents stations; thus, they will be used on the elaboration of the 
outflow analysis model (gauge of the rainfall-discharge model: HEC-HMS). 

Table 7.3.1 Flood for the purpose of the Survey  
Flood Occurrence 
Time 

Rainfall volume for 4 days 
(mean of all the basin) Choise Choice of flood / Reason for disposal   

31/10/1961 139,3 mm  There is no record of hourly data of rainfall / 
discharge 

26/09/1963 149,0 mm  There is no record of hourly data of rainfall / 
discharge 

25/08/1972 165,7 mm ○ There are hourly records of rainfall (1 station) 
19/12/1980 147,3 mm ○ There are hourly records of rainfall (2 stations) 
06/07/1983 222,8 mm ○ There are hourly records of rainfall (2 stations) 
05/08/1984 218,4 mm ¤ Discharge and hourly data are consistent 
28/05/1992 195,7 mm  There is no record of hourly data of rainfall 
31/01/1997 133,7 mm  There is no record of hourly data of rainfall 
02/07/1999 150,3 mm  There is no record of hourly data of rainfall / 

discharge 
29/09/2001 146,8 mm  There are hourly records od rainfall 
18/05/2005 144,3 mm ○ There are hourly records of rainfall (8 stations) 
21/11/2008 135,1 mm  The rainfall is extremely biased 
23/04/2010 130,3 mm ¤ Discharge data and Hourly Rainfall are complete  

¤ Choosen for the outflow analysis calibration and flood plan. ○ Choosen for flood plan 
Source: JICA Survey Team 
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7.4 Analysis and Calibration Model  

7.4.1 Division of the Basin 

The basin division model for the purpose of outflow analysis, according to the illustrated on the 
Table 7.4.1 bellow, was elaborated taking into consideration: i) Main tributaries and ii) 
Determination of the necessary place or the cross section for the discharge calculation. The stretch  
between those determined places were connected to the chanel model. The Itajaí River Basin is 
presented on the the Figure7.4.1 (Outflow model). 

Table 7.4.1 Main Tributaries and Discharge Calculation Place Which Were Considered in the Basin 
Division 

Name of the 
Tributary river Place Basin Area 

(km2) 

Distância de foz 
/encontro dos rios 
(km2) 

Motivo da escolha do lugar para cálculo da 
vazão 

C.A=3.014,9 km2 

Barragem Oeste 1.042,0 81,4 
Volume de contenção e descarga, e plano de 
reforma da barragem  

Taio 1.570,1 68,2 
Medidas contra enchentes de Taió: calibração com 
os valores de medição 

Antes do encontro 
com Rio principal 

3.014,9 0,0 
Medidas contra enchentes da cidade de Rio do Sul 
(antes do encontro dos Rios) 

Itajaí do Sul 
C.A=2.026,7 km2 

Barragem Sul 1.273,0 43,4 
Volume de contenção e descarga, e plano de 
reforma da barragem.  

Ituporanga 1.645,4 25,3 
Calibração com os valores de medição (o 
problema de enchentes é insignificante) 

Antes do encontro 
com Rio principal 

2.026,7 0,0 
Medidas contra enchentes da cidade de Rio do Sul 
(antes do encontro dos Rios) 

Itajaí do Norte 
C.A=3.353,8 km2 

Barragem Norte 2.318,0 48,1 
Volume de contenção e descarga da barragem (não 
há necessidade de reforma) 

Ibirama 3.341,0 4,0 
Calibração com os valores de medição (o 
problema de enchente é insignificante) 

Rio Benedito 
Rio Dos Cedros 
C.A=1.500,3 km2 

Antes do encontro 
com Rio principal 

831,1 
600,3 

0,0 
0,0 

Medidas de enchentes da cidade de Timbó (antes 
do encontro dos Rios)  

Timbó 1,431.3 10.5 Cidade de 
Luis Alves 
C.A=580.0km2 

Antes do encontro 
com Rio Principal 

580,0 0,0 
Há possibilidade de avaliar lagos de retardamento 
como medida contra enchentes da cidade de Itajaí 

Itajaí Mirim 
1,678.9 km2 

Brusque 1.206,6 56,8 
Calibração com os valores de medição (o 
problema de enchentes é insignificante) 

Antes do encontro 
com Rio principal 

1.678,9 0,0 
Medidas contra enchentes da cidade de Itajaí 
(Inundação do Rio Itajaí Mirim) 

Itajaí 
C.A=14,933.2 km2 
（ Toda a Bacia, 

incluindo as bacias dos 
rios tributários） 

 

Rio do Sul 5.041,6 189,2 
Calibração com os valores de medição e medidas 
de enchentes de Rio do Sul 

Apiúna 9.288,8 132,0 
Calibração com os valores de medição (o 
problema de enchentes é insignificante) 

Indaial 11.276,4 97,7 
Calibração com os valores de medição (o 
problema de enchentes é insignificante) 

Blumenau 11.922,7 70,6 
Calibração com os valores de medição e medidas 
de enchentes de Blumenau 

Gaspar 12.271,9 52,9 Medidas de enchentes de Gaspar 

Ilhota 12.498,6 37,3 

Medidas contra enchentes de Ilhota: há 
possibilidade de avaliar planície de retardamento e 
outras medidas para prevenção de enchentes de 
Itajaí 
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Souce: JICA Survey Team 

Figure 7.4.1 Itajaí River Basin division (outflow analysis model) 
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7.4.2 Analysis Methodoly 

(1) Software used on the analysis 

The software that will be used on the outflow analysis should have versatility; the program 
HEC-HMS (which belongs to the HEC family and was developed by the USA Army, and it is 
largely used in Brazil) will be used in the outflow analysis. 

(2)  Determination of effective rainfall  

The effective rainfall height will be the total rainwater height, discounted the losses caused by 
seepage, evapo-transpiration, etc. The rainwater losses height will be subdivided into initial loss 
rate and constant loss rate. Therefore, the rainfall height with the initial loss (Ia) is not considered 
straightly in the outflow, from the time that the volume overcome the Ia, there will be a constant 
loss (fc), every hour, considered in the rainfall height (pt), 
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 Ia（Initial Loss）： 

According to the historical data, the initial loss value proposed is in accordance with the table 
bellow.  

Table 7.4.2 Initial Loss Ia 
Loss of Surface 

Inicial Loss (área agrícola) 

Cultivo Altura Pie Intercepção  polegada 

Corn 6 0,03 

Cotton 4 0,33 

Tabaco 4 0,07 

Cereais 3 0,16 

Pastagem 1 0,08 

Alfafa 1 0,11 

desde Linsley, Kohler, and Paulhus 1975) 

Área Floresta (desde Viessman et al. 1977) 
10-20% total de precipitação, maxima 0.5 polegada 

Armazenamento de Detenção (desde Horton 1935) 

Área agrícola 
(Depende de tempo de arado) 

0,5 – 1,5  

Florestas/Pastagens 0,5 – 1,5 polegada 

Perda Total Superficial 
Urban Area 
Área Aberta 

0,1 – 0,5 polegada 

Área Impermeável 0,1 – 0,2 polegada 
Source: EM 1110-2-1417 Engineering and Design - Flood-Runoff Analysis 

The biggest part of the Itajaí Basin is covered by forests, fields and agriculture, the urban area 
occupies a significant part. The quantity of initial losses in the agricultural areas, forests and fields, 
according to the Detention Storage (from Horton, 1935) from the table above, is from 0,5 to 1,5 
inches (12,7 to 38,1mm). Additionally, according to the value for Forest Area (from Viessman et 
al. 19744), also from the above table, it is defined as being 10% to 20% from the total of the 
rainfall height (maximum 0,5 inches = 12,7 mm), existing different versions among the 
researchers. In this analysis, it will be defined the initial loss as being 20 mm, based in the above 
information and it will be adjusted through the real flood calibration, according to the necessity. 
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Constant Loss Rates fc  

According to the historical data, the constant loss rate is proposed as shows the Table 7.4.3 
bellow. 

Table 7.4.3 Soils group SCS and Infiltration Rate (loss) (SCS, 1986; Skaggs and Khaleel, 1982) 

Soils Group Description 
Loss Rate Range  

(inch/h) 

A 
B 
C 
 

D 

Deep Sand, Deep loss, added mud 
Moderate Loss, Sandy Mud 
Clay, mud moderately sandy, soil with organic content, soil with 
high clay content  
Highly moist soil, heavy clay and soil salinity  

0,30-0,45 
0,15-0,30 
0,05-0,15 

 
0,00-0,05 

Source: SCS, 1986; Skaggs and Khaleel, 1982 

In the mountain region of the Itajaí Basin there are stones, mud, metamorphic rocks derived from 
the fine sand which are distributed in relatively thick layers throughout the region. Moreover, the 
alluvial deposits downstream are clays that were transported from the upstream and are grounded 
in thick layers. 

Therefore, the constant loss value corresponds to the soil group B or C from the Table above, 
close to the value of 0,15 inches/m³ (8mm/h); or corresponds to the Soil Group D, with the value 
of 0,05 inches (1,27mm/h), supposing that the ground is wet. In this study, the constant loss will 
be defined as being 2,0mm/h by the analysis from the table above. The adjustments will be done 
using real flood calibration, according to the necessity. Beyond the loss above, the waterproof 
area rate as being 5%. 

(3)  Direct outflow model 

The Snyder (Snyder’s UH Model) unit 
hidrogram method will be used for the direct 
outflow model. 

The Snyder method elaborates the effective 
rainfall unit hidrogram versus the normal 
duration TR, based in the elements: discharge 
peak, basic length and delay time. 

The usual effective rainfall duration is 
established according to the delay time formule 
bellow. 

 
 

In addition, the delay time tp , discharge peak (compared discharge qp) and the basic length tb are 
obtained as bellow. 

 

 

 

 

 

L is the output length until the river bank from the main river; Lc is the output length of the basin 
until the closest point to the basin centroid; the unit of convertion factor C is 0,75 in the Unit SI, 
this means 1,0 in the english system for units. Furthermore, the Ct parameter will be obtained 
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through calibration, but in general it uses a value between 1,8 to 2,0. 

The convertion factor C related to the discharge peak is 2,75 in the unit SI and 640 in english units. 
The peak coeficient Cp will be obtained through calibration, but in general this value is between 
0,4 to 0,8. The defined standards in the calibration are Ct and Cp. In the current analyses, the 
initial value will be adopted as: Ct= 1,9 and Cp= 0,6; these values will be adjusted through the real 
flood calibration, according to necessity. 

However, the rainfall duration tR for any other time from the standard duration tr will be obtained 
by the delay time equation tpR, compared discharge peak qpR and the basic length tbR. 

 

 

 

 

 

(4)  Basic Outflow Volume Establishment 

For the basic outflow volume the Exponential Regression Model will be used; the initial discharge 
value (Initial baseflow) Q0 and the Regression rate k will be calculated throught the equation 
bellow. 

 

As the basic outflow should be calculated before and after the flood, both situations should 
establish the beggining (threshold) (after the flood peak and, when the flood discharge reduce 
until the recession point (threshold)) and implement the exponential regression (similar to the 
initial basic flow). The initial rate (threshold) will be represented by the flow peak 
(ratio-to-peak).  

 

 

 

 

 

 

 

 

Initial Discharge: Q0 

The initial flow Q0 is different for each flood (seasonality or proximity to the flood); in the 2010 
Flood event was 0~5m³/s/100 km² (However, in Timbó it was more than 2m³/s/100 Km²) and in 
the 1984 Flood event it was 4~5m³/s/100 Km² (However, in Brusque it was less than 0,5m³/s/100 
Km²). In the calibration the measurements above will be used, but in the Flood design calculation 
it will be estimated 5m³/s/100 Km², predicting the safety margin. 

Constant of Regression k 

For the constant of regression k, according to the existing literature, the values illustrated in the 
Table 7.4.4 are suggested. The applicable extent in the chart bellow is less than 300~16,000 Km². 
The larger the dimension of the basin, the constant value will trend to the bigger extent. The Itajaí 
River Basin basin dimension is close to the superior extent limit of expansion, therefore, the 
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constant of reduction will be the superior limit value of the extent from the Table 7.4.4 bellow. 
Furthermore, the basic discharge will be structured according to the groundwater or the interflow 
outflow. 

Table 7.4.4 Proposed Value for the Constant of Regression k  
Flow component Recession constant, daily 

Groundwater 
Interflow 

Surface runoff 

0,95 
0,8-0,9 
0,3-0,8 

Source: Pilgrim and Cordery 1992 

Relation between the discharge peak and recession peak (ratio-to-peak) 

The exponential regression curve from the relation between the discharge peak and the recession 
point was analysed after the flood, based in the 1984 discharge data, in Ibirama and Timbó, places 
where there is no dam influences. According to the Figure 7.4.2, supposing that the exponential 
regression time (represented as a straight line in the logarithmic scale, and this compared 
discharge is around 8 m³/s/100 Km²). The compared discharge in the peak time is 60 
m³/s/100km²; so, the relation 8/60=0,14. Therefore, in the current analysis the relation between 
the discharge peak and the recession point was established as 0,14. 
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Source: Equipe de Estudos da JICA 

Figure 7.4.2 Compared discharge from the 1984 Flood event (Ibirama e Timbó) 

(5) River Channel Model (flood propagation model) 

If the HEC-HMS was used as river channel model for flood propagation it would be possible 
choosing among 5 calculation methods, according to the relation bellow: 

(1) Lag 

(2) Muskingum 

(3) Modified Plus 

(4) Kinematic Wave 

(5) Muskingum Cunge 

There is a delay in the outflow due to the effect of the natural flood plan contention from the Itajaí 
River bank. Therefore, the Muskingum-Cunge method (which enables the physical reproduction 
of this contention effect as channel model) will be adopted . The Muskingum Cunge is a method 
based on the wave propagation which is close to the continuous expression of the open channel 
one-dimentional movement equation.  
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Continuous Equation  

 

Movement Equation                 (Wave Propagation) 

 

In the current analysis, the modeling for each strech of the river channel will be implemented, 
acconding to the figure 7.4.3. Using the river cross section data in which the survey was 
performed previously (measurements at ANA’s stations data) establishing: representative width 
of the channel = B, Depth = H and plan width = W. The input data in the Muskingum Cunge 
model are showed in the Table 7.4.5 bellow. 

 

 

 

 

 

 

 

Source: JICA Survey Team 

Figure 7.4.3 Modeling of the channel form 

Table 7.4.5 Input Data in Muskingum Cunge Method 

River 
Channel Stretch 

Channel Shape  
Tilt of the 
Riverbed 

Roughness 
coefficient 

Width of the 
Riverbed Depth Width 

Plain Channel Flood 
Plain 

Channel 1 Taió/Rio do Sul 30 12.000 600 0.0003 0.035 0.050
Channel 2 Ituporanga/Rio 

do Sul 
25 8.500 

55 0.0010 0.035 0.050

Channel 3 Rio do 
Sul/Apiuna 

60 12.000
600 0.0003 0.035 0.050

Channel 4 B.Norte/Ibirama 45 12.000 60 0.0042 0.035 0.050
Channel 5 Apiuna/Indaial 90 19.000 40 0.0010 0.035 0.050
Channel 6 Indaial/Blumenau 90 19.000 40 0.0020 0.035 0.050
Channel 7 Blumenau/Gaspa

r 
90 14.000

330 0.0001 0.035 0.050

Channel 8 Gaspar/Ilhota 100 17.000 600 0.0001 0.035 0.050
Channel 9 Ilhota/Itajai 180 8.000 600 0.0001 0.035 0.050

Channel 10 Brusque/Itajaí 20 11.000 600 0.0004 0.035 0.050
Source: JICA Survey Team 
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(6) Contention of Dam Model  

Along with the program HEC-HMS, the flood modeling for dam facilities will be carried out. In 
the Itajaí River Basin there are three exclusive dams for flood control: Oeste Dam, Sul Dam and 
Norte Dam.  

The data referring to the discharge features (H-Q) and H-V of the each dam reservoir are not 
available, according to the DEINFRA information (that manages the dams of the Santa Catarina 
State) (Old drawings in paper about the dams were accessed and the curves H-Q and H-V were 
extracted). The dam control data that have been recorded only on the reservoir level and the 
opening and closing situation of the gates (there is a improvement possibility in the dam 
management). 

As there is a necessity of the H-Q rating curve from the dam and H-V curve from the reservoir 
these curves were elaborated adjusting the constant curve scale in the drawings in paper, based on 
the generic discharge formule, according to the Table 7.4.6 bellow. 

Table 7.4.6 H-Q e H-V Curve Equation  
 H-Q、H-V

Generic Expression  

Usual     02 HHgAnCQ   

Unusual    5.1HBCQ   

Reservoir capacity    2bHaV   

Adjustament 

Oeste Dam 

Usual     05.34027663.176667.0  HgQ  

Unusual      5.13601001658.2  HQ  

Reservoir capacity     62 1064.33818192.0  HV  

Sul Dam 

Usual     36827663.158901.0  HgQ  

Unusual      5.1399650758.2  HQ  

Reservoir capacity     62 1057.37517033.0  HV  

Norte Dam 

Usual           1909274  HQ  （H=EL.258m～EL.259m） 

          2.9108.3  HQ  （H=EL.259m～EL.264m） 

          2419592  HQ  （H=EL.264m～EL.265m） 

           253276.6289513.0  HgQ （H=EL.265m～）

Unusual                       5.12951000506.2  HQ  

Reservoir capacity            62 1069.25017825.0  HV  

Executado por: 
CNEC 

 
Bacia do rio Itajai subsidios para o plano integrado 
de aproveitamento e controle dos recursos hidricos
Obras existentes de controle de cheias 
Barregem Sul, Oeste, Norte (em Construção) 

CAEEB 
MME 

DNAEE 

APROV. 
DNAEE 

No.3.1 (Sul) 
No.3.2 (Oeste) 
No.3.3 (Norte) 

Source: JICA Survey Team 

The information about the dam operation referring to the 1984 Flood event was organized based 
on the H-Q curves elaboreted by the team, according to the following Figure 7.4.4.  
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Source: JICA Survey Team 
Remark: The water level data, discharge volume and gate operation that were not record were 
implemented by the prior and posterior data. 

Figure 7.4.4 Dam operation during the 1984 Flood event (the discharge volume was estimated based 
in the H-Q elaborated curve)  
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7.4.3 Results of the Constant Calibration of the Model 

Among the constants of the outflow analysis model explained until now,  

 The values of the basic discharge constants (Initial discharge Q0, attenuation 
constant K and the peak rate) were established according to the measurement 
values. 

 However, for the parameters relationed to the effective rainfall (Initial loss Ia, 
Constant Loss fc) and the parameters related to the straight outflow model (Ct, Cp 
from the Schneider Unit Hydrograph) were considered the generic values; so, a 
calibration is necessary for helping the real flood.  

 Using the real discharge volume in the dam on the calibration phase would be the 
correct action. However as there is no record from these data, the obtained 
discharge value was introduced according to the water level calculated by the H-Q 
curve equation. 

The model constant of the initial value was ordered on the Table 7.4.7. The calibration result is 
showed bellow.  

Calibration results from the 1984 Flood event (Table 7.4.7 and Figure 7.4.6) 

 After the analysis using the initial parameters, the rise time of the flood was 
reproduced satisfactorily. 

 The reproduction discharge peak and total outflow volume on the Itajaí do Norte 
River Basin and Benedito River Basin were less than the real flood and relatively 
large in other basins. 

 The initial loss was not modified; the constant loss rate value on the Itajaí do Norte 
River Basin and Benedito River Basin was reduced and a modification relatively 
significant was carried out in other basins. The Itajaí do Norte and Benedito Rivers 
Basins present relatively steep terrain and the weathering is lower. Therefore, from 
the physical point of view, this modification is adequated. 

 After the sensitivity analysis, Ct e Cp  did not influence the outflow wave. 
Therefore, the decision was do not change the parameters. 

 The calculation showed that the peak time was relatively faster than in the Timbó 
real Flood event and relatively slower in Bruque; Therefore, the maximum values 
were changed from Ct (Benedito River Basin) to the generic value, and the 
Itajaí-Mirim Basin to the maximum value (at the same time, the Cp was changed 
due to the adjustment from the peak discharge). 

 Accordingly, the 1984 Flood event was reproduced satisfactorily. 
Calibration results of the 2010 Flood event (Table 7.4.8 e Table 7.4.9, Figure 7.4.7) 

 2010 Flood event was calibrated based on the calibration results from the 1984 
Flood event. 

 In the 2010 Flood event there was two peaks flood, the effective rainfall and the 
basic discharges are different. So, the calibration was carried out in two phases. 

 The rainfall at the first phase of the occurred 2010 Flood event was less; therefore, 
the initial loss value was increased and the constant loss rate (Initial 
Loss、Constant Loss Rate) and a lesser basic discharge value was established.  

 The flood from the second phase suffers the impact of the previous phase; therefore, 
the loss value was reduced and a larger value for the basic discharge was 
established. 

 The results of the 2010 Flood reproduction is not good enough if it was compared 
to the 1984 Flood event. Mainly, Rio do Sul’s upstream flood reproduction results, 
from the both first and second phases are not good enough. 
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 The possible reason for bad results on the flood initial reproduction should be the 
following: The large loss value was established because of the little rainfall on the 
flood initial phase; There is a possibility of a fast outflow on the surface due to the 
the underground infiltration difficulty in the interflow. This kind of interflow is 
difficult to reproduce on the Unique  Model.  

 The possible reason for bad results on the flood initial reproduction should be the 
following: the large difference on the discharge volum between the Oeste and Sul 
dams. Furthermore, there is a possibility of mistake on the reservoir level data of 
both dams or a mistake on the water data level by the downstream of the dams. 

Table 7.4.7 Initial Value from the Constant Model of the Basin (before calibration) 

Perda 
Inicial*

Taxa 
Constante*

*

Impermea-
bilidade

L Lc
Parâmetro

Ct***
Standard

Lag

Peaking 
Coefficient

Cp****

Descarga inicial 
específico*****

Descarga 
Inicial

Recessão 
constante

Pico de 
recessão 
(Ratio to 

peak)
km2 mm mm/h % km km - hr - m3/s/100km2 m3/s - -

Barragem Oeste 1.042.0 20 2 5 55 28 1.9 12.9 0.6 5 52 0.95 0.14

Bacia 1 528.1 20 2 5 40 15 1.9 9.7 0.6 5 26 0.95 0.14

Bacia 2 1.444.8 20 2 5 68 34 1.9 14.6 0.6 5 72 0.95 0.14

Barragem Sul 1.273.0 20 2 5 62 31 1.9 13.8 0.6 5 64 0.95 0.14

Bacia 3 372.0 20 2 5 25 13 1.9 8.1 0.6 5 19 0.95 0.14

Bacia 4 381.3 20 2 5 25 13 1.9 8.1 0.6 5 19 0.95 0.14

Barragem Norte 2.318.0 20 2 5 102 51 1.9 18.6 0.6 5 116 0.95 0.14

Bacia 5 1.023.0 20 2 5 44 22 1.9 11.2 0.6 5 51 0.95 0.14

Bacia 6 906.2 20 2 5 57 29 1.9 13.2 0.6 5 45 0.95 0.14

Rio Benedito 831.0 20 2 5 74 37 1.9 15.3 0.6 5 42 0.95 0.14

Rio dos Cedros 600.3 20 2 5 70 35 1.9 14.8 0.6 5 30 0.95 0.14

Bacia 7 556.3 20 2 5 34 17 1.9 9.6 0.6 5 28 0.95 0.14

Bacia 8 646.3 20 2 5 27 14 1.9 8.5 0.6 5 32 0.95 0.14

Bacia 9 349.2 20 2 5 20 10 1.9 7.0 0.6 5 17 0.95 0.14

Bacia 10 226.7 20 2 5 20 10 1.9 7.0 0.6 5 11 0.95 0.14

Luis Alves 580.0 20 2 5 81 40 1.9 16.1 0.6 5 29 0.95 0.14

Itajaí Mirim 1.206.6 20 2 5 133 67 1.9 21.8 0.6 5 60 0.95 0.14

Bacia 11 472.3 20 2 5 57 29 1.9 13.2 0.6 5 24 0.95 0.14

Bacia 12 175.7 20 2 5 30 15 1.9 8.9 0.6 5 9 0.95 0.14

*　A perda inicial deve ser entorno de 0,5 a 1,5 polegadas, confome tabela 3.5.7, então iremos ajustar dentro da faixa a esquerda durante a calibração
**　A perda deve ser entre 0.0 e 0.3 polegada (0.0～7.6mm）, conforme tabela 3.5.8, então iremos ajustar dentro da faixa a esquerda durante a calibração.
***　Ct normalmente é entorno de 1.8～2.0, então iremos calibrar dentro dessa faixa.

****　Cp normalmente é entorno de 0.4～0.8, então iremos calibrar dentro dessa faixa.
*****　Na calibração, a vazão básica inicial será utilizado o valor de medição real.

Vazão básica

Nome

Sub-bacia

Área de 
Drenagem

perda

Tipo

Transformação

 
Source: JICA Survey Team 

Table 7.4.8 Results of the Constant Calibration of the Basin Model (1984 Flood Event) 

Perda 
Inicial*

Taxa 
Constante*

*

Impermea-
bilidade

L Lc
Parâmetro

Ct***
Standard

Lag

Peaking  
Coefficient

Cp****

Descarga inicial 
específico*****

Descarga 
Inicial

Recessão 
constante

Pico de 
recessão 
(Ratio to 

peak)
km2 mm mm/h % km km - hr - m3/s/100km2 m3/s - -

Barragem Oeste 1.042.0 20 2.1 5 55 28 1.9 12 .9 0.6 5 52 0.95 0.14

Bacia 1 528.1 20 2.1 5 40 15 1.9 9 .7 0.6 5 26 0.95 0.14

Bacia 2 1.444.8 20 2.1 5 68 34 1.9 14 .6 0.6 5 72 0.95 0.14

Barragem Sul 1.273.0 20 2.1 5 62 31 1.9 13 .8 0.6 5 64 0.95 0.14

Bacia 3 372.0 20 2.1 5 25 13 1.9 8 .1 0.6 5 19 0.95 0.14

Bacia 4 381.3 20 2.1 5 25 13 1.9 8 .1 0.6 5 19 0.95 0.14

Barragem No rte 2.318.0 20 1.0 5 102 51 1.9 18 .6 0.6 5 116 0.95 0.14

Bacia 5 1.023.0 20 1.0 5 44 22 1.9 11 .2 0.6 5 51 0.95 0.14

Bacia 6 906.2 20 2.1 5 57 29 1.9 13 .2 0.6 5 45 0.95 0.14

Rio Benedito 831.0 20 1.2 5 74 37 2.0 16 .1 0 .63 5 42 0.95 0.14

Rio do s Cedros 600.3 20 1.2 5 70 35 2.0 15 .6 0 .63 5 30 0.95 0.14

Bacia 7 556.3 20 2.1 5 34 17 1.9 9 .6 0.6 5 28 0.95 0.14

Bacia 8 646.3 20 2.1 5 27 14 1.9 8 .5 0.6 5 32 0.95 0.14

Bacia 9 349.2 20 2.1 5 20 10 1.9 7 .0 0.6 5 17 0.95 0.14

Bacia 10 226.7 20 2.1 5 20 10 1.9 7 .0 0.6 5 11 0.95 0.14

Luis Alves 580.0 20 2.1 5 81 40 1.9 16 .1 0.6 5 29 0.95 0.14

I tajaí Mirim 1.206.6 20 2.1 5 133 67 1.8 20 .7 0 .57 5 60 0.95 0.14

Bacia 11 472.3 20 2.1 5 57 29 1.8 12 .5 0 .57 5 24 0.95 0.14

Bacia 12 175.7 20 2.1 5 30 15 1.9 8 .9 0.6 5 9 0.95 0.14

: Modificação de imput inicial

Vazão básica

Nome

Sub-bacia

Área de 
Drenagem

perda

Tipo

Transformação

 
Source: JICA Survey Team 
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Table 7.4.9 Results of the Constant Calibration of the Basin Model (April, 21th to 24th, 2010) 

Perda 
Inicial*

Taxa 
Constante*

*

Impermea-
bilidade

L Lc
Parâmetro

Ct***
Standard

Lag

Peaking 
Coefficient

Cp****

Descarga inicial 
específico*****

Descarga 
Inicial

Recessão 
constante

Pico de 
recessão 
(Ratio to 

peak)
km2 mm mm/h % km km - hr - m3/s/100km2 m3/s - -

Barragem Oeste 1.042.0 38 6.7 5 55 28 1.9 12.9 0.6 0.5 5 0.95 0.14

Bacia 1 528.1 38 6.7 5 40 15 1.9 9.7 0.6 0.5 3 0.95 0.14

Bacia 2 1.444.8 38 6.7 5 68 34 1.9 14.6 0.6 0.5 7 0.95 0.14

Barragem Sul 1.273.0 38 6.7 5 62 31 1.9 13.8 0.6 0.5 6 0.95 0.14

Bacia 3 372.0 38 6.7 5 25 13 1.9 8.1 0.6 0.5 2 0.95 0.14

Bacia 4 381.3 38 6.7 5 25 13 1.9 8.1 0.6 0.5 2 0.95 0.14

Barragem Norte 2.318.0 38 6.4 5 102 51 1.9 18.6 0.6 0.5 12 0.95 0.14

Bacia 5 1.023.0 38 6.4 5 44 22 1.9 11.2 0.6 0.5 5 0.95 0.14

Bacia 6 906.2 38 6.7 5 57 29 1.9 13.2 0.6 0.5 5 0.95 0.14

Rio Benedito 831.0 38 6.4 5 74 37 2.0 16.1 0.63 0.5 4 0.95 0.14

Rio dos Cedros 600.3 38 6.4 5 70 35 2.0 15.6 0.63 0.5 3 0.95 0.14

Bacia 7 556.3 38 6.7 5 34 17 1.9 9.6 0.6 0.5 3 0.95 0.14

Bacia 8 646.3 38 6.7 5 27 14 1.9 8.5 0.6 0.5 3 0.95 0.14

Bacia 9 349.2 38 6.7 5 20 10 1.9 7.0 0.6 0.5 2 0.95 0.14

Bacia 10 226.7 38 6.7 5 20 10 1.9 7.0 0.6 0.5 1 0.95 0.14

Luis Alves 580.0 38 6.7 5 81 40 1.9 16.1 0.6 0.5 3 0.95 0.14

Itajaí Mirim 1.206.6 38 6.7 5 133 67 1.8 20.7 0.57 0.5 6 0.95 0.14

Bacia 11 472.3 38 6.7 5 57 29 1.8 12.5 0.57 0.5 2 0.95 0.14

Bacia 12 175.7 38 6.7 5 30 15 1.9 8.9 0.6 0.5 1 0.95 0.14

: Modificação de Imput para enchente de 1984

Vazão básica

Nome

Sub-bacia

Área de 
Drenagem

perda

Tipo

Transformação

 
 Source: JICA Survey Team 

Table 7.4.10 Results of the Constant Calibration of the Basin Model (April 23th to 26th, 2010) 

Perda 
Inicial*

Taxa 
Constante*

*

Impermea-
bilidade

L Lc
Parâmetro

Ct***
Standard

Lag

Peaking 
Coefficient

Cp****

Descarga inicial 
específico*****

Descarga 
Inicial

Recessão 
constante

Pico de 
recessão 
(Ratio to 

peak)
km2 mm mm/hr % km km - hr - m3/s/100km2 m3/s - -

Barragem Oeste 1.042.0 13 2.5 5 55 28 1.9 12.9 0.6 12 125 0.95 0.14

Bacia 1 528.1 13 2.5 5 40 15 1.9 9.7 0.6 12 63 0.95 0.14

Bacia 2 1.444.8 13 2.5 5 68 34 1.9 14.6 0.6 12 173 0.95 0.14

Barragem Sul 1.273.0 13 2.5 5 62 31 1.9 13.8 0.6 12 153 0.95 0.14

Bacia 3 372.0 13 2.0 5 25 13 1.9 8.1 0.6 12 45 0.95 0.14

Bacia 4 381.3 13 2.0 5 25 13 1.9 8.1 0.6 12 46 0.95 0.14

Barragem Norte 2.318.0 13 2.0 5 102 51 1.9 18.6 0.6 12 278 0.95 0.14

Bacia 5 1.023.0 13 4.0 5 44 22 1.9 11.2 0.6 40 409 0.95 0.14

Bacia 6 906.2 13 0.5 5 57 29 1.9 13.2 0.6 12 109 0.95 0.14

Rio Benedito 831.0 13 2.3 5 74 37 2.0 16.1 0.63 12 100 0.95 0.14

Rio dos Cedros 600.3 13 2.3 5 70 35 2.0 15.6 0.63 12 72 0.95 0.14

Bacia 7 556.3 13 4.0 5 34 17 1.9 9.6 0.6 12 67 0.95 0.14

Bacia 8 646.3 13 4.0 5 27 14 1.9 8.5 0.6 12 78 0.95 0.14

Bacia 9 349.2 13 4.0 5 20 10 1.9 7.0 0.6 12 42 0.95 0.14

Bacia 10 226.7 13 4.0 5 20 10 1.9 7.0 0.6 12 27 0.95 0.14

Luis Alves 580.0 13 4.0 5 81 40 1.9 16.1 0.6 12 70 0.95 0.14

Itajaí Mirim 1.206.6 13 4.0 5 133 67 1.8 20.7 0.57 12 145 0.95 0.14

Bacia 11 472.3 13 4.0 5 57 29 1.8 12.5 0.57 12 57 0.95 0.14

Bacia 12 175.7 13 4.0 5 30 15 1.9 8.9 0.6 12 21 0.95 0.14

: Modificaçõa de Imput para enchente de 1984

Vazão básica

Nome

Sub-bacia

Área de 
Drenagem

perda

Tipo

Transformação

 
Source: JICA Survey Team 
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Source: JICA Survey Team 

Figure 7.5.5 Results of the 1984 Flood event calibration (1/3) 
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Source: JICA Survey Team 

Figure 7.4.6 Results of the 1984 Flood event calibration (2/3) 
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Figure 7.4.7 Results of the 1984 Flood event calibration (3/3) 
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Source: JICA Survey Team 

Figure 7.4.8 Results of the 2010 Flood event calibration (1/3) 
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Source: JICA Survey Team 

Figure 7.4.9 Results of the 2010 Flood event calibration (2/3) 
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Figure 7.4.10 Results of the 2010 Flood event calibration (3/3) 
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7.5 Design Discharge Resolution  

The real rainfall occurs in differents standards, from region to region and according to the 
duration time. Even if rainfall rates are equal, if this rainfall standard are different, there will be 
difference in the flood discharge outflow also. Therefore, beyond the rainfall design, there is the 
necessity of establishing the distribution by region and time due to determine this rainfall design. 
Based on the past standard of flood rainfall, the standard for rainfall design should be established  

Based on this kind of flood rainfall on the past, a standard of a extending (extrapolating) rainfall 
design should be established, also the outflow modeling (as explained in the sections at this 
chapter before) and the discharge design calculated for each Return Period.  

7.5.1 Extending (extrapolating) Rainfall 

As ilustrated in the figure bellow, four representative flood were choosen: April, 1983; May, 
2005; April, 2010; and May, 2010. The extention of the rainfall was carried out due to establish 
the discharge rainfall design. 

Extended par

Time

Actual part

Duration of the subject rainfall

Actual part

Figure 7.5.1 Extension of the rainfall standards 

7.5.2 Calculation Methodology 

The value obtained by the calibration of August, 1984 and April, 2010 will be adopted for the 
constant that will be used on the outflow calculation model. Based on the rainfall hyetograph for 
each flood, the calibration value from August, 1984 was adopted to July, 1983; 08/1984 and May, 
2005; and the rainfall from the posterior phase from April, 2010 to April, 2010. Besides that, it 
was considered that all the gates of the three contention dams were opened.  

7.5.3 Calculation Results 

The results of each rainfall design calculation are illustrated in the Figure 7.5.2 bellow. 

Source: JICA Survey Team 
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ID Cities / Towns 1983 1984 2005 2010

1 ITUPORANGA 250 310 370 350

2 TAIO 280 430 440 300
3 RIO DO SUL 930 1,250 1,350 1,020
4 APIUNA 1,580 2,060 2,060 1,440
5 IBIRAMA 620 840 810 650
6 INDAIAL 2,200 2,830 2,760 1,610
7 TIMBO 500 760 780 230
8 BLUMENAU 2,330 2,990 2,960 1,650
9 GASPAR 2,320 2,940 2,820 1,590
10 IIHOTA 2,310 2,840 2,700 1,560
11 ITAJAI 2,680 3,210 3,020 1,680
12 BRUSQUE 250 350 380 130
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ID Cities / Towns 1983 1984 2005 2010

1 ITUPORANGA 290 370 420 410

2 TAIO 330 520 510 350
3 RIO DO SUL 1,110 1,520 1,580 1,200
4 APIUNA 1,890 2,510 2,450 1,650
5 IBIRAMA 700 970 910 710
6 INDAIAL 2,660 3,470 3,320 1,900
7 TIMBO 610 920 940 290
8 BLUMENAU 2,830 3,670 3,490 1,970
9 GASPAR 2,830 3,630 3,370 1,890
10 IIHOTA 2,810 3,500 3,230 1,830
11 ITAJAI 3,280 3,960 3,660 2,000
12 BRUSQUE 310 430 470 150
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ID Cities / Towns 1983 1984 2005 2010

1 ITUPORANGA 330 430 490 470

2 TAIO 380 620 600 400
3 RIO DO SUL 1,340 1,860 1,870 1,450
4 APIUNA 2,280 3,100 2,960 1,920
5 IBIRAMA 790 1,120 1,040 770
6 INDAIAL 3,230 4,300 4,080 2,320
7 TIMBO 740 1,120 1,140 390
8 BLUMENAU 3,480 4,600 4,270 2,420
9 GASPAR 3,510 4,570 4,130 2,340
10 IIHOTA 3,470 4,400 3,930 2,270
11 ITAJAI 4,090 5,000 4,530 2,510
12 BRUSQUE 380 540 580 220
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25 years

1983 1984 2005 2010

ID Cities / Towns 1983 1984 2005 2010

1 ITUPORANGA 370 490 550 520

2 TAIO 430 710 810 450
3 RIO DO SUL 1,530 2,150 2,110 1,680
4 APIUNA 2,580 3,590 3,380 2,180
5 IBIRAMA 870 1,250 1,170 830
6 INDAIAL 3,680 5,020 4,710 2,680
7 TIMBO 840 1,280 1,300 500
8 BLUMENAU 3,990 5,410 4,960 2,820
9 GASPAR 4,060 5,380 4,780 2,750
10 IIHOTA 4,010 5,200 4,550 2,660
11 ITAJAI 4,750 5,930 5,240 2,970
12 BRUSQUE 450 630 660 270
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Source: JICA Survey Team 

Figure 7.5.2 Probable flood discharge in each main city for their respective floods 

 
7.5.4 Design Discharge Estimate Results for Each Return Period 

The flood discharge from April, 1984 was selected based on the probable flood discharge 
calculated. This selection takes into consideration its larger values (in general terms), as flood 
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discharge for the design purpose (safety margin) . The probable flood discharge for each reference 
place is illustrated in the Table 7.5.3 bellow. 
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Figure 7.5.3 Flood discharge from each reference place 

The arriving flood peak time calculated is illustrated in the Table 7.5.1. The difference of peak 
time between Rio do Sul and Blumenau city is from 7 to 10 hours; between Blumenau and Itajaí is 
from 14 to 17 hours. After 1 flood peak day in Rio do Sul the flood peak occurs in Itajaí. The 
design flood hydrograph for each city (reference place) is illustrated in the Figure 7.5.4. 
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Table 7.5.1 Largest Discharge Peak Time from each City, by Return Period  

Discharge
(m3/s)

Peak
Discharge

(m3/s)
Peak

Discharge
(m3/s)

Peak
Discharge

(m3/s)
Peak

1 ITUPORANGA 1,645 310 08/06 23:00 370 08/06 23:00 430 08/06 23:00 490 08/06 23:00

2 TAIO 1,570 430 08/06 16:00 520 08/06 16:00 620 08/06 16:00 710 08/06 16:00
3 RIO DO SUL 5,041 1,300 08/06 22:00 1,600 08/06 22:00 1,900 08/06 22:00 2,200 08/06 22:00
4 APIUNA 9,288 2,100 08/07 07:00 2,600 08/07 07:00 3,100 08/07 06:00 3,600 08/07 06:00
5 IBIRAMA 3,341 840 08/06 17:00 970 08/06 17:00 1,200 08/06 17:00 1,300 08/06 17:00
6 INDAIAL 11,275 2,900 08/07 08:00 3,500 08/07 07:00 4,300 08/07 06:00 5,100 08/07 06:00
7 TIMBO 1,430 760 08/06 22:00 920 08/06 22:00 1,200 08/06 22:00 1,300 08/06 22:00
8 BLUMENAU 11,921 3,000 08/07 08:00 3,700 08/07 07:00 4,600 08/07 05:00 5,500 08/07 05:00
9 GASPAR 12,421 3,000 08/07 10:00 3,700 08/07 09:00 4,600 08/07 07:00 5,400 08/07 06:00
10 IIHOTA 12,673 2,900 08/07 15:00 3,500 08/07 13:00 4,400 08/07 12:00 5,200 08/07 10:00
11 ITAJAI 15,092 3,300 08/08 01:00 4,000 08/07 22:00 5,000 08/07 19:00 6,000 08/07 17:00
12 BRUSQUE 1,207 350 08/07 04:00 430 08/07 04:00 540 08/07 04:00 630 08/07 03:00

50 years

Citys and Towns
Catchment Area

km2

5 years 10 years 25 years

 
Source: JICA Survey Team 
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Figura 7.5.4 Design Flood Hydrograph for each reference place (1/2) 
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Figure 7.5.4  Design Flood Hydrograph for each reference place (2/3) 
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Figure 7.5.4  Design Flood Hydrograph for each reference place (3/3) 

7.5.5 Flood Contention Dam Discharge Adjustments 

The Figures 7.5.5 to 7.5.8 show the way that each dam works for each Return Period. In the table 
bellow, the effect of the flood control for each dam is orderly exposed. 

Table 7.5.2 Influx and Discharge of each Dam per Return Period 
Unit：m3/sec 

N-Inflow N-Outflow N-Regulation O-Inflow O-Outflow O-Regulation S-Inflow S-Outflow S-Regulation

5 years 1,200 280 920 550 150 400 460 160 300

10 years 1,400 300 1,100 690 160 530 590 170 420
25 years 1,700 320 1,380 860 170 690 740 180 560
50 years 1,900 330 1,570 1,000 340 660 880 190 690

Returen
Period

Norte Dam Oeste Dam Sul Dam

 
*：Overflow situation 

Source: JICA Survey Team 

 

The reservoir water level in the Norte and Sul dams will not raise until achieve the spillway, even 
with 50 years of Return Period. So, there will not happen an overflow by the spillway. By the 
other side, in the Oeste dam, the reservoir will be almost full with the 25 return years flood; with 
50 return years the waterlevel will exceed 0,9m higher from the spillway. 
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Figure 7.5.5 Inflow, discharge, flood peak by Return Period, from the three dams and reservoir 
water level 
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Figure 7.5.6 Norte dam: discharge and inflow hydrograph for each Return Period and water level 

hydrograph and reservoir capacity 

 

Source: JICA Survey Team 
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Figure 7.5.7 Oeste Dam: discharge and affluence hydrograph for each Return Period and water 

level hydrograph and reservoir capacity  

 

Source: JICA Survey Team 



Preparatory Survey for the Project on Disaster Prevention and Final Report 
Mitigation Measures for the Itajai River Basin  Supporting Report Annex A 

Nippon Koei Co., Ltd.  November 2011 
A - 86 

5 
-y

 

340

345

350

355

360

365

370

375

380

385

390

395

400

405

0

500

1000

1500

8
/
5
 0

:0
0

8
/
5
 1

2
:0

0

8
/
6
 0

:0
0

8
/
6
 1

2
:0

0

8
/
7
 0

:0
0

8
/
7
 1

2
:0

0

8
/
8
 0

:0
0

8
/
8
 1

2
:0

0

8
/
9
 0

:0
0

El
e
va
ti
o
n
 (
m
)

In
fl
o
w
, O

u
tF
lo
w
 (
m
3
/s
)

Time

Sul Dam

Inflow (M3/S) Outflow (M3/S) Elevation (M) Dam Crest

340

345

350

355

360

365

370

375

380

385

390

395

400

405

0

5,000

10,000

15,000

20,000

25,000

30,000

8
/
5
 0

:0
0

8
/
5
 1

2
:0

0

8
/
6
 0

:0
0

8
/
6
 1

2
:0

0

8
/
7
 0

:0
0

8
/
7
 1

2
:0

0

8
/
8
 0

:0
0

8
/
8
 1

2
:0

0

8
/
9
 0

:0
0

El
e
va
ti
o
n
 (
m
)

St
o
ra
ge

Time

Sul Dam

Storage Elevation (M) Dam Crest

10
 -y

 

340

345

350

355

360

365

370

375

380

385

390

395

400

405

0

500

1000

1500

8
/
5
 0

:0
0

8
/
5
 1

2
:0

0

8
/
6
 0

:0
0

8
/
6
 1

2
:0

0

8
/
7
 0

:0
0

8
/
7
 1

2
:0

0

8
/
8
 0

:0
0

8
/
8
 1

2
:0

0

8
/
9
 0

:0
0

El
e
va
ti
o
n
 (
m
)

In
fl
o
w
, O

u
tF
lo
w
 (
m
3
/s
)

Time

Sul Dam

Inflow (M3/S) Outflow (M3/S) Elevation (M) Dam Crest

340

345

350

355

360

365

370

375

380

385

390

395

400

405

0

5,000

10,000

15,000

20,000

25,000

30,000

35,000

40,000

45,000

8
/
5
 0

:0
0

8
/
5
 1

2
:0

0

8
/
6
 0

:0
0

8
/
6
 1

2
:0

0

8
/
7
 0

:0
0

8
/
7
 1

2
:0

0

8
/
8
 0

:0
0

8
/
8
 1

2
:0

0

8
/
9
 0

:0
0

El
e
va
ti
o
n
 (
m
)

St
o
ra
ge

 (1
0
0
0
 M

3
)

Time

Sul Dam

Storage Elevation (M) Dam Crest

25
 -y

 

340

345

350

355

360

365

370

375

380

385

390

395

400

405

0

500

1000

1500

8
/
5
 0

:0
0

8
/
5
 1

2
:0

0

8
/
6
 0

:0
0

8
/
6
 1

2
:0

0

8
/
7
 0

:0
0

8
/
7
 1

2
:0

0

8
/
8
 0

:0
0

8
/
8
 1

2
:0

0

8
/
9
 0

:0
0

El
e
va
ti
o
n
 (
m
)

In
fl
o
w
, O

u
tF
lo
w
 (
m
3
/s
)

Time

Sul Dam

Inflow (M3/S) Outflow (M3/S) Elevation (M) Dam Crest

340

345

350

355

360

365

370

375

380

385

390

395

400

405

0

10,000

20,000

30,000

40,000

50,000

60,000

70,000

8
/
5
 0

:0
0

8
/
5
 1

2
:0

0

8
/
6
 0

:0
0

8
/
6
 1

2
:0

0

8
/
7
 0

:0
0

8
/
7
 1

2
:0

0

8
/
8
 0

:0
0

8
/
8
 1

2
:0

0

8
/
9
 0

:0
0

El
e
va
ti
o
n
 (
m
)

St
o
ra
ge

 (1
0
0
0
 M

3
)

Time

Sul Dam

Storage Elevation (M) Dam Crest

 

50
 -y

 

340

345

350

355

360

365

370

375

380

385

390

395

400

405

0

500

1000

1500

8
/
5
 0

:0
0

8
/
5
 1

2
:0

0

8
/
6
 0

:0
0

8
/
6
 1

2
:0

0

8
/
7
 0

:0
0

8
/
7
 1

2
:0

0

8
/
8
 0

:0
0

8
/
8
 1

2
:0

0

8
/
9
 0

:0
0

El
e
va
ti
o
n
 (
m
)

In
fl
o
w
, O

u
tF
lo
w
 (
m
3
/s
)

Time

Sul Dam

Inflow (M3/S) Outflow (M3/S) Elevation (M) Dam Crest

340

345

350

355

360

365

370

375

380

385

390

395

400

405

0

10,000

20,000

30,000

40,000

50,000

60,000

70,000

80,000

90,000

8
/
5
 0

:0
0

8
/
5
 1

2
:0

0

8
/
6
 0

:0
0

8
/
6
 1

2
:0

0

8
/
7
 0

:0
0

8
/
7
 1

2
:0

0

8
/
8
 0

:0
0

8
/
8
 1

2
:0

0

8
/
9
 0

:0
0

El
e
va
ti
o
n
 (
m
)

St
o
ra
ge

 (1
0
0
0
 M

3
)

Time

Sul Dam

Storage Elevation (M) Dam Crest

 

 

Figure 7.5.8 Sul Dam: Discharge and inflow hydrograph (for each Return Period), water level 
hydrograph and reservoir capacity 

 

 

7.5.6. Oeste Dam Gate 

In the 2010 Flood event occurred a overflow on the spillway, despite the flood was equivalent to 5 

Source: JICA Survey Team 
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return years. The gates should be completely opened due to obtain the maximum flood control. 
The Flood event had two peaks and the gates were closed and opened separately, according to the 
Figure 7.4.5. 

The Figure 7.5.9 shows the maximum contention level when the gates operations are working (7 
gates in the ducts of adduction) in the Oeste Dam; and the Flood discharge of Taió City which is 
located by the downstream of the dam. The more the number of completely opened gates, the less 
the discharge; this causes an increase on the water level of the reservoir and makes the spillway 
overflow. In the Oeste dam, even if the four of the seven existing gates were closed and if 5 return 
years flood happen, the spillway overflow occurs. 

Furthermore, the outflow capacity of the river channel near to Taió City is around 400-500 
m³/sec; the discharge will overpass the outflow capacity for floods larger than 25 return years and 
when using seven openings gates. 
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Source: JICA Survey Team 

Figure 7.5.9 Variation of the maximum level contention when the Oeste dam is used and relation 
between the flood discharge in Taió City 
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CHAPTER 1  INTRODUCTION 

1.1 Outlook of the Itajai River 

The Itajai River basin is located in the northern part of the Santa Catarina State (hereinafter 
called SC state) with a basin area of 15,221 km2. The Itajai River originates in the mountainous 
range of Serra Geral and drains into the Atlantic Ocean in Itajai city. The length of the Itajai 
River from Itajai city to Rio do Sul city is approximately 190 km. 

Main tributaries of the Itajai River are as follows (see Figure 1.3.1). 

- Both the Itajai do Oeste and the Itajai do Sul Rivers join to gather to the Itajai River in Rio 
do Sul city.  

- The Itajai do Norte River joins the Itajai River in Ibirama city at the point of 150 km from 
the river mouth of the Itajai River. 

- The Benedito River joins the Itajai River in Indaial city at the point of 100 km from the 
river mouth of the Itajai River. 

- The Itajai Mirim River joins the Itajai River in Itajai city at the point of 8 km from the river 
mouth of the Itajai River. 

There are three flood control dams named Oeste Dam (catchment area 1,042 km2), Sul Dam 
(1,273 km2), and Norte Dam (2,318 km2), which are located in the upstream areas of the Itajai 
do Oeste, Itajai do Sul and Itajai do Norte Rivers. 

1.2 Background and Purpose of the Supporting Report Annex B 

Both large floods in 1983 and 1984 brought huge damage to the municipalities in the Itajai 
River basin. In addition, the heavy storm attacked intensively the downstream region of the 
Itajai River basin in 2008, resulting in flood, flash flood and sediment disaster with huge 
damage associated. 

In this Preparatory Survey, prevention and mitigation measures against these disasters have 
been comprehensively studied. And this Supporting Report B describes the structural measures 
against flood disaster. 

The master plans of the flood prevention and mitigation measures (hereinafter called M/P) were 
elaborated for the 5-year, 10-year, 25-year, 50-year floods (50-year flood means a flood to be 
once in 50 years in average). Through discussions in the public hearings and the Counter Part 
Meeting (meeting with representatives of public and private entities operating in the basin of 
the Itajaí River), safety level for the 50-year flood was selected as the master plan for the Itajai 
River basin. 

However, the achievement of 50-year flood protection level would require a huge investment 
and long period for evaluation and consensus building about various impacts on the social 
environment. Therefore, the safety level for the 10-year flood was proposed as the provisional 
safety level in stage-wise implementation. 

The feasibility study (hereinafter called F/S) targets the following components of the measures 
proposed for the safety level for the 10-year flood except basin storage (small dams) and river 
improvements in the Garcia and Velha Rivers in Blumenau city 

 i)  Water storage in paddy field. 
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ii)  Heightening of the existing flood control dams and modification of their operations. 

iii)  Modification of the operations of the existing hydropower dams. 

iv)  Floodgates and river improvement in the Itajai Mirim River. 

v)  Reinforcement of the Flood Forecasting and Warning System (FFWS). 

This Supporting Report B describes heightening of the existing flood control dams, 
modification of existing dams, and floodgates and river improvement in the Itajai Mirim River 
(see Figure 1.3.1). The water storage in paddy field and the FFWS are mentioned separately in 
Supporting Reports G and D. Supporting Report F mentions the feasibility design and cost 
estimation of these flood prevention and mitigation measures. 

1.3 Composition of the Supporting Report Annex B 

This Supporting Report B consists of nine chapters. 

Chapter 2 to 5 mention the elaboration of the M/P. The flow capacity and existing river facilities 
in the Itajai River are mentioned in Chapter 2. Needs for the flood prevention and mitigation 
measures and the basic policy of the M/P are studied in Chapters 3 and 4. And the elaboration of 
the master plans for the 5-year to 50-year floods is studied in Chapter 5. 

The results of the F/S are mentioned in Chapters 6 to 9. Chapter 6 describes the components of 
the F/S. Chapters 7 to 9 mention the results of F/S about the proposed heightening of the 
existing flood control dams and modification of their operations, modification of the operations 
of the existing hydropower dams, and the floodgates and river improvement in the Itajai Mirim 
River. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: JICA Survey Team 

Figure 1.3.1 Itajai River Basin and Locations of F/S Components 

Heightening the existing flood control 
dams and modification of the operations 

Modification of the operations 
of existing hydropower dams 

Flood gates and river improvement 
in the Itajai Mirim River 
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CHAPTER 2 EXISTING RIVER FACILITIES 

2.1 River Facilities 

2.1.1  Flood Control Facilities 

The most typical flood control facilities are three dams constructed in the tributaries (detailed 
explanation in sub-section 2.2); the Oeste, Sul and Norte dams. As these dams are exclusive for 
flood control purpose, reservoirs always remain empty for retaining flood water. Besides these 
dams, there are limited facilities such as revetment of concrete blocks at the water colliding 
portion on the right bank of the Itajaí River in Blumenau city, and small scale revetment works 
by means of simple gabions and ripraps. Almost no flood control works have been so far 
implemented by means of diking and widening of ricer channel to increase flow capacity. 

In the Itajaí Mirim River, a straight shortcut channel was constructed to flush floods more rapidly 
near Itajaí city. However, it might be said that the shortcut channel could not solve flooding 
issues because of some opinions that this shortcut channel had caused an increase of flood 
discharge in the downstream reaches in Itajaí city.  

  
Revetment works in the Itajai River 

in Blumenau city 
Gabion works after the 2008 flood damage 

in the Garcia River, Blumenau city 

2.1.2  Water Use Facilities 

There exist several intake facilities for domestic and irrigation water supply constructed 
municipal governments. The water intake gate with pumping station is constructed on the 
shortcut channel Itajaí Mirim River to supply domestic water for Itajaí and Navegantes cities. 
The sluice gates at the intake functions as a protection of see water intrusion. At the confluences 
of the Benedito and Cedros Rivers, there is an intake with double-arch in Timbó city. 

  

Water Gate at the Itajaí Mirim River, 
Itajaí city 

Intake in the Benedito River, Timbó city 
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Table 2.1.1 Intake Facilities of Municipalities in Itajai River Basin (Questionneir Survey) 
Municipalities Name of Rivers Objectives Type of Facilities Intake Rate 

Navegantes 
Rio Itajai 

MirimItajai Mirim 
Water supply Pump  

Luis Alves Rio Luis Alves Water supply Pump 9 L/s 

Indaial Rio Itajai Acu Water supply Gravity 1.45 m3/s 

Benedito Novo 
Ribeirao Carvao 
Riberao Ferro 

Water supply 
Weir (H=1m、L=6m) 
Weir (H=2m、L=10m)

2.061 L/s 
16 L/s 

Agronomica Rio Trombudo Irrigation Pump  

Taio Rio Taio Water supply Pump 50 L/s 

Santa Terezinha Corrego Beiger Water supply Pump  

Salete Ribeirao Panela Water supply Weir (L=10m) 0.015 m3/s 

Source: JICA Survey Team 

2.1.3  Hydroelectric Power Plant  

In the Itajaí River and its tributaries, there are various dams for hydroelectric power generation 
and power stations. These facilities were constructed mainly by Celesc, a state owned company 
of the Santa Catarina State. Main features of the facilities are as follows: 

(1) Rio Bonito and Pinhal Dams 

The Rio Bonito and Pinhal Dams exclusive for hydropower generation owned by CELESC are 
located in the Cedros River, a tributary of the Benedito River as shown in Figure 2.1.1. Because 
of utilization for energy generation without flood control function, these dams are equipped with 
only power generation facilities and spillways. According to CELESC, these dams had been 
operated by lowering the maximum reservoir water level by 50 cm to create flood control 
capacity in reservoir based on the instruction of State Government. Although this flood 
operation had been carried out based on the information on rainfall forecast by EPAGRI/ 
CIRAM, no operation has been made in these years. This is mainly due to low accuracy of the 
forecast. There have been occurred some cases that no flood occurred after lowering the 
reservoir water level and flood arrived earlier before the lowering. Main features of the dams are 
shown in Table 2.1.2. 

Table 2.1.2  Main Features of Rio Bonito and Pinhal Dams 
Features Rio Bonito Dam Pinhal Dam 

Construction year 1963 1949 

Reservoir 
Dimension of the Basin* C.A.=119.8km2 C.A.=179.9km2 
Capacity  32 million m3 18 million m3 

Dam  

Model Embankment dam Embankment dam 
Crest elevation EL.589.5ｍ EL.652.0ｍ 
Dam height 19.0m 15.0m 
Crest length 118.0m 150.0m 
Dam volume 60,750m3 26,460m3 

Spillway  
Width  20m 25m 
Design discharge  150m3/s 353m3/s 

Hydroelectric 
Power Plant  

Name of the plant Palmeiras Cedros 
Number of turbines 3 2 
Generation capacity 24,602MW 8.4MW 
Maximum water consumption 11.1m3/s 4.1m3/s 

Source: Questionnaire survey to CELESC by JICA Survey Team 

(2) Salto Hydroelectric Power Plant 

The Salto hydroelectric power plant was constructed in 1914 on the Itajaí River upstream 
Blumenau city. The intake dam and power plant are located at the right river course, where the 
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Itajaí River is divided into two river courses due to the existence of large sand bank (island). 
Main features of the power plant are summarized below. 

Table 2.1.3  Main Features of Salto Hydroelectric Power Plant  
Name of the plant Salto Hydroelectric Power Plant  
Owner CELESC  

Reservoir 
Hydrological 
characteristic 

Dimension of the Basin* C.A.=11,700km2  
Flooded area 0.03ha  
Average discharge  220m3/s 1977 - 1990 
Maximum daily discharge 1,907m3/s  
Monthly average minimum 
discharge 

23.0m3/s  

Flood discharge for 
100-year return 

4,820m3/s  

Dam  
(Spillway) 

Dam profile Tall type made of concrete  
Discharge format Free discharge  
Dam height Not identified 
Crest length 800m  

Generation 

Outlet power 6.7MW（effective = 6.3MW）  
Number of turbines 4  
Maximum fall 10.1m  
Maximum water volume 
utilization 

89m3/s  

Source: Questionnaire survey to CELESC by JICA Survey Team 

Sul dam（C.A=1,273km2） 

Oeste dam（C.A=1,042km2） 

Norte dam（C.A=2,318km2） Pinhal dam（C.A=179.9km2） Rio Bonito dam（C.A=119.8km2）

 

Source: JICA Survey Team 

Figure 2.1.1 Location Map of Major Existing Dams 

 



Preparatory Survey for the Project on Disaster Prevention and Final Report 
Mitigation Measures for the Itajai River Basin  Supporting Report Annex B 

Nippon Koei Co., Ltd.  November 2011 
B - 6 

 

 

Rio Bonito Dam and Spillway 

 

Pinhal Dam and Spillway 

2.1.4  Urban Drainage 

Although the detailed information on the drainage system for main cities has not obtained, 
current issues on urban drainage were summarized in Table 2.1.4 below. 

Table 2.1.4 Current Issues on Urban Drainage of Major Cities 

Municipality Population 
(Person) Urban Drainage Issues Information 

Source 

Itajaí 172,081 

Only poor drainage system with 600mm in diameter of 
pipeline network. Under construction of new drainage 
canal with 1.5×1.0m and 15 km long (however, no sluice 
to avoid the tidal inflow is equiped) 

Construction 
department of Itajaí 
city 

Navegantes 57,324 
No serious drainage issues because of higher elevation 
than in Itajaí 

of Navegantes  

Gaspar 55,489 No information  

Blumenau 299,416 
A macro-drainage problem in Velha River. Poor 
drainage system in harmony with rapid urbanization 

Civil Defense of 
Blumenau city 

Indaial 50,917 No drainage and flood problems  

Rio do Sul 59,962 
Poor development of sewage system and almost no 
function of urban drainage system 

CRAVIL 

Brusque 102,280 No information  
Source: Questionnaire survey to municipalities by JICA Survey Team 

In Blumenau city, water gate was installed in the Fortaleza River near the confluence to the Itajaí 
River to avoid the reverse flood flow from the Itajaí River. An installation of pumping station 
with a capacity of 8,000 l/s is planned to drain the flood flow from the Fortaleza River to the 
Itajaí River during closure of the sluice gate. However, there are several opinions in the 
community that the water gate would hamper drainage of the Fortaleza River. 
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2.1.5  Bridge and Navigation 

Though many bridges have built across the Itajai River and its tributaries, some of them have 
structural problems and some decrease the flow capacity of the rivers. The width of the downstream 
reach of the Itajai River is so large that installation of bridges is limited to BR-101. Transportation 
between right and left bank in Itajai, Navegantes and Ilhota cities is depend on ferry boats. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: JICA Survey Team 

Figure 2.1.2 Typical Examples of Bridges on Itajai River 

Ferry boat in Itajai Ferry boat in Ilhota Bridge in Gaspar 

Corrosion at bridge piers in Apiuna 

Crack of asphalt due to displacement 
of bridge abutmet in Blumenau 

Bridge in Garcia River destroyed by 
the flood in November, 2008 

Decrease of flow capacity by obstruction of 
bridge piers in Itajai Mirim River (The 

government of Itajai city is now replacing) 
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2.1.6  River Mouth Area and the Port 

As mentioned earlier in sub-section 2.1.4, there are two ports in the mouth of the Itajaí River. 
They are the Itajaí Port at the right bank and the Portonave at the left bank. According to Itajaí 
Port, annual dredging of 3 million m3 of the deposited sediments (fine sand, silt and clay) in the 
Port is necessary to maintain the water depth at 11 m for port function. On the other hand, the 
riverbed in the Port was seriously eroded due to the 2008 year flood, and thus the pier walls were 
destroyed (14 m deep to the pier foundation). The flow velocity in the Port was recorded 8.7 m/s 
during the 2008 year flood. At the river mouth, a jetty was installed to avoid blockage of river 
mouth due to sedimentation and groins (spur dike) are also installed to increase flow velocity by 
means of decreasing the flow area for controlling sedimentation in the mouth. 

Itajai Port (left), Navegantes Port (right) Jetty and Spur dyke in River Mouth 

2.2  Flood Control Dams 

The location map of 3 flood control dams is shown in Figure 2.1.1 and their main features are 
summarized in Table 2.2.1. The total drainage area of these 3 dams is 4,633km2, which is 
equivalent to 31% of the total drainage area of the Itajaí River mainstream. The flood control 
capacity of three dams is evaluated in terms of the equivalent rainfall to be stored (= reservoir 
storage capacity/drainage area). The estimated equivalent rainfall of the Norte dam shows the 
highest value of 154 mm. This means that the Norte dam has the largest flood control capacity 
among the dams compared to its drainage area and thus the likelihood of becoming full of water 
in reservoir and resulting in overflowing through spillway due to heavy rainfall might be low.  

On the other hand, the estimated equivalent rainfalls of the Oeste and Sul Dams are 80 mm and 
73 mm. which are almost half value of the Norte dam. Therefore, the reservoirs of these two 
dams easily become full. Especially the Oeste Dam has been full of water due to the floods in 
2001 and 2010, causing overflowing through spillway, although no overflowing occurred at the 
Sul Dam. This might be due to more heavy rainfall occurred during the floods in the upper 
catchment of the Oeste Dam and smaller releasing capacity compared to that at the Sul Dam. 

Table 2.2.1  Main Features of Flood Control Dams 
 Oeste Dam  Sul Dam Norte Dam 
Reservoir Catchment area 1,042 km2 1,273 km2 2,318 km2 

Reservoir area 950 ha 840 ha 1,400 ha 
Gross storage capacity 83,000,000 m3 93,500,000 m3 357,000,000 m3 
Equivalent rainfall 80 mm 73 mm 154 mm 
Minimum water level EL.340.0 m EL.372.9 m EL.257.0 m 
Maximum water level EL.363.0 m EL.408.0 m EL.304.25 m 

Dam  Completed year 1973 1976 1992 
Dam type Gravity Rock fill  Anchoring 
Dam height 25.0 m 43.5 m 58.5 m 

Jetty Spur dyke
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 Oeste Dam  Sul Dam Norte Dam 
Crest length 422 m 390 m 400 m 

Crest elevation 
364.5 m 

（crown top） 
410.0 m 306.5 m 

Spillway 

(flood control) 
Number of conduits 7 5 

2 (with sluice) 
5 (without sluice) 

Type Sluice regulation Sluice regulation Part with Sluice regulation
Conduit diameter 1500 mm 1500 mm B2.6 x D2.6m x 2 
Elevation (center of the 
conduit) 

340.05 m nearly 368 m nearly 251 m 

Discharge capacity 
(Normal HWL) 

163 m3/s 
（WL 360 m） 

194 m3/s 
（WL 399 m） 

258 m3/s 
（WL 295 m） 

Spillway  

(Emergency) 

Width +- 100m 65m  
Crest elevation 360.0m 399.0m 295.0m 
Discharge capacity 
(Water level: full reservoir 
level) 

Emergency 175 m3/s
Normal 1,125 m3/s
Total 1,300 m3/s 
（WL 363m） 

Emergency 217 m3/s 
Normal 3,053 m3/s 
Total 3,270 m3/s 
（WL 407m） 

 

*Shadowed cell: DEINFRA website (http://www.deinfra.sc.gov.br/barragens/sobre-as-barragens/) 
*Equivalent rainfall = reservoir storage capacity / drainage area 
*The discharge capacity was estimated based on the estimated H-Q curve estimated.  

 
Oeste Dam Norte Dam Sul Dam 

The operation manual of those dams was prepared by DEINFRA/DENOH in April of 2007, 
named “Manual De Procedimentos Para Operacao Das Barragens do Alto Vale do Itajai”. The 
gates are operated based on the river water level in the downstream cities. This operation 
manual summarized as Table 2.2.2. 

Table 2.2.2 Summary of the Operation Manual of Oeste Dam and Sul Dam 
Dam Operation Manual 

Oeste Dam When the river water level in the city reaches the emergency level mentioned below, the gates begin to be 
closed. The number of gates to be initially closed depends on the amount of rainfall which continues to fall 
over the city, and the first dam to be operated will depends on the distribution of rainfall, i.e., smaller 
rainfall intensity in its drainage area. 
- The river water level forecasted in Blumenau is reaching over 8.50 m. 
- The river water level is reaching to 6.50 m in Rio do Sul – start to close gates together with Sul Dam. 
- When the river water level reaches 7.10 m in Taio – start to close first gate; when the river water level 
reaches 7.50 m - the seven gates shall be closed. 
- When the river water level reaches 8.00 m in Rio do Oeste – start to close first gate; when the river water 
level reaches 9.00 m, the seven gates will be closed. 

Sul Dam When the river water level in the city reaches the emergency level mentioned below, the gates begin to be 
closed. The number of gates to be initially closed depends on the amount of rainfall which continues to fall 
over the city, and the first dam to be operated will depends on the distribution of rainfall, i.e., smaller 
rainfall intensity in its drainage area. 
- The river water level forecasted in Blumenau is reaching over 8.50 m. 
- The river water level is reaching to 6.50 m in Rio do Sul – start to close gates together with Sul Dam. 
- When the river water level reaches 3.80 m in Ituporanga, or the flood over the spillway reaches to 
Ituporanga with water depth over 2.00 m. 

Remarks - Since the gates are closed, each reservoir should start to be monitored more carefully, to avoid that the 
storage exceeds the reservoir capacity and starts to spill out. The operator shall record water elevation and 
percentage of storage on the worksheet by relation between the water level and the storage. 
- The operation of the gates is executed through the command panel with buttons. At first, turn on the 
electric energy panel (located beside the command panel), turn on the hydraulic pump, then push the 
button “open” and/or “close” of each gate. Movement of each gate shall terminate automatically. The 
operation of plural gates at the same time is not advisable, should be done in sequence. 

Source: Manual De Procedimentos Para Operacao Das Barragens do Alto Vale do Itajai, DEINFRA/DEOH, 4-2007 
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CHAPTER 3  EVALUATION OF FLOW CAPACITY  

3.1  Profile and Cross Sectional Features of the Itajaí River 

3.1.1 River Cross Section Survey 

The river cross section survey in the Itajai River was carried out under the Preparatory Survey in 
the period of June to August in 2010. Among the surveyed 143 sections in total, 79 sections 
were in the Itajai River mainstream and 64 sections were for tributaries as summarized below. 

Table 3.1.1  Quantity of River Cross Sections Surveyed 
River Name No. of Sections Remarks 

Itajaí-Açu River 79 Mainstream 
Itajaí Mirim River 17 Including 5 sections in the old Itajaí Mirim 

River 
Garcia Stream 7 Blumenau city 
Velha Stream 5 Blumenau city 
Fortaleza Stream 2 Blumenau city 
Benedito River 11 Including 4 sections in the Cedros River 
Itajaí do Norte River 7  
Itajaí do Oeste River 9  
Itajaí do Sul River 6  

Source: JICA Survey Team 

3.1.2 Riverbed Gradient of the Itajaí River 

Table 3.1.2 presents the average riverbed gradient by river stretch along the Itajaí River and 
major tributaries, which were estimated based on the results of river cross section survey. 

Table 3.1.2  Average Riverbed Gradient by River Stretch 
River Stretch Gradient 

Itajaí-Açu River Itajaí upstream Blumenau 1/20000 
Blumenau upstream to Indaial upstream 1/400 
Indaial upstream next to Itajaí do Norte confluence 1/1500 
Confluence with Itajaí do Norte until Lontras downstream 1/85 
Lontras downstream to Rio do Sul 1/3000 

Itajaí Mirim River 
(Canal) 

From the Itajaí-Açu confluence until the bifurcation at Itajaí Mirim 
Velho upstream 

1/8000 

Bifurcation at Itajaí Mirim Velho upstream until Brusque upstream 
Brusque 

1/1700 

Itajaí Mirim Velho From the bifurcation with the Canal until the Canal confluence 1/15000 
Garcia Stream From the Itajaí-Açu River confluence up to 3 km upstream 1/600 

Next 3 kms until 14 km upstream 1/200 
Da Velha Stream From the confluence until 2km upstream 1/200 

From 2 km upstream until 6 km 1/2000 
Fortaleza Stream From the confluence until 2 km upstream 1/500 

Benedito River Confluence until Timbó 1/2000 
Timbó to Benedito Novo 1/140 
Timbó to Dos Cedros River 1/2000 

Itajaí do Norte 
River 

Confluence to Presidente Getulio 1/170 

Itajaí do Sul River Confluence to Ituporanga 1/800 
Itajaí do Oeste 
River 

Confluence to Taió 1/5000 

Source: JICA Study Team 
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3.1.3 River Channels 

Variation of river channel width along the Itajaí River and main tributaries is illustrated in the 
figure below. The mainstream of Itajaí River varies from 200 to 300 m from the river mouth to 
near Indaial city. From its upstream reaches, river channel becomes gradually narrow, and the 
river width in Rio do Sul city is around 150 m. However, river channels in Gaspar and 
Blumenau cities are 200 m and 150 m, showing slight bottle necks portions. 

On the other hand, among the main tributaries, the Itajaí Mirim River varies between 50 to 80 m, 
the Itajaí do Oeste River is between 70 to 90 m, and the Itajaí do Sul River shows a large variation 
between 50 to 80 m. The Itajaí do Norte River varies from 120 to 160 m. 
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Source: JICA Survey Team 

Figure 3.1.1  Variation of River Channel Width of the Itajaí River and Main Tributaries 

3.1.4 Hydraulic Condition 

(1) Roughness Coefficient 

Table 3.1.3 shows the Manning’s Roughness Coefficients for non-uniform flow calculation 
which was used to estimate the flow capacities in the Itajai River. They were set to fit the actual 
flood water level which were obtained from existing materials and interview survey. 

Table 3.1.3 General Value of Roughness Coefficient and Application for Itajai River 
River Situation Roughness 

Coefficient Application for Itajai River 

Small river without weed in plain 0.025 ～ 0.033 This situation is not seen in the Itajai River. 

Small river with weed and bushin plain 0.030 ～ 0.040 Old Mirim 0.040 
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Small river with much weed or gravel 
river bed in plain 0.040 ～ 0.055 This situation is not seen in the Itajai River. 

Mountainous river with gravel and 
boulder 

0.030 ～ 0.050 This situation is not seen in the Itajai River. 

Mountainous river with big boulder 0.040 ～ This situation is not seen in the Itajai River. 

Large river, river bed formed by clay 
silt and sand, without meandering 0.018 ～ 0.035

Itajai - Gaspar 0.030, Lontras - Rio do Sul 0.032, 
Itajai Mirim 0.032, Benedito River 0.032, Itajai dDo 
Oeste River 0.032, Itajai dDo Sul River 0.032 

Large River, river bed formed by gravel 0.025 ～ 0.040
Blumenau – Ibirama 0.035, Upstream stretch of Itajai 
Mirim, Upstream stretch of Benedito River 0.035, 
Itajai dDo Norte River 0.035 

Source: Manual for River Works in Japan, Ministry of Land, Infrastructure, Transport and Tourism 

(2) Downstream Boundary Condition 

a) Downstream Boundary Condition of Itajai River (See Water Level) 

Tidal level is observed at around 1 km upstream from the river mouth by “Itajai Pratico” (Pilots 
Association of Itajai and Navegantes Ports). The tidal levels are based on DHN (elevation 
control point of Brazilian Navy). Figure 3.1.2 shows variation of daily maximum water level 
(converted to IBGE, IBGE = DHN-0.463m) from November 2009 to May 2010. 

High water level (average of monthly maximum water level) used for the Maste Plan is 1.49m 
in elevation based on IBGE.  

b) ) Downstream Boundary Condition of Tributaries 

Downstream boundary conditions of tributaries (water levels at the downstream ends of 
tributaries) equal to water levels at the confluences with the Itaja River. 
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Source: Itajai Pratico 

Figure 3.1.2 Variation of Daily Maximum Water Level at Itajai River Mouth 

3.2  Estimation and Evaluation of Flow Capacity of River Channel 

In order to evaluate the current flow capacity of river channels for the Itajaí River and main 
tributaries, non-uniform flow calculation was carried out by use of the river cross section data 
surveyed. In this calculation, several river water levels were calculated under several flood 
discharges referring to the estimated probable flood discharges as illustrated in Supporting 
Report Annex A. Conditions and assumptions of the non-uniform flow calculation are discussed 
in detail separately in the Supporting Report, Annex A Hydrology. The results of the calculation 
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in the mainstream of Itajaí River are illustrated below.  
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Source：JICA Survey Team 

Figure 3.2.1  Results of Non-uniform Flow Calculation along the Itajaí River 

The Itajaí Mirim River is divided into two river channels due to the past shortcut works in the 
upstream area from Itajaí city; the canal (shortcut channel) and old Mirim River (old river 
channel), and these two rivers join together again immediately upstream from the confluence to 
the Itajaí River. Distribution ratio of the flood discharge for the non-uniform flow calculation is 
assumed to be 2/3 to the canal and 1/3 to the old Mirim River based on the respective estimated 
flow capacity by the uniform flow calculation. The results of the non-uniform flow calculation 
of the canal and old Mirim River are illustrated below. 
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Note: Flood discharge in the figure is the total discharges of the canal and old Mirim River. 

Source：JICA Survey Team 

Figure 3.2.2  Results of Non-uniform Flow Calculation along the Itajaí Mirim River 
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Figure 3.2.3  Results of Non-uniform Flow Calculation along the Benedito River 
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Figure 3.2.4  Results of Non-uniform Flow Calculation along the Rio DoRio dos Cedros River 
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Figure 3.2.5  Results of Non-uniform Flow Calculation along the Rio DoItajai do Norte River 
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Figure 3.2.6  Results of Non-uniform Flow Calculation along the Rio DoItajai do Oeste River 
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Figure 3.2.7  Results of Non-uniform Flow Calculation along the Rio DoItajai do Sul River 

Based on the results of non-uniform flow calculation, the flow capacity at various locations was 
estimated in terms of the bankfull discharge of river channel. The estimated flow capacity was 
evaluated compared to the probable flood discharges (see Supporting Report Annex A) as 
summarized below. 

Table 3.2.1  Flow Capacity and Considerations (Itajaí River) 

River City 
Flow Capacity 

(m3/s) 
Necessity of flood mitiagtion measures 

Itajaí 

Itajaí,  
Navegantes 

2,000 to 3,000 

Flow capacity: around 5-year flood discharge (especially the right bank of 
Itajai city is low) 
Experiences of flood damages in the past and seriousness: low elevation 
area of Itajai city has flequently suffered from inundations, high necessity 
of flood mitigation. 
Damage potential by floods: high damage potential due to large 
population and importance in the economical aspect of the SC State. 
Necessity of flood mitigation measures: high priority for mitigation 
measures 

Ilhota 2,500 to 4,000 

Flow capacity: around 10 to 25-year flood discharge 
Experiences of flood damages in the past and seriousness: damages have 
occurred in case of huge floods. 
Damage potential by floods: low damage potential due to small 
population. 
Necessity of flood mitigation measures: low priority for mitigation 
measures. 

Gaspar 5,100 to 6,000 

Flow capacity: around 25 to 50-year flood discharge (large capacity at the 
central of the city) 
Experiences of flood damages in the past and seriousness: damages have 
occurred in case of huge floods. 
Damage potential by floods: high damage potential due to large 
population. 
Necessity of flood mitigation measures: mitigation measures are required 
but midium priority. 



Preparatory Survey for the Project on Disaster Prevention and Final Report 
Mitigation Measures for the Itajai River Basin  Supporting Report Annex B 

Nippon Koei Co., Ltd.  November 2011 
B - 17 

River City 
Flow Capacity 

(m3/s) 
Necessity of flood mitiagtion measures 

Blumenau 4,200 to 6,000 

Flow capacity: around 25 to 50-year flood discharge 
Experiences of flood damages in the past and seriousness: damages have 
occurred in case of huge floods. 
Damage potential by floods: high damage potential due to very large 
population and imortance in the economical and social aspects of the SC 
State. 
Necessity of flood mitigation measures: mitigation measures are required 
but midium priority, but as the flow capacities of small tributaries such 
as Garcia and Velha Rivers are 5 to 10-year, flood mitigation measures 
along the tributaries are highly prior. 

Indaial 5,700 

Flow capacity: more than 50-year flood discharge 
Experiences of flood damages in the past and seriousness: there has been 
few flood damages 
Damage potential by floods: large population, but hard to suffer from 
flood. 
Necessity of flood mitigation measures: no necessity of mitigation 
measures. 

Lontras 1,000 to 1,500 

low capacity: around 5 to 10-year flood discharge 
Experiences of flood damages in the past and seriousness: there has been 
few flood damages in the urban area. 
Damage potential by floods: low damage potential due to small 
population. 
Necessity of flood mitigation measures: no necessity of mitigation 
measures. 

Rio do Sul 1,220 

Flow capacity: around 5-year flood discharge 
Experiences of flood damages in the past and seriousness: low elevation 
area of Rio do Sul city has flequently suffered from even small flood, 
high necessity of flood mitigation. 
Damage potential by floods: high damage potential due to large 
population and importance as the economical center of upper Itajai River 
basin region. 
Necessity of flood mitigation measures: high priority for mitigation 
measures.  

Source: JICA Study Team 

Table 3.2.2  Flow Capacity and Considerations (Itajaí Mirim River and Main Tributaries) 

River City 
Flow Capacity 

(m3/s) 
Considerations Compared to Probable Discharge 

Itajaí 
Mirim 

Itajaí 

300 
(downstream 
reach after the 
confluence) 
500～600
（Canal） 

200～300（Old） 

Flow capacity: less than 5-year flood discharge in downstream reach after 
confluence, around 25 to 50-year in Canal, less than 5-year in Old Mirim. 
Experiences of flood damages in the past and seriousness: low elevation area 
of Itajai city has flequently suffered from inundations, high necessity of 
flood mitigation. 
Damage potential by floods: high damage potential due to large population 
and importance in the economical aspect of the SC State. 
Necessity of flood mitigation measures: high priority for mitigation 
measures 

Brusque 550～700 

Flow capacity: around 25 to 50-year flood discharge 
Experiences of flood damages in the past and seriousness: the present roads 
on the both banks function as a high water channel portion of the likely 
compound river channel, therefore, the roads have frequently suffered, but 
urban area has not suffered so frequently. 
Damage potential by floods: high damage potential due to large population 
in case of huge floods. 
Necessity of flood mitigation measures: mitigation measures are required 
but low priority. 
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River City 
Flow Capacity 

(m3/s) 
Considerations Compared to Probable Discharge 

Benedito Timbó 860 

Flow capacity: around 5 to 10-year flood discharge 
Experiences of flood damages in the past and seriousness: there are 
informations of frequent inundations. 
Damage potential by floods: midium damage potential due to midium size 
of population. 
Necessity of flood mitigation measures: mitigation measures are required 
but midium priority. 

Itajaí do 
Norte 

Ibirama more than 2,000 

Flow capacity: more than 50-year flood discharge 
Experiences of flood damages in the past and seriousness: there has been 
few flood damages 
Damage potential by floods: midium population, but hard to suffer from 
flood. 
Necessity of flood mitigation measures: no necessity of mitigation 
measures. 

Itajaí do 
Oeste 

Rio do 
Sul 

760 

Flow capacity: less than 5-year flood discharge 
Experiences of flood damages in the past and seriousness: low elevation area 
of Rio do Sul city has flequently suffered from even small flood, high 
necessity of flood mitigation. 
Damage potential by floods: high damage potential due to large population 
and importance as the economical center of upper Itajai River basin region. 
Necessity of flood mitigation measures: high priority for mitigation 
measures.  

Taió 440 

Flow capacity: around 5 to 10-year flood discharge 
Experiences of flood damages in the past and seriousness: urban area has 
suffered from frequent inundations. 
Damage potential by floods: midium damage potential due to midium size 
of population. 
Necessity of flood mitigation measures: mitigation measures are required 
but midium priority. 

Itajaí do 
Sul 

Rio do 
Sul 

300～500 

Flow capacity: less than 5-year flood discharge 
Experiences of flood damages in the past and seriousness: low elevation area 
of Rio do Sul city has flequently suffered from even small flood, high 
necessity of flood mitigation. 
Damage potential by floods: high damage potential due to large population 
and importance as the economical center of upper Itajai River basin region. 
Necessity of flood mitigation measures: high priority for mitigation 
measures.  

Ituporan
ga 

450 

Flow capacity: around 30-40 year flood discharge 
Experiences of flood damages in the past and seriousness: there are few 
record of flood damages 
Damage potential by floods: midium population, urban area extends on the 
hill, so hard to suffer from flood. 
Necessity of flood mitigation measures: no necessity of mitigation 
measures. 

Source: JICA Study Team 
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CHAPTER 4 BASIC STRATEGY FOR FORMULATION OF 
MASTER PLAN FOR FLOOD MITIGATION 

4.1 Needs for Flood MITIGATION 

4.1.1 Interviews with Various Government Institutions and Universities 

Various government institutions and universities are participating in this Preparatory Survey and 
understanding and cooperation thereof is of great importance. A participatory planning process 
for disaster prevention master plan is also required. Along this line, courtesy calls and 
interviews with various government organizations and universities as well as the Itajai River 
Basin Committee have been carried out to understand various needs for disaster prevention 
measures in the Itajai River basin. Totally around 70 interviews were made. In this chapter, the 
needs related to flood prevention and the basic strategy for master plan formulation are described. 
The needs for sediment disaster prevention are explained in the succeeding Chapter 6.  

4.1.2 Expected Disaster Prevention Measures of the Itajaí River Basin Committee 

Through discussions with the Itajaí River Basin Committee, the Committee showed the 
following views on flood prevention measures: 

i) The Itajaí River is a natural stream. Therefore, a flood mitigation master plan must duly 
consider the environmental aspects, including the preservation of riparian vegetation. 

ii) The Committee expects the flood management for minimizing flood damages by means 
of hindering the concentration of flood runoff from river basins, instead of conventional 
flood control measures by dikes. The flood mitigation plan in the Rhine River, where 
the Committee previously visited as the mission, aimed at mitigation of flood damages 
and restoration of nature. The Committee considers that no large-scale structures are 
necessary, and flood information and flood damage mitigation are really required. 

iii) Fifty (50) years ago, there was flooding problem only in Blumenau city. In recent years, 
however, flooding problem has been increasingly serious in Gaspar and Itajai cities in 
the lower reaches of Itajai River.  

iv) Recently small scale flooding has occurred in small communities in upper Itajai River 
basin. Although the communities became conscious of floods, they are not considering 
serious issues. They desire small temporary storage of flood water for agricultural water 
supply in the dry season (especially, in the Itajai do Oeste and Sul River basins, where 
recently agricultural development has been significant causing water shortage in the dry 
season). Besides, as sediment production due to soil erosion by small floods is another 
problem, small dam reservoir for water supply in the dry season or an increase of water 
retention capacity in cultivated lands are considered necessary.  

v) No serious flooding in the Itajai mainstream has occurred in Blumenau city since the 
1984 flood. However, recently flood damages due to flush floods with rapid water level 
rising and inundation in relatively narrow areas have been increasing in tributary basins. 
Particularly, flush floods are significant in the urban areas rapidly developed on 
mountain slopes in tributary rivers in Blumenau city.  

vi) The cause of flooding in Itajaí city is river improvement in the Itajaí Mirim River done in 
Brusque city and landfills for developments in the flood plain between two cities. It is 
favorable to preserve flood plain as a retarding basin in the downstream reaches from 
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Brusque city as a flood control measure for Itajaí city. 

vii) Programs such as riparian forest rehabilitation, intensification of disaster prevention, 
and promotion of water retention in upstream basins that were proposed in the Water 
Resources Management Master Plan for the Itajaí River Basin formulated by the 
Committee in March 2010 would be related with a master plan for flood prevention to 
be proposed by the Preparatory Survey.   

4.1.3 Needs for Flood Mitigation by City 

In the previous Supporting Report Annex A, needs for flood mitigation at major cities along the 
Itajai River was mentioned based on the records of past floods. Table 4.1.1 summarizes flooding 
characteristics and issues peculiar to major cities based on the results of discussions with 
various government institutions and universities as well as site visits. 

Table 4.1.1 Flooding Characteristics and Issues by City along the Itajai River 
City Population Results of Interview and Site Visits Source of 

information 
Itajaí River  

Itajaí 172,081 

・Flood damages have occurred 7 times since 1980. 
・Many affected residents because of large population 

Reports 

・In the urban area, flooding of Itajaí Mirim River is more severe than 
Itajaí River. 

・Rising of water level of the Itajaí River and tidal level blocks the 
drainage of Itajaí Mirim River 

・Drainage system is vulnerable, and there is no pumping stations 
・Bridge over Itajaí Mirim River influences the flow capacity.  
・There is alarm system, but it is not satisfactory like in Blumenau city 
・There is APP plan (green belt along the old Itajaí Mirim River 

Planning and 
Construction 
Department of 
Municipal 
Government and 
UNIVALI 
Site Visit 

・High sediment inflow into the port, requiring annual dredging of huge 
volume of sediment 

・Necessity of measures to reduce sediment production in the basin 

Itajaí Port 
Site Visit 

Navegante
s 

57,324 

・Less frequency of flooding (3 times since 1980) 
・Small flood damages due to higher ground elevation  
・Necessity of measures to sedimentation problem in the port  

Reports 
Planning and 
Financial 
Departments 
Site visit 

Ilhota 12,149 

・Less frequency of flooding (twice since 1980 from report, but 5 times 
according to the municipal government) 

・There is low lands along the state highway SC-470, where frequent 
flooding occurs due to poor drainage  

・There is a plan to build a new bridge over the Itajaí River 

Reports 
Planning 
Department of 
Municipal 
Government 

Gaspar 55,489 

・ Flood damages have occurred 7 times since 1980 with many affected 
residents 

・ The river is narrow in the urban area, and the existing bridge in city 
obstacles significantly the flow area in river channel. 

Reports 
Site visit 

Blumenau 299,416 

・ Flood damages have occurred 14 times since 1980 with many 
affected residents 

・ The 1983 and 1984 floods caused inundation by gradual water level 
increasing of the Itajai mainstream 

・ In the 2008 flood, Itajaí River did not overflow, however there were 
damages caused by flush floods in tributaries (Garcia, Velha, 
Fortaleza Rivers) 

Reports 
Site visit 
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City Population Results of Interview and Site Visits Source of 
information 

・Housing development on mountainous area has caused flush floods 
and landslides, and there are many illegal residences in the river area 

・There are plans to construct bridge, revetment, drainage facilities and 
water gate with pumping station in tributaries (Fortaleza, Garcia, 
Velha, Itoupava Rivers) 

・Urban development will expand to the North side in the future 
(Itoupava River) 

・At present, no flooding problem in the Itoupava River 
・Flood warning is announced based on the information from CIRAM 

and FURB/CEOPS through radio and internet, and CEOPS forecasts 
the river water level in 6 hours ahead  

Planning and 
Construction 
Department of 
Municipal 
Government 
Site visit 

・Flood damage potential has been increased due to illegal residents 
along rivers 

・Bank and house collapses are likely occur on the sandy bank without 
vegetation 

・According to the environmental law, the Committee plans to afforest 
30m wide protection area on river banks and considers that riparian 
forest is very important in view of flood control. 

・It is problem to install the water gate in the mouth of the Fortaleza 
River 

・The project by the municipal government of Blumenau to install 
concrete revetment on the left bank of Itajai River would be no flood 
control effects, only losing valuable vegetation on the river bank. 

Itajaí River 
Basin 
Committee and 
FURB 
Site visit 

Indaial 50,917 
・Less frequency of flooding (3 times since 1980 but in small scale) 
・The flow capacity of the Itajaí River is large. 

Reports 
Site visit 

Ascurra 10,996 ・No flood damages have occurred. Reports 
Site visit 

Apiúna 6,945 ・No flood damages have occurred. Reports 
Site visit 

Lontras 9,660 ・Less frequency of flooding (3 times since 1980 but in small scale) Reports 
Site visit 

Rio do Sul 

59,962 

・Although the affected population is small, flood damage has occurred 
frequently (8 times since 1980) 

Reports 
Site visit 

・Small scale flooding has occurred frequently (2 to 3 times per year) 
・There are many problems of illegal residents and land use.  
・There are operation problems at the Oeste and Sul dams 
・Information from the dams (reservoir level, outflow, etc.) is 

insufficient (the outflow of the dam is unknown at the dam office )  
・It is very difficult to widen the river channel in the urban area. 
・Evacuation manual is under preparation. 

Planning 
Department of 
Municipal 
Government and 
Civil Defense 
Site visit 

・The project to retain rain water in paddy fields is under preparation 
・There is also a plan to store river water in paddy fields by small dams 

in small tributaries. 

CRAVIL 
Site visit 

Itajaí Mirim River 

Brusque 102,280 

・Less frequency of flooding (3 times since 1980) 
・Recently less flooding problems due to the river improvement 
・No flooding in the urban area except the 1984 flood has occurred only 

with inundation of roads. 
・Bank erosion at the colliding portion of meandering channel might 

cause impact to residences on the river bank. 

Planning 
Department of 
Municipal 
Government and 
Site visit 

Benedito River 
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City Population Results of Interview and Site Visits Source of 
information 

Timbó 35,303 

・Although the affected population is small, flood damage has occurred 
frequently (6 times since 1980) 

・Due to abrupt releasing from the upstream two hydropower generation 
dams in the Rio dos Cedros River, flooding has occurred frequently. 

・In June 2010, the City Councils of Timbo and Rio dos Cedros jointly 
submitted the petition containing the signatures of 1,200 residents to 
the Governor, requiring for lowering the normal operation reservoir 
water level 

・In addition to the flood from the Benedito River, the flood from the 
Rio dos Cedros River joins together 

Report 
DEINFRA 
FURB/CEOPS 
City Council 
Site visit 

Benedito 
Novo 

10,335 ・No flood damages have occurred. Report and Site 
visit 

Rio dos 
Cedros 

10,170 

・Same as the Timbó city, frequent flooding has occurred due to abrupt 
releasing from the upstream two dams in the Rio dos Cedros River. 

・In June 2010, the City Councils of Timbo and Rio dos Cedros jointly 
submitted the petition containing the signatures of 1,200 residents to 
the Governor, requiring for lowering the normal operation reservoir 
water level 

・When the water depth in the Rio dos Cedros River exceeds 6 m, 
flooding starts in the urban area. Mapping of flood inundation map in 
the city has been completed. 

Report 
FURB/CEOPS 
Mayor of the 
city 
and the City 
council 
Site visit 

Itajaí do Norte River 

Ibirama 17,469 ・No flood damages have occurred. Report 
Site visit 

Itajaí do Oeste River 
Laurentino 5,757 ・Almost no flood damages have occurred. Report 
Rio do 
Oeste 

7,033 ・Almost no flood damages have occurred. Report 

Taio 17,522 

・Although the affected population is small, flood damage has occurred 
frequently (6 times since 1980)  

・Taio city is prone to inundation due to overflow of the Oeste dam. 
・Urban area near the city hall was inundated in around 1.5 m by the 

April 2010 flood. There is some opinion that the inundation was due 
to earlier closure of the gates at the dam.  

・The current flow capacity is around 1,000 m3/s. However, the 
maximum releasing capacity under full opening of gates at the Oeste 
dam is around 160 m3/s. 

Report 
DEINFRA 
Site visit 

Trombudo 6,520 ・Less frequency of flooding (3 times since 1980 but in small scale) Report and Site 
visit  

Itajaí do Sul River 

Ituporanga 21,496 ・Less frequency of flooding (2 times since 1980 but in small scale) Report and Site 
visit 

Source: JICA Survey Team 

4.2  Basic Principles for Planning 

As stated in the Minutes of the meeting of understanding on November 5th, 2009, basic principles 
of the Preparatory Survey for planning the master plan of prevention and mitigation of natural 
disaster were established as follows: 

i) To avoid negative natural and social environmental impacts, especially involuntary 
resettlement and biodiversity loss 

ii) To avoid adverse effects to the downstream reaches of the river from the sites subject to 
countermeasures such as increase of flood velocity and discharge that might cause bank 
erosion and flooding 

iii) To enrich rainwater storage function of each river sub-basin in order to delay quick flood 
runoff 
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iv) To promote multiple use of the existing hydraulic structures and spaces in the basin 

4.3  Basic Strategy for Formulation of Master Plan 

Based on an exchange of views and opinions with various government institutions, universities 
and the Itajaí River Basin Committee as well as the basic principles, basic strategy for 
formulating a master plan for flood prevention was set up below.   

i) At this moment, since it is considered to be difficult to set up a target flood security level 
for a master plan, four levels of flood prevention master plans are to be proposed for the 
selected target regions to be protected. The master plans to be created are for the levels of 
a flood occurred once in 5, 10, 25 and 50 years1. Then, the flood security level shall be 
selected through discussions with the Itajaí Basin Committee as well as the State 
Government (Governor and State Secretaries).  

ii) In addition, selection of the target regions for flood protection, combination of flood 
control alternatives and their flood control effects shall be discussed together with the the 
Itajaí River Basin Committee2 (Technical sub-committee on flood prevention). 

iii) A master plan for flood prevention shall be formulated taking into consideration the 
ongoing concept of comprehensive flood control measures in Japan, which aims to hinder 
the concentration of flood runoff from various river basins. A “flood control measures to 
scatter floods” shall be given high priority for formulating a master plan by minimizing 
flood damages allowing flood inundation.  

iv) Temporary retention of rain water in paddy fields and small retention ponds (small 
irrigation dam) that are proposed in the Water Resources Management Master Plan for the 
the Itajaí River Basin might be able to hinder the concentration of flood runoff to the 
downstream reaches and therefore subject to examination. According to CRAVIL, the 
target paddy area for retention is around 27,000 ha in total along the Itajai River from the 
upstream reaches of Rio do Sul city to Itajai city. 

v) Among existing 3 flood control dams, increasing of flood control capacity by heightening 
of Oeste and Sul dams also might contribute to delay the concentration of flood runoff to 
the downstream reaches (especially effective for flood mitigation in Taio and Rio do Sul 
cities located in the downstream reaches of the dams). 

vi) The existing flood plain spreading from Gaspar city to Itajai city that acts a natural 
retarding basin are currently used for agricultural land and pasture. This flood plain shall 
be preserved without land developments because it contributes to reduce flood flow in the 
downstream areas. 

vii) As for the target region for flood prevention, Rio do Sul, Blumenau and Itajai cities might 
be of higher priority. In addition to delaying the concentration of flood runoff as much as 
possible by provision of various measures in the upper basins, possible flood control 
alternatives shall be conceived for comparison duly considering current flood inundation 
characteristics and the existing urban plan (land use plan). 

viii) In addition to the flood from Itajai mainstream, flood inundation in Itajai city is due to the 
back water to the Itajai Mirim River from the Itajai mainstream (added by tidal influence), 

                                                        
1 Study for the 50-year flood was solicited as a part of the Prepatory Survey at the first counterpart meeting held on 

May 19th, 2010 
2 Itajaí Basin Committee requested at the meeting held on May 7th and July 28th, 2010. 
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poor drainage system in the urban area, and flood inflow from the Itajai Mirim River. 
Flood control measures shall be created based on the evaluation of these impacts.  

ix) As for the measures for flush floods, adjustment with urban plan (land use regulation and 
zoning) might be necessary, because there are many illegal residents on the river banks. 

x) When higher security level as a 50-year flood prevention plan is required, only basin 
measures to scatter floods would be limited from the aspects of flood control effects. In 
such case, widening of river channel by providing composite section will be necessary. 
Regarding the utilization of high water channel of composite section, the program of 
riparian forest rehabilitation under the Water Resources Management Master Plan by the 
Committee will be incorporated into the master planning. In addition, floodway is likely 
to be required as a alternative to reduce duration and depth of flood inundation in the 
flood plain downstream from Gaspar city and the urban are in Itajai city. 

xi) The target year of flood prevention master plan depends on the selected flood security 
level. In order to ensure consistency with the target year of 2030 as proposed in the 
long-term plan of the Water Resources Management Master Plan in the Itajai River basin, a 
master plan for flood prevention shall be achieved by 2030 at the least. 

4.4  Basic Strategy for Strengthening of Existing FFWS 

Considering the current problems of the existing FFWS for the Itajai River basin, a plan to 
strengthen the existing FFWS shall be formulated based on the following basic strategies: 

i) Strengthening of the existing hydro-meteorological observation network with provision of 
additional gauging stations 

ii) Improvement of accuracy observed data and data transmission by updating observation 
equipments and data transmission method 

The following are the aspects for consideration. 

4.4.1 Aspects of River Characteristics 

i) Flood runoff has been increasing due to land developments and deforestation in the 
upstream basin of Rio do Sul city, it will be necessary to observe rainfall focusing on 
mountainous tributaries. It is however difficult to predict floods from tributaries by use of 
only released discharges of two flood control dams, because flood traveling time to Rio 
do Sul city is short.  

ii) As frequent flooding has occurred in both Timbo and Rio dos Cedros cities due to abrupt 
releasing from two hydropower generation dams in the Rio dos Cedros River, it will be 
necessary to monitor the releasing discharge from two dams for timely announcement of 
early warning. 

iii) On the lower Itajai mainstream from Blumenau city, water level gauging station shall be 
newly installed in Gaspar, Ilhota and Itajai cities to monitor flood water levels and 
changes due to tidal conditions. 

iv) As for the Itajai Mirim River, where recent urbanization in tributaries surrounding 
Brusque city has increased flood runoff, rainfall and water level gauging station shall be 
newly installed in tributaries for timely announcement of early warning in Brusque city. 
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4.4.2 Aspects of Observation Equipment and Data Transmission Method 

The observation equipments of gauging stations are superannuated and have not been 
sufficiently maintained. The gauging devices of rainfall and water level and the current data 
transmission system should be updated in view of accurate data transmission with high 
reliability. As observation equipments have been improved in recent years from the aspects of 
maintenance, the following shall be noted: 

i) The existing river water level gauge is of a pressure type that was installed on the riverbed. 
Due to riverbed erosion or sediment deposition by floods, observation troubles have 
occurred at several stations, causing the burden on maintenance. However, a radar type 
water level gauge can be installed gently on bridge less susceptible to temperature and 
wind, and is of low energy consumption and price. 

ii) If the current radio-link data transmission system is replaced by the cellular phone system 
and packet switching method, observed data can be sent directly to CEOPS by email every 
10 minutes. In addition, as its power source can be secured by solar panel, the necessary 
equipments such as rain gauge, water level gauge, solar panel, battery, data logger and 
telephone center can be installed on only one pole without any auxiliary equipment like 
repeaters at the transmission point.  

iii) Furthermore, replacement of the current digital system of GSM (Group Special Mobile) of 
2G (Mobile Telephone System of Second Generation) to GPRS (General Packet) of 2.5G 
enables to enhance stable communication and the increased data communication with 
strengthened efficiency of broadband use.  

iv) Due to the rapid spread of surveillance cameras, high-precision and lightweight CCTV 
(Closed Circuit TV) is available at low price. Therefore, CCTVs shall be intalled in Rio do 
Sul, Blumenau and Itajaí, cities to monitor flood situation in real time basis. 

v) FURB/CEOPS is in charge of flood forecasting as a master station, where all of the 
observed data is gathered and stored in database. In addition, equipment to monitor the 
observed data via the internet will be installed at the office of Civil Defense in both Rio do 
Sul and Itajai cities to act as a monitor station. Moreover, a monitor center will be 
established in Florianopolis.  

 



Preparatory Survey for the Project on Disaster Prevention and Final Report 
Mitigation Measures for the Itajai River Basin  Supporting Report Annex B 

Nippon Koei Co., Ltd.  November 2011 
B - 26 

CHAPTER 5 FORMULATION OF THE MASTER PLAN FOR 
FLOOD MITIGATION 

5.1 General 

As described in Chapter 4, a master plan for flood disaster mitigation for the Itajaí River basin 
aims to hinder the concentration of flood runoff from various river basins taking into 
consideration the ongoing concept of comprehensive flood control measures in Japan. It is 
highly expected to hinder the concentration of flood runoff due to natural retarding effects by 
the lands subject to frequent flooding such as pasture, paddy and dry fields. “Flood control 
measures to scatter floods” should be given high priority for formulating the master plan by 
means of active use of flooding allowable lands above. The Itajaí River Basin Committee 
recommends the policy of “Living together with Flood” 3 and thus the “flood control measures 
to scatter floods” corresponds to this policy. However, when higher degrees of flood safety level 
are required such as for the 25-year and 50-year floods, only the method to scatter floods would 
be limited. In such case, structural flood control measures such as dyke, flood diversion channel 
and flood control dam would be added for comparative study as flood control alternatives.  

Flood control measures are usually selected and justified in combination with various measures. 
Along this line, various flood control alternative measures are herein proposed for the 
comparative study under the Preparatory Study, fully considering regional flood control needs 
and flooding characteristics of the Itajaí River. In the Itajaí River basin, major cities are located 
along the mainstream and its major tributaries, where development of residences and 
commercial facilities has been in progress. Municipal governments in the basin are already 
aware of how difficult it is to implement structural measures such as widening of the rivers in the 
populated urban area, and therefore, an introduction of the non-structural measures such as 
strengthening of the existing FFWS is to be studied in addition to the introduction of natural 
retardation basins. 

5.2 Selection of Cities for Flood Protection 

Flooding and inundation resulting from floods are occurring in the regions of along the Itajaí 
River and its tributaries. It is considered unrealistic from economical and financial point of view 
to implement a flood control project for protecting the whole areas subject to habitual flooding 
and inundation in the Itajaí River basin. The Itajaí River Basin Committee showed the same 
opinion.  

The river improvement project by dykes tends to become costly due to drastic increase of flood 
discharges in the downstream reaches resulting from the upstream river improvement works by 
dykes. To avoid such an increase of project cost, the areas with low flood damage potential 
along the river such as pasture, paddy and dry fields should be actively remained in the current 
condition, intentionally no dykes provided for protection. From this point of view, target areas 
subject to flood protection shall be major cities along the Itajaí River.  

As explained in Supporting Report Annex A, eight cities were selected as higher priority for 
flood disaster mitigation based on the consideration of the frequency and damages caused by 
floods (see Tables 6.1.1 and 6.1.2) and the results of various visits and interviews to municipal 
governments (see Table 4.1.1 of this Supporting Report). The selected cities are Rio do Sul, 

                                                        
3 Beate Frank, Adilson Pinheiro (organizers), Floods in Itajaí Basin: 20 years of experience), Blumenau 2003, 
Chapter 9 A Formalization of Flood Management within the Sphere of Itajaí River Basin 
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Blumenau, Gaspar, Ilhota, Timbó, Taió, Itajaí and Brusque cities.  

As for the measures for the flush flood, urban streams in Blumenau city (Garcia and Velha 
Rivers) were selected as the target river, where urban developments on the hill slope together 
with residential development along the stream have been in progress in recent years, resulting in 
an increase of damage potential due to flush floods. In addition, Itajaí city located at the river 
mouth of the Itajaí River was also selected, where there are flooding affected by the backwater 
of the Itajaí mainstream and flood inflow from the Itajaí Mirim River. 

 
Source: JICA Survey Team 

Figure 5.2.1  Selected Highly Prior Cities for Flood Mitigation 

5.3 Selection of Flood Control Alternatives 

Taking into consideration the current condition of river canal, flood inundation situation and 
topographic conditions, various alternatives of flood control measure that would be applicable to 
the Itajaí River basin are proposed as listed below. 

 
Source: JICA Survey Team 

Figure 5.3.1  Flood Control Alternatives Applicable to Itajai River Basin 
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The proposed alternatives are outlined below. 

5.3.1 Measures in River Channel (Structural Measures) 

(1) Heightening of Existing Flood Control Dams 

As described in section 2.2, there are currently three flood control dams on the Itajaí River (see 
Table 2.2.1 for dam features). Among the dams, the Norte dam constructed in 1992 has the 
largest flood control capacity of 357 million m3. No overflowing through the spillway due to 
large floods has so far occurred. On the other side, overflows have occurred in several times at 
both the Sul and Oeste dams in times of the medium-sized flood inflow. 

For both the Oeste and Sul dams, reinforcement to increase flood control capacity is 
contemplated by means of the following measures:  

i) Oeste Dam: Heightening of the existing dam body and spillway 
ii) Sul Dam: Heightening of the existing spillway 

As for the Sul dam of a rock fill type, heightening of the existing spillway is examined because 
of its technical difficulty to heighten the dam body. By this reinforcement of two dams, flood 
control effect (reduction of the flood peak discharge) would be expected in Rio do Sul city as 
well as downstream major cities along the Itajaí River. 

 
Spillway at the Oeste dam Spillway at the Sul dam 

Table 5.3.1 presents the Brazilian Standard about dam top elevations. 

Table 5.3.1 Brazilian Standard about Dam Top Elevation 
Term Case Type Description 

Free 
Board 

Ordinal time Fill dams Free board must be more than wind wave height. Wind wave 
height should be estimated with Saville’s method. 
Minimum free board should be 3.0 m. 

Concrete dams Minimum free board should be 1.5 m. 
Flood time Fill Dams Minimum free board should be 1.0m on design flood water 

level. 
Concrete dams Minimum free board should be 0.5m on design flood water 

level. 
Design 
Flood 
Discharge 

Normal dams Probable 
maximum flood 

Probable maximum flood is applied as design flood discharge 
for dams more than 30m in height, or dams which has eternal 
residences along the downstream river who might suffer from 
dam collapse. 

Small dams 1000-year 
probable flood 

1000-year probable flood is applied as design flood discharge 
for dams less than 30m in height, or dams of which total 
reservoir volume is less than 50 million m3 and which has no 
residences along the downstream river. 

Source: Criterios De Projeto Civil De Usinas Hidreletricas, Eletrobras, Outubro/2003 

Oeste Dam (Height of the dam: 25m, completed in 1973): Increased height of the dam should be 
limited to around 2 m (increased reservoir volume: 16.2 million m3) from topographic and 
geological aspect. 



Preparatory Survey for the Project on Disaster Prevention and Final Report 
Mitigation Measures for the Itajai River Basin  Supporting Report Annex B 

Nippon Koei Co., Ltd.  November 2011 
B - 29 

 
Source: JICA Survey Team 

Figure 5.3.2  Diagram Heightening of Oeste Dam 

Sul Dam (Height of the dam: 43.5m, completed in 1976): Increased height of the spillway 
should be limited to around 2 m (increased reservoir volume: 16.6 million m3) from the flow 
capacity for the design flood discharge and the clearance between maximum flood water level 
and beams of the bridge. 

 
Source: JICA Survey Team 

Figure 5.3.3  Diagram Heightening of Sul Dam 

Table 5.3.2  Ralation between Increased Reservoir Volumen and Height 
of Heightening Dams 

Height of Heightening 
Dams (m) 

Oeste Dam 
(million m3) 

Sul Dam 
(million m3) 

0.5 3.9 4.0 
1.0 7.9 8.1 
1.5 12.0 12.3 
2.0 16.2 16.6 

Source: JICA Survey Team 

(2) Dykes (River Improvement) 

In order to increase the current flow capacity of river channel, river widening and riverbed 
excavation are most commonly applied for flood control projects. In the flood control master 
plan formulated by JICA in 1988, widening and riverbed excavation of river channel were 
proposed in the stretches between Blumenau and Gaspal cities in the Itajaí River. However, 
these measures are not to be applied as much as possible for the Itajaí mainstream under the 
current Study. Nevertheless, river widening with provision of composite section preserving the 
existing riparian forest is included in the flood control alternatives, because it is inevitably 
required to increase the current flow capacity when the higher flood safety level is required.  

Figure 5.3.4 illustrates the image of composite section of the Itajaí River. As shown in the figure, 
when the composite section is applied to river widening, the current riparian forest shall be 
preserved to be used as a park and open space. Furthermore, the existing road shall be utilized 
as dyke (including raising of road) or proposed new road to be used as dyke. In this connection, 
the current river channel forms a low-water channel of the composite section.  
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Source: JICA Survey Team 

Figure 5.3.4  Illustration of Composite Section in Blumenau City 

(3) Floodway 

The flood control master plan in 1988 proposed a floodway to divert part of the large flood 
discharge of the Itajai River to the Atrantic Ocean crossing Navegantes city from immediately 
downstream reaches of the bridge of BR 101, considering that it was very difficult to widen the 
river channel and provide dykes on the both banks to increase the flow capacity to pass the 
flood. The floodway is added as the flood control alternative, because it is expected to reduce 
the depth and duration of flood inundation that is likely to occur widely over the alluvial plain 
spreading from Gaspar city.  

(4) Ring Dyke 

Various cities have been developed along the banks of Itajaí River. Obviously, potential of flood 
damages has become large at major urban areas where the main assets are concentrated. Ring 
dyke is also added into the flood control alternatives to the urban areas where river widening by 
composite section might be difficult due to urbanization. This is based on the priority to protect 
the urban areas from overflowing from river channel in times of flood. 

(5) New Flood Control Dam 

Only the natural retarding effects in paddy fields and cultivated lands might be limited for 
controlling the floods safely in the cities of Blumenau and Brusque, when it is required to 
increase the safety level against the floods. Therefore, a new flood control dam in the upstream 
river basin is added to the flood control alternatives.  

5.3.2 Measures in River Basin 

(1) Water Storage in Paddy Field 

The area of paddy fields by municipality in the Itajaí River basin is summarized in the table 
below. Although the total paddy area is 26,295 ha, the paddy area in the Itajaí Mirim River basin 
is not included because the farmers in the Itajaí Mirim River basin are not the corporation 



Preparatory Survey for the Project on Disaster Prevention and Final Report 
Mitigation Measures for the Itajai River Basin  Supporting Report Annex B 

Nippon Koei Co., Ltd.  November 2011 
B - 31 

member of CRAVIL. CRAVIL has a plan to build water storage in the existing paddy fields to 
store rainfall water in the existing paddy fields covering the area of 22,000 ha, which is 
equivalent to around 80% of the total paddy area. Out of the paddy fields, 20% of the area is 
irrigated by small tributary rivers, and 80% is the rainfed paddy (including pumping up of river 
water), which is the target area for water storage project.  

Table 5.3.3  Paddy Fields in the Itajai River Basin 
Upper Itajai Valley Middle and Lower Itajai Valley 

City Area (ha) City Area (ha) 
Agronomica 360  Ascurra 567  
Agrolandia 260  Brusque 170  
Alfredo Wagner 155  Benedito Novo 300  
Ibirama 70  Dr. Pedrinho 808  
Lontras 100  Gaspar 3,400  
Mirim Doce 1,850  Indaial 250  
Pouso Redondo 2,045  Ilhota 3,000  
Presidente Getuilo 65  Itajai 2,400  
Rio do Campo 1,800  Luis Alves 558  
Rio do Sul 300  Navegantes 1,200  
Rio do Oeste 1,600  Rio dos Cedros 1,100  
Salete 100  Rodeio 617  
Taio 2,400  Timbo 700  
Trombuto Central 80    
Vitor Meirelis 40    

Sub-total 11,225  Sub-total 15,070  
Total 26,295  

Source：CRAVIL 

According to the plan, the furrow in paddy field with the average height of 10 cm is to be raised 
by 20 cm. At the maximum, 66 million m3 of rainfall is expected to be stored in the water 
storage.  

(2) Basin Storage (Small Dam) 

Small dam is planned to be installed on small tributary rivers as basin storage. The stored water 
is to be utilized for irrigation on the micro basin basis. Selection of small dam sites shall be 
given high priority to micro basins in the Itajai do Oeste and Sul Rivers as shown below. 

 
Source：Itajai River Basin Committee 

Figure 5.3.5  Micro Basin of Water Shortage for Irrigation in the Itajai River Basin 
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5.4 Flood Control Planning by Flood Protection Level (Safety Level) 

5.4.1 Protection for the 5-year Flood 

(1)  Flood Discharge and Flow Capacity 

Figure 5.4.1 shows the distribution of 5-year flood discharge and flow capacity at major cities 
under the present condition (without flood control measures). As is apparent from the figure, the 
flow capacity is smaller than the 5-year flood discharge only at Rio do Sul (Itajai River 
mainstream and Itajai do Oeste River)and Itajai cities (Itajai Mirim River). 

(2)  Basic Approach for Planning 

Priority is given to the alternative measures in river basin such as water storage in paddy fields 
and small dam in micro basin, followed by effective utilization of the existing flood control 
dams. These alternatives are considered small impact on natural and social environments. 

(3) Flood Control Planning 

a.  Water storage in paddy field 

The flood control effect of water storage in paddy field is expressed as an initial loss of rainfall. 
The rainfall volume to be stored is converted the initial rainfall loss by dividing the catchment 
area of its sub-basin where the paddy field is located (see Figure 3.5.4). Table 5.4.1 shows the 
calculated initial rainfall loss due to water storage in paddy field for each sub-basin in the flood 
runoff simulation model. The initial rainfall loss are as small as less than 1 mm in the Itajai do 
Sul and Itajai do Norte River basins with little paddy fields, as large as 10 to 20 mm for the 
Itajai do Oeste (Basin 1 in Table 5.4.1) and Itajai River mainstream (Basins 9, 10 and 12). 

 
Source: JICA Survey Team 

Figure 5.4.1  Distribution of 5-year Flood Discharge and Flow Capacity by City under Present 
Condition 
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Table 5.4.1  Initial Rainfall Loss due to Water Storage in Paddy Field by Sub-basin 
Catchment Area Paddy Area Depth Rate of using Initial Loss

km2 ha cm Rainwater mm
Barragem Oeste 1042 Rio do Campo 1,800 20 0.8 2,880,000 2,880,000 2.8

Mirim Doce 1,850 20 0.8 2,960,000

Taio 2,400 20 0.8 3,840,000

Salete 100 20 0.8 160,000

Agrolandia 260 20 0.8 416,000

Pouso Redondo 2,045 20 0.8 3,272,000

Agronomica 360 20 0.8 576,000

Rio do Oeste 1,600 20 0.8 2,560,000

Trombuto Central 80 20 0.8 128,000

Rio Do Sul 150 20 0.8 240,000

Barragem Sul 1273 Alfredo Wagner 155 20 0.8 248,000 248,000 0.2

Basin 4 381 Rio do Sul 150 20 0.8 240,000 240,000 0.6

Ibirama 70 20 0.8 112,000

Presidente Getuilo 65 20 0.8 104,000

Vitor Meirelis 40 20 0.8 64,000

Benedito Novo 300 20 0.8 480,000

Dr. Pedrinho 808 20 0.8 1,292,800

Timbo 350 20 0.8 560,000

Rio dos Cedros 1,100 20 0.8 1,760,000

Timbo 350 20 0.8 560,000

Basin 6 906 Lontras 100 20 0.8 160,000 160,000 0.2

Ascurra 567 20 0.8 907,200

Indaial 250 20 0.8 400,000

Rodeio 617 20 0.8 987,200

Basin 9 349 Gaspar 3,400 20 0.8 5,440,000 5,440,000 15.6

Basin 10 227 Ilhota 3,000 20 0.8 4,800,000 4,800,000 21.1

Luiz Alves 580 Luis Alves 558 20 0.8 892,800 892,800 1.5

Navegantes 1,200 20 0.8 1,920,000

Itajai 1,200 20 0.8 1,920,000

Basin11 472 Itajai 1,200 20 0.8 1,920,000 1,920,000 4.1

Itajai Mirim 1207 Brusque 170 0 0.8 0 0 0.0

11596 26,295 41,800,000

2,294,400

3,840,000

13.2

5.0

0.3

2.8

3.9

4.1
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Source: JICA Survey Team 

b.  Change of the current dam operation method at the Sul dam 

As the Sul dam has a larger storage capacity against the flood inflow compared to the Oeste dam, 
the inflow of 5-year flood is able to be fully stored in the reservoir with closure of all the gates. 
As shown in Figure 5.4.2, the stored volume is 58.4 x106m3, which is within its storage capacity 
93.5 x106m3. According to DEINFRA, almost no overflowing from the spillway has occurred to 
date except the large floods in 1983 and 1984. As for the 5-year flood, the current dam 
operation method shall be changed to close all of the gates. In this connection, however, 
heightening of dam would be required because this change of dam operation method might 
increase the risk of overflowing through the spillway in times of large floods. 
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Remark: After the peak of flood, gates are opened in order when the flood inflow decreases to be 
180m3/s, which is sufficiently smaller than the current flow capacity in the downstream river channel. 

Source: JICA Survey Team 

Figure 5.4.2  Proposed Dam Operation against 5-year Flood at Sul Dam  
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c.  Basin storage (small dam) 

The results of flood runoff simulation showed that even if the 5-year flood at the Oeste dam is 
fully stored in the reservoir with closure of all gates, its effect for decreasing the flood discharge 
in the downstream stretch of Itajai do Oeste River near Rio do Sul city is small due to its 80 km 
long river length from the dam to the city and gentle river slope of 1/5,000. Moreover, the effect 
of water storage in paddy field is also limited, and therefore small dam is examined.  

Since the current flow capacity at the stretch of Itajaí do Oeste River is 760m3/s against the 5-year 
flood discharge of 800m3/s, the lack of flow capacity is 40m3/s. The required storage volume of 
small dam is estimated to be around 8,140,000m3 to increase the flow capacity by 40m3/s in this 
river stretch. Selection of the candidate location of small dams is necessary for detailed 
topographic maps with a scale of 1:10,000, mapping of which is under preparation by SDS. The 
site selection was made based on the available maps of 1:50,000 as shown in Figure 5.4.3 and 
the storage capacity of small dam are as follows: 

Table 5.4.2  Required Storage Capacity of Small Dams for 5-year Flood 
Candidate location  Trombudo River Braço do Trombudo River 
Catchment area 294 km2 117 km2 
Storage capacity 5,830,000 m3 2,310,000 m3 

Source: JICA Survey Team 

 

Rio Trombud 

C.A.=294km2 

Ribeirao Braco Do Trombudo 

C.A.=117km2 

Rio Do Sul 

Oeste 

Norte Dam 

Sul Dam

 
Source: JICA Survey Team 

Figure 5.4.3  Location Map of Small Dams (5-year Flood Level) 
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Source: JICA Survey Team 

Figure 5.4.4 Flood Control Calculation of Small Dam for Riparian Area along 
the Itadai do Oeste River in Rio do Sul city (5-year flood) 

d.  Itajaí Mirim River 

The Itajaí Mirim River branches into two rivers; the old Mirim River and the Canal in the 
upstream area of Itajaí city, and these two rivers joins each other approximately 1 km upstream 
of the confluence to the Itajaí River as illustrated in Figure 5.4.5. As shown in the figure, river 
stretches of small flow capacity less than the 5-year flood discharge are from the federal 
highway BR 101 to the junction with the Canal along the old Mirim River and from the junction 
to the confluence with the Itajai River along the Canal. Other stretches along the Canal have 
larger flow capacity. 

 

 

 

 

Source: JICA Survey Team 

Figure 5.4.5  Stretches of Smaller Flow Capacity than 5-year Flood 
Discharge along the Itajai Mirim River 

As shown in Table 5.4.3, comparative study was carried out for two alternatives for the less 
flow capacity stretches. They are the “two flood gates with partial dyke” and “full dyke along 
the stretches”. As a result, the “two flood gates with partial dyke” was selected from the aspects 
of cost and social impacts to be associated in the populated urban area along the stretches. Two 
flood gates are planned at locations of both upstream and downstream of the old Mirim River as 
shown in this table. The upstream flood gate would control the flood inflow into the old Mirim 
River within its flow capacity in times of flood and the downstream gate would control the 
influence due to back water of the Itajai River mainstream.  

The general features of both flood gates are summarized in Table 5.4.4. (as described in the 
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succeeding sub-sections, the “two flood gates with partial dyke” were proposed for all of the 
probable floods. Therefore, the height of gates and partial dyke is also indicated in this table). 

Table 5.4.3  Comparison of Flood Control Alternatives in the Itajai Mirim River for the 5-year 
Flood 

Aspect Two Flood Gates with Partial Dyke Full Dyke 

Outline 

To protect the populated urban area along 
the less flow capacity stretches with 
provision of two flood gates and 1 km long 
partial dyke as illustrated below. 

To protect the populated urban area along 
the less flow capacity stretches with 
provision of full dyke system as illustrated 
below. 
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Project Cost 
Apparently predominant due to less land 
acquisition  

Apparently less advantageous due to wide 
area for land acquisition and replacement of 
existing seven bridges to be required 

Impact to Social 
Environment 

Small social impact due to few residences 
to be reallocated 

Large social impact due to many residences 
to be reallocated 

Impact to Natural 
Environment 

Although no significant impacts might 
occur, some influence due to temporal 
inundation during the closure of flood gates 
shall be noted. 

No significant impacts. 

Evaluation 
Appropriate as a plan to be adopted Inappropriate as a plan to be adopted due to 

significant social impacts and disadvantage 
in cost to be required 

Source: JICA Survey Team 

Table 5.4.4  General Features of Flood Gates and Dyke per Protection Level 
Flood Protection Level 5-year flood 10-year flood 25-year flood 50-year flood

Upstream 
Flood Gate 

No. of Gate 4 nos. 

Gate Width 10 m 

Gate Height 4.1 m 4.5 m 4.9 m 5.3 m 

Total width 61 m 

Downstream 
Flood Gate 

No. of Gate 4 nos. 

Gate Width 10 m 

Gate Height 3.0 m 3.3 m 3.6 m 4.0 m 

Total width 61 m 

Dyke Height* 
Left bank  0.6 m 0.8 m 1.3 m 1.7 m 

Right bank  1.0 m 1.3 m 1.7 m 2.1 m 
Remarks: The dyke height is based on the ground elevation at the river section IMa surveyed under the JICA Survey. 
Source: JICA Survey Team 

(4)  Flood Discharge after the Proposed Plan 

Figure 5.4.6 shows the distribution of 5-year flood discharges after implementation of the 
proposed flood control plan above. It is to be noted that the flood discharges in the figure is 
based on the conditions that the existing wide flood plain along the Itajai River from Gaspar to 
Itajai cities is preserved without any development.  

5.4.2 Protection for the 10-year Flood 

(1)  Flood Discharge and Flow Capacity 

Figure 5.4.7 shows the distribution of 10-year flood discharge and flow capacity at major cities 
under the present condition. As indicated in the figure, cities having smaller flow capacity than 
the 10-year flood discharge are Taio, Rio do Sul (Itajai River mainstream, Itajai do Oeste and 
Itajai do Sul Rivers) and Itajai cities (Itajai River mainstream and Itajai Mirim River). 
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Source: JICA Survey Team 

Figure 5.4.6  Distribution of 5-year Flood Discharge and Flow Capacity by City for Flood 
Control Plan 

 
Source: JICA Survey Team 

Figure 5.4.7  Distribution of 10-year Flood Discharge and Flow Capacity by City under Present 
Condition 
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(2)  Basic Approach for Planning 

Same as the flood control planning for the 5-year flood, priority is given to the alternative 
measures in river basin such as water storage in paddy fields and basin storage (small dam), 
followed by effective utilization of the existing flood control dams. As for the Itajai Mirim 
River and water storage in paddy field, the same measures for the 5-year flood are applied to the 
10-year flood.  

(3) Flood Control Planning 

a.  Change of the current dam operation method at the Sul dam 

The inflow of 10-year flood is able to be fully stored in the reservoir with closure of all the gates 
at the Sul dam. As shown in Figure 5.4.8, the stored volume is 76.2 x106 m3, which is within its 
storage capacity 93.5 x106 m3. As mentioned in preceding sub-section, heightening of dam 
would be also required because this change of dam operation method might increase the risk of 
overflowing through the spillway in times of large floods. 
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Remark: After the peak of flood, gates are opened in order when the flood inflow decreases 
to be 180m3/s, which is sufficiently smaller than the current flow capacity in the 
downstream river channel. 

Source: JICA Survey Team 

Figure 5.4.8  Proposed Dam Operation against 10-year Flood at Sul Dam  

b.  Change of the current dam operation method at the Oeste dam 

Overflowing from the spillway has occurred in several times to date at the Oeste dam, as the 
Oeste dam has a smaller storage capacity compared to the Sul dam. However, the 10-year flood 
is able to be controlled with full opening of gates when the flood inflow exceeds 400 m3/sec to 
avoid inundation in Taio city located immediately downstream of the dam. As shown in Figure 
5.4.9, the stored volume is 72.2 x 106  m3, which is within its storage capacity 83.0 x 106  m3. 
Same as the Sul dam, heightening of dam would be also required to reduce the increased risk of 
overflowing due to the change of dam operation method. 
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Source: JICA Survey Team 

Figure 5.4.9  Proposed Dam Operation against 10-year Flood at Oeste Dam  

c.  Utilization of the existing hydropower generation dams for flood control 

To overcome the lack of flow capacity is 50m3/s in Timbó city, utilization of the existing two 
hydropower generation dams for flood control was contemplated, which is belong to CELESC 
and located in the upstream Rio dos Cedros River. Along this line, pre-releasing of the stored 
water was studied considering the fact that both municipal governments of Rio dos Cedros and 
Timbó cities expect to lower the reservoir operation level of two dams4. As illustrated in Figure 
5.4.10, the pre-releasing discharge, total water volume for pre-releasing, duration of 
pre-releasing, and discharge for starting the pre-releasing shall be studied and then determined. 
The study is detailed in the Supporting Report No.3 Flood Mitigation Plan. The study results 
proposed the operating reservoir water level would be lowered by 80 cm for the Pinhal dam and 
70 cm for the Rio Bonito dam. 

 

 

 

 

 

 

 

 
Source: JICA Survey Team 

Figure 5.4.10  Schematic Diagram of Dam Operation through Anticipated Discharge 

                                                        
4 The petition containing the signatures of 1,200 local residents was submitted to the State Government in June 2010, 
requiring for lowering the reservoir water level by pre-releasing. 
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Source: JICA Survey Team 

Figure 5.4.11  Required Total Volume of Pre-releasing for Flood Control in Timbo City 
(for 10-year flood) 

Table 5.4.5 Required Volume of Pre-releasing (for 10-year flood) 
 Catchment Area Total Volume of 

Pre-releasing 
Discharge to 
be controlled 

Outflow Discharge 
from Dams 

Pinhal Dam 179.9km2 2,940,000m3 42m3/s 84m3/s 
Rio Bonito Dam 119.8km2 1,960,000m3 28m3/s 56m3/s 
Total 299.7km2 4,900,000m3 70m3/s 140m3/s 

Source: JICA Survey Team 

It is estimated that reservoir water levels should be lowered for pre-releasing around 80 cm in 
Pinhal Dam, 70 cm in Rio Bonito Dam from the relation between wate level and reservoir 
volume. 

d.  Comparison study on flood control alternatives for Rio do Sul City 

Even if the change of dam operation method at both the Sul and Oeste dams as well as water 
storage in paddy field are provided, there remains lacks of flow capacity of 180m3/s in the Itajai 
River mainstream in Rio do Sul city and 150 m3/s in the Itajai do Oeste River, requiring further 
flood control measures. Three alternatives; i) small dam, ii) retarding basin, and iii) river 
widening of downstream reaches of Rio do Sul city were compared. River widening aims at 
increasing of the current flow capacity in Rio do Sul city by means of lowering the flood water 
level in the downstream reaches. The comparison is outlined below. 

1)  Basin Storage (Small dam) 

The required storage volume of small dam is estimated to be around 27,550,000 m3 to increase 
the flow capacity in Rio do Sul city. Figure 5.4.10 shows the location map of candidate dam 
sites and the required storage capacity of small dams are as follows: 
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Rio Do Sul

Norte Dam

Oeste Dam

Sul Dam 

Ribeirao Braco Do Trombudo 

C.A.=117km2 

Rio Trombudo 

C.A.=294km2 

Rio Das Pombas 

 
Source: JICA Survey Team 

Figure 5.4.12  Location Map of Small Dams（10-year Flood Level） 

Table 5.4.6  Required Storage Capacity of Small Dams for 10-year Flood 

Candidate Location Trombudo River 
（2 dams） 

Braco do Trombudo River
（1 dam） 

Rio das PombasRiver 
（2 dams） 

Catchment area 294 km2 117 km2 315 km2 
Storage capacity 11,160,000 m3 4,420,000 m3 11,970,000 m3 

Source: JICA Survey Team 
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Source: JICA Survey Team 

Figure 5.4.13  Flood Control Calculation of Small Dam for Riparian Area in 
Rio do Sul city (10-year flood) 

2)  Retarding basin 

Retarding basin was planned immediately upstream of Rio do Sul city. As illustrated in Figure 
8.4.14, retarding basin is constructed by excavation widely on the river bank. A part of flood 
would be laterally overflowed into the retarding basin.  
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Source: JICA Survey Team 

Figure 5.4.14  Illustration of Retarding Basin on River Bank 

From the site inspection, possible wide areas for retarding basin are near Agronômica city along 
the Trombudo River and stretch between the cities of Laurentino and Rio do Sul along the 
bItajaí do Oeste River. As the result of runoff calculation, the required storage volume of 
retarding basin is 15,400,000 m3. As the bottom elevation of retarding basin shall be set at the 
higher elevation than the average river water level, the maximum depth of retarding basin is 
around 3 m. Therefore, it is necessary to acquire widely the lands of at least of 513 ha to ensure 
the required volume. 
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Figure 5.4.15 Flood Control Calculation of Retarding Basin for Riparian 
Area in Rio do Sul city (10-year flood) 

3)  River widening of downstream reaches of Rio do Sul city 

Due to the gentle riverbed gradient of the Itajai River and the backwater from its downstream 
reaches, significant effect of lowering the flood water level would not be obtained by widening of 
the current river channel in Rio do Sul city. Therefore, river widening in the 10 km long 
downstream reaches from Rio do Sul city is planned to lower the flood water level in the city 
due to its backwater effect, resulting in an increase of the current flow capacity in the city. 
Figure 5.4.16 presents the relationship between the width of river widening in the downstream 
reaches and the expected increase of flow capacity in Rio do Sul city. As indicated in this figure, 
it is necessary to widen the river channel by 26 m to increase the current flow capacity by 180 
m3/sec, which is equivalent to the lack of flow capacity against the 10-year flood.  
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Source: JICA Survey Team 

Figure 5.4.16  Relationship between Width of River Widening in the Downstream Reaches 
and Expected Increase of Flow Capacity in Rio do Sul City 

4)  Comparison result of alternatives 

As a result of comparison of three alternatives above, flood control plan by basin storage (small 
dam) is apparently advantageous from the following factors: 

(1) The retarding basin plan needs a large scale of excavation.  The required cost of such 
excavation is extremely high associating the issues of spoil bank areas. Moreover, it might 
be difficult to acquire the extensive area for retarding basin as large as around 523 ha. 

(2) The river widening plan requires huge excavation volume of 2,600,000m3, resulting in a 
high construction cost. There is also the problem of spoil bank areas for excavated 
materials. 

(3) The plan of 5 small dams would create the storage volume of approximately 28,000.000m3 
with provision of agricultural use of the stored water, allowing to store a great volume of 
water with a relatively low cost. 

e.  Itajai Mirim River and Itajai River mainstream near Itajai city 

1)  Itajai Mirim River 

Same as the plan for the 5-year flood, the two flood gates with partial dyke was proposed. The 
general features are shown in Table 5.4.4. 

2)  Itajai River mainstream 

Figure 5.4.17 shows the river stretches of less flow capacity against the 10-year flood in the 
lower reaches of Itajai River. Comparative study was carried out for two alternatives for the less 
flow capacity stretches; the “lateral dyke (only on the right bank to protect Itajai city)” and a 
“new floodway”. As indicated in the comparison result of Table 5.4.7, the lateral dyke plan is 
advantageous in view of the required cost. In case of the lateral dyke, natural retarding effect in 
the inundation area on the left bank from the federal highway BR-101 to Navegantes city and 
thus no negative impact to the upstream stretches might occur because no flood water level 
might increase due to the lateral dyke. 

 

 



Preparatory Survey for the Project on Disaster Prevention and Final Report 
Mitigation Measures for the Itajai River Basin  Supporting Report Annex B 

Nippon Koei Co., Ltd.  November 2011 
B - 44 

 

 

 

 

 

 

 

 

 

 

Source: JICA Survey Team 

Figure 5.4.17  River Stretche of Less Flow Capacity along the Itajai River for the 10-year Flood 

Table 5.4.7  Comparison of Flood Control Alternatives in the Itajai River Mainstream for the 
10-year Flood near Itajai City 

Aspect Lateral Dyke New Floodway 

Outline 

To install the lateral dyke on the right bank 
to protect Itajaí city and to preserve the left 
bank as retarding basin 

To install a new floodway immediately 
downstream of BR-101 to divert the discharge 
exceeding the flow capacity directly the sea in 
Navegantes city 

Project Cost 

Construction cost and land acquisition 
cost: R$ 171,000,000. 
The land acquisition cost in the urban area 
is high, but the project cost is smaller than 
the floodway. 

Construction cost and land acquisition cost: 
R$ 273,000,000. 
As a diversion weir is required on the Itajaí 
river to regulate the discharge in the Itajaí 
river, the project cost becomes huge. 

Impact to Social 
Environment 

Large impact because of relocation of 
residences in the urban area 

Large impact because of separation of 
Navegantes city by the floodway 

Impact to Natural 
Environment 

No significant impact might occur. Significant impact might occur. Many impacts 
such as sedimentation at the outlet and the salt 
water intrusion shall be studied. 

Evaluation 

Despite large social impact, it is more 
advantageous than the floodway plan from 
the cost and natural environment points of 
view. 

It is inferior to the lateral dyke plan from the 
cost and natural environmental impact points 
of view. 

Source: JICA Survey Team 

(4)  Flood Discharge after the Proposed Plan 

Figure 5.4.18 shows the distribution of 10-year flood discharges after implementation of the 
proposed flood control plan above. It is to be noted that the flood discharges in the figure is 
based on the conditions that the existing wide flood plain along the Itajai River from Gaspar to 
Itajai cities is preserved without any development.  

Less flow capacity 
stretch (yellow line) 
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Source: JICA Survey Team 

Figure 5.4.18  Distribution of 10-year Flood Discharge and Flow Capacity by City  
for Flood Control Plan 

5.4.3 Protection for the 25-year Flood 

(1)  Flood Discharge and Flow Capacity 

Figure 5.4.19 shows the distribution of 25-year flood discharge and flow capacity at major cities 
under the present condition. As indicated in the figure, cities having smaller flow capacity than 
the 25-year flood discharge are Taio, Rio do Sul (Itajai River mainstream, Itajai do Oeste and 
Itajai do Sul Rivers), Timbó, Blumenau, Ilhota, and Itajai cities (Itajai River mainstream and 
Itajai Mirim River). 

(2)  Basic Approach for Planning 

Same as the flood control planning for the 10-year flood, priority is given to the alternative 
measures in river basin such as water storage in paddy fields and basin storage (small dam), 
followed by effective utilization of the existing flood control dams.  

The flood inflow from remnant river basin other than the drainage area of Oeste dam exceeds the 
flow capacity in Taió city. Therefore, it becomes necessary to store in remnant basin or to widen 
the existing river channel in Taió city together with heightening of the Oeste dam. As for Rio do 
Sul city, addition of small dam and river improvement are considered for the comparative study. 

Even though the pre-releasing of two hydropower generation dams is provided, Timbó city 
would still continue with insufficiency of 240m3/s in its flow capacity. However, as insufficiency 
might be in the limited river stretch in the city, partial river improvement is to be conceived. 

(3) Flood Control Planning 

Same as the proposed plan for the 10-year flood, water storage in paddy field and pre-releasing 
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of two hydropower generation dams are incorporated into the plan for the 25-year flood. Other 
flood control measures are outlined below. The content of the study is detailed in the Supporting 
Report on Flood Mitigation Plan. 

 
Source: JICA Survey Team 

Figure 5.4.19  Distribution of 25-year Flood Discharge and Flow Capacity by City 
 under Present Condition 

a.  Change of the current dam operation method at the Sul dam 

As shown in Figure 5.4.20, the 25-year flood is able to be controlled with full opening of gates 
when the flood inflow exceeds 300 m3/sec. No overflowing from the river has occurred in Rio 
do Sul city when the Sul dam released 300 m3/sec. 
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Source: JICA Survey Team 

Figure 5.4.20  Proposed Dam Operation against the 25-year Flood at Sul Dam 
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b.  Heightening and change of the current dam operation method at the Oeste dam 

The Oeste dam is proposed to be heightened by 2 m to increase flood control capacity. The capacity 
will be increased by approximately 16,200,000m3. Figure 5.4.21 shows the dam operation against 
the 25-year flood. When the flood inflow exceeds 400 m3/sec, all the gates shall be closed in order.  
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Figure 5.4.21  Proposed Dam Operation against the 25-year Flood at Oeste Dam 

 

 

 

 

 

 

 

 

Source: JICA Survey Team 

Figure 5.4.22  Diagram of Heightening Oeste Dam 

c.  River improvement in Taió and Timbó cities 

For both cities, river improvement is proposed considering that they are relatively small cities 
and river improvement might be possible without any relocation of residents. As for Taió city, 
river widening was proposed because of gentle riverbed slope. The current flow capacity would 
be increased 490 m3/s from 440 m3/s.  

The Rio dos Cedros River joins the Benedit River in Timbó city. The current flow capacity 
downstream of the confluence is 860m3/s, which is smaller than the 25-year flood discharge of 
1200 m3/s. Beside, the flow capacity of the Rio dos Cedros River in Timbó city is around 450 m3/s 
less than the he 25-year flood discharge of 590m3/s. However, since only partial portions of river 
stretches have insufficient flow capacity, where the river bank elevation is relatively low, partial 
river improvement by embankment was planned as illustrated below. 
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Source: JICA Survey Team 

Figure 5.4.23 Diagram of River Improvement in Taio City 
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Source: JICA Survey Team 

Figure 5.4.24  Diagram of River Improvement in Taio City (for 25-year flood) 

 

 

 

 

Source：JICA Survey Team 

Figure 5.4.25  Image of River Improvement in Timbo City 
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Figure 5.4.26 Required Ground Elevation at Right Bank of Section BE03 
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Figure 5.4.27  Required Ground Elevation at Left Bank of Section BE04 

d.  Flood control measures in Rio do Sul City 

The proposed measures for Rio do Sul city is the combination of basin storage (small dams) and 
river widening. Due to delay of the ongoing topographical mapping, seven small dams are 
proposed in maximum having a total storage capacity of 41 million m3. The location map of 
candidate basins for small dam is shown in Figure 5.4.28. As a result of flood runoff analysis, 
the 25-year flood discharge becomes 1,300 m3/s in Rio do Sul city. Therefore, river 
improvement was studied to increase the current flow capacity of 1,220 m3/s by 80 m3/s. Along 
this line, two alternatives are compared as summarized in Table 5.4.10, which are the same 
alternatives as for the 10-year flood. As a result, flood control by river widening of the 
downstream reaches is concluded to be advantageous in view of the required cost and less social 
impacts. 



Preparatory Survey for the Project on Disaster Prevention and Final Report 
Mitigation Measures for the Itajai River Basin  Supporting Report Annex B 

Nippon Koei Co., Ltd.  November 2011 
B - 50 

 

Rio Do Sul

Norte Dam

Oeste Dam

Sul Dam 

Ribeirao Braco Do Trombudo 

C.A.=117km2 

Rio Trombudo 

C.A.=294km2 

Rio Das Pombas 

Rio Perimbo 

Rio Taio 

 
Source: JICA Survey Team 

Figure 5.4.28  Location Map of Small Dams（25-year Flood Level） 

Table 5.4.8  Required Volume of Small Dams for Flood Prevention in Rio do Sul (25-year flood) 
Basin River Required Volume Location 

Itajai do Oeste 

Trombudo River 24,900,000 m3 Trombudo Central、Agrolandia 

Braco do Trombudo River 9,900,000 m3 Braco do Trombudo 

Rio das Pombas River 34,800,000 m3 Pouso Redondo 

Taio River 6,000,000 m3 Taio、Mirim Doce 

Itajai do Sul Perimbo River 7,000,000 m3 Ituporanga、Petrolandia 

Total 82.600,000 m3  
Source: JICA Survey Team 

Table 5.4.9 Proposed Small Dams for Flood Mitigation in Rio do Sul (25-year flood) 
Location 

Perimbo River 
(1 site) 

Trombudo River 
(2 site) 

Braco do Trombudo 
River (1 site) 

Rio Das Pombas 
River (2 site) 

Taio River 
(1 site) 

Catchment 
Area 

372 km2 294 km2 117 km2 315 km2 528 km2 

Total 
Volume 

7,035,000 m3 11,160,000 m3 4,420,000 m3 11,970,000 m3 6,006,000 m3 

Source: JICA Survey Team 

Table 5.4.10  Comparison of Flood Control Alternatives in Rio do Sul City for the 25-year Flood 
Aspect River Widening of Downstream Reaches Dyke 

Outline 
To enlarge the current river channel by 10 m (see 
Figure 5.4.12) in the downstream reaches to lower 
the flood water level in Rio do Sul city. 

To install 1.6 m high dykes on both banks to increase 
the current flow capacity in Rio do Sul city 

Layout 

Project Cost 

Construction cost and land acquisition cost: 
R$ 154,000,000. 
Although the construction cost is high, but the land 
acquisition cost for unpopulated area and project cost 
are smaller than the dykes in Rio do Sul city. 

Construction cost and land acquisition cost: 
R$ 169,000,000. 
Although the construction cost is smaller than the river 
widening, but the land acquisition cost for the populated 
urban area and project cost are higher than the river 
widening. 

Social 
Environmental 
Impact  

Relatively smaller impacts, because the river 
widening is proposed in agricultural land 

Large impacts, because of required relocation of many 
residences in the populated urban area  

Natural 
Environmental 
Impact 

No significant impacts, but the excavated earth 
materials shall be properly disposed 

No significant impacts. 

Influence on the 
Flood Condition 

River widening might increase river velocity in Rio 
do Sul city and flood discharge in downstream 
reaches, but from the aspect of basin-wide flood 
control, flood discharge in the downstream cities is 

Flood water level will increase because of the confined 
dykes in both sides, and it is necessary to be careful not 
to contribute to flooding in the stretches with sufficient 
flow capacity. 
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substantially decreased by the effect of small dams 
and change of flood control dam operations. 

Evaluation 
It is more advantageous than the dyke plan from the 
cost and social environmental impact points of view. 

It is inferior to the river widening plan from the cost and 
social environmental impact points of view 

Source: JICA Survey Team 

e.  Flood control measures in Ilhota City 

As the flood inundation area spreading from Itajai city (BR 101) to Gaspar city is unprotected as 
a natural retarding basin, ring dyke is proposed to protect Ilhota city from flood inundation. 

f.  Itajai Mirim River and Itajai River mainstream near Itajai city 

Same as the plan for the 10-year flood, two flood gates with partial dyke was proposed in the Itajai 
Mirim River. The general features are shown in Table 5.4.4. As for the Itajai River mainstream, the 
lateral dyke plan is proposed compared to the floodway in view of the required cost and natural 
environmental impacts.  

(4)  Flood Discharge after the Proposed Plan 

Figure 5.4.29 shows the distribution of 25-year flood discharges after implementation of the 
proposed flood control plan above.  

 
Source: JICA Survey Team 

Figure 5.4.29  Distribution of 25-year Flood Discharge and Flow Capacity 
 by City for Flood Control Plan 

5.4.4 Protection for the 50-year Flood 

(1)  Flood Discharge and Flow Capacity 

Figure 5.4.30 shows the distribution of 25-year flood discharge and flow capacity at major cities 
under the present condition. As indicated in the figure, t6he current flow capacities in almost all 
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cities along the Itajai River having are smaller than the 50-year flood discharge. 

(2)  Basic Approach for Planning 

Even though river basin measures such as water storage in paddy fields, basin storage (small 
dam), effective utilization of the existing flood control dams are provided, it is difficult in Rio 
do Sul, Taió, Timbó Blumenau, and Itajai cities to control the 50-year flood discharges smaller 
than the current flow capacity. Therefore, river improvement such as river widening, dyke and 
floodway are added to the alternatives for comparative study. In addition, a new flood control 
dam is considered to decrease the 50-year flood discharge in Brusque city.  
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Source: JICA Survey Team 

Figure 5.4.30  Distribution of 50-year Flood Discharge and Flow Capacity 
by City under Present Condition 

(3) Flood Control Planning 

Same as the proposed plan for the 25-year flood, water storage in paddy field, pre-releasing of 
two hydropower dams and 7 small dams are incorporated into the plan for the 50-year flood. 
Other flood control measures are outlined below. 

a.  Heightening of the Sul dam 

The crest of existing spillway is proposed to be heightened by 2 m. Due to the heightening, the 
storage capacity of the Sul dam would be increased to be 110 million m3. As shown in Figure 
5.4.31, the 50-year flood is able to be controlled with full opening of gates when the flood 
inflow exceeds 300 m3/sec. The stored water volume will be 107.9 million m3. 
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Figure 5.4.31  Proposed Dam Operation against the 50-year Flood at Sul Dam 

 

 

 

 

 

 

Source: JICA Survey Team 

Figure 5.4.32 Diagram of Heightening Spillway of Sul Dam 

b.  Heightening of the Oeste dam 

The Oeste dam is proposed to be heightened by 2 m. Due to the heightening, the storage capacity 
would be increased to be 99.3 million m3. As shown in Figure 5.4.33, the 50-year flood is able to be 
controlled with full opening of gates when the flood inflow exceeds 700 m3/sec. The stored water 
volume will be 99.0 million m3. 
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Figure 5.4.33  Proposed Dam Operation against the 50-year Flood at Oeste Dam 
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c.  Flood control measures in Rio do Sul, Taió, Timbó cities 

Same as the 25-year flood control plan, two alternatives are compared for Rio do Sul, Taió, 
Timbó cities. Table 5.4.11 shows the comparative study result for Rio do Sul city. It is 
concluded that flood control by dyke is advantageous in view of the required cost. The same 
results were obtained for both Taió and Timbó cities.  

Table 5.4.11  Comparison of Flood Control Alternatives in Rio do Sul City for the 50-year Flood 
Aspect River Widening of Downstream Reaches Dyke 

Outline  

To enlarge the current river channel by 40 
m (see Figure 5.4.12) in the downstream 
reaches to lower the flood water level in 
Rio do Sul city. 

To install 2.2 m high dykes on both banks to 
increase the current flow capacity in Rio do Sul 
city 

Project Cost 

Construction cost and land acquisition cost: 
R$ 616,000,000. 
Due to huge excavation volume, the project 
cost will significantly increase compared to 
the dyke plan. 

Construction cost and land acquisition cost: 
R$ 246,000,000. 
Although land condemnation in the urban area is 
necessary, the project cost will be far smaller 
than the river widening plan due to small work 
volume for embankment. 

Evaluation 
It is inferior to the dyke construction plan 
from the aspect of required cost. 

It is more advantageous than the river widening 
plan from the aspect of required cost. 

Source: JICA Survey Team 

d.  Flood control measures in Blumenau city 

The 50-year discharge in Gaspar city will be reduced to be 4,900m3/s with provision of the 
basin measures such as water storage in paddy fields, small dam, effective utilization of the 
existing flood control dams, and heightening of two flood control dams, which is smaller than 
the current flow capacity. Therefore, no measures might be necessary in Gaspar city. 

On the other hand, although the 50-year discharge in Blumenau city will be reduced to be 
4,790m3/s with provision of the same basin measures above, the current flow capacity is still 
insufficient in around 600 m3/s. Two alternatives; i) river improvement with provision of 
composite river section and ii) a new flood control dam in the Benedit River were compared. As 
summarized in Table 5.4.12, composite river section was proposed in Blumenau city. 

Table 5.4.12  Comparison of Flood Control Alternatives in Blumenau City for the 50-year Flood 
Aspect Composite River Section New Flood Control Dam 

Outline 

To widen the river channel with provision 
of composite section and adopt APP to 
high water channel (see Figure 5.3.2). The 
existing road on the left bank is heightened 
by approximately 1.0 m used as dyke. 

To construct two new flood control dams; one 
is a 46 m high dam in the upstream Benedito 
River and the other is a 34 m high dam in the 
upstream Rio dos Cedros River  

Project Cost 

Construction cost and land acquisition 
cost: R$ 163,000,000. 
Although heightening cost of the existing 
road is very small, land condemnation cost 
in the urban area is high. However the 
project cost will be smaller than the dam 
construction plan. 

Construction cost and land acquisition cost: 
R$ 205,000,000. 
The project cost is very high, including land 
acquisition cost. 

Social Environmental 
Impact  

Large impacts, because of the required 
relocation of many residences on the left 
bank in the urban area of Blumenau city. 

Relatively small impacts with reallocation of 
several residences in the Rio dos Cedros River 

Natural 
Environmental 
Impact 

No significant impacts. Because of the construction of new dam in two 
locations, there will be natural environmental 
impacts to the reservoir area to be inundated. 

Flood Control Effect 
The current flow capacity can be increased 
to the design discharge for the 50-year 

Despite construction of two dams, the design 
discharge will be decreased to be 4400m3/s, 
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flood. exceeding the flow capacity. Therefore, it is not 
completely solving the problem (it becomes 
necessary to combine with river improvement, 
requiring additionally more cost). 

Evaluation 
It is more advantageous than the new flood 
control dam plan in terms of the cost and 
the expected flood control effect. 

It is inferior in relation to the cost. It is not 
capable to fully control the 50-year flood only 
by flood control dams. 

Source: JICA Survey Team 

e.  Flood control measures in Ilohota city 

Same as the 25-year flood control plan, ring dyke is proposed. 

f.  Itjai River mainstream (Itajai city) 

Although the lateral dyke plan on the right bank is proposed for both the 10-year and 25-year 
flood protection levels, it becomes necessary to provide further the dyke in the urban area on the 
left bank in Nevegantes city, increasing the cost and associating significant impacts on the 
social environments. For the 50-year flood protection level, the plan of dyke on the both banks 
was compared to the plan of a new floodway as summarized in Table 5.4.13. As shown in this 
table, the floodway plan to the contrary was concluded advantageous because of less land 
acquisition cost in the urban area. Therefore, the floodway plan was proposed for the 50-year 
flood to protect Itajai city. The layout plan is shown in Figure 5.4.34. 

Table 5.4.13  Comparison of Flood Control Alternatives in the Itajai River Mainstream for the 
50-year Flood near Itajai City 

Aspect Dyke Floodway 

Outline 

To install dykes both on the left bank (Itajaí 
city) and right bank (Navegantes city) along 
the main course of Itajaí River. 

To install a new floodway immediately 
downstream of BR-101 to divert the discharge 
exceeding the flow capacity directly the sea in 
Navegantes city. 

Project Cost 

Construction cost:   R$ 23,000,000 
Land acquisition cost:   R$ 449,000,000 
Total cost:    R$ 472,000,000 
Due to huge land acquisition cost in the 
urban area, the project cost becomes more 
expensive than the floodway plan. 

Construction cost:   R$ 25,000,000 
Land acquisition cost:   R$ 425,000,000 
Total cost:    R$ 450,000,000 
Although the construction cost is high, the land 
acquisition cost is smaller. Due to this, the 
floodway plan is more advantageous than the 
dyke plan. 

Social 
Environmental 
Impact  

Significant impacts, because of the required 
relocation of many residences on both 
banks in the urban areas of two cities.  

Significant impacts, because of separation of 
Navegantes city by the floodway.  

Natural 
Environmental 
Impact 

No significant impacts. Environmental impacts shall be subject to 
assessment on sediment deposition at the 
floodway outlet, changes of coastal line, and see 
water intrusion along the floodway. 

Evaluation 

It is inferior to the floodway plan from the 
cost and social environmental impacts point 
of view. 

It is advantageous from the cost and social 
environmental impacts point of view. However, 
it is necessary to assess various natural 
environmental impacts in detail. 

 Source: JICA Survey Team 

Table 5.4.14 Outline of Floodway for 50-year flood 
Facilities Item Specification Remarks 

Floodway Extention of channel 9.0 km Except jetty (1.0 km) 

Gradient of river bed 1/6000  

Width of river bed 50.0 m  

Design depth 11.5 m  
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Slope of river bank 1:2.0  

Weir  
(with gates) 

Total Length 250 m  

Height of Weir 27 m Except gate control house 

Gate number 8gates  

Gate size W20m x H9m  

New Itajai 
River 

Extention of channel 1.7km  

Width of river bed 150m～190m  

Bridge Bridge number 6 bridges Crossings of existing roads 
Source: JICA Survey Team 

 

 

 

 

 

 

 

 

 

 

 

Source: JICA Survey Team 

Figure 5.4.34  Layout Plan of Floodway and Design Flood Discharge 

f.  Itajai Mirim River and Itajai River mainstream near Itajai city 

Same as the 25-year flood level, two 
flood gates with partial dyke was 
proposed in the Itajai Mirim River. The 
general features are shown in Table 
5.4.4. However, the 50-year flood 
discharge might overflow the Canal 
due to the concentration of flood water 
by the closure of flood gates. Further, 
the current flow capacity in Brusque 
city is insufficient to pass the 50-year 
flood. To solve these problems 
simultaneously, a flood control dam is 
planned in the upstream Itajaí Mirim 
River (mountainous area in Botuverá 
city) to decrease the 50-year discharges 
in Brusque city and in the Canal in 
Itajaí city.  

 

Diversion Weir

Floodway 

1600m3/s 

Itajai River 

2200m3/s 

Source: JICA Survey Team

Figure 5.4.35  Proposed Site of New Flood Control 
Dam in Upper Itajai Mirim River 

Dam Site 



Preparatory Survey for the Project on Disaster Prevention and Final Report 
Mitigation Measures for the Itajai River Basin  Supporting Report Annex B 

Nippon Koei Co., Ltd.  November 2011 
B - 57 

Table 5.4.15  General Features of New Flood Control Dam in the Itajaí Mirim River for 
50-year Flood 

Plan Item Feature Remarks 
Catchment area 630 km2 Upstream river of Botuvera city 
Maximum inflow discharge 370 m3/s  
Maximum outflow discharge 250 m3/s Regulating discharge: 120m3/s 
Flood control volume 15,700,000m3  
Dam height 34.2 m  

Source: JICA Survey Team 

(4)  Flood Discharge after the Proposed Plan 

Figure 5.4.36 shows the distribution of 50-year flood discharges after implementation of the 
proposed flood control plan above.  
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Source: JICA Survey Team 

Figure 5.4.36  Distribution of 50-year Flood Discharge and Flow Capacity by City for Flood 
Control Plan 

5.4.5 Flood Control Measures in Urban Rivers (Garcia and Velha Rivers) 

(1)  Flood Discharge and Flow Capacity 

The Garcia and Velha Rivers flow down in the urban area of Blumenau city and join the Itajaí 
River. These rivers are small tributary rivers having drainage areas of 163.3 km2 for the Garcia 
River and 52.9 km2 for the Velha River. Riverbed slope of these rivers is steep compared to that 
of Itajai River (approximately 1/200 to 1/600 in the Garcia River). In recent years, the “flush 
flood” has been highlighted in such urban rivers. The flush flood is sudden and violent rising of 
river water level and runoff caused by localized torrential rainfall, of which mud flow 
containing some sediments and debris flow are included. 
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According to various interviews in cities as Blumenau, the flush flood caused in the November 
2008 flood brought about huge damages including much sediments caused by slope collapses 
and landslides, which were triggered by localized heavy rainfall over the fully saturated ground 
with the antecedent rainfalls. It is generally said that such debris and sediment flows are very 
difficult to be controlled by means of conventional structural measures. In this respect, 
introduction of flush flood alert system is desirable giving top priority to human lives. This 
system is proposed in the succeeding Supporting Report C.  

As many residences have been built near the banks of Garcia and Velha Rivers, the cross section 
of river channel are small with insufficient flow capacity, causing frequent flooding by normal 
flood (however, a sharp flood because of narrow watershed and steep river gradient). In this 
section, conventional river channel improvement plan was studied based on the evaluation of 
various water levels by probable floods.  

(2)  Probable Flood Discharges 

Although the duration of design rainfall was set at 4 days for flood runoff analysis to estimate 
probable flood discharges along the mainstream of Itajai River and its main tributaries 
considering the characteristics of rainfall of past flood events, probable flood discharges for 
both the Garcia and Velha Rivers were estimated through flood runoff analysis based on the 
results of frequency analysis on 1-day rainfall in Blumenau city, where localized heavy rainfall 
with short duration is predominant for urban rivers as mentioned above. Table 5.4.16 
summarizes the estimated probable flood discharges together with probable 1-day rainfalls. 

Table 5.4.16  Probable Rainfalls and Discharges in Garcia and Velha Rivers 
Flood Level 5-year 10-year 25-year 50-year 

Probable 1-day Rainfall 113 mm 135 mm 168 mm 190 mm 

Garcia River 320 m3/s 390 m3/s 490 m3/s 550 m3/s 

Velha River 140 m3/s 170 m3/s 210 m3/s 240 m3/s 
Source: JICA Survey Team 

(3)  Proposed Flood Control Measures 

As for the flood control measures for both rivers, water storage in reservoirs is almost 
impossible because of many residential houses along the rivers and existence of the National 
Park therein. Besides, absence of flat lands makes it difficult to provide retarding basins. 
Moreover, due to the backwater from the Itajai River, it might be difficult to increase the current 
flow capacity by widening of the Garcia River near the confluence with the Itajai River. 
Therefore, embankment in the river stretches with insufficient bank elevation is proposed to 
increase the flow capacity.  

On the other hand, embankment is not appropriate in the middle reaches of both rivers, where 
both rivers flow down in hilly area with relatively steep gradient and meanderings, considering 
the existence of some flow velocity and water colliding portions of the river channel. Therefore, 
expansion of the river area is proposed by adopting APP in such river stretches, forming the 
high water channel by slightly lowering the bank elevation by means of excavation. Table 
5.4.17 presents the proposed measures by flood protection level. The study details are described 
in the Supporting Report on Flood Mitigation Plan. 

Table 5.4.17  List of Flood Controls for Garcia and Velha Rivers 

River River 
Section  Method Bank Elevation 

 (EL. m) 
Dyke Height/APP Width (m) 

5-year 10-year 25-year 50-year 
Garcia 
River 

GA01 Dyke - - - - 1.0 – 1.5 
GA02 Dyke - - - 1.5 – 2.0 2.5 – 3.0 
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River River 
Section  Method Bank Elevation 

 (EL. m) 
Dyke Height/APP Width (m) 

5-year 10-year 25-year 50-year 
GA03 Dyke - - - 1.0 – 1.5 2.0 – 2.5 
GA06 APP 29.0  15 20 25 
GA07 APP 60.0 20 30 45 55 

Velha 
River 

VE04 APP 13.5 5 10 20 35 
VE05 APP 15.0 5 25 30 30 

Source: JICA Survey Team 

Table 5.4.18 Calculated Water Level in Garcia River 

Riverbed Leftbank Rightbank 5-year 10-year 25-year 50-year
GA01 0.00 -0.17 12.48 11.14 8.03 9.04 10.58 11.57
GA02 0.55 0.89 13.57 9.70 8.27 9.26 10.78 11.76
GA03 1.25 1.87 10.20 10.33 8.38 9.33 10.87 11.80
GA04 1.51 2.06 16.81 12.44 8.51 9.42 10.95 11.84
GA05 2.66 4.07 13.34 15.27 9.96 10.64 11.69 12.50
GA06 9.35 27.32 31.29 31.29 31.12 31.61 31.93 32.12
GA07 14.61 58.83 61.95 66.09 62.54 62.77 63.10 63.26

Water Elevation (m)
Section

Distance
(km)

Ground Elevation (m)

 
Remark: highlighted water levels are higher than riverbank elevation 
Source: JICA Survey Team 

Table 5.4.19  Calculated Water Level in Velha River 

Riverbed Leftbank Rightbank 5-year 10-year 25-year 50-year
VE01 0.00 0.35 20.53 15.10 8.32 9.32 10.74 11.84
VE02 0.44 2.12 9.80 11.08 8.36 9.35 10.77 11.86
VE03 1.74 4.07 22.76 11.83 8.97 9.76 10.92 11.94
VE04 5.04 11.33 15.43 15.54 15.86 15.96 16.09 16.22
VE05 5.53 13.07 16.91 19.64 17.31 17.49 17.69 17.77

Section
Distance

(km)
Ground Elevation (m) Water Elevation (m)

 
Remark: highlighted water levels are higher than riverbank elevation 
Source: JICA Survey Team 
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CHAPTER 6 SELECTION OF PRIORITY PROJECTS FOR THE 
FEASIBILITY STUDY 

 

6.1 Selection of Priority Projects for Flood Mitigation Measures 

6.1.1 Background for Selection of Flood Safety Level 

The first phase of the current Preparatory Survey ended on 18th December 2010, with the 
creation of the Disaster Mitigation Master Plan and submission of the Interim Report. On the 
10th and 13th December 2010, presentations were made to the Santa Catarina State Government 
and the priority projects were discussed with the financing possibilities by the JICA. 

The flood safety level, which is the focus of the Master Plan for prevention and mitigation 
measures for flood disasters, is generally represented in terms of the occurrence probability and 
return period by years for floods. The flood safety level in Brazil is not established according to 
the importance of the river and the management of water resources, including flood control. It 
would be established by the committees of each basin, in accordance with law No. 9,433 
(January 8, 1997). In the objective of the current Survey, it is mentioned that the team will 
create three protection levels of flood plans. In other words, measures for a flood to be occurred 
once in 5, 10 and 25 years (hereinafter call the “25-year flood). However, the 50-year flood 
study has also been solicited as a part of the flood plan study. 

After an exchange of opinions and interviews with various government institutions, universities 
and the Itajai River Basin Committee, the regions for flood prevention were selected and the 
Master Plan was formulated with the goal for each flood plan: 5, 10, 25 and 50-year flood. 

Between the 16th and 18th of November 2010, the State Government held a public audience 
(Itajaí, Blumenau and Rio do Sul). On the 29th November 2010, the counterpart meeting was 
held for the commission of government representatives to plan the execution of the 50-year 
flood plan as the final goal in the Itajaí River basin. 

6.1.2  Summary of the Flood Mitigation Plan for 50-year Safety Level 

(1) Resolution No. 40 of Itajaí River Basin Committee 

Basic strategy for formulating a flood mitigation master plan (described in Section 4.3) and the 
selected regions for protection against flooding (described in Section 5.2) were explained to the 
Itajaí River Basin Committee on July 28th 2010, as well as to the Technical Chamber for 
Disaster Prevention on August 11th. And finally, it was the subject of discussion at the Itajaí 
River Basin Committee general assembly on September 23rd. It was approved in Resolution No. 
40 on October 7th 2010. 

(2) Flood mitigation plan for the 50-year flood 

Under the 50-year flood level, main cities on the margins of the Itajaí River and the Itajaí Mirim 
River would be inundated. They are Taío, Rio do Sul, Ituporanga, Timbó Blumenau, Gaspar, 
Ilhota, Itajaí and Brusque cities. The proposed main measures of 50-year flood mitigation plan 
are as follows: 

i) As the basin storage measures, water storage in paddy fields (total of 22,000 ha) and basin 
storage (small dams) in micro-basin along the upper and middle reaches of the Itajai River 
(total of 41 million m3), heightening the Sul and Oeste dams (2 meters each) and the 
pre-releasing of water in reservoir at the CELESC hydroelectric dams (4.9 million m3) shall 
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be implemented. 

ii) As there is limitation of the basin storage measures for flood mitigation, it is necessary to 
provide dykes to increase the current flow capacity in Rio do Sul, Taió and Timbó cities. 
As well as in Blumenau city, it is necessary to utilize the permanent preservation areas 
(APP) on the river margins as the flood water channel. This margin can be utilized as park 
in usual time. The road along the river can work as dyke when flood comes. 

iii) In the city of Itajaí, identical measures will be adopted through installation of flood gates 
and dykes on the Itajaí Mirim River. However, on the Itajaí River a floodway will be built 
(from the downstream side of the BR-101 to Navegantes beach) which is economically 
advantageous compared to the construction of dykes.  

iv) On the Itajaí Mirim River, including Brusque city, the flow capacity is insufficient. It will 
be necessary to build new flood control dam on the upstream of Brusque city to solve these 
problems (flood control volume of 15.7 million m3). 

v) In the regions of Garcia and Velha streams which flow into the city of Blumenau, widening 
of river channel by excavation was proposed in the APP. At the confluence with the Itajaí 
River, dykes will be provided to avoid back water effect from the Itajaí River. 

vi) However, with a flush flood that includes landslides is difficult to adopt conventional flood 
control measures. So, an early warning system for landslides and flush flood will be 
introduced, giving priority to saving human life. 

Below, the project costs are demonstrated and a location map of the flood mitigation plan for 
50-year flood is outlined. 

Table 6.1.1  Project Cost for the 50-year Flood Mitigation Plan 

Plan for Measures 
Cost 

(R$103) 

Land Acquisition 
& Relocation 

(R$103) 
Rain water containment in rice fields (22,000 ha) 33,000 - 
Heightening of dams (Oeste and Sul dam) 33,000 - 
Basin Storage (Small dams) (7 places) 211,000 112,100 (53%) 
Flood gates in the old Itajaí Mirim canal (2 places) 1 44,000 - 
Floodway in Itajai and Navegantes cities: 10.9 km 593,000 29,400 (5%) 
New flood control dam in Itajaí Mirim river (1 dam) 95,000 15,900 (17%) 
Improvement of river channel in Taió: 3.7 km 114,000 54,000 (47%) 
Improvement of river channel in Rio do Sul: 8.2 km 268,000 205,200 (77%) 
Improvement of river channel in Timbó: 1.0 km 22,000 13,400 (61%) 
Improvement of Itajaí River channel in Blumenau: 15.8 km 267,000 231,000 (88%) 
Improvement of tributary channels in Blumenau: 7.0 km 196,000 171,500 (88%) 
Ring dyke in Ilhota: 8 km 70,000 61,500 (88%) 
Improvement of old Itajaí Mirim River channel: 0.95 km 50,000 32,200 (64%) 

Total 1,996,000 926,500 (46%) 
Source: JICA Survey Team 
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Source: JICA Survey Team 

Figure 6.1.1  Location Map of the Mitigation Plan for 50-year Flood 

(3) Summary of the plan for flood forecasting warning system (FFWS) 

Currently the FFWS is operated by FURB/CEOPS and its observation network is composed of 
15 stations with rainfall and water level gauges and 2 more stations with only rainfall gauges. 
With the intention to improve the accuracy of flood forecast, 13 more stations with rainfall and 
water level gauges as well as closed circuit cameras (CCTV) in Rio do Sul, Blumenau and Itajaí 
cities are proposed to strengthen the current FFWS. The implementation cost was estimated at 
around R$ 4 million. 

6.1.3 Step-wise Implementation of Mitigation Measures for 50-year Flood 

(1) Implementation strategy with the establishment of the priority level 

To achieve the safety level for 50-year flood in the Itajaí River basin, a lot of resources such as 
around R$ 2 billion and long period of implementation will be necessary. However, it is 
important to implement step-wise gradually increasing safety level according to priority level in 
combination with the non-structural measures (improvement of the existing FFWS)  

10-year flood level

25-year flood level

Goal: 50-years 
flood resistance

2011 2022 2030 2040 Year

Flood level
(security level)

 
Source: JICA Survey Team 

Figure 6.1.2  Image of Stage-wise Implementation of Flood Mitigation Plan 
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(2) Selection of priority projects for the first phase 

The target flood safety level for the first phase highly depends on the budget to be allocated by 
the State Government. However, it is possible to adopt the flood plan with a safety level for 
around the 10-year flood level as illustrated in Figure 6.1.2. 

Tables 6.1.2 and 6.1.3 summarize the components and general features of the plans for 
respective flood safety levels. It is important to note that respective plans were formulated 
independently. Especially, for both the 10 and 25-year flood plans, dyke construction on the 
right margin of the Itajaí River was proposed. However, for the 50-year flood plan a floodway 
was proposed instead of dykes. The construction of dykes on the right bank will not be 
implemented to avoid future conflict in the stage-wise implementation of the project. On the 
other hand, from the viewpoint of flood control, the floodway that is being proposed for the 
50-year flood plan also effects the 5, 10 and 25-year plans and the construction of the dyke 
becomes unnecessary. In conclusion, the floodway is proposed in the 2nd phase of 
implementation. 

As presented in Table 6.1.3, components of each plan are divided into two large categories of 
measures as basin storage and river improvement to better understanding for the Itajaí River 
Basin Committee and communities in the basin. The “basin storage” is water storage measures 
in the micro-basin and the “river improvement” is measures to increase the flow capacity by 
improvement of river channel. 

Table 6.1.2  Flood Mitigation Plans by Safety Level 
Measures Projects 5-years 10-years 25-years 50-years

Basin 

Storage 

Measures 

Water storage in paddy fields ✓ ✓ ✓ ✓ 

Basin Storage (Small dams) ✓ ✓ ✓ ✓ 

Heightening of the dam (Oeste dam)   ✓ ✓ 

Heightening of the spillway (Sul dam)    ✓ 

New flood control dam (Itajaí Mirim River)    ✓ 

Improve operation of Oeste and Sul dams ✓ ✓ ✓ ✓ 
Preventive discharge at the hydro-electric 
generation dams (2 dams) 

 ✓ ✓ ✓ 

River 

Improvement 

Measures 

Itajaí River, Rio do Sul city stretch   ✓ ✓ 

Itajaí do Oeste River, Taió city stretch   ✓ ✓ 

Benedito River, Timbó city stretch   ✓ ✓ 

Itajaí River, Blumenau city stretch     ✓ 

Ilhota city, ring dyke   ✓ ✓ 

Garcia and Velha Rivers, in Blumenau city ✓ ✓ ✓ ✓ 

Itajaí River improvement, in Itajaí city  ✓ ✓  

Floodway in Itajaí and Navegantes cities    ✓ 
Floodgates and river improvements for the 
Itajaí Mirim River in Itajaí city 

✓ ✓ ✓ ✓ 

Source: JICA Survey Team 

 

 

 

 

 

 



Preparatory Survey for the Project on Disaster Prevention and Final Report 
Mitigation Measures for the Itajai River Basin  Supporting Report Annex B 

Nippon Koei Co., Ltd.  November 2011 
B - 64 

Table 6.1.3  Components of Flood Mitigation Plans by Safety Level 
Measures Projects 5 years 10 years 25 years 50 years 

Basin 
Storage 

Measures 

Containment of water in rice 
fields 

22,000 ha 22,000 ha 22,000 ha 22,000 ha 

Basin Storage (Small dams) 2 units 5 units 7 units 7 units 
Heightening of the dam (Oeste 
dam) 

  2 m 2 m 

Heightening of the spillway 
(Sul dam) 

   2 m 

New flood control dam (Itajaí 
Mirim river) 

   1 unit 

Improve operation and 
functioning of dams (2 dams) 

2 dams 2 dams 2 dams 2 dams 

Preventive discharge at the 
hydro-electric generation dams  
(2 dams) 

 2 dams 2 dams 2 dams 

River 
Improvement 

Measures 

Itajaí river, Rio do Sul city 
stretch 

  Excavation 10.3 
km 

Dykes 8.1 km 

Itajaí de Oeste river, Taió city 
stretch 

  Excavation 3.7 km Dykes 3.7 km 

Benedito river, Timbó city 
stretch 

  
Excavation 1 km Dykes 1 km 

Itajaí river, Blumenau city 
stretch  

  
 Dykes 15.8 km 

Ilhota city, ring dykes   8 m 8 km 
Garcia and Velha streams, in 
Blumenau city 

Excavation 
/Dyke 7.0 km 

Excavation 
/Dyke 7.0 km 

Excavation /Dyke 
7.0 km 

Excavation /Dyke 
7.0 km 

Itajaí river in the Itajaí city  Dykes 
 12.8 km 

Dykes 
 12.8 km 

 

Floodway in Itajaí/Navegantes 
cities 

   10.9km 

Floodgates and flow 
improvements for the Itajaí 
Mirim river in Itajaí city 

2 floodgates 
and 0.95 km 

dykes 

2 floodgates 
and 0.95 km 

dykes 

2 floodgates and 
0.95 km dykes 

2 floodgates and 
0.95 km dykes 

Source: JICA Survey Team 

For choosing the priority projects for the first phase, the following should be considered: 

i) It is important for making consensus for implementation to incorporate mind of Itajai River 
Basin Committee, which is responsible to suggest for water resources development plans 
and the water resources management in the Itajai River. As the development of water 
storage in paddy fields and basin storage (small dams) in micro-basin is proposed in the 
Water Resource Management Master Plan, this agrees with the intention of Itajai River 
Basin Committee. Therefore, basin storage measures have high priority. 

ii) The goal of flood safety level is for the 50-year flood and thus the first phase of 
implementation is of provisional to the goal. It takes long time to realize the target safety 
level, and therefore the flood protection level is forced to be low until realization of the 
master plan for the 50-year flood. In this sense, strengthening of the existing flood 
forecasting and warning system (FFWS) is given high priority to alleviate flood damages 
and to avoid human losses by floods. 

iii) The cities where the flood protection measure is urgently necessary are: Rio do Sul, 
Blumenau along two urban streams (Garcia and Velha Rivers) and Itajaí.  

iv) Heightening of the existing flood control dams will become necessary for the 25-year flood 
mitigation plan. Both dams are able to control smaller with full closure of the gates. 
However, this gate operation increases the risk of overflowing of the spillway. Heightening 
of the dams will be necessary to reduce risk of overflowing in the first phase of 
implementation.  

v) The floodway will solve flooding problems in Itajaí city drastically. However, it is 
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necessary to evaluate the diverse problems such as sedimentation within the floodway 
channel and on the Navegantes beach and environmental degradation caused by salt 
intrusion. The urgency level is high, although, more time is necessary to analyze the 
solutions from environmental aspect. And it is necessary to consider the usage of the 
floodway in usual condition. 

vi) In the old Itajaí Mirim River, the current flow capacity is insufficent. Even with smaller 
floods than the 5-year flood, flooding occurs frequently. So, the urgency level for adoption 
of flood mitigation measure is high. 

vii) The Garcia and Velha Rivers in Blumenau city are typical urban rivers with high 
residential concentrations on their margins. The cost of land acquisition and relocation of 
the existing population represents 97% of the total river improvement costs for the 5 year 
flood mitigation plan and 89% of the costs for the 10-year flood mitigation plan. Although 
the urgency level is high, there is a need for time to negotiate and make a consensus with 
the residence for removal as well as to find a proper location for relocation. 

viii) As for the basin storage (small dam), dam sites were roughly identified based on the 
available topographical maps with a scale of 1:50,000 (contour interval is 20 m), because 
the on-going topographical mapping of 1: 10,000 scale by the State Government has been 
seriously delayed.  Although 1:10,000 scale topographical maps are necessary for 
feasibility design, it might be impossible to use these maps in the second phase for 
feasibility study due to serious delay of mapping. Therefore, small-scale dam will not be 
included in the second phase of the current Preparatory Survey. 

Based on the above in view, the priority projects for the second phase for feasibility study are 
recommended as follows: 

 Water storage in paddy fields 

 Change of the current dam operation method and heightening of the dam (2 dams) 

 Utilization of the existing hydropower generation dams for flood control (2 dams) 

 Strengthening the existing flood forecasting and warning system (FFWS) 

 Installation of floodgates and improving Itajaí Mirim River in Itajaí city 

The basin storage (small dams) development which was proposed in the Water Resource 
Management Master Plan as watershed management project is recommended to be implemented 
under the responsibility of Itajai River Basin Committee as separate project in parallel with the 
proposed first phase project of flood mitigation plan (in a meeting on December 7th 2010, the 
Committee agreed upon these terms). In case the Committee’s project is delayed, it is 
recommended that the small-scale dam development shall be in the second phase of 
implementation. 

6.1.4 Evaluation of the Proposed Flood Mitigation Plan from the Aspects on Environmental 
and Social Considerations 

The evaluation has been made in aspect of implementation cost, social urgent level (which 
means the inundation frequency of the object area in each measure), environmental and social 
impacts, negative effect for downstream of the object area, technical difficulty, the time to take 
positive effect and difficulty for making consensus. The evaluation criteria are as follows; A: 
easy or negligible negative impact, B: a little difficult or a little negative impact and C: quite 
difficult or big negative impact. The comprehensive evaluation has done after the first 
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evaluation with score as follows; AA the highest priority or only with small negative impact, A: 
higher priority or with small negative impact and B: suppose to implement in second phase after 
solving existing difficulties. 

The evaluation and comprehensive evaluation table are as below. 
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Table-16.1.4　Evaluation of protection measures（2/2）

Evaluation Components Improvement of river channel
in Taió

Improvement of river channel
in Rio do Sul

Improvement of river channel
in Timbó

Improvement of Itajaí-açu river
channel in Blumenau

Ring dykes in Ilhota Improvement of old Itajaí
Mirim river channel

Improvement of stream
channels in Blumenau

Implementation cost (R$) 114,000 (B) 268,000 (B) 22,000 (A) 267,000 (B) 70,000 (A) 50,000 (A) 169,000 (B)

Security level of flood 25-year 25-year 25-year 50-year 25-year 5-year 5-year

(B) (B) (B) (C) (B) (A) (A)

This measure is not urgent because
Taio is small city and it is not
necessary until 10-year flood.

It is not urgent because this
measure is not necessary until 10-
year flood.

This measure is not urgent because
Taio is small city and it is not
necessary until 10-year flood.

This measure is not necessary until
25-year flood.  The urgent level is
to some extent because Blumenau
is big city.

It is not urgent because this
measure is not necessary until 10-
year flood.

The inundation of Itajai city is
happen less than 5-year flood's rain,
therefore, this measure is urgent.

Upper stream area of these rivers
is more critical from 10-year floods.
In 25-year flood, the rest of basin
would be inundated.  The urgent
level is high.

(B) (C) (C) (C) (B) (A) (C)

This measure includes a few
resettlement.

This measure is widening river
channel, it would need many land
acquisition, resettlement and
rebuilding of bridge.

This measure includes some land
acquisition and resettlement
although it is small city.

The most important improvement
site is the center of the city, the
impact is not only land acquisition
and resettlement but also relocate
hotels and shops.

There are impacts of dividing
society and land acquisition, in total
impact is small.

There is no impact for house
although the project area is in
residential area.

The impact is quite big because this
measure is widening river in
residential area, it has many land
acquisitions and resettlements.

(B) (A) (A) (B) (A) (A) (B)

There are a negative impact of
turbid water only in construction
phase.

This measure is not included
excavation but widening river and
constructing dyke.  Negative
environment impact is just a few.

This measure is not included
excavation but widening river and
constructing dyke.  Negative
environment impact is just a few.

The environment impact is quite big
because the construction would be
in the center of the city.

There are only impacts by
construction.

The impact is small because this is
in the old canal.

In the construction phase,
construction of dyke would be
temporarily with noises in
residential area.

(C) (C) (C) (C) (A) (A) (A)

This measure can make water flow
increasing.  The storage measure
and measures in downstream have
to do prior to this measure.

Same as left one. Same as left one. Same as left one. Floodplain would be conserved with
ring dyke, therefore, there is no
impacts in downstream.

The impact is negligible because
this is the measure for Itajai city,
there is no more downstream.
There is big time difference of peak
time with Itajai-açu river.

The flow amount to Itajai-açu river
would be increased, but only the
small impact would appear because
here is difference of peak time.

(A) (A) (A) (A) (A) (A) (A)

There is no difficulty in
implementation.

Same as left one. Same as left one. Same as left one. Same as left one. Same as left one. Same as left one.

(B) (B) (B) (B) (B) (A) (B)

The effect would be appear
according to complete construction,
although it takes time to take
environmental license.

Same as left one. Same as left one. Same as left one. Same as left one. The construction period is not so
long, but there is no effect before
complete the construction.

The effect would be appear
according to complete construction,
although it takes time to take
environmental license.

(C) (C) (C) (C) (B) (A) (C)

Itajai committee and residents both
have strong feeling of resistance to
excavation and dyke.

Same as left one. Same as left one. Itajai committee is positive for this
measure, however, it is necessary
and takes time to make consensus
with residents.

It is necessary to explain well to
residents and make consensus.

There are few contrary opinion and
negative effect is small.

Itajai committee is positive for this
measure, however, it is necessary
and takes time to make consensus
with residents.

(B) (B) (B) (B) (B) (AA) (B)

This measure is less priority than
basin storage and river
improvement in downstream
because there is bottleneck in Itajai.
It can take time to make consensus,
therefore, this measure should be in
2nd phase.

It is not urgent and it can take time
to make consensus, therefore, this
measure should be in 2nd phase.

Same as left one. The urgent level is not high and
basin storage and the measures of
downstream should be done earlier.

There is no problem except making
consensus, but the urgent level is
low.

The priority for 1st phase is very
high resulted by comprehensive
consideration.

It can take time to make consensus
with residents, therefore, it should
be in 2nd phase although it is urgent
measure.

Source: JICA Study Team

C: Big negative impact / very difficult B: It would be implemented after the difficulties solved

Priority for F/S 1st phase
(Comprehensive evaluation)

Legend: A: No negative impact / easy

B: A few negative impact / difficult to some extent

Comprehensive evaluation: AA: The most priority measure with less negative impact

A: The priority level is high although with a few negative impact

Social urgent level by flood
security level

Social impacts

Natural environmental
impacts

Negative impacts for
downstream

Technical difficulty

Difficulty for making
consensus

Time to take positive effect
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6.2 Selection of Priority Projects for Sediment Disaster Prevention 

6.2.1 Structural Measures for Sediment Disaster Prevention 

Totally, 67 locations were selected for stabilization measures on roadside slopes. The 
stabilization measures on the slopes were planned to prevent blocking the roadways during a 
rain storm like the one in November 2008 (60-year rainfall). The total project cost for 
implementation of these measures for roadside slope stabilization was estimated at R$ 54 
million and was classified into two large groups in terms of the risk level (annual potential loss) 
as demonstrated in the table below. 

Table 6.2.1  Project Costs for Selected Structural Measures for Sediment Disaster Prevention 
Classified by Risk Level Number of Locations Project Cost in 

R$ (x103) 
Risk Level: Large 

Annual potential loss > R$ 500,000 
13 18,650 

Risk Level: Medium 
Annual potential loss between: R$ 50,000 and R$ 500,000 

54 35,374 

Total 67 54,024 
Source: JICA Survey Team 

The measures with a high priority level for the first implementation phase were estimated to be 
13 locations with high risk level as shown above. In case of the proposed sediment disaster 
prevention measures, all measures are stabilization of roadside slopes, because no costs will be 
incurred for the acquisition of land due to the fact that all projects will be executed within the 
existing road area 

6.2.2 Early Warning System for Sediment Disaster and Flush Flood 

In the master plan, an installation of totally 53 stations on the municipal government building 
was proposed in each city. EPAGRI/CIRAM will be responsible for the data storage 
management and the sequential analysis of the observed data and will calculate the rainfall 
reference index sequentially based on the predicted rainfall estimated by the WRF model 
(Weather Research and Forecasting) and when the predicted rainfall exceeds the predetermined 
reference index for warning, warning will be announced to the public. The estimated costs are 
R$ 4 million. 

6.3 Cost for Priority Projects (First Phase)  

The amount subject to ODA Loan by the State Government of Santa Catarina was planed 
around R$ 100 to 150 million. Priority projects were selected below as being the project for the 
first phase of implementation with a target safety level of the 50-year flood. The costs for land 
acquisition and relocation of residents will not be the object of ODA loan but will be included in 
the State budget. 

Table 6.3.1  Estimated Cost for the First Phase of Project Implementation 

Project Component Cost 
(R$ 103) 

Cost excluding Land Acquisition and 
Relocation (R$ 103) 

(for Loan) 
Water storage in paddy fields (22,000 ha) 33,000 33,000 
Heightening of dams (2 dams) 33,000 33,000 
Floodgates in Itajaí Mirim River (2 locations) 44,000 44,000 
River improvement Itajaí Mirim River 0.95 km 50,000 17,800 
Strengthening of the existing FFWS 4,000 4,000 
Road landslide prevention measures (13 locations) 18,650 18,650 
Early warning system for sediment disaster and flush flood 4,000 4,000 

Total 186,650 154,450 
Source: JICA Survey Team 
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In the first implementation phase of the project, change of the current dam operation method at 
the two flood control dams (Oeste and Sul dams), as well as utilization of the existing 
hydropower generation dams for flood control (Pinhal and Rio Bonito dams of CELESC) will 
be implemented as proposed in the master plan. Therefore, in the second phase of Preparatory 
Survey for feasibility study, concrete dam operation at these dams will be studied.  

Table below shows the expected flood control effects of the first phase implementation by city. 

Current situation： After the 1st phase of implementation：

Municipality 5-year 10-year 25-year 50-year Municipality 5-year 10-year 25-year 50-year
Rio do Sul Rio do Sul
Blumenau Blumenau
Blumenau, tributary Blumenau, tributary
Gaspar Gaspar
Ilhota Ilhota
Timbo Timbo
Taio Taio
Itajai Itajai
Itajai, Mirim Itajai, Mirim
Brusque Brusque

1st phase of implementation：
<Source of funding>
JICA 's loan Rain water containment in rice fields (22,000ha)

Heightening of dams (Oeste and Sul dam)
Flood gates in the old Itajai Mirim canal (2 units)
River improvement in the old Itajai Mirim canal、0.95km
Strengthening flood forecasting warning system
Improve operation of Oeste and Sul dams
Preventive discharge at the hydro-electric generation dams (2 dams)

SC State government River improvement of tributary in Blumenau (2 streams)
Small-scale dams

With the construction of the floodway, it will 
be unnecessary to build dykes which was 

proposed in the 50‐year flood plan, but the
floodway by itself can solve the 10 and 25‐

year flood damage.

Inundation

 
Source: JICA Survey Team 

Figure 6.3.1  Flood Control Effects of First Phase Implementation by City  
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CHAPTER 7  FEASIBILITY STUDY FOR HEIGHTENING OF 
EXISTING FLOOD CNTROL DAMS AND MODIFICATION OF 

DAM OPERATION 

7.1 Current Condition and Basic Policy for Heightening of Dams 

7.1.1 Necessity of Heightening Dams 

There are three existing dams for flood control in the Itajai River basin, named the Norte Dam, 
the Oeste Dam, Sul Dam. Norte Dam has enough volume for flood control. On the other hand, 
as the reservoir volume of the Oeste Dam and Sul Dam is relatively small, floods have often 
overflowed from the spillway and brought some damage to the downstream area. 

The M/P proposed the heightening of the Oeste Dam and Sul Dam and modification of their 
operations. The Oeste Dam and the spillway of Sul Dam are proposed to be heightened by 2 m. 
As the Sul Dam is of rockfill type, the dam body is difficult to be heightened. 

7.1.2 Existing Flood Control Dams 

(1) General Features 

Both of the Oeste and Sul Dams were constructed for the flood control purpose. These dams 
should be operated in empty condition in reservoir. 

Figure 7.1.1 shows the location of dams. The general features of those dams are shown in Table 
7.1.1. The Oeste Dam is of concrete gravity type. The Sul Dam is of Rockfill type, so the 
spillway is independent of the dam body. 

Table 7.1.1  General Features of the Oeste and Sul Dams 
 Oeste Dam Sul Dam 
Reservoir Catchment area 1,042 km2 1,273 km2 

Reservoir area 950 ha 840 ha 
Total reservoir capacity 83,000,000 m3 93,500,000 m3 
Minimum water level EL.340.0 m EL.372.9 m 
Maximum water level EL.362.5 m EL.408.0 m 

Dam body Year of completion 1973 1976 
Type of dam Concrete gravity Rock-fill 
Height of dam 25.0 m 43.5 m 
Crest length of dam 422 m 390 m 
Crest elevation of dam 363.0 m 410.0 m 

Conduit Number of conduits 7 5 
Type of flood control Gate control Gate control 
Diameter at gate 1500 mm 1500 mm 
Elevation of pipe center 340.05 m Around 368 m 
Discharge capacity  
(crest elevation of spillway） 

163 m3/s 
（at WL.360 m） 

194 m3/s 
（at WL.399 m） 

Spillway Width Around 100m 65m 
Crest elevation of spillway 360.0m 399.0m 
Discharge capacity 
（at maximum water level） 

Conduit    175 m3/s
Spillway  1,125 m3/s
Total    1,300 m3/s

Conduit    217 m3/s 
Spillway  3,053 m3/s 
Total    3,270 m3/s 

Source: Hatching: web site of DEINFR  http://www.deinfra.sc.gov.br/barragens/sobre-as-barragens/ 
Discharge capacity : see Supporting Report A, Table 7.4.6 
Others: Drawing not authorized, or hearing from the department of the SC State 
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Source: JICA Survey Team 

Figure 7.1.1  Location of existing flood control dams in Itajai River Basin 

(2) Existing Operation Manual 

The operation manual of those dams was prepared by DEINFRA/DENOH in April of 2007, 
named “Manual De Procedimentos Para Operacao Das Barragens do Alto Vale do Itajai”. The 
gates are operated based on the river water level in the downstream cities. This operation 
manual summarized as Table 7.1.2. 

Table 7.1.2  Summary of the Operation Manual of Oeste Dam and Sul Dam 
Dam Operation Manual 

Oeste Dam When the river water level in the city reaches the emergency level mentioned below, the gates begin to be 
closed. The number of gates to be initially closed depends on the amount of rainfall which continues to fall 
over the city, and the first dam to be operated will depends on the distribution of rainfall, i.e., smaller 
rainfall intensity in its drainage area. 
- The river water level forecasted in Blumenau is reaching over 8.50 m. 
- The river water level is reaching to 6.50 m in Rio do Sul – start to close gates together with Sul Dam. 
- When the river water level reaches 7.10 m in Taio – start to close first gate; when the river water level 
reaches 7.50 m - the seven gates shall be closed. 
- When the river water level reaches 8.00 m in Rio do Oeste – start to close first gate; when the river water 
level reaches 9.00 m, the seven gates will be closed. 

Sul Dam When the river water level in the city reaches the emergency level mentioned below, the gates begin to be 
closed. The number of gates to be initially closed depends on the amount of rainfall which continues to fall 
over the city, and the first dam to be operated will depends on the distribution of rainfall, i.e., smaller 
rainfall intensity in its drainage area. 
- The river water level forecasted in Blumenau is reaching over 8.50 m. 
- The river water level is reaching to 6.50 m in Rio do Sul – start to close gates together with Sul Dam. 
- When the river water level reaches 3.80 m in Ituporanga, or the flood over the spillway reaches to 
Ituporanga with water depth over 2.00 m. 

Remarks - Since the gates are closed, each reservoir should start to be monitored more carefully, to avoid that the 
storage exceeds the reservoir capacity and starts to spill out. The operator shall record water elevation and 
percentage of storage on the worksheet by relation between the water level and the storage. 
- The operation of the gates is executed through the command panel with buttons. At first, turn on the 
electric energy panel (located beside the command panel), turn on the hydraulic pump, then push the 
button “open” and/or “close” of each gate. Movement of each gate shall terminate automatically. The 
operation of plural gates at the same time is not advisable, should be done in sequence. 

Source: Manual De Procedimentos Para Operacao Das Barragens do Alto Vale do Itajai, DEINFRA/DEOH, 4-2007 

 

Norte Dam (C.A.=2,318 km2) 

Oeste Dam (C.A.=1,042 km2) 

Sul Dam (C.A.=1,273 km2) 
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7.1.3 Heightening of Dams and Increase of the Volume 

(1) Brazilian Criteria about Height of Dam Crest 

Table 7.1.3 presents the criteria on the height of dam in Brazil. 

Table 7.1.3  Criteria about the Height of Dams in Brazil 
Terms Cases Types Criterias 

Freeboard 

For Normal 
Water Level 

Fill Dam 
Free board should be installed more than wave height by wind.
The wave height should be estimated with Saville Equation. 
Minimum free board is 3.0 m. 

Concrete Dam Minimum free board is 1.5 m. 
For Maximum  
Water Level 

Fill Dam Minimum free board is 1.0 m. 
Concrete Dam Minimum free board is 0.5 m. 

Design discharge 
of Spillway 

General Dams 
Probable Maximum 
Flood Discharge 

It should be applied to dams higher than 30 m in height, and 
also applied to dams with residents in its downstream area, 
who is considered to suffer from collapse of the dams 

Small Dams 
1,000-year 
Probable Flood 

It should be applied to dams less than 30 m in height, or 
applied to dams with reservoir volume less than 50 x 106 m3 
and without residents in its downstream area. 

Source: Criterios De projeto Civil De Usinas Hidreletricas, Eletrobras, Outubro/2003 

(2) Possibility of the Dam Heightening 

1) Oeste Dam 

As the height of the Oeste Dam is less than 30 m, the 1,000-year flood would be applied as the 
design discharge of spillway. The 1,000-year discharge of daily mean in Taio city (1,570 km2) 
was estimated 1,143 m3/s as shown in Figure 7.1.2. Therefore, the instantaneous peak 
1,000-year discharge at Oeste Dam was estimated 1,010 m3/s from the rate of catchment area 
between Taio and the Oeste Dam and by the Fuller Equation as follows. 

 - Daily mean 1,000-year discharge in Taio city 1,570 m3/s (see Figure 7.1.2) 

 - Daily mean 1,000-year discharge at the Oeste Dam 1,143 m3/s x 1,042/1,570 km2 = 759 m3/s 

 - Instantaneous peak 1,000-year discharge at the Oeste Dam 

759 x (1 + 2.66/1,0420.3) = 1,010 m3/s 

 

 

 

 

 

 

 

 

 

 

 

Source: JICA Survey Team 

Figure 7.1.2  Frequency Analysis of Daily Mean Discharge in Taio City 
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The present crest elevations of the dam and spillway top are 363 m and 360 m relatively. As the 
maximum water level under the 1000-year flood is EL.362.5 m. The freeboard is thus 0.5 m as 
illustrate in Figure 7.1.3. This satisfies minimum freeboard as required in Table 7.1.3. Therefore, 
both crests of the dam and spillway could be raised by 2 m. 

 

 

 

 

 

 

Source: JICA Survey Team 

Figure 7.1.3  Maximum Water Level by the 1,000-year flood at the Oeste Dam 

The possible maximum height by heightening of Oeste Dam is considered to be 2.0 m, from the 
view of the topographic condition at the abutments of the dam. Therefore, Oeste Dam would be 
planned to be heightened by 2.0 m for both crests of the dam and spillway. 

2) Sul Dam 

As the Sul Dam is a rockfill dam higher than 30 m, the required free board should be 1.0m as 
shown in Table 7.1.3. The design discharge of the spillway (see Table 7.1.3) should be the 
“Probable Maximum Flood”, but, since the spillways of the Brazilian greatests dams for 
hydroelectric power (Itaipu in Paraná river, Itá and Machadinho in Uruguai river, Salto Santiago, 
Salto Osório and Segredo in Iguaçu river and many others over all Brazil) are usually designed 
for the 10,000-year flood, this discharge was considered in the present study. Also, it was not 
available, at the present time, meteorological data for the estimation of the PMP (Probable 
Maximum Precipitation), needed for its transformation in PMF (Probable Maximum Flood). 

The 10,000-year flood discharge of daily mean in Ituporanga city (1,645 km2) is 2,530 m3/s as 
shown in Figure 7.1.4. Therefore, the instantaneous peak discharge of the 10,000-year flood at 
the Sul Dam would be estimated 2,567 m3/s from the rate of catchment areas between 
Ituporanga and the Sul Dam and Fuller Equation as follows. 

- Daily mean 10,000-year discharge in Ituporanga city 2,530 m3/s (see Figure 7.1.4) 

- Daily mean 10,000-year discharge at the Sul Dam 2,530 m3/s x 1,273/1,645km2 = 1,958 m3/s 

- Instantaneous peak 10,000-year discharge at the Sul Dam 

1,958 x (1 + 2.66/1,2730.3) = 2,567 m3/s 

The total discharge from the existing spillway and conduits of the Sul Dam is estimated 2,706 
m3/s at the water level of EL.406 m. This is higher than 10,000-year flood discharge. Therefore, 
the dam crest (EL.410 m) has a enough freeboard of 4.0 m from the maximum water level of the 
10,000-year flood. 

The spillway could be heightened by utilizing this surplus of freeboard. The possible 
heightening of the spillway would be 2.0 m considering freeboard and clearance between water 
surface and the beam of the bridge. 

Dam crest = EL.363 m 

Spillway crest = EL.360 m 

Water Level 362.5m ⇒ 1,029 m3/s 

Width of spillway L=100 m 

Spillway discharge Q = 2.166 x 100 x (H-360)1.5 = 856 m3/s 
Releasing discharge from conduits Q = 0.6667 x 7 x 1.7663 x (2g (H - 340.05))0.5 = 173 m3/s 
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Source: JICA Survey Team 

Figure 7.1.4  Frequency Analysis Daily Mean Discharge in Ituporanga City 

 

 

 

 

 

 

 

 

 

Source: JICA Survey Team 

Figure 7.1.5  Maximum Water Level by 10,000-year flood at the Sul Dam 

(3) Increased Reservoir Capacity by Dam Heightening 

The Relation of dam heightening of dams and expected increase of the reservoir capacity are 
summerized in Table 7.1.4. The expected reservoir capacities to be increased are 16.2 x 106 m3 
for the Oeste Dam, 16.6 x 106 m3 for the Sul Dam. 

Table 7.1.4  Relation between Heightening of Dams and Increase of Reservoir Capacity 
Oeste Dam Sul Dam 

Crest 
Elevation of 

Spillway 

Dam 
Heigtening 

Total  
Reservoir  
Capacity 

Increment 
of Capacity 

Crest 
Elevation of 

Spillway 

Dam 
Heigtening 

Total  
Reservoir  
Capacity 

Increment 
of Capacity 

EL.m m ｘ 103 m3 ｘ 103 m3 EL.m m ｘ 103 m3 ｘ 103 m3 
360.0  83,100  399.0  93,600  
360.5 0.5 87,000 3,900 399.5 0.5 97,600 4,000 
361.0 1.0 91,000 7,900 400.0 1.0 101,700 8,100 
361.5 1.5 95,100 12,000 400.5 1.5 105,900 12,300 
362.0 2.0 99,300 16,200 401.0 2.0 110,200 16,600 

Source: JICA Survey Team 
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Spillway Q = 2.07 x 65 x (H - 399)1.5 = 2492 m3/s 
Conduits Q = 0.89 x 5 x 1.7663 x (2g (H - 368))0.5 = 215 m3/s 

Dam crest = EL.410 m 

Spillway crest EL.399 m 

EL.406 m ⇒ 2,707 m3/s 

Width of spillway L=65 m 

Spillway bridge 
Thickness of beam 1.0 m 

Clearance 1.0 m 

Possible height 2.0 m 
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7.1.4 Flood Control Plan and Hydrograph 

(1) Flood Control Plan 

The present flow capacities and the design discharges of the 10-year flood at major cities along 
the Itajai River are shown in Figure 7.1.6. The flow capacities in Rio do Sul and Taio cities are 
less than design discharges of 10-year flood. Especially in Rio do Sul city, all of three rivers 
(Itajai do Oeste, Itajai do Sul and Itajai Rivers) do not have enough flow capacities. The 
heightening of dams and modification of operation aim at decreasing the design discharges of 
10-year flood to the flow capacities. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: JICA Survey Team 

Figure 7.1.6  Design Discharge Distribution of 10-year Flood when the Present Condition and 
Flow Capacity at Major Cities 

It should be noted that the heightening of dams would be planned as the possible maximum 
height duly considering topography or criteria in Brazil. It means that the height of the dam is 
not determined from required flood control capacity. 

The lack of flood control function should be supplemented by other measures like the water 
storage in paddy field and the basin storage (small dams). 

(2) Flood Hydrographs at the two Dams 

Figures 7.1.7 and 7.1.8 show the flood inflow hydrographs of the 10-year flood and 50-year 
flood at the Oeste Dam and Sul Dam, which are estimated by runoff analysis using the 
hyetographs type of the 1984 flood. 
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Source: JICA Survey Team 

Figure 7.1.7  Flood Hydrograph at the Oeste Dam 

 

 

 

 

 

 

 

Source: JICA Survey Team 

Figure 7.1.8  Flood Hydrograph at the Sul Dam 

7.2 Feasibility Design for Dams 

The shapes of heightening of the Oeste Dam and the spillway of the Sul Dam and the necessity 
of reinforcement of metal structure of the gates are studied in Supporting Report Annex F. 

The shapes of the dams and the situation of foundation rock were investigated by geometric 
surveys and boring surveys. The shapes of dam heightening were designed with satisfying 
stable conditions of the criteria of Brazil, based on the information from these surveys above. 

The metal structure of the conduit gates were also investigated in field surveys, and confirmed 
that they need not to be reinforced. 

7.3 Modification of the Operation 

7.3.1 Operation Method for Flood Control 

(1) Reference Point for Operation of Dams 

1) Oeste Dam 

As mentioned in the Section 7.1, the Oeste Dam is proposed to be heightened by 2 m. The Oeste 
Dam might be effective for flood control in Taio and Rio do Sul cities along the Itajai do Oeste 
River. The flood mitigation measures along the Itajai do Oeste River in the M/P are shown in 
Table 7.3.1. 

The present safety level of Taio city is less than the 10-year flood. The heightening of Oeste 
dam and modification of the operation can cope with the 10-year flood in Taio city. And the 
basin storage (small dams) and river improvement are also needed against the floods bigger than 
the 25-year flood. 
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On the other hand, the safety level of Rio do Sul city along the Itajai do Oeste River is less than 
the 5-year flood. As the heightening of the Oeste Dam can not achieve the 5-year safety in Rio 
do Sul city, basin storage (small dams) in the Trombudo River would be inevitably necessary. 
The heightening of Oeste Dam, basin storage (small dams) and river improvement would cope 
with the 25 and 50-year floods. 

Considering the above, Taio city should be selected as the reference point to modify the 
operation manual of Oeste Dam. 

Table 7.3.1  Flood Mitigation Measures in Taio and Rio do Sul Cities 

City 
Safty level of flood 

control 

Heightening of dams, 
Modification of 

operation 

Basin storage 
(small dam) 

River 
improvement 

(Dyke) 
Taio 5-year food - - - 

10-year food ○ - - 
25-year food ○ - ○ 
50-year food ○ - ○ 

Rio do Sul 
（ along Itajai do 
Oeste River） 

5-year flood - ○ - 
10-year food ○ ○ - 
25-year food ○ ○ - 
50-year food ○ ○ ○ 

Source: JICA Survey Team 

2) Sul Dam 

As mentioned in the Section 7.1, the Sul Dam is proposed to be heightened by 2 m. The Sul 
Dam might be effective for Ituporanga city and Rio do Sul city along the Itajai do Sul River. 
The flood mitigation measures along the Itajai do Sul River in the M/P are shown in Table 
7.3.2. 

The present safety level of Rio do Sul city along the Rio Itajai do Sul is less than 10-year flood. 
The heightening of Sul Dam and modification of its operation can cope with only the 10-year 
flood. And the basin storage (small dams) and river improvement are also needed against floods 
bigger than the 25 and 50-year flood. 

On the other hand, Ituporanga city has the safety level of the 25-year flood, and safety level of 
the 50-year flood shall be achieved with the heightening of the spillway of Sul Dam and 
modification of the operation. 

Considering the above, Rio do Sul city along the Itajai do Sul River should be selected as the 
reference point to modify the operation manual of Sul Dam. 

Table 7.3.2  Flood Mitigation Measures in Ituporanga and Rio do Sul Cities 

City 
Safty level of flood 

control 

Heightening of dams, 
Modification of 

operation 

Basin storage 
(small dam) 

River 
improvement 

(Dyke) 
Ituporanga 5-year flood - - - 

10-year flood - - - 
25-year flood - - - 
50-year flood ○ - - 

Rio do Sul 
（along Itajai do Sul 
River） 

5-year flood - - - 
10-year flood ○ - - 
25-year flood ○ ○ - 
50-year flood ○ ○ ○ 

Source: JICA Survey Team 

(2) Target Flood Protection Level 

Dams are generally constructed and also operated for the target protection level of M/P (i.e. 
protection level against the 50-year flood). But if the safety of the downstream river does not 



Preparatory Survey for the Project on Disaster Prevention and Final Report 
Mitigation Measures for the Itajai River Basin  Supporting Report Annex B 

Nippon Koei Co., Ltd.  November 2011 
B - 78 

achieve the target protection level, the dams should be operated considering the safety level of 
the downstream cities. 

In the M/P, heightening of the dams is planned for the 50-year flood. But the safety of the 
downstream river shall be provisionally achieved for the 10-year flood by the projects of first 
stage. Therefore, the operation manual should be prepared provisionally for the 10-year flood. 

Floods have spilled out from both Oeste and Sul dams once in several years (once in around 5 
years in average according to the interview surveys from dam operators). Therefore, even if the 
operation manuals are prepared for the 10-year flood, probability of the spilling out shall not 
increase from present situation. 

(3) Method of Flood Control 

1) Oeste Dam 

As shown in Figure 7.3.1, the 10-year flood at the Oeste Dam is estimated 690 m3/s from the 
runoff analysis using hyetograph of the 1984 flood. If all the gates are fully opened during the 
flood, the maximum outflow from the gates is estimated 160 m3/s, and the outflow at the time of 
maximum flood inflow is estimated 130 m3/s. 

As shown in Figure 7.3.2, if all the gates are fully opened during the flood as mentioned above, 
maximum flood discharge in Taio city is estimated 520 m3/s. This discharge exceeds the current 
flow capacity of 440 m3/s in Taio city. 

Therefore, the gates operation should be carried out so as not to exceed the current flow 
capacity of 440 m3/s 

 

 

 

 

 

 

 

Source: JICA Survey Team 

Figure 7.3.1  Inflow and Outflow Hydrographs of 10-year flood at Oeste Dam 

 

 

 

 

 

 

 

Source: JICA Survey Team 

Figure 7.3.2  Hydrograph of 10-year flood in Taio City 
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Though the required peak cut for the 10-year flood at the Oeste Dam is estimated 80 m3/s, it is 
desirable to close fully the gates during the flood for as long as possible, expecting effect in Rio 
do Sul city and simplification of the operation. The criteria of opening and closing gates would 
be set at 300 m3/s of the flood inflow into the reservoir, considering more than 20% of the 
storage capacity as a margin capacity in view of uncertainty of variety of the rainfall distribution 
and the occurrence of extraordinary floods. 

 

 

 

 

 

 

 

 

 

Source: JICA Survey Team 

Figure 7.3.3  Method of Flood Control at Oeste Dam 

2) Sul Dam 

As shown in Figure 7.3.4, the 10-year flood at the Sul Dam is estimated 590 m3/s. If the all the 
gates are fully opened during the flood, the maximum outflow from the gates is estimated 170 
m3/s, and the outflow at the time of maximum flood inflow is estimated 160 m3/s. 

As shown in Figure 7.3.2, if all the gates are fully opened during the flood as mentioned above, 
maximum flood discharge in Rio do Sul city in the Itajai do Sul River is estimated 570 m3/s. 
This discharge exceeds the current flow capacity of 440 m3/s in Rio do Sul city. 

Therefore, the gates operation should be carried out so as not to exceed the current flow 
capacity of 440 m3/s. 

 

 

 

 

 

 

 

 

 

Source: JICA Survey Team 

Figure 7.3.4  Inflow and Outflow Hydrographs of 10-year flood at Sul Dam 
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Source: JICA Survey Team 

Figure 7.3.5  Hydrograph of 10-year flood in Rio do Sul City in the Itajai do Sul River  

Though the required peak cut for the 10-year flood at the Sul Dam is estimated 130 m3/s, the 
gates would be closed fully during the flood for as long as possible like the Oeste Dam.  

The criteria of opening and closing gates would be set at 150 m3/s of the flood inflow into the 
reservoir. As storage volume for 10-year flood shall be 73 x 106 m3, the margin capacity shall be 
34% of storage capacity in view of uncertainty of variety of the rainfall distribution and the 
occurrence of extraordinary floods. 

 

 

 

 

 

 

 

 

 

Source: JICA Survey Team 

Figure 7.3.6  Method of Flood Control at the Sul Dam 

(4) Method of Gate Operation 

As mentioned in the previous sub-section, the criteria of gate operation in the Oeste and Sul 
Dams shall be started when the flood inflow exceeds 300 m3/s in the Oeste Dam and 150 m3/s 
for the Sul Dam, respectively. The method of gate operation would be simple, but gate operator 
need to know the inflow. The inflow discharge shall be estimated by the following equation. 
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outQ  : average outflow during t  (m3/s) 

Therefore, the gate operator should obtain the accurate data of reservoir water level and outflow 
through the conduits every 30 minutes or 1 hour to operate the gates properly. In this connection, 
the gate operators should also prepare the rating curve showing relationship between reservoir 
water level and storage volume, and the rating curve among reservoir water level, gates opening 
and outflow rate. 

Figures 7.3.7 and 7.3.8 show those rating curves of the Oeste and Sul Dams. But these drawings 
have not been considered gates opening, and might be fairly old and subject to confirmation 
from as-built drawings from the manufacture or the completion documents. Therefore, these 
rating curves should be reviewed at the project of the dams heightening. 

Figures 7.3.7 and 7.3.8 also present the relationships between water levels and accumulated 
reservoir volumes. But these relationships have not been updated to reflect the influence of 
sedimentaion in the reservoirs, though these relationships are also important to grasp inflow 
discharge into reservoirs. The dam management department (DEINFRA) should confirm the 
relationship regularly by periodic topographic survey of reservoirs. 

 

 

 

 

 

 

 

 

Source: Drawings (Obras Existentes de Conrole de Cheias, Barragem Oeste), CAEEB MME/DNAEE 

Figure 7.3.7  Rating Curves between Water Level and Storage volume, Outflow of Oeste Dam 

 

 

 

 

 

 

 

Source: Drawings (Obras Existentes de Conrole de Cheias, Barragem Sul), CAEEB MME/DNAEE 

Figure 7.3.8  Rating Curves between Water Level and Storage volume, Outflow of Sul Dam 

DEINFRA would be considered to be responsible for the existing flood control dams 
heightening projects and management after the projects implementation. In current operations of 
these dams, one person in charge of the dam operation is living next to dam body, and is 
engaged in ordinal dam management and gates operation for flood control. In flood time, a 
manager of DEINFRA in charge of dam management comes from Florianopolis to support and 
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instruct the operator for gates operation of flood control. When floods come, the operator has to 
watch scales in the reservoir to understand reservoir water level. Therefore, it is appropriate that 
the operator and the manager check the reservoir water level, outflow discharge, situation of 
downstream river in the interval of a hour to calculate accumulated reservoir volume, inflow 
dishcarge and to operate the gates. 

7.3.2 Operation against Extraordinary Floods 

If extraordinary floods exceeding the design flood (hereinafter called “excess flood”) attack the 
dam during the operation of flood control, the operator should stop the normal operation of 
flood control. The excess flood may cause overflowing from spillway and rapid rising of the 
water level in the downstream river. The operator should make effort to mitigate the rising rate 
of the water level and reduce damages in the downstream area, as summarized below. 

i) All of the gates should be slowly opened in order, when reservoir water level reaches the 
critical level. The water level considering 80% of the reservoir capacity is generally adopted as 
the critical level. This operation may, though slightly, mitigate the rising rate of water level in 
the downstream area, when the stored water is spilled out from the spillway. 

ii) The operator should inform the operation of gates opening and possibility of overflowing in 
advance with the warning sirens to the people who lives along the downstream river from Taio 
to Rio do Sul (the warning sirens shall be mentioned in Supporting Report D). 

 

 

 

 

 

 

 

 

 

 

Source: JICA Survey Team 

Figure 7.3.9  Flowchart of Gates Operation (in case of Oeste Dam) 
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7.4 Increasing of Discharge Capacity in Sul and Oeste Dams 

A huge flood attacked the Itajai River basin from 6th to 9th in September 2011, after the 
Feasibility Study carried out from February to July. As some problems such as insufficient 
discharge capacity of the outlets in Sul and Oeste Dams were revealed during the flood, the 
study team proposed increasing of the dicharge capacities in these dams as follows, at the time 
when study team submitted the draft final reports in September. 

Defesa Civil of the SC State reported that there was a lot of raifall of around 200 mm over the 
Itajai River basin in average for 4 days during the flood. In this study, basin mean probable 4 
days rainfall are estimated to be 188 mm for 25-year, 209 mm for 50-year. Therefore, if the 
report is accurate, the probability of the flood may be estimated to be 30 to 40-year. This 
estimation seems correct because maximum water level in Blumenau during the flood was 
reported to be 12.9 or 13.0 m, while the water levels of memorial floods in Blumenau were 
recorded to be 15.8 m in 1983 flood (around 70-year flood), 15.5 m in 1984 (around 70-year), 
10.6 m in 1992 (around 30-year), and 11.0 m in 2001 (7-year). 

On the other hand, the record by the operator in Sul Dam shows that the rainfall from 6th to 9th 
in September reached 220 mm, and DEINFRA of the SC State reported that around 300 mm 
rainfall was recorded at some gauging stations in the catchment area of the Sul Dam. It is 
inferred that a huge storm attacked this area. During this flood, flood discharge overflowed both 
Oeste and Sul Dams. 

Source: DEINFRA  

Overflow of Oeste Dam             Inundation in Taio City 

Source: JICA Survey Team  

Damage in Rio do Sul City           Damage in Rio do Sul City 

Maximum Flood Level

Maximum Flood Level
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Source: JICA Survey Team  

Flood Mark in front of the City Hall of Rio do Sul 

Table 3.6.1 shows the variation of daily rainfall and water level at the Sul Dam from August to 
September in 2011.  

- Large rainfall occurred on 10th and 30th in August, 6th to 9th in September. 

- Reservoir water level in Sul Dam reached to the spillway top. Lowering of the maximum 
reservoir water level to normal level required 12 days and 14 days in the case of the floods 
on 10th in August and 6th in September.  

- The floods of 6th in September attacked 5 days after the previous flood. The reservoir water 
level remained high at the time of the flood attack 

- During the food from 6th in September, maximum water level at the Sul Dam was spillway 
top +5.0 m. The maximum outflow discharge from the spillway and conduit of the Sul Dam 
was estimated to be around 1,600m3/s.  

The overflows from both dams might be considered to be unavoidable. However, the discharge 
capacity of the conduits in both dams, 190 m3/s for Sul Dam and 160 m3/s for Oeste Dam, 
should be evaluated to be relatively insufficient against the catchment area of both dams 
(1,042km2 for Oeste Dam, 1,273 km2 for Sul Dam).  
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Source: JICA Survey Team  

Figure7.4.1  Variation of Daily Rainfall and Water Level at Sul Dam from August to September 
in 2011 

Additionally, this flood destroyed the gate operation house at the downstream of the Sul Dam, 
washed away the panel for gate control, and made the gallery under the dam body impassable. 
Fortunately, the operator of the Sul Dam repaired the gallery, and made the gate operation 

Maximum W.L. in 1983 flood 

Maximum W.L. in 1984 flood 

Maximum W.L. in September, 2011 
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possible. However, such the trouble is considered to be a serious problem, because any damages 
of the structure under the dam body would directly cause collapse of the dam. 

According to the hearing from the operator of the Sul Dam, the causes of the trouble are 
considered as follows,  

- Flood water overtopping from the spillway flowed backward, and destroyed the 
downstream wall of the operation house. Spillway. Moreover, the flood water destroyed 
upstream slide door and reached the dam body. 

- Outflow from the reservoir through the conduit gate under the dam body crashed the upper 
wall of the concrete channel, and the uplift or negativer pressure destroyed the upper wall 
concrete.  

 
Source: JICA Survey Team  

Damage of the Gate Operation House at Downstream of Sul Dam 

Considering the problem mentioned above, increasing of the flow capacity of the conduits of the 
Sul and Oeste Dams by additional conduits was proposed and agreed at the Counter Part 
Meeting in September, 2011, in order to improve safety and flood control function of the dams. 

As for the Sul Dam, an additional conduit will be installed under ground of the right bank of the 
Sul Dam as tunnel type, and as for the Oeste Dam will be installed in new block of the dam 
which will be consructed on the left abutment of the dam. 

The capacity of the additional conduits should be same as existing conduits, that is why, 

i) Velocity for lowering water level of the reservoirs will be doubled by both existing and 
additional conduits. 

ii) Additional conduits will work as substitutes of the existing conduits. 

The general features of the additional conduits are as follows, 
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i) OesteDam: the additional conduit and control gate will be installed in the new dam 
block on the left abutment, and the conduit will be connected to the enegy dissipator of 
the dam by new open channel;  

- Design discharge: 180m3/s 

- Control gate:  width 5.0m x height 4.4m 

- Bottomo elevation of the gate:  EL.350.4m 

- Connecting open channel: channel width 5.0m x length 180m 

ii) Sul Dam: the additional conduit will be installed under ground of the right bank of the 
dam as tunnel type, flood control gate will be installed at the entrance of the tunnel, 
flood water will be dicharged to the downstream river through the tunnel by gravity.  

- Design discharge: 200m3/s 

- Control gate:  3.9m×3.9m 

- Bottomo elevation of the gate:  EL.380m 

- Tunnel type channel: length 430m, diameter 6.0m, gradient 1/60 
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Figure 7.4.2  Heigtening of the Oeste Dam and Additional Conduit (1/2)
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Figure 7.4.3  Heigtening of the Oeste Dam and Additional Conduit (2/2)
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Figure 7.4.4  Heigtening of the Sul Dam and Additional Conduit 
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CHAPTER 8  FEASIBILITY STUDY FOR MODIFICATION OF 
EXISTING HYDROPOWER DAM 

8.1 Flood Control Plan and Existing Facilities 

8.1.1 Flood Control Plan 

The existing two dams of CELESC in the Benedito River, named the Rio Bonito Dam and the 
Pinhal Dam, are now used for hydropower generation. In the M/P, these dams are proposed to 
be used also for flood control by means of pre-releasing. 

The present flow capacity of the Benedito River in Timbo city is around 860 m3/s, and the 
10-year flood discharge is around 920 m3/s. Therefore, the flow capacity is not enough for the 
10-year flood.  

The total inflow into these two dams of the 10-year flood is 210 m3/s. The total outflow from 
these dams should be reduced by 140 m3/s so as not to exceed the current flow capacity in 
Timbo city. 

8.1.2 Existing Facilities 

(1)  Gneral Features of Two Dams 

Both the Rio Bonito and Pinhal Dams are of type of rock fill dam, and the catchment areas are 
120 km2 for the Rio Bonito Dam and 180 km2 for the Pinhal Dam. 

Figure 8.1.1 shows the current hydropower generation system by CELESC in the Rio dos 
Cedros River. As shown in the figure, the system comprised two water storage reservoirs (Rio 
Bonito and Pinhal Dams), two intake dams (Palmeiras and Cedros Dams), and two hydropower 
stations. 

 

 

 

 

 

 

 

 

 

 

 

Source: CELESC 

Figure 8.1.1  General Features of Two Dams 

Tables 8.1.1 and 8.1.2 show the general features of both dams. Both of dams have spillways 
with gates and intakes. Water from intakes of these accumulation dams is released directly to 
downstream river. 
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Table 8.1.1  General Features of Rio Bonito Dam 
 Features Remarks 
Dam Dam type Rock fill

Year of completion 1963
Height of dam 19.0 m
Crest elevation of dam About EL.592 m (uncertain) Visual estimation 

Reservoir Catchment area 119.8 km2

Total volume 32,000,000 m3

Maximum water level EL.589.5 m Not based on the IBGE system 
Minimum water level EL.583.5 m Not based on the IBGE system 

Intake 
 

Elevation of bottom EL.573.7 m Not based on the IBGE system 
Gate size Height 3.0 m x Width 2.6 m
Gate type Sluice gate (hoist type)
Gate control Gate can be controlled to any opening 

position by local control  with electric 
power

 

Spillway 
 

Crest elevation EL.587.3 m Not based on the IBGE system 
Gate type Flap gate (hoist type)
Gate size Height 2.2 m x Width 9.0 m x 2 gates Crest of Gate : EL.589.5 m 
Gate control Gates can be controlled to any opening 

position by local control  with electric 
power

 

Source: CELESC (from existing materials and interview) 

 

 

 

 

 

 

 

Spillway Gate (left) and Intake Tower (right) of Rio Bonito Dam 

Table 8.1.2  General Features of Pinhal Dam 
 Features Remarks 
Dam Dam type Earth and rock fill type

Year of completion 1949
Height of dam 19.0 m
Elevation of dam top About EL.654 m (uncertain) Visual estimation 

Reservoir Catchment area 179.9 km2

Total volume 18,000,000 m3

Maximum water level EL.652.0 m Not based on the IBGE system 
Minimum water level EL.641.0 m Not based on the IBGE system 

Intake Elevation of bottom EL.638.2 m Not based on the IBGE system 
Gate size Height 2.6 m x Width 1.35 m x 2gates
Gate type Sluice gate (rack type)
Gate control Gates can be controlled to any 

opening position by local control  
with electric power

 

Spillway 
(with gate) 

Crest elevation EL.651.0 m Not based on the IBGE system 
Gate type Sluice (rack type)
Gate size Height 1.0 m x Width 4.0 m x 2gates Crest of Gate : EL.652.0m 
Gate control Gates can be controlled to any 

opening position by local control  
with electric power

 

Spillway 
(without gate) 

Crest elevation EL.652.0 m Not based on the IBGE system 
Crest length 53 m

Source: CELESC (from existing materials and interview) 
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Spillway (left) and Iintake Tower (right) of Pinhal Dam 

Figure 8.1.2 is a drawing of conduit and river outlet of Pinhal Dam. The river outlet has circle 
cross section with 3.2m diameter. On the other hand, no drawing of the intake facilities of Rio 
Bonito Dam is available at CELESC. 

 

 

 

 

 

 

 

 

Source: CELESC 

Figure 8.1.2  Drawing of Intake Channel of Pinhal Dam 

(2) Relation of Reservoir Water Level – Storage Volume and Outflow Discharge 

Table 8.1.3 shows the relation between reservoir water level and storage volume (hereinafter 
called H-V curve), and the relation between reservoir water level and outflow discharge 
(hereinafter called the H-Q curve) at both dams. The outflow discharge is the total discharge to 
be released from the conduits and spillways when the gates are fully opened. 

Table 8.1.3  H-V and H-Q Curve 
Rio Bonito Dam Pinhal Dam 

Elevation Volume Discharge Elevation Volume Discharge 
(EL.m) (x 106 m3) (m3/s) (EL.m) (x 106 m3) (m3/s) 

573.7 0.0 0.0 638.2 0.2 0.0 
575.0 0.1 15.0 643.0 1.1 34.9 
576.0 0.4 22.5 644.0 2.0 39.6 
577.0 1.0 28.5 645.0 3.1 43.7 
578.0 1.7 34.0 646.0 4.4 47.5 
579.0 2.8 39.0 647.0 6.0 51.1 
580.0 4.2 43.2 648.0 7.9 54.4 
581.0 6.3 47.2 649.0 9.9 57.5 
582.0 8.6 50.9 650.0 12.4 60.4 
583.0 11.0 54.1 651.0 15.2 63.2 
584.0 13.6 57.3 651.2 15.7 65.0 
585.0 16.4 60.3 651.4 16.4 67.8 
586.0 19.3 63.0 651.6 17.0 71.2 
587.0 22.6 65.9 651.8 17.7 75.1 
587.3 23.6 66.5 652.0 18.4 79.5 
587.8 25.3 81.1 652.2 19.1 92.4 
588.3 27.1 106.3 652.4 19.9 112.2 
588.5 29.0 140.1
589.5 31.8 193.7

Source: CELESC 
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Figures 8.1.4 and 8.1.5 shows the H-V and H-Q curves at both dams. 

 

 

 

 

 

 

 

 

 

 

Source: CELESC 

Figure 8.1.3  H-V and H-Q Curve of Rio Bonito Dam 

 

 

 

 

 

 

 

 

 

 

Source: CELESC 

Figure 8.1.4  H-V and H-Q Curve of Pinhal Dam 

(3) Current Operation for Floods 

Dam operators of the hydropower plant are usually on standby in the office at the Palmeiras 
power station, and two operators visit each dam once or twice a day for the gates operation and 
inspection of the facilities. When flood will occur, the one operator stands by at the dam 
throughout the flood for gate operation. 

In the past time, CELESC always kept the reservoir water level of both dams at 1 m lower than 
maximum water level in order to avoid the overflowing from the spillways. 

But persently, when a flood is forecasted to occur in the catchment area of these dams, CIRAM 
informs the forecasted information to CELESC, and CELESC decides to release the stored 
water to lower the reservoir water level by 50 cm from maximum water level according to their 
own judgment. CELESC tries to keep this water level during the flood to avoid the overflowing 
from the spillways. 
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Figures 8.1.5 and 8.1.6 show the operation of both dams in the period from January to March in 
2011. 

As for the Rio Bonito Dam, total rainfall from January to March in 2011 was 1,048 mm. 

Total rainfall in this period of the ANA stations in the Rio dos Cedros River are 552 mm at 
Timbo (1950 to 2006), 563 mm at Arrozeira (1950 to 2009), 559 mm at Barra do Avencal (1985 
to 2006). Rainfall at the Rio Bonito Dam in this period was much more than the average rainfall 
from January to March in the Rio dos Cedros. 

The water level at the Rio Bonito Dam was once drawn down to 589 m (50 cm from the 
maximum water level) in elevation in the beginning of January, and soon recovered in the 
middle of January. The water level was almost constant around 589.4 m to 589.5 m in elevation 
from the middle of January to March. 

The gate opening of the spillway usually varied from 0 to 1.0 m, and more than 2.0 m during the 
period of heavy rainfall. On the other hand, the gate opening of the intake was almost constant 
around 0.15 to 0.2 m. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: CELESC 

Figure 8.1.5  Operation of Rio Bonito Dam 
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As for the Pinhal Dam, total rainfall from January to March in 2011 was 825 mm. This was also 
much more than the average rainfall from January to March in the Rio dos Cedros. 

The water level of Pinhal Dam had been maintained almost constant, varying in 20 cm from 
EL.651.8 m to EL.652 m. The gate opening of the spillway was usually 1.0 m fully. On the 
other hand the gate opening of the intake usually varies from 0.1 to 0.3 m, and more than 2.0 m 
during the period of heavy rainfall. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: CELESC 

Figure 8.1.6  Operation of Pinhal Dam 

The water levels of both dams were controlled to be maintained almost constant. The water 
level of Rio Bonito Dam was controlled mainly with spillway gate, and the water level of Pinhal 
Dam was controlled mainly with intake gate. 
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8.2 Dam Operation for Pre-releasing 

8.2.1 Operation of the Hydropower Dams for Flood Control 

(1) Basic Policy 

CELESC releases the stored water to lower the reservoir water level by 50 cm in the current 
operation, when floods are forecasted to occur by CIRAM. In this connection, pre-releasing 
method is proposed to mitigate flood damage in Timbo and Rio dos Cedros cities. 

(2) Possible Pre-releasing Discharge from the Dams 

According to the H-Q curve at both dams shown in Figures 8.1.3 and 8.1.4, the total discharge 
capacity is around 190 m3/s at the Rio Bonito Dam at the maximum water level of 589.5 m in 
elevation, 80m3/s at the Pinhal Dam at the maximum water level of 652 m in elevation, when 
the gates are fully opened. 

On the other hand, Figure 8.2.1 shows the estimated outflow discharge at the both dams based 
on the operation records of gate openings and water levels. 

The estimated outflow discharge is around 10 to 20 m3/s during the period from January to 
March except floods. As the water levels of the dams during this period are almost constant, the 
base flow into the dams is also considered to be 10 to 20 m3/s. 

 

 

 

 

 

 

 

 

Source: JICA Survey Team 

Figure 8.2.1  Estimated Outflow Discharge from Rio Bonito Dam and Pinhal Dam 

(3) Required Flood Control Volume for Pre-releasing 

In order to regulate the outflow discharge from both dams not to exceed 140 m3/s for the 
10-year flood with a peak discharge of 210 m3/s, the required flood control volume to be created 
by pre-releasing was examined by simulation of reservoir operation at both dams. The results of 
examination are summarized in Table 8.2.1. As indicated in this table, the required volume for 
pre-releasing was estimated to be 1.4 million m3 for the Rio Bonito dam and 3.2 million m3 for 
the Pinhal dam, respectively. Figure 8.2.1 shows the simulation results of the proposed flood 
control operations at both dams. 

Table 8.2.1  Required Flood Control Volume to be Created by Pre-releasing at Two Dams 
 Rio Bonito Dam Pinhal Dam 
Maximum water level in operation EL.589.5 m EL.652.0 m 
Drawing down by pre-releasing -0.5 m -1.0 m 
Water level after pre-releasing EL.589.0 m EL.651.0 m 
Volume for flood control by pre-releasing 1400 x 106 m3 3200 x 106  m3 
Maximum inflow discharge 85 m3/s 125 m3/s 
Maximum outflow discharge 60 m3/s 85 m3/s 
Reduction of discharge at the peak time of inflow 25 m3/s 45 m3/s 
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Operation of gates during flood control 
  Gate opening of the spillway 
  Gate opening of the intake 

Constant opening 
  0.5 m 
 2.6 m

Constant opening 
  1.0 m 
 2.6 m

Operation of gates before flood control Keep the water level at EL.589 
m(inflow = outflow) by operating 
intake gate

Keep the water level at EL.651 m 
(inflow = outflow) by operating 
intake gate 

Operation of gates after flood control Keep the water level at EL.589.5 
m (inflow = outflow) by 
operating spillway gate

Keep the water level at EL.652 m 
(inflow = outflow) by operating 
spillway gate 

Source: JICA Survey Team 

 

 

 

 

 

 

 

 

 

 

 

 

Source: JICA Survey Team 

Figure 8.2.2  Operation of Rio Bonito Dam and Pinhal Dam for Flood Control 

It is very important that the outflow discharge from dams must be kept less than or equal to the 
inflow discharge during any floods. 

The water level shall reach the maximum water level (EL.589.5 m at the Rio Bonito Dam, 
EL.652 m at the Pinhal Dam) earlier than the time expected in the case of excess floods. The 
water level should be kept at the maximum water level above by controling the outflow 
discharge equal to the inflow by operating spillway gates. 

(4) Operation Method of Pre-releasing 

Based on the required flood control volume by pre-releasing in the above, pre-releasing 
discharge and duration of pre-releasing shall be determined as illustrated in Figure 8.2.3. 

The discharge capacity of the Pinhal Dam is around 60 to 80 m3/s at the water level of EL.651 
to EL.652 m as indicated in Figure 8.1.4. However, as the base inflow into the Pinhal Dam is 
around 10 to 20 m3/s as shown in Figure 8.2.1, the possible pre-releasing discharge from the 
Pinhal Dam is estimated around 40 to 60 m3/s.  

On the other hand, the required total volume of the pre-releasing is estimated 3200 x 106 m3. 
Therefore the required time for pre-releasing is about 18 hours. 

  - Required Time for pre-releasing      18 hours 
  - Average pre-releasing discharge     Rio Bonito Dam 1400 x 103 m3 / 18 hours = 22 m3/s 
        Pinhal Dam    3200 x 103 m3 / 18 hours = 50 m3/s  
                      Total                               72 m3/s 
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As the pre-releasing increases the flow in the downstream river, the operators at the dams and 
river administrator should pay attention to the security along the downstream river reaches. 
Some points to be noted for executing the pre-releasing are as follows. 

- For preventing overflowing from the river channel by the pre-releasing, water level along 
the downstream river reaches should be monitored in Timbo and Rio dos Cedros cities. 
Installation of 3 water level gauge stations was planned in Supporting Report Annex D. 

- Warning and alert should be provided to the residents along the downstream river reaches 
by sirens before the pre-releasing. Installation of 3 sirens in the downstream river of the 
dams was also planned in Supporting Report Annex D. 

Comparatively long time is needed for pre-releasing due to the small flow capacities of the 
spillway and intake of the Pinhal dam. It is recommended to increase the flow capacity of the 
spillway of the Pinhal dam by lowering the spillway top in order to reduce the time for 
pre-releasing. 

 

 

 

 

 

 

 

 

Source: JICA Survey Team 

Figure 8.2.3  Illustration of Pre-releasing Method 

 

 

 

 

 

 

 

 

 

 

 

 

Source: JICA Survey Team 

Figure 8.2.4  Location Map of the Monitoring and Warning for Pre-releasing 
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(5) Judgment for the Pre-releasing 

1) Current Rainfall Forecast 

As mentioned in Section 8.1, CELESC lowers 
the reservoir water level in advance by 
pre-releasing based on the forecasted rainfall 
information by CIRAM. The rainfall is 
forecasted by ETA model of INPE and WRF 
model of USA for the coming 5 days. The grid 
scale of the analysis is 40 km x 40 km, and 20 
km x 20 km, respectively. 

But the accuracy of the forecasting has not 
been satisfactory, as the meteorological radar 
has been installed only in Urubici, far from Rio 
dos Cedros city (see Figure 8.2.5). 

At present, some organizations of the SC State 
like Defesa Civil, EPAGRI, SDS intend to 
establish a new rainfall forecasting system with 
satellite data from INPE, and also establish a 
flood forecasting system. Accuracy of the 
forecasting is expected to be improved by developing these new systems. 

2) Judgment for Pre-releasing 

The flow capacity of the Benedito River in Timbo city is estimated more than the peak 
discharge of the 5-year flood, and is less than the 10-year flood discharge.  

When the peak discharge is forecasted to be more than the current flow capacity in Timbo (5 to 
10-year floods), the pre-releasing shall be determined to be executed. One of the criteria of the 
judgment may be the rainfall of the 150 mm/4 days (5-year probable rainfall). In addition, after 
the first judgment, the forecasting and judgment should be repeated continuously by updating 
the hydro- meteorological information.  

 

 

 

 

 

 

 

 

 

 

Source: JICA Survey Team 

Figure 8.2.6  Flowchart of Judgment for Pre-releasing 

Source: SDS

Figure 8.2.5  Location of the Current Met- 
eorological Rader and its Cover Area 
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Determination of judgment for pre-releasing shall need more detail study during the 
implemetation stage. 

8.2.2 Recommendation of Organization for Operation 

Figure 8.2.7 shows the recommendation of the organization for executing the pre-releasing from 
the two dams. 

- As the river administrator should be responsible for the judgment and operation of the 
pre-releasing, he instructs the execution of the pre-releasing to CELESC based on the 
flood forecasting by CIRAM and monitored water levels along the Rio dos Cedros River. 

- The gates operation at the dams is carried out by the operators of CELESC. 

- CELESC should inform the pre-releasing to the municipal governments (Timbo and Rio 
dos Cedros) along the Rio dos Cedros River in advance, and municipal governments 
should alarm the residents along the river. 

- If any flood attacked to the catchment area of both dams though the pre-releasing was 
execued, lowered water levels of the dam reservoirs might not restore. The State 
organization responsible for flood management and CELESC should discuss and decide 
the regulation of such compensations. 

 

 

 

 

 

 

 

 

Source: JICA Survey Team 

Figure 8.2.7  Recommendation of Organization for Dam Operation 
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CHAPTER 9  FEASIBILITY STUDY ON FLOODGATES IN 
ITAJAI MIRIM RIVER 

9.1 Characteristic of Floods in Itajai Mirim River 

9.1.1 Topographic Characteristic in Itajai City 

(1) Itajai Mirim River 

Itajai city is a famous port city located at the mouth of the Itajai River. An urban area in Itajai 
city is located in the downstream area of the BR-101 (federal road), and the upstream area of the 
BR-101 is mainly used for farmland and pasture. 

The Itajai Mirim River is one of large tributaries of the Itajai River which joins the Itajai River 
at the urban center of Itajai city. The Itajai Mirim River originally flowed down with 
meandering through Itajai city, but the shortcut channel was constructed in 1970s. In this 
Chapter, original channel is called “the Old Mirim”, and shortcut channel is “the Canal” (the 
Canal is named in topographic map of IBGE). 

The Canal diverges from the Old Mirim in the upstream of the BR-101, and meets again with 
the Old Mirim at about 1km upstream point of confluence with the Itajai River. And small 
tributary named the Canhanduba River drains into the Old Mirim. 

(2) Topographical Characteristics and Mitigation Measures for Flood 

Figure 9.1.1 presents the distribution of ground elevation in Itajai city based on the 1/2000 
topographical map prepared by municipal government of Itajai city. As indicated in this figure, 
the riparian area along the Old Mirim is generally low elevation varying EL.1.0 to 3.0 m. On the 
other hand, the area along the Canal is relatively high elevation of around EL.3.0 to 4.0 m. 
Though the Canal has larger flow capacity, the Old Mirim has caused frequent flooding and 
inundation to its riparian area. Two “floodgates” in the Old Mirim proposed in the M/P aim at 
mitigation against inundation along the Old Mirim. 

The inside area of the meandering stretch of the the Itajai River such as Centro, Barra do Rio, 
Murta district in Itajai city is extremely low in elevation of 1.0 to 2.0 m. These areas tend to be 
inundated by only tidal wave in the spring tide, and suffer more inundation by occurrence of 
even small floods when the high tide. The M/P proposes “floodway and diversion weir” against 
the 50-year flood in the Itajai River. 

Farmland and pasture areas in the upstream of the BR-101 along both the Itajai River and Itajai 
Mirim River are the areas of floodplain, and have a function of natural retarding basin for Itajai 
city. The proposed mitigation measures such as “floodgates”, “floodway” are planned on the 
premise that the floodplain should be preserved. Therefore, any developments in the floodplain 
should be restricted, or increase of discharge caused by developments must be compensated by 
provision of other measures. 
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 Source: Municipal Government of Itajai city 

Figure 9.1.1  Distribution of Ground Elevation in Itajai City (1/2) 
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Source: Municipal Government of Itajai city 

Figure 9.1.1  Distribution of Ground Elevation in Itajai City (2/2) 

Itajai River 

Canal 

Old Mirim 

Canhanduba 

BR-101 



Preparatory Survey for the Project on Disaster Prevention and Final Report 
Mitigation Measures for the Itajai River Basin  Supporting Report Annex B 

Nippon Koei Co., Ltd.  November 2011 
B - 104 

9.1.2 Flood Characteristics of Itajai Mirim River 

(1) Causes of Inundation in Riparian Area of the Old Mirim 

It is considered that there are mainly three causes of the inundation in Itajai city along the Old 
Mirim as illustrated in Figure 9.1.2. 

The first is the flood from the upstream basin area of the Itajai Mirim River, the second is the 
backwater from the Itajai River, and the third is the inland water due to rainfall over this area as 
illustrated below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: JICA Survey Team 

Figure 9.1.2  Causes of Inundation along the Old Mirim 

(2) Probable Flood Discharge in the Itajai Mirim 

The State Government decided that the Itajai River should be protected from 50-year flood as an 
ultimate goal. Taking into consideration huge budget for construction, the government also 
decided a stage-wise development for implementation along this line, the M/P recommended the 
first stage project to be protected from a 10-year flood. 

Figures 9.1.3 and 9.1.4 show the design discharge distribution of the 50-year and 10-year floods. 
These discharges are calculated on the assumption of implementation of the mitigation 
measures in the upstream area, such as floodway, dam heightening, river improvement, etc. 
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Source: JICA Survey Team 

Figure 9.1.3  Design Discharge Distribution for 50-year Flood (Unit: m3/s) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: JICA Survey Team 

Figure 9.1.4  Design Discharge Distribution for 10-year Flood (Unit: m3/s) 
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(3) Characteristics of Probable Floods in Itajai City 

Hydrographs of 50-year and 10-year floods of both the Itajai and Itajai Mirim Rivers in Itajai 
city are shown in Figures 9.1.5 and 9.1.6. These hydrographs are estimated through runoff 
analysis and unsteady flow analysis. Details of flood runoff analysis are prepared in the 
Supporting Report A “Hydrology”. 

Figure 9.1.5 shows the 50-year flood hydrographs of the Itajai River together with the planned 
peak-cut hydrograph by the floodway. The 50-year flood hydrograph of the Itajai Mirim is 
already included the flood control effect by a new dam which is planned in the M/P in the 
upstream reaches of Brusque city.  

In this F/S the design flood for the floodgate is applied the 50-year flood, considering that, once 
the gates are constructed for the 10-year flood, it would be difficult to be modified for the 
50-year flood in the future without re-construction. 

The characteristics of these hydrographs are described below. 

- The peak discharge of the Itajai River come about three days later from the peak of the Itajai 
Mirim, 

- The duration of the flood in the Itajai River is much longer than in the Itajai Mirim. 

0

500

1000

1500

2000

2500

3000

3500

4000

8/4 8/5 8/6 8/7 8/8 8/9 8/10 8/11 8/12 8/13 8/14 8/15 8/16

di
sc

ha
rg

e 
(m

3 /s
)

Itajai Mirim 610m3/s

Itajai River 3800m3/s

Itajai River 2200m3/s
with Floodway

 
Source: JICA Survey Team 

Figure 9.1.5  Hydrograph of 50-year Flood in Itajai City of Itajai River and Itajai Mirim 
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Figure 9.1.6  Hydrograph of 10-year Floods in Itajai City of Itajai River and Itajai Mirim 

9.2 Flow Capacity of the Itajai Mirim River 

9.2.1 Cross Sections of the Itajai Mirim River 

The river cross section survey was carried out at 25 locations along the Itajai Mirim River (both 
of the Canal and Old Mirim) from March to May in 2011, to analyze the flow capacity of the 
Itajai Mirim River for provide design water level for the floodgates and associated dykes. 

As, 9 cross sections have been already surveyed in 2010, totally 34 cross sections are available 
in the analysis. Among them, 21 cross sections are along the Canal, and 13 cross sections are 
along the Old Mirim. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: JICA Survey Team 

Figure 9.2.1  Locations of River Cross Section Survey 
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Figures 9.2.2 and 9.2.3, Table 9.2.1 show the elevations of riverbed, left bank, right bank, 
channel width at each cross section. Geometric characteristics of the channel are described 
below. 

- Significant longitudinal gradient is not recognized in both rivers. 

- Riverbed elevation of the Canal is in the range of -8 to -4 m, and riverbed elevation of the 
Old Mirim varies from -5 to -3.5 m except near the confluence. 

- Riverbank elevation of the Canal varies from 1.5 to 5.5 m, and is remarkably low (1.5 to 2.0 
m) especially on the downstream stretch from 0.6 to 1.0 km. 

- Riverbank elevation of the stretch around 2.5 km along the Canal is also low (about 3.0 m). 

- Riverbank elevation of the Old Mirim is very low except the right bank stretch around 2.5 
km. 

- Channel width of the Canal varies from 55 to 85m, and the Old Mirim is in 45 m to 70 m. 
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Source: JICA Survey Team 

Figure 9.2.2  Longitudinal Profile of Canal 
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Source: JICA Survey Team 

Figure 9.2.3  Longitudinal Profile of Old Mirim 
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Table 9.2.1  Elevation Data of Each Cross Section 
Canal

Interval Distance
Riverbed
Elevation

Leftbank
Elevation

Rightbank
Elevation

Channel
Width

(m) (km) (EL.m) (EL.m) (EL.m) (m)
IM-01 -209.2 0.2209 -6.873 1.371 2.622 70.586
IM-02 -39.7 0.4301 -8.16 2.588 3.848 88.235
IM-02b -112.9 0.4698 -6.109 4.9 3.651 65.205

IMa 0.0 0.5827 -6.152 2.171 1.853 56.757 surveyed in 2010
IM-03 23.5 0.6062 -8.243 2.657 1.281 57.733
IM-04 216.2 0.8224 -6.993 3.729 1.633 61.092
IM-05 212.5 1.0349 -6.945 3.494 1.915 67.639
IM-06 198.6 1.2335 -4.214 4.615 4.333 64.867
IM-07 216.1 1.4496 -4.081 4.713 4.467 83.126

IM01 184.1 1.6337 -4.846 4.917 3.272 76.052 surveyed in 2010
IM-08 52.6 1.6863 -8.68 4.475 3.478 79.121
IM-08b 67.4 1.7537 -6.548 5.399 3.301 71.085
IM-09 302.8 2.0565 -4.932 5.154 4.775 67.965
IM-10b 483.7 2.5402 -5.123 2.673 3.219 64.833

IMe 344.3 2.8845 -4.46 3.374 3.472 80.243 surveyed in 2010
IM-11 45.9 2.9304 -4.804 3.658 3.534 77.642
IM-12 322.4 3.2528 -4.488 4.073 4.011 75.318
IM-13 394.6 3.6474 -5.397 4.562 3.374 78.767
IM-14 432.6 4.0800 -6.909 3.874 4.627 67.88
IM-15 350.4 4.4304 -6.267 3.602 3.925 76.005

IM02 6.4432 -3.759 2.387 2.243 56.343 surveyed in 2010
IM03 11.3117 -3.494 4.177 4.456 66.062 surveyed in 2010

Old Mirim

Interval Distance
Riverbed
Elevation

Leftbank
Elevation

Rightbank
Elevation

Channel
Width

(m) (km) (EL.m) (EL.m) (EL.m) (m)
IM-05 -99.0 1.0414 -6.945 3.494 1.915 67.639 Itajai River
IMO-01 -79.0 1.1404 -2.881 2.922 1.573 59.542
IMO-02 -59.2 1.2194 -4.439 2.483 1.313 45.63
Jusante -33.2 1.2786 -7.056 3.366 2.471 54.19 flood control gate site

IMb IMO-03 0.0 1.3118 -4.993 4.098 1.21 64.194 surveyed in 2010
IM11 IMO-03-1 1,247.0 2.5588 -5.166 2.215 4.334 60.974 surveyed in 2010

IMO-04 963.3 3.5221 -5.19 2.049 2.574 48.482
IMc IMO-05 1,279.9 4.8020 -4.835 2.437 1.533 49.267 surveyed in 2010
IMd IMO-06 1,073.9 5.8759 -3.646 2.469 2.146 68.921 surveyed in 2010

IMO-07 2,315.1 8.1910 -4.583 1.922 1.805 73.487
IMO-08 1,377.7 9.5687 -4.04 0.892 2.49 67.582

IM12 IMO-09 1,439.8 11.0085 -4.24 2.993 3.55 51.927 surveyed in 2010
Montante 458.1 11.4666 -3.728 2.453 2.338 52.78 flood control gate site
IMO-10 362.1 11.8287 -4.306 1.682 1.919 52.849

IM03 23.1546 -3.494 4.177 4.456 surveyed in 2010

Section
surveyed
in 2010

Section
surveyed
in 2011

remarks

Section
surveyed
in 2010

Section
surveyed
in 2011

remarks

 
Source: JICA Survey Team 
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9.2.2 Estimation of Flow Capacity of the Itajai Mirim River 

(1) Flow Capacity 

The Flow Capacity of the Itajai Mirim River is estimated by the non-uniform flow calculation. 
The flow analysis was carried on the following conditions, 

1) Hydraulic Condition 

a) The boundary condition of the non-uniform flow calculation is defined by the water level at 
the downstream end of the Itajai Mirim (the junction to the Itajai River), which is calculated by 
non-uniform flow calculation along the Itajai River. 

i) The variables are defined as follows in this Supporting Report. 

   Q1: discharge of the Itajai Mirim River 

   WL1: water level at any points of the Itajai Mirim River when Q1 flows in the Itajai Mirm 

   Q0: discharge of the Itajai River when Q1 flows in the Itajai Mirm River 

   WL0: water level at the downstream end of Itajai Mirim when Q0 flows in the Itajai River 

ii) Relationship between WL0 and Q0 is as following equation estimated by the non-uniform 
flow calculation, when sea water level is high water (= 1.49 m). 

    WL0 = 0.0000000434 Q0
2 + 0.0001505921 Q0 + 1.3959645420 

iii) Relationship between Q1 and Q0 is defined as relationship of the probable peak discharge in 
each river. 

    Q1 = 0.00002 Q0
2 + 0.106 Q0 + 39.4 

iv) Boundary condition when discharge from the Itajai Mirim is Q1 will be able to be calculated 
from ii) and iii). 

b) Roughness coefficients of the Itajai River, the Canal and the Old Mirim are assumed 
respectively 0.030, 0.032 and 0.040 (see table x.x.x) 

c) The starting channel section of the non-uniform flow calculation is the downstream end of the 
Itajai Mirim River under the given discharge for the water level calculation. Then the given 
discharge is tentatively divided into two discharges. This tentative distribution rate is finalized 
through several trial calculations to obtain the same water level at the upstream bifurcation of 
the Itajai Mirim River. The distribution of the discharge is summaried in the Table 9.2.2. 

Table 9.2.2  Distribution of Discharge between Canal and Old Mirim 
Discharge from 

the Itajai Mirim (1) 
Discharge 

of the Canal (2)
Dicharge of 

the Old Mirim (3)
Distribution rate to 

the Canal (2)/(1) 
100 m3/s 75 m3/s 25 m3/s 0.75 
200 m3/s 148 m3/s 52 m3/s 0.74 
300 m3/s 216 m3/s 84 m3/s 0.72 
400 m3/s 276 m3/s 124 m3/s 0.69 
500 m3/s 325 m3/s 175 m3/s 0.65 
600 m3/s 378 m3/s 222 m3/s 0.63 
700 m3/s 441 m3/s 259 m3/s 0.63 
800 m3/s 504 m3/s 296 m3/s 0.63 

Source: JICA Survey Team 

2) Results of Non-uniform Flow Calculation 

The results of the non-uniform flow calculation are summaried below. 
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a) Canal 

- The flow capacity on the right bank of the downstream stretch (from 0.6 km to 1.0 km) is 
extremely low. It therefore is considered that inundation would occur even when the 
discharge is less than 200 m3/s. The flow capacity in this stretch is evaluated lower than the 
5-year flood discharge (see Figure 9.2.6). 

- Riverbank elevation of the stretch around 2.5km also is low (about 3.0 m). The flow 
capacity of this stretch is estimated to be about 600 m3/s in the Itajai Mrim (378 m3/s in the 
Canal, see Table 9.2.2). This is equivalent to the discharge of about 20 to 25-year flood 
discharge (see Figure 9.2.6). 

- The upstream stretch of the BR-101 along the Canal has also low riverbank, and the flow 
capacity of this stretch is around 500 to 600m3/s (325 to 378 m3/s in the Canal) which is 
equivalent to about 15 to 20-year flood discharge. 

- Other stretch (see Figure 9.2.4) has the flow capacity of more than 800m3/s (504 m3/s in the 
Canal). The flow capacity in this stretch is more than 50-year flood discharge. 
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Source: JICA Survey Team 

Figure 9.2.4  Water Levels by Discharge in Canal 

b) Old Mirim 

- Riverbank elevation is very low except the right bank stretch around 2.5 km. 

- The flow capacity varies 200 to 400 m3/s in the Itajai Mirim River (52 to 124 m3/s in the 
Old Mirim), which is evaluated to be less than 5-year flood discharge. 

- The elevations in the stretch of 0 to 300 m on the right bank, and around 8.5 km on the left 
bank are extremely low. According to Defesa Civil of Itajai city, in this area flooding occurs 
even in times of spring tide and small flood. 
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Figure 9.2.5  Water Levels by Discharge in Old Mirim 

y = 0.3516e
0.0069x

R
2
 = 0.9969

0

10

20

30

40

50

60

70

200 300 400 500 600 700 800

Discharge from Itajai Mirim (m3/s)

R
et

ur
n 

P
er

io
d 

(y
ea

r)

5-year 390m3/s
10-year 490m3/s

25-year 610m3/s

50-year 730m3/s

 
Source: JICA Survey Team 

Figure 9.2.6  Relationship between Return Period and Discharge in Itajai Mirim 

(2) Water Level by Probable Flood 

Figures 9.2.7 and 9.2.8 present the variation of water levels in the Itajai Mirim due to the flood 
with return period 10 and 50 years. 

- In the stretch of around 500 m from the confluence of the Itajai River, the height of the right 
bank is lower than the water level of 10-year and 50-year flood.  

- Left bank of the stretch around 2.5 km in the Canal is lower than the water level of 50-year 
flood. 

- The downstream stretch of the “downstream floodgate” along the Old Mirim also needs 
dyke on right bank, and the elevation of this dyke is also decided by 10-year flood. 

- The both bank along the Old Mirim are lower than the water level of 10-year and 50-year 
flood except the stretch from 0 to 2 km. 
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Figure 9.2.7  Water Levels by the 10 and 50-year Floods in the Canal 
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Source: JICA Survey Team 

Figure 9.2.8  Water Levels by 10 and 50-year Floods in Old Mirim 

9.3 Function and Operation of Floodgates 

9.3.1 Function of Floodgates 

Floodgates would be installed at two locations on the Old Mirim as shown in Figure 9.3.1 below. 
The gates of upstream and downstream locations are herein called respectively “downstream 
gate” and “upstream gate”. 
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Source: JICA Survey Team 

Figure 9.3.1  Location Map of Floodgates in Old Mirim 

As mentioned in Sections 9.1 and 9.2, as riparian area of the Old Mirim has lower ground 
elevation than the Canal, this area has been suffering from frequent flooding and inundations.  

The construction department of the municipal government of Itajai city has been improving the 
current sewerage system. The upstream gate would prevent the flood from the Itajai Mirim 
River from entering the urban area. And the downstream gate would avoid the intrusion of 
backwater from the Itajai River. 

9.3.2 Operation of Floodgates 

This section explains the operation procedure of the floodgates. Some technical words used in 
this section are defined as follows. 

- Back water level: Water level of the downstream end of the Old Mirim during floods of the 
Itajai River. 

 - Inland water level: Water level of the Old Mirim while the downstream gate is closed. 

 - Allowable inland inundation level: Allowable maximum inland water level in the riparian 
area along the Old Mirim while the design flood occurs. 

 - Critical water level: Back water level at the time when the downstream gate should be closed. 

 

(1) Basic Procedure of the Operation 

1) The upstream gate shall be closed when flood discharge exceeds the flow capacity of the Old 
Mirim as illustrated in Figure 9.3.2. 

 

 

 

Upstream location 

Downstream location 
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Source: JICA Survey Team 

Figure 9.3.2  Operation of Floodgates (1/3) 

2) When the back water level of the Itajai River reaches the critical water level, the downstream 
gate shall be closed.  

 

 

 

 

 

 

Source: JICA Survey Team 

Figure 9.3.2  Operation of Floodgates (2/3) 

3) When the back water level falls down and becomes equivalent to the inland water level of the 
Old Mirim, the downstream gate shall be opened. When the upstream gate is opened, released 
discharge from the gate shall be less than the flow capacity of the Old Mirim. 

 

 

 

 

 

 

Source: JICA Survey Team 

Figure 9.3.2  Operation of Floodgates (3/3) 

The water level of Old Mirim must not be higher than Canal when the downstream gate is 
closed. As mistakes of the gates operation may cause man-made inundation, the operation rules 
of floodgates should be elaborated carefully.  

(2) Allowable Inland Inundation Level in the Riparian Area along the Old Mirim 

While both the downstream and upstream gates are closed, inland water level of the Old Mirim 
may rise because of the inflow thereto from inland drainage area. Therefore, the allowable nland 
inundation level” should be defined to reflect the flood operation of the gates operation.  

Flood flow from the Itajai Mirim River 

Canal Old Mirim 

Downstream Gate Upstream Gate 

Canal Old Mirim 

Downstream Gate 

Upstream Gate 

Canal  Old Mirim 

Downstream Gate 

Upstream Gate 

Peak Water Level 
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Almost of riparian area along the Old Mirim is higher than EL.1.5 m, and almost no residential 
area is located in the low-lying area of less than EL.1.5 m. 

 

 

 

 

 

 

 

 

 

Figure 9.3.3  Area by Elevation in Riparian Area along Old Mirim 

Water level due to the 10-year flood in riparian area along the Old Mirim is around EL.2 to 
EL.3 m as indicated in Figure 9.2.8. As the lowest residential area is around EL.1.5 to EL.2.5 m, 
the inundation depth is considered around EL.0.5 to EL.1.5 m in the lowest area. This depth 
may disturb evacuation activities and bring some damages on the property. 

It is difficult to reduce the inundation depth completely to zero, but is possible to mitigate to 
smaller depth. The allowable inland inundation level is the design water level to study the 
specification and operation of flood mitigating facilities, and this inundation level must not be 
the depth which brings huge damage to property or human lives. 

In this study, the allowable inland inundation level is defined to be EL.2.0 m (the inundation 
depth is EL.0.5 m in the lowest area), because this depth is almost equivalent to the height of 
knees and may not bring such the huge damage and may not disturb evacuation so much. 

(3) Inland Storage Volume in the Riparian Area of the Old Mirim 

As shown in Figure 9.3.4 inland storage volume from EL.1.5 m to EL.2.0 m, for example, in the 
riparian area along the Old Mirim is 750,000 m3. This indicates that inflow volume of inland 
water is allowed up to 750,000 m3, if the downstream gate is closed when the back water level 
from the Itajai River reaches to EL.1.5 m. 

 

 

 

 

 

 

 

 

Source: JICA Survey Team 

Figure 9.3.4  H-A and H-V Curve of Riparian Area along Old Mirim 
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But, in fact, the total volume of inland 
water flowing into the Old Mirim is 
much more than allowable volume (it is 
less than 750,000 m3 as shown in figure 
9.3.4) even if the downstream gate is 
closed at anytime. For example, after the 
closure of the downstream gate when the 
back water level was EL.1.5m, the total 
inflow volume of inland water to the Old 
Mirim during flood duration would 
reach 6,000,000 m3 (Figure 9.3.5). 

Most of inland water comes from the 
Canhanduba River (catchment area = 89 
km2), and the discharge from the 
Canhanduba River is almost less than 10 
m3/s (see Figure 9.3.8). But the flood 
duration of the Itajai River is so long that 
the downstream gate must be also closed 
for a long time. This indicates that the inland water must be forced to be drained by other 
measures. 

(4) Operation of Floodgates for 10-year Flood 

1) Necessity on Hydrological Information for Operation 

The floodgates are operated according to the variation of water level of the Old Mirim. The 
upstream gate would be closed when the discharge from the Itajai Mirim reaches to the flow 
capacity of the Old Mirim, in this respect, operation needs the information on the water level of 
the Old Mirim in the urban area (in the downstream area of the BR-101). On the other hand, the 
downstream gate would be closed when the back water level at the downstream end of the Old 
Mirim reaches to the critical water level. Therefore, the operation of downstream gate also 
needs the information on the water level at the downstream end of the Old Mirim. 

Civil Defense of the municipal government in Itajai city has already installed 9 gauges of water 
level and rainfall in February 2011. Table 9.3.1 shows the location of the gauges. Location map 
is shown in Figure 9.3.6. 

Both Gauges “DO-06” and “DO-04” will be used for operation of both floodgates. 

Table 9.3.1  Location of Water Level and Rainfall Gauges Installed by Itajai City 
Location No. Location Remarks 

DO-01 At the river mouth of the Itajai River  

DO-02 On the Itajai River, upper of urban area in Itajai city  

DO-03 On the Canal, upper of urban area in Itajai City  

DO-04 Confluence of the Canal and Old Mirm to be used for downstream gate operation 

DO-05 Upstream reach of the Old Mirim  

DO-06 On the Old Mirim, urban area in Itajai city to be used for upstream gate operation 

DO-07 On the Murta River  

DO-08 On the Canhanduba River   

DO-09 Office of Defesa Civil, Itajai city rainfall gauge only 
Source: JICA Survey Team 

 

Source: JICA Survey Team

Figure 9.3.5  Total Volume of Inland Water into 
Old Mirim 
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Source: JICA Survey Team 

Figure 9.3.6  Location of Water Level and Rainfall Gauges Installed by Itajai City 

2) Water Level of the Gates Operation 

i) When the flood discharge into the Old Mirim reaches to the flow capacity of the Old Mirim, 
upstream gate should be closed as shown in Figure 9.3.8. The flow capacity is equivalent to the 
water level of EL.2.0 m at the gauge DO-06 as shown in Figure 9.3.7. 

 

 

 

 

 

 

 

 

 

 

 

 

Source: JICA Survey Team 

Figure 9.3.7  Relation of Water Level and Discharge at the Gauge DO-06 
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Source: JICA Survey Team 

Figure 9.3.8  Operation of Floodgates for 10-year Flood 

ii) When the back water level from the Itajai River (at the confluence with the Itajai Mirim) 
reaches to EL.1.7 m, the downstream gate should be closed (see Figure 9.3.8). 

iii) When the back water level falls down to be equal to the inland water level of the Old Mirim 
(it must be EL.2.0 m as the allowable inland inundation level for design flood) after the peak of 
the back water level of the Itajai River, both the downstream and upstream gates will be opened 
in this order (see Figure 9.3.8). 

It should be noted that the inland water from the Canhanduba River must be drained by other 
measure and the drainage discharge is about 7.0 m3/s to maintain the inland water level as 
EL.2.0 m. 

9.3.3 Effectiveness of Floodgates for 10-year flood 

The effectiveness of floodgates for the 10-year flood is indicated in Figure 9.3.9. Maximum 
inland water levels at IMO-03, IMO-04, and IMO-07 without the floodgates are about EL.2.1 m, 
2.5 m, 3.0 m in elevation (locations are shown in Figure 9.2.1). And the maximum inland water 
level with operation of floodgates is EL.2.0 m.  

This implies that reduction of maximum inland water level is 0.1 m at IMO-03, 0.5 m at 
IMO-04, and 1.0 m at IMO-07. Furthermore, the floodgates will be also able to reduce the 
duration of high inland water level. 
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Source: JICA Survey Team 

Figure 9.3.9  Effectiveness of Floodgates Operation for the 10-year Flood 

Inundation area and depth in the downstream area of BR-101 along the Old Mirim with and 
without the floodgates are illustrated in Figure 9.3.10 and 9.3.11. The effectiveness of the 
floodgates is evaluated by means of the comparison of with and without the floodgates as 
summarized in Table 9.3.2. 

Table 9.3.2  Estimated Inundation Area along the Lower Old Mirim 
Inundation
depth (m) 

Area (m2)
without gate control

Area (m2)
with gate control 

Effectiveness 
(m2) 

< 0.5 2,216,400 564,400 1,652,000 
0.5 – 1.0 1,299,600 527,600 772,000 
1.0 – 1.5 848,800 242,000 606,800 
1.5 – 2.0 431,600 22,000 409,600 
2.0 – 2.5 441,200 0 441,200 
2.5 – 3.0 40,000 0 40,000 

Total 5,277,600 1,356,000 3,921,600 
Source: JICA Survey Team 
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Source: JICA Survey Team 

Figure 9.3.10  Estimated Inundation Area along the Lower Old Mirim without Floodgates 

 

 

 

 

 

 

 

 

 

 

 

 

Source: JICA Survey Team 

Figure 9.3.11  Estimated Inundation Area along the Lower Old Mirim with Floodgates 

Table 9.3.3 and Figure 9.3.16 shows the estimated inundation area by probable flood without 
floodgate. 

Table 9.3.3  Estimated Inundation Area along the Lower Old Mirim by Probable Flood 
Inundation depth 

(m) 
5-year 
(m2) 

10-year 
(m2) 

25-year 
(m2) 

50-year 
(m2) 

<0.5m 1,353,600 2,216,400 2,524,000 2,906,400 

0.5-1m 845,200 1,299,600 2,070,400 2,641,200 

1-1.5m 395,200 848,800 1,318,800 2,140,400 

1.5-2m 477,600 431,600 865,600 1,367,200 

2-2.5m 20,400 441,200 474,800 888,800 
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2.5-3m 1,200 40,000 392,000 449,600 

3-3.5m - - 98,800 424,400 

3.5-4m - - - 72,400 

Total 3,093,200 5,277,600 7,744,400 10,890,400 
       Source: JICA Survey Team 
       Remark: the inundation area of 50-year flood does not assume the floodway of Itajai River 

9.3.4 Recommendation of Organization for Operation 

The operation of floodgates needs hydrological information only around Itajai city, and 
operation of the floodgates affects to only Itajai city area. The operation shall be executed by the 
municipal government of Itajai city. 

 

 

 

 

 

 

 

 

 

Source: JICA Survey Team 

Figure 9.3.12  Recommendation of Organization for Operation 

Municipal Government 
of Municipal City Operation of the gates on-site 
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Report of Operation Data 
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Source: JICA Survey Team 

Figure 9.3.13  Estimated Inundation Area along the Lower Reachs of Old Mirim by Probable 
Flood 



Preparatory Survey for the Project on Disaster Prevention and Final Report 
Mitigation Measures for the Itajai River Basin  Supporting Report Annex B 

Nippon Koei Co., Ltd.  November 2011 
B - 124 

9.4 Design Condition of the Related Facilities 

9.4.1 Floodgates 

Floodgates are planned at the two locations as shown in Figure 9.3.1. 

(1) Downstream Gate 

As for the downstream gate, inland water level is lower than back water level. Therefore the 
height of the gate should be determined from the back water level. 

The maximum back water level is EL.2.3 m of the 10-year flood. Water level of the 50-year 
flood is lower than EL.2.3 m because of effectiveness of the floodway in the Itajai River. The 
minimum inland water level during gate closing is EL.1.7 m (see Figure 9.4.1). These would be 
used as the design water levels of the downstream gate. 

(2) Upstream Gate 

As for the upstream gate, upstream water level is always higher than downstream one. Therefore, 
the gate height is determined from upstream water level. 

As shown in Figure 9.2.8, water levels at the upstream gate without floodgates are EL.3.46 m in 
the 10-year flood, EL.4.38 m in the 50-year flood. These would be used as the design water 
levels of the upstream gate. 

In the stage-wise implementation, though concrete structure would be designed for 50-year 
flood, gate leaf would be installed for 10-year flood in the first stage. 

 

 

 

 

 

 

(a) downstream gate                          (b) upstream gate 

Source: JICA Survey Team 

Figure 9.4.1  Design Water Level of Floodgates 

Details of the design condition are discussed separately in Supporting Report F Structural 
Design and Cost Estimate. 

9.4.2 Dyke 

As mentioned in sub-section 9.2.2 (2), some stretch along the right bank in the Canal does not 
have enough flow capacity for 10-year flood. Therefore dyke should be provided to prevent 
overflowing from this stretch. The height of the dyke is determined from the water level of the 
10-year flood. The water level of the 50-year flood is lower than the 10-year flood because of 
the floodway (which should be implemented in the final phase of implementation of the 
measures proposed in the M/P for 50 year flood). 

2.3 m (10-year flood) 

1.7 m (critical water level) 
2.2 m (50-year flood) 

3.46m (10-year flood)
4.38m (50-year flood)

0.0m (lowest tidal level) 

downstream upstream downstream upstream 

back water level : 

inland water level : 
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9.4.3 Drainage Facilities 

(1) Drainage Channel Connected Canhanduba River to Old Mirim 

As described in sub-section 9.3.2 (3), the inland water should be forced to be drained to keep 
the inland water level not exceed EL.2.0 m. Almost of the inland water comes from the 
Canhanduba River. Conceivable measures to fulfill the requirement above are as follows. 

1) Pumping station from the Old Mirim to the Itajai River 

In this measure, inland water is directly drained to the Itajai River from the Old Mirim by 
pumping station to be installed near the junction of the Itajai Mirim and Itajai River. 

2) Floodgate along the Canhanduba River 

Another floodgate would be installed additionally in the the Canhanduba River at the upstream 
of the BR-101. This gate would prevent the flood from the Canhanduba River from flowing into 
the Old Mirim, having a function as retarding pond. 

3) Diversion channel from the Canhanduba River to upstream of the Old Mirim 

A diversion channel would be provided to connect the Canhanduba River to the Old Mirim in 
the upstream reach of the BR-101 to prevent flood from the Canhanduba River from flowing 
into the inland area along the Old Mirim. 

Table 9.4.1  Comparison of Drainage Facility for Inland Water from Canhanduba River 
Alternatives 

Pumping Station 
from Old Mirim to Itajai River 

Floodgate 
and Retarding Pond 

Drainage Channel 
from Canhanduba to Old Mirim

Location of the 
Installation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Cost most expensive comparatively expensive not expensive 

Impact no impact 
Retarding pond affects the 
upstream agricultural area 
along the Canhanduba River.

no impact 

Evaluation - - good 
Source: JICA Survey Team 

The general feature of this drainage channel is as follows. 

- The length of this channel is about 1 km which is almost excavated open channel except 
calvert stretch at the crossing point with roads 

- The design discharge of the channel is 7 m3/s to keep the allowable inland inundation level 
(= EL.2.0 m) for 10-year flood. 

Meanwhile, as the drainage facility mentioned above is planned against the 10-year flood, 
inland watar level might rise higher than allowable inland inundation level in case of larger 

Canhanduba 

Gate 

Gate 

Pump 

Drainage Channel

Gate 

Gate 

Floodgate 

Gate 

Gate 

Retarding Pond 
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floods than the 10-year flood. When the inland water level rises to be higher to the back water 
level, downstream gate should be opened in order to avoid the man-made inundation. It might 
be needed to consider installation of some pump facilities so that the floodgates work 
effectively against the larger floods. 

(2) Necessity of Drainage Channel Connected the Old Mirim to the Canal 

Water elevation at the upstream of the BR-101 along the Canal is estimated lower than Old 
Mirim by non-uniform flow calculation as shown in Figures 9.2.7 and 9.2.8. The flood water 
overflowing from the Old Mirim shall flow into the Canal naturally during the upstream gate 
closing. Therefore, the upstream area of the Old Mirim may not be affected negatively by 
closure of the upstream gate as illustrated in Figure 9.4.2 (ii). 

But if there is some topographic obstruction like slightly elevated ground between the Old 
Mirim and the Canal as illustrated in Figure 9.4.2 (iii), the inundation level in the upstream area 
along the Old Mirim would rise because of the retention. 

It is recommended that the impact to the inundation level in the upstream area of the BR-101 
shall be studied by two-dimensional inundation analysis, after completion of the ongoing aerial 
topographical survey by the State Government. 

 

 

 

 

 

 

 

 

 

 

(i) without Floodgates                (ii) with Floodgates               (iii) with Floodgates 

Source: JICA Survey Team 

Figure 9.4.2  Necessity of drainage in the upstream area of the BR-101 
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CHAPTER 1 INTRODUCTION 

1.1 Coverage  

The annex C describes the landslide/sediment discharge/flash flood management, and surface 
and subsurface condition of the Itajai River basin, which is related to water induced disasters. 
Water induced disaster includes flood, flash flood, landslide, and sediment discharge. The 
results of engineering geologic surveys are also described in this Annex C. 

1.2 Constitution  

1.2.1 General  

The annex C is subdivided into 3 chapter groups of introduction, master plan, and feasibility 
study. Contents of each chapter are described as follows. 

1.2.2 Introduction  

‘Chapter 1 Introduction’ describes the coverage and composition of this Annex C. 

1.2.3 Master Plan 

‘Chapter 2 Regional Topography, Geology, Pedology, and Vegetation’ describe the surface and 
subsurface characters of the Itajai River basin. 

‘Chapter 3 Status of Landslide and Sediment Discharge’ describes the status and restoration 
works of landslide, characteristics of landslide on each municipality, sediment balance 
evaluation, and risk assessment of landslide and sediment discharge. 

‘Chapter 4 Needs and Basic Policy for Formulation of Master Plan for Landslide/Sediment 
Discharge/Flash Flood Management’ describes the approach, needs assessment results, and 
basic policy for the disaster management. 

‘Chapter 5 Master Plan for Landslide/Sediment Discharge/Flashflood Management’ describes 
the non-structural measures of captioned disasters, structural measures for landside/sediment 
discharge and selection of structural measures for feasibility study. 

1.2.4 Feasibility Study 

‘Chapter 6 Engineering Geology on Selected Structural Measure Sites’ describes engineering 
geology of proposed structural measures sites. 

‘Chapter 7 Feasibility Study of Structural Measure for Landslide/Sediment Discharge’ describes 
landslide type and selection of type of measure, criteria applied for the feasibility design, 
structural measures planning of 13 high priority slopes. 

‘Chapter 8 Cost Estimate, Benefit Estimate, Cost Reduction Measures, Economic Evaluation of 
Master Plan for Landslide/Sediment Discharge/Flash Flood management’ describes cost 
estimate and economical feasibility assessment for the structural measures, and cost estimate for 
early warning system for landslide/flash flood. 

‘Chapter 9 Implementation Plan of Master Plan for Landslide/Sediment Discharge/Flash flood’ 
describes implementation plan of structural measure for landslide/sediment discharge, and cost 
estimate for early warning system for landslide/sediment discharge. 

‘Chapter 10 Conclusion and Recommendations’ describes them for landslide/sediment 
discharge/flash flood management. 
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CHAPTER 2 REGIONAL TOPOGRAPHY, GEOLOGY, AND 
VEGETATION 

2.1 Topography 

Figure 2.1.1 shows the location map of rivers, mountains and roads in the Itajai River basin, while 
Figure 2.1.2 shows the classification map of elevations. 

The Itajai River Basin is surrounded by mountains with elevations varying from 200 to 1,750mm, 
except on the Atlantic Ocean side. The northeast boundary of the Itajai River basin is formed by 
the Jaragua Mountain Range, which is the watershed divide of the Luis Alves and the Benedito 
River sub-basins, with the highest point at an elevation of 986 m, located at the riverhead of the 
Benedito River, at the north end of Rio dos Cedros Municipality. The east-southeast boundary of 
the Itajai River basin is formed by the Geral Mountain Range, which is the watershed divide of 
Itajai do Norte, Itajai do Oeste and Itajai do Sul river sub-basins, with the highest point at an 
elevation of 1,752 m, at the southern end of Alfredo Wagner Municipality, at the riverheads of 
Itajai do Sul river. The southwest boundary of Itajai River basin is Tijucas Mountain Range, and 
the right bank of Itajai Mirim River.  

On the right bank of Norte River and on the left bank of Timbo River, there is the Mar Mountain 
Range, with elevations above 800 m, in the northwest-southeast direction. The Mar Mountain 
Range is cut by Itajai-Acu river valley in the Apiuna Municipality perpendicularly. On the right 
bank side of Itajai-acu River, the Mar Mountain Range is apparently deviated in the upstream 
(southwest) direction at approximately the 15 km point. The Mar Mountain Range, on the right 
bank of the Itajai-acu River and the Itajai do Sul River, stretches out in the northwest-southeast 
direction, from Rio do Sul to Alfredo Wagner Municipality.  

Between Itajai-Acu River and Itajai Mirim River, there is the Itajai Mountain Range, with 
elevations of more than 800 m, diverging perpendicularly from Mar Mountain Range in Lontras 
Municipality, stretching out at the south areas of Apiuna, Indaial, Blumenau and Gaspar 
Municipalities, in a northeast -southwest direction.  

In the Ibirama Municipality, the Itajai-Acu River flows down, and its elevation is from 100 to 
200 m and it meets with the Itajai Do Norte River. In Indaial Municipality it flows down to 
below 100 m elevation. Downstream from Blumenau Municipality, it meanders with an 
extremely gentle gradient flow across a flat alluvial plain, and flows into the Atlantic Ocean. 
From the Itajai-Acu River mouth in Itajai and Navegantes Municipalities until Ilhota and Gaspar 
Municipalities, the alluvial lowland spreads out from both banks. Along the Itajai Mirim River, 
alluvial lowland also spreads out from Itajai Municipality until Brusque and Guabiruba 
Municipalities. The width of this lowland is approximately 5 km in Gaspar Municipality, and 
approximately 3 km on the border between Itajai and Brusque Municipalities.  

The prominent directions of valleys and mountain ranges are northwest-southeast (the direction 
of Itajai do Norte, Itajai do Oeste and Itajai do Sul Rivers), and northeast - southwest (the 
direction of Itajai-Acu River between Rio do Sul and Blumenau Municipalities, and of Itajai 
Mirim River between Presidente Nereu and Itajai Municipalities). The geological structures are 
in harmony with the prominent direction of surrounding valleys and mountain ranges. The 
northwest-southeast direction match the direction of the sedimentary rock distribution, and the 
northeast-southwest direction match the direction of faults and intrusive rocks.  

Table 2.1.1 shows the area rate of altitude ranges in the whole Itajai river basin and in sub river 
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basins.  

Table 2.1.1 Area Rate of Altitude Ranges 
Altitude range Area rate of a elevation range (Area of a altitude range/basin area)  

Whole Itajai 
River basin 

Sub-Basin 
Itajai do 

Norte 
Itajai do 

Oeste 
Itajaí do 

Sul 
Benedito Itajai-Acu Itajai Mirim Luis 

Alves 

15,111km2 3,354km2 3,015km2 2,027km2 1,496km2 2,777km2 1,679km2 580km2

Below 100m 11％ 0% 0% 0% 8% 26% 26% 35%

100 to 500m 36％ 23% 36% 19% 17% 50% 39% 63%

500 to 1000m 53％ 77% 61% 75% 74% 24% 35% 2%

Above 1000m 1％ 0% 4% 6% 1% 0% 0% 0%

Total  100％ 100% 100% 100% 100% 100% 100% 100%
Source: JICA Survey Team 

In whole Itajai River basin, area rate of altitude range below 100 m is approximately 11%; the 
range 500 m to 1000 m is predominately 53%; and the range above 1000 m does not reach 1%.  

Figure 2.2.3 shows the surface gradient range distribution maps of Itajai River basin. Flat 
surfaces from 0 to 9 degrees are largely distributed throughout the Itajai River mouth area, and 
intermittently distributed on both banks of the river in the middle part. In general, hillsides have 
gentle gradients of 15 to 25 degrees. At the outlet of streams, there are small alluvial fans of 5 to 
10 degrees gradient. Gradients with more than 25 degrees are distributed at the sides of streams, 
and just below part of the gentle mountain top slopes.  

Table 2.1.2 shows the area rate per ground surface gradient range in the whole Itajai river basin 
and in sub-basins.  

Table 2.1.2 Area Rate of Ground Surface Gradient Range 
Ground surface 
gradient range 

(degrees) 

Area rate of ground surface gradient range  (Area of a ground surface gradient range/basin area) 

Whole  
Itajai  
River 
Basin 

Sub-basins 

Itajai do 
Norte 

Itajai do 
Oeste 

Itajai do 
Sul 

Benedito Itajai-Acu Itajai 
Mirim 

Luis 
Alves 

15,111km2 3,354km2 3,015km2 2,027km2 1,496km2 2,777km2 1,679km2 580km2

0 to 5  24.4％ 19.8% 30.3% 23.2% 25.6% 24.0% 20.6% 20.6%

5 to 10  30.5％ 35.3% 33.5% 35.7% 30.4% 23.8% 23.0% 25.3%

10 to 15  20.3％ 21.7% 17.5% 19.7% 19.3% 21.8% 20.5% 27.1%

15 to 20  13.0％ 11.6% 9.8% 11.0% 12.8% 16.5% 17.4% 17.2%

20 to 25  7.1% 6.1% 5.2% 5.8% 7.6% 8.8% 11.4% 7.3%

25 to 30  3.2％ 3.4% 2.4% 2.6% 3.2% 3.4% 5.1% 1.9%

30 to 35  1.2％ 1.4% 1.0% 1.1% 0.9% 1.2% 1.6% 0.4%

35 to 40  0.4％ 0.5% 0.4% 0.5% 0.2% 0.3% 0.3% 0.1%

40 to 45  0.1％ 0.1% 0.1% 0.2% 0.0% 0.1% 0.0% 0.0%

40 to 50  0.0％ 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0%

Above 50  0.0％ 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Total 100.0％ 100.0% 100. 0% 100.0% 100.0% 100.0% 100.0% 100.0%
Source: JICA Survey Team 
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Figure 2.１.1 Location Map of Rivers, Mountain Ranges and Roads in Itajai River Basin 
Source: Material edited by JICA Survey Team based on 2009 DEINFRA, MAPA RODOVIÀRIO DO ESTADO DE SANTA CATARINA  
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Figure 2.１.2 Map of Elevation Ranges of Itajai River Basin 
Source: IBGE,EPAGRI,SDS,SRTM 



P
reparatory Survey for the P

roject on D
isaster P

revention and 
F

inal R
eport 

M
itigation M

easures for the Itajai R
iver B

asin 
 

Supporting R
eport A

nnex C
 

N
ippon K

oei C
o., L

td. 
 

N
ovem

ber 2011 
C

 - 6 

 

 

Figure 2.１.3  Map of Gradient Ranges of the Itajai River Basin Source: IBGE, EPAGRI, SDS, SRTM 
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Flatland with gradient of up to 5 degrees is in 24% of whole basin’s total area, and ground with 
flat and gentle gradient of up to 10 degrees of 55% in it. On the other hand, areas with 40 degrees 
or more gradient specified APP (permanent protection area) do not exceed 0.1% of the whole 
basin’s total area.  

The trend of the ground surface gradient is generally the same in all sub-basins, but the 
percentages of flatland of 0 to 5 degrees of gradient are divided in the following three groups:  

The percentage of flatland of 0 to 50 degrees of surface ground gradient is:  

Quite big, 30%   Itajai do Oeste 
Medium, from 23 to 26%  Itajai do Sul, Benedito, Itajai-Acu  
Small, from 20 to 21%  Itajai do Norte, Itajai Mirim, Luis Alves 

It influences the above situation that the Itajai do Oeste Basin is mainly composed of soft rock, 
relatively new and subject to erosion, which produce lots of sediment, causing large amounts of 
accumulation of sediments along the rivers, and the fact that Itajai Mirim and Luis Alves basins 
are composed of old and hard soil, little subject to erosion, which, produce relatively little 
sediment.  

2.2  Geology 
2.2.1  General 

The geological map of Itajai River Basin and surrounding areas are presented in Figure 2.2.2, and 
the geological structure legend is presented in Figure 2.2.1. The corresponding stratigraphy is also 
presented in Table 2.2.1.  

Itajai River basin is located at the east end of the so-called Parana sedimentary basin, which 
stretches out from Brazilian Mid-South to the northeast of Argentine, passing through the east 
region of Paraguay (the central portion is young geology , and as they stretch out to the periphery, 
geology become older) . 

The geology of Itajai River Basin has the base from Archean to Proterozoic eons, which compose 
the stable continent of South-America, and above it, there are sedimentary rocks from the 
Paleozoic and Mesozoic eras, and in the upper layer, there are basaltic rocks run off in the 
Mesozoic era. Except for the alluvial portion that stretches out in the lowland of the Atlantic coast 
and the lowland of the banks of rivers, in general, the geology are old in the northeast region and 
young in the southwest region. In the upstream areas of the basin, there are rocks from the 
Paleozoic to Mesozoic eras.  In the middle and lower portions, there are sedimentary rocks in the 
Paleozoic era, and metamorphic rocks from the Archean to Proterozoic eons. The distribution of 
geology in the basin of each tributary is shown in Table 2.2.2.  

The fault system that stands out at the east side of Serra do Mar (downstream Itajai River) is the 
Northeast - Southwest system, at the maximum length of 60 km, which as good continuity. We 
also observe the North-Northeast - South - Southwest fault systems, with lengths of up to 20 km. 
At the west side of Mar Mountain Range (downstream Itajai River), the fault systems are 
relatively sparsely distributed. In addition to the Northeast -Southwest system, we also observe 
the North - Northwest South - Southeast system that continuously stretches out for 80 km along 
Itajai do Norte River, and for 40 km along Itajai do Sul River.  

The geology of Itajai River basin is divided into four chronological orders from the most recent 
one:  

1) Alluvial deposit in the Cenozoic era. It is largely distributed in the downstream 
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portion of the Itajai-Acu, Itajai Mirim and Luis Alves River basins, with depth lower 
than 30 m, and in the narrower areas along the upstream of Itajai-Acu river and other 
tributaries, with depth of up to 10 m.  

2) Sedimentary and volcanic rocks in the Mesozoic era. These are distributed 
throughout the General Mountain Range, the eastern margin of Itajai River basin.  

3) Sedimentary and volcanic rocks of the Paleozoic era. These are distributed at from 
the Mar Mountain Range which transverse the center of the Itajai River basin until 
eastern foot area of Geral Mountain Range. 

4) Granulite, migmatite, metamorphic volcanic rocks, sedimentary rocks, intrusive 
rocks, and plutonic rocks of from Archean to Proterozoic eons. These are distributed 
in the eastern foot area of Mar Mountain Range (downstream area of the Itajai river 
basin). 

2.2.2  Sub-river Basins of the Three Upstream Tributaries of Itajai-Acu River (Itajai do 
Norte, Itajai do Oeste, Itajai do Sul) 

The geology of the three upstream tributaries of Itajai-Acu River in the west than Mar Mountain 
Range, sedimentary rocks from the Paleozoic to Mesozoic eras stand out (Itarare formation, 
Guata formation and Passa Dois formation).  

In the lower elevation portions, there are sedimentary rocks from the Paleozoic and Mesozoic eras, 
mainly shale. These rocks are mainly constituted of marine sediment rocks, and are interstratified 
with fine sandstone.  

In the portions with high elevations of General Mountain Range, which is the watershed of Itajai 
River basin, there are sedimentary rocks in the Mesozoic era. These are mudstone, sandstone, and 
are interstratified with siltstone and fine sandstone. They are characterized by the reducing 
environment of purple, pink and white color. 

In the Itajai do Oeste River basin, there are basalts in the Mesozoic era.  

The alluvial deposit is punctually distributed in the micro-basin along the Itajai-Acu River, 
between Rio do Sul and Lontras, and in Itajai do Oeste River and its tributaries. These alluvial 
deposits are generally composed of silty sand or sandy silt, and are interstratified by gravel layers. 
The alluvial deposits thicknesses are thought of be generally smaller than 10 m.  

 
   Boundary 
   

 #         #   Dykes 
    

 Fracture, fault or shearing zone 
   

  Fault with extensional shearing zone (block with hatching is the below side) 
   

  Fault with contractional shearing zone (block with triangles is above side) 
   

  Sinistral fault  
   

  Dextral fault  
   

Source: Edited by JICA Study Team from CPRM Serviço Geológico do Brasil 

Figure 2.2.1 Legend for the Geological Structure 
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Figure 2.2.2 Geological Map of Itajai River Basin and Surroundings  Source: CPRM -Serviço Geológico do Brasil 
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2.2.3 Sub-river Basins of Geology of the basins of Itajai-Acu, Benedito, Itajai Mirim, and 
Luis Alves  

The geology distributed in this region, which is to the east of Mar Mountain Range, are described 
below in order from the old one as follows:  

The Santa Catarina granulite complex of the Archean era (metamorphic rocks mainly composed 
of granulite) at the East side of Mar Mountain Range, at the North side of the Itajai-Acu river, 
which includes Benedito River basin and Luis Alves River basin.  

The complex of Metamorphic rocks of the Brusque Group of the Proterozoic eon, and 
granite/orthogneiss with schistosity developed are distributed in the south of the Itajai-Acu 
River and the downstream from the Gaspar Municipality, in other words in the Itajai Mountain 
Range and the Itajai Mirim basin. 

Non-metamorphic sedimentary rocks (Gaspar formation, Bau formation, Campo Alegre 
formation) in the Proterozoic eon are distributed from the north region of Itajai Mountain Range, 
and from Blumenau Municipality until the Luis Alves River basin.  

Sedimentary rocks of Itarare strata group, and strata from the Paleozoic era and from 
Carboniferous to Permian period are found at the eastern side of Serra do Mar in Benedito river 
basin.  

Alluvial sediments, to the east of Serra do Mar, are found along the main river and tributaries. The 
width of the alluvial layer distribution increases near Gaspar, in the main river, and near the meeting 
point of Luis Alves and Itajaí Mirim rivers, on the downstream side. Alluvial sediments are mainly 
composed of sandy silt or silty sand, intermingled with gravel layers. The thickness of sediments is 
generally close to 10 m. According to the location, basal rock outcrop is found in the river beds. 
River bed sediments are middle sized particle sand, containing rough particles. According to the 
results of foundation survey carried out by highway contractors, there is thick clay sedimentation 
containing organic matter in some portions.  

Table 2.2.1 Geological Stratigraphy of Itajai River Basin 

Era/ 
Eon 

Period 

10
6  y

ea
rs

   
Startigraphy 

C
en

oz
oi

c 

Q
ua

te
rn

ar
y 

H
ol

oc
en

e
  

Q2a Alluvial 
Formation 

Sand, quartz sand, gravel, silt, clay, locally peat 

0.01   
  1.75    

M
es

oz
oi

c 

C
re

ta
ce

ou
s 

135 

Sao Bento Group 

K1βsg Serra Geral 
Formation 

Basalt, andesite, tholeiite; rhyolite and rhyodacite; intercalate layers 
of limestone and sandstone  
135-129 Ma Ar-Ar 

  

Ju
ra

ss
ic

 

 

J3klbt Botucatu 
Formation 

Fine to coarse reddish sandstone, well-rounded grains, stratified and 
/ or cross-stratified, continental desert environment: eolian dune 
deposits 

  203   

T
ri

as
si

c 
  

  

Passa Dois Group 
P3T1rr Rio do 

Rasto 
Formation 

Mudstone and sandstone layers dominated by tabular or lenticular 
stretched, green or reddish siltstone, tabular, thin sandstone, purple, 
pink to white, tabular or lenticular; reducing environment, deltaic, 
lacustrine, wind and rare fluvial deposits. 

250   
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P
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P
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m
ia

n 

    

P3t Teresina 
Formation 

Mudstone, siltstone and sandstone, very fine, dark gray to 
greenish, tabular or lenticular geometry elongated lenses and 
limestone concretions; marine storms with the transitional 
(depths) 

P2i Irati Formation Shale, dark gray mudstone and siltstone; limestone, marl and 
bituminous shale with fossils of reptiles. Marine 
environment. 

Guata Group 
P1p Palermo 

Formation 
Siltstone, sandy siltstone, sandstone, and shale, lenses of 
coarse sandstone and conglomerate with pebbles; gray to 
gray-green, yellowish when altered, shallow marine 

P1rb Rio Bonito 
Formation 

Arkose, siltstone and gray to dark gray carbonaceous, 
quartz-white sandstone, carbonaceous shale dark gray to 
black, charcoal, diamictite matrix carbons and marl; 
fluvial-deltaic environments, marine and coastal shelf. 

P23sa Serra Alta 
Formation 

Shale, siltstone and dark gray mudstone layers in tabular; 
marine environment at depths below the wave action 

ltarare Group 

P1t Taciba 
Formation 

Sandstone, shale and cross lamination shale and sandstone; 
spores occur continental flora, marine and fluvial-deltaic 
glacial influence. 

  295   

C
ar

bo
ni

fe
ro

us
 

  

C2P1cm Campo 
Mourao 
Formation 

Fine to conglomeratic sandstone, shale and siltstone; occur 
spores ; continental environment braided fluvial to marine 
transgressive 

P
ro

te
ro

zo
ic

 

    355   

N
eo

-P
ro

te
ro

zo
ic

 I
II

 

543 NP3ca Campo Alegre 
Formation 

Arkose, shale, siltstone and tuffite with mafic to intermediate 
volcanic 

NP3ba Conglomerate 
Bau 

Conglomerate and arkose 

NP3ga Gaspar 
Formation 

Polymict conglomerate, arkose and pelitic 

NP3peγ3 Granites 600-580 Ma U-Pb 

NP3peγ2 Granites 628 Ma U-Pb 

NP3peγ1 Granites and 
Orthogneiss 

650-610 Ma U-Pb 

Grupo Brusque 

NPbr  Brusque Group
Undivided 

Sericite schist and chloro-sericite schist with intercalations of 
quartzite; biotite-muscovite schist, quartz-mica schist and 
garnet-mica schist; metapelites, quartzite, mica schist with 
thin intercalations of metavolcanic calc-silicate acid; 
metamarls lenses, and metadolomite. 

650 NPbrv Volcanic Unit Interbedded mafic, tourmalinite and iron formation in 
quartzite, mica shale. 

  2500       

A
rc

he
an

 

  
  

  A4scg Santa Catarina 
Granulite 
Complex 

granulitic orthogneiss with gneisses diorite, monzodiorite, 
monzonite, and syenite. granulitic pyroxenite, foliated 
granite, biotite-(hornblende) granodiorite orthogneiss and 
migmatite 

 A4bV Barra Velha 
Complex 

metapyroxinite and metagabbro 

2800       

 
Arkose sandstone: 75% to 95% of quartz, particles of feldspar>fragments of rocks 

Tuffite: Aquatic sedimentary rock in layers mainly composed of pyroclastic materials.  

Calc-alkaline: Rich in calcium and poor in alkaline.  

Rhythmite: Sediments in which thin layers of rough particle strata composed of fine sand and silt and fine particle 
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strata composed of clay are cyclically repeated. 

Granulite: Rock formed by the re-crystallization of big crystals in an agglomerate of small particles. It can appear 
as the result of rock fracturing during the re-crystallization action sequence.  

Migmatite: Generic denomination of rock in which metamorphic rock and plutonic rock seem to be mixed 
looking with unaided eye. In general, these are rock in which the portions composed of crystalline schist or 
gneissic rocks (dark portions) and portions composed of granitic rocks (clear portions) are heterogeneously 
mixed.  

Source: Edited by JICA Survey Team from CPRM: Serviço Geológico do Brasil  

2.2.4 Geological Characteristics of Sub-river Basins  

Table 2.2.2 shows the ratio of occupied areas per stratum in the sub river basins.  

In the Itajai do Norte River basin, the sedimentary rocks of Mesozoic and Paleozoic eras 
represent 97% of the total. Guata Formation, of the relatively median sedimentation period, and 
the Itarare Formation, of an older period, are dominant. 

In the Itajai do Oeste River basin, the sedimentary rocks of Mesozoic and Paleozoic eras 
represent 97% of the total. Compared with the river basins of Itajai do Norte and Itajai do Sul, this 
is the biggest ratio of relatively new sedimentary rocks, of the Mesozoic era, subject to erosion by 
weathering, and thus the sediment yield is also relatively big, also with a relatively big 
distribution of alluvial layer formed by the sedimentation. In some cases, crack rich volcanic 
rocks such as Basalt on the aquiclude soft sedimentary rocks, sometimes to be geological 
conditions of primary cause of landslide.  

In the Itajai do Sul River basin, the sedimentary rocks of Mesozoic and Paleozoic eras represent 
approximate 100% of the total. It is predominantly distributed that the Guata Formation in the 
middle age from Mesozoic to Paleozoic eras.  

In the Benedito River basin, the sedimentary rocks from Mesozoic to Paleozoic eras represent 
61% of the total; older sedimentary rocks of Proterozoic eon represent 6%, and the oldest 
metamorphic rocks of the Archean era represent 30%.  

In the Itajai-Acu River basin, the ratio of alluvial deposit is 13%, the biggest among the seven 
basins. The sedimentary rocks from Mesozoic and Paleozoic eras represent 18% of the total; the 
sedimentary rocks from Proterozoic era represent 31%, and the metamorphic rocks of the 
Achaean eon, the oldest one, 24%. 

In the Itajai Mirim River basin, the sedimentary rocks from Mesozoic and Paleozoic eras 
represent 29% of the total; the metamorphic sedimentary rocks (Brusque Group) of the 
Proterozoic eon represent 47%.  

In the Luis Alves river basin, the sedimentary rocks from the Mesozoic and Paleozoic eras 
represent 0%, and the metamorphic rock of the Archean eon is dominant with 73%.  
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Table 2.2.2 Area Ratio per Stratum 
 Code and name of the 

stratum 
Area ratio per stratum (area of stratum/ area of basin) 

Whole 
Itajai 
River 
Basin 

Sub-river basins
Itajai do 

Norte 
Itajai do 

Oeste 
Itajai 

do Sul 
Benedit

o 
Itajai-ac

u 
Itajai 

Mirim 
Luis

Alves 

15,111 
km2 

3,354
km2

3,015
km2

2,027
Km2

1,496
km2

2,777km
2 

1,679
km2

580
km2

Cenozoic era   

 Q2o Alluvial Deposit 4.2% 0.1% 0.8% 0.0% 3.4% 12.8% 7.3% 9,8%

 M
es

oz
oi

c 
er

a 

Sao 
Bento 
strata 
Group  
 

K1βsg 
General 
Mountain Range 
Formation  
(volcanic rocks)

0.4% 0.0% 1.9% 0.1% 0.0% 0.0% 0,0% 0.0%

J3klbt: 
Botucatu 
Formation 
(sedimentary 
rocks) 

0.3% 0.0% 1.4% 0.5% 0.0% 0.0% 0,0% 0.0%

P3T1rr/P3t/P2i: 
Passa Dois Group 
(sedimentary rocks) 

10.4% 7.7% 36.7% 9.9% 0.0% 0.0% 0.0% 0,0%

Pa
le

oz
oi

c 
er

a P1p/P1rb/P23sa: 
Gosta Group  
(sedimentary rocks) 

34.5% 51.6% 49.3% 74.2% 5.7% 4.5% 15.4% 0,0%

P1t/C2P1cm:  
Itarare Group: 
(sedimentary rocks) 

21.9% 37.8% 9.9% 15.4% 55.4% 13.0% 13.2% 0,0%

 

Subtotal of sedimentary 
rocks from the Mesozoic 
and Paleozoic eras 

67.1% 97.0% 97.3% 99.9% 61.0% 17.5% 28.5% 0.0%

P
ro

te
ro

zo
ic

 e
on

 

Np3ca: Campo Alegre 
Formations 
Np3ba: Bau Conglomerate  
Np3ga: Gaspar Formations  
(sedimentary rocks) 

7.2% 0.2% 0.0% 0.0% 6.0% 30.6% 0.0% 17,2%

Np3peγ1/ Np3peγ2/ 
Np3peγ3 
Schist, granite, and 
orthogneiss  

3.8% 0.0% 0.0% 0.0% 0.0% 9.7% 17.2% 0,0%

Brusqu
e 
Group  

NPbr: 
Metamorphic 
sedimentary 
rocks 

6.4% 0.0% 0.0% 0.0% 0.0% 5.7% 47,0% 0.0%

NPbrv: volcanic 
rocks 

0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

A
rc

he
an

  
eo

n 

A4scg: Santa Catarina 
granulite complex  
A4bV: Barra Velha 
complex (metamorphic 
rocks) 

10.9% 2.7% 0.0% 0.0% 29.6% 23.6% 0.0% 73.0%

General 100.0％ 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
Source: Edited by JICA Study Team from based on information from CPRM Serviço Geológico do Brasil  

 

2.3 Pedology 
Figure 2.3.1 shows the map of soil classification of Itajai River basin. Table 2.3.1 presents a 
comparison between the soil classification of this map and the soil classification of institutions 
from the UN, USA and Japan.  

Table 2.3.2 presents the Ratio of occupied area in the whole Itajaí River basin and the soil 
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classification in each tributary basin. The characteristics of soil distribution in Itajaí River basin 
and in the basins of its tributaries are as follows: 

The dominant soil type in Itajai River Basin is the Ordinary cambisols, occupying 43% of the 
whole area and mainly distributed in the middle altitude of the hillside. The second dominant soil 
type is the Leptosols occupying 26% of the total area, mainly found in the peak and in the 
watershed of the Itajai-acu River and tributaries. The third dominant is the Red-Yellow Acrisols, 
occupying 20% of the whole area, distributed from the hillside with elevation below 500 m until 
the banks of the Itajai-Acu River and tributaries.  

(1) Itajai do Norte River basin has the same trend in the whole basin. 

(2) In Itajai do Oeste River basin, the distribution ratio of Ordinary cambisols is quite 
big, occupying 56% of the whole area, and the distribution ratio of Red-Yellow 
Acrisols is small, occupying 6% of the whole area.  

(3) In Itajai do Sul River Basin, the distribution ratio of Ordinary cambisols is the 
biggest one among the tributaries basins, occupying 61% of the whole area.  

(4) In Benedito River Basin, the distribution ratio of Ordinary cambisols is quite big, 
occupying 56% of the whole area, and the distribution ratio of Leptosols is small in 
comparison with the other tributaries basins, only 2% of the whole area.  

(5) In Itajai-Acu River basin, the distribution ratio of Leptosols is big, occupying 40% 
of the whole area, and this is the most dominant type of soil in the basin. The second 
place is occupied by the Red-Yellow Acrisols, occupying 24% of the whole area, 
and the third place is of the Ordinary cambisols, occupying 18% of the whole area.  

(6) In Itajai Mirim River basin, the distribution of Leptosols is big, occupying 39% of 
the whole area, the most outstanding type of soil in the basin, showing the same 
trend of Itajai-Acu River basin.  

(7) In Luis Alves River basin, the Red-yellow acrisols is predominant, occupying 63% of the 
whole area. 

The characteristics of each soil are the following:  

A: Agua (Water) 

Rivers, lakes and swamps.  

U: Urbano (Urban Area) 

Distributed throughout the beach and is mainly composed of quartz particles.  

PVA: Aregisso Vermelho-Amarelo (Red-Yellow Acrisols) 
It develops in subtropical and tropical zones. The decomposition of vegetal remains is fast, 
and the humus layer of the upper part is thin. On the other hand, there is the eluviation of 
basic minerals and silicic acid due to the intense chemical weathering, forming an eroded 
stratum rich in ferric oxide and aluminum oxide, with a slightly high crystallization degree.  
If the oxidation degree of this part is high, soil becomes red, and if it is low, it becomes 
yellow. It is characterized by forming a film of deposited clay, which initially dispersed in 
the infiltrated water and moves to the pores of the soil. The soil particles are fine and difficult 
to become deposited, when dispersed in water.  

CX: Cambissolos Haplico (Ordinary Cambisols), CH: Cambissolos Humico (Humic Cambisols) 
It has a lack of clay, humus, soluble salts, iron and aluminum oxide. It develops a structure of 
fine fibrous soil structure. Since it contains soil structure of moderate porosity and in rich for 
efflorescence minerals, this soil is appropriate for agriculture. It is developed in temperate 
forests and subarctic zone.  CX: Ordinary Cambisols is brownish yellow in the normal 
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estate. CH: Humic Cambisols is humic and has the brown color.  
EK: Espodossolo Humiluvico (Podzols Humic-elubial horizon) 

They are formed and distributed in the coniferous forest under subarctic climate. They are 
formed in the upper humus accumulation layers (due to the low temperature, the 
decomposition of plant residue is not progressive, and the soil water containing organic acid 
infiltrates downward), and in the lower white-gray color layer (the basic minerals are 
eluviated by the organic acid, iron and aluminum bound to organic and move downward, and 
remaining sandy layer of silicic acid rich). Below the white-grey layer, the red and yellow 
layer is formed (accumulation layer of iron, etc.).  

GX: Gleissolo Haplico (Ordinary Greysols) 
The Ordinary greysols is formed in a water immersion environment, and with the lack of 
oxygen, and reducing character greying condition. The grey horizon or grey macules are 
formed with color varying from grey blue to grey green, as the result of iron reduction under 
fresh water.  

LB: Latossolos Bruno (Ferralsols) 
Ferralsols is the reddish yellow soil with strong chemical weathering under hot and pluvial 
climate in tropical rainforests and subtropical monsoon forests zones, the basic minerals and 
silica acid are leached, and reddish enriched high crystallinity horizon of the iron oxides and 
aluminum. The soil is rich in tubercles of these oxides, composing a porous and granular 
structure. Plant residues rapidly decompose, and the humus horizon development is very 
poor. That is why plants almost cannot absorb nutrients from the soil, limited to absorb 
nutrients from plant residues such as fallen leaves. Once trees are cut, the soil becomes hard 
or erodes, and the recuperation of the forest is generally difficult. In the past, this soil was 
also called laterite, but typical laterite is the product of weathering in the tertiary period, 
which solidified and transformed into rock with the drying up process, and thus shall be 
treated in a different from Ferralsols.  

RY: Neossolos Fluvicos (Fluvisols)  

Sand, clay and silt distributed in river beds and in flat land along the rivers.  

RL: Neossolos Litolicos (Leptosols) 
It has the characteristic of not forming perpendicular soil zone. Its matrix is non-solidified 
sediments and rocks, and it is basically not weathered chemically or alternated. 

RQ: Neossolos Quartarenicos (Quartz Sand Marine) 

It is distributed throughout the beach and is mainly composed of quartz particles.  

NX: Nitossolos Haplico (Hapic Nitisols) NV: Nitossolos Vermelho (Red Nitisols ) 
Nitisols is the red tropical soil, and is deeply distributed, highly permeable (porosity 
50-60%). We observe moderate to strong horn-rimmed blocking structure, and when 
distributed in the slope, it easily collapses. The weight rate of clay is over 30%, and rich in 
kaolinite and halloysite. It is rich in Fe2O3, above 4%. Due to such characteristics, it is 
productive in terms of agriculture when compared to other tropical soils.  
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Table 2.3.1 Comparison between the Classification of the Soil Map of Itajai River Basin and the Soil 
Classification of Various Institutions 

Portuguese English 
Soil classification SiBCS: Brazilian 

System of Soil 
Classification 2006 

Soil Type FAO Soil Type 
EUA1991 
Soil Taxonomy  Type of soil Code 

Água A   Water     
Urbano U   Urban Area     
Argissolo 
Vermelho-Amar
elo 

PVA Argissolo 
Red-Yellow 
 Acrisols 

Acrisols 
Lixisols 
Alisols 

Ultisols 
Oxisols 

Cambissolos 
Haplico 

CX 
Cambissolos  

Ordinary 
Cambisols  
 Cambisols Inceptisols  

Cambissolos 
Humico 

CH 
Humic 
Cambisols 

Espodossolo 
Humiluvico 

EK Espodossolo  
Podzols 
Humic-elubial 
horizon 

Podzols Spodosols 

Gleissolo 
Haplico 

GX Gleisso 
Ordinary 
Greysols 

Greysols Entisols 

Latossolos 
Bruno 

LB Latossolos  Ferralsols  Ferralsols Oxisols 

Neossolos 
Fluvicos 

RY Neossolos Fluvicos Fluvisols Fluvisols Fluvents 

Neossolos 
Litólicos 

RL Neossolos Litólicos Leptosols Leptosols   

Neossolos 
Quartarênicos 

RQ 
Neossolos 
Quartarênicos 

Quartz Sand 
Marine 

Arenosols Quartziosamments 

Nitossolos 
Haplico 

NX 
Nitossolos  

Hapic Nitisols Nitisols 
Lixisols 
Alisols 

Utisols 
Oxisols 
Altisols Nitossolos 

Vermelho 
NV Red Nitisols 

Source: Edited by JICA Survey Team based on Embrapa 2006 Brazilian System of Soil Classification 

 

Table 2.3.2 Area Ratio of Soil Type  
Soil symbol or name Rate of occupied area (area of soil type/area of basin) 

Brazilian 
denomination  

Sym
bol

Whole  
Itajai 
River 
Basin 

Sub-river basins
Itajai do 

Norte 
Itajai do 

Oeste 
Itajai do 

Sul 
Benedit

o 
.

Itajai-Ac
u 
, 

Itajai 
Mirim 

Luis
Alves 

15,111 
km2 

3,354
km2

3,015
km2

2,027
km2

1,496
km2 2,777km2 1,679 

km2 
580
km2

Agua A 0.8％ 0.8% 0.0% 1.0% 1.2% 1.4% 1.1％ 0.2%
Urbano U 0.4％ 0.1% 0.2% 0.3% 0.3% 1.2% 0.2% 0.0%
Argissolo 
Vermelho-Amarelo 

PV
A 20.3％ 20.1% 5.9% 17.1% 27.9% 24.2% 22.4% 63.0%

Cambissolos Haplico CX 42.8％ 47.3% 56.2% 60.9% 55.7% 17.7% 29.6% 8.9%
Cambissolos Humico CH 2.6％ 0.2% 3.8% 9.1% 5.4% 0.0% 0.0% 0.0%
Espodossolo 
Humiluvico EK 0.0％ 0.0％ 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Gleissolo Haplico GX 6.4％ 0.1% 7.6% 0.0% 7.1% 14.6% 7.9% 14.2%
Latossolos Bruno LB 0.1％ 0.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Neossolos Fluvicos RY 0.1％ 0.0% 0.0% 0.0% 0.0% 0.3% 0.1% 0.0%
Neossolos Litolicos RL 25.6％ 27.6% 26.2% 11.7% 1.6% 40.3% 38.6% 13.7%
Neossolos 
Quartarênicos 

RQ 0.0％ 0.0% 0.0% 0.0% 0.0% 0.2％ 0.0% 0.0%

Nitossolos Haplico NX 0.9％ 3.5% 0.0% 0.0% 0.7% 0.0% 0.0% 0.0%
Nitossolos Vermelho NV 0.0％ 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0%

Source: Edited by JICA Study Team based on Embrapa 2006 Brazilian System of Soil Classification 
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Figure 2.3.1 Soil Classification Map of Itajai River Basin Source: Embrapa Solos, 2004 
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2.4 Vegetation 

Figure 2.4 below presents the vegetation classification in Itajai River basin. The definition for 
each vegetation type is presented according to the below Table 2.4.1. 

Table 2.4.1 Nomenclature of Vegetation Type 
Nomenclature 

Portuguese English 

Área urbana Urban area 
Corpos dágua Water body 
Campo e floresta subtropical perenifólia Field and forest, subtropical evergreen 

Campo subtropical Subtropical Field 

Fase campo subtropical Phase field subtropical 

Fase floresta subtropical perenifolia Phase subtropical evergreen forests 

Fase floresta tropical perenifolia de varzea Phase lowland evergreen tropical rain forest 

Floresta e campo subtropical Subtropical forest and field 

Floresta subtropical altimontana Subtropical forest highland 

Floresta subtropical perenifolia Subtropical evergreen forest 

Floresta tropical de restinga Tropical sandbar 

Floresta tropical de varzea Lowland tropical forest 

Floresta tropical perenifolia Tropical forest evergreen  

Floresta tropical perenifolia de várzea Lowland evergreen tropical forest 

Floresta tropical/subtropical perenifolia Tropical subtropical evergreen forest 

Floresta tropical/subtropical perenifolia de Varzea Lowland tropical/subtropical forest 
Source: Elaborated by JICA Survey Team, based on information from IBGE, EPAGRI, SDS, SRTM 

Table 2.4.2 shows the area ratio occupied by vegetation type in the whole Itajai River basin and in 
the tributaries sub-basins.  

The subtropical evergreen forest is the largest vegetation type in the whole basin, occupying 38% 
of the total area. The tropical subtropical evergreen forest is the second largest one, occupying 
29%. The tropical evergreen forest is the third largest one, occupying 15% of the total area. These 
3 types of vegetation represent more than 82% of the total basin.  

In the sub-basins of Itajai do Norte, Itajai do Oeste and Itajai do Sul Rivers, which are located at 
West of Mar Mountain Range, the subtropical evergreen forests are predominate, corresponding 
to 52% to 63% of each river basin, the tropical evergreen forest occupied relatively small area, 
representing 1% to 9%.  

At the East side of Mar mountain range and North side of Itajai-Acu River, the tropical evergreen 
forest occupies 33% of the whole Benedito River basin, and 72% of Luis Alves River basin.  

At the East side of Mar Mountain Range and south of Itajai-Acu River basin, the tropical subtropical 
evergreen forest occupies very expressively, corresponding to 51% of the whole Itajai-Acu River 
basin, and 58% of the whole Itajai Mirim River basin. 
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Table 2.4.2 Area Ratio of Vegetation Type 
Types of vegetation   Area ratio of vegetation type (Area of vegetation type / area of basin ) 

Nomenclature in Brazil 

Whole 
Itajai River 
basin 

Sub-river basins 

Itajai do 
Norte 

Itajai do 
Oeste 

Itajai do 
Sul 

Benedito
Itajai- 
Acu 

Itajai 
Mirim 

Luis 
Alves 

15,111 
km2 

3,354
Km2

3,015
km2

2,027
km2

1,496
km2

2,777 
km2 

1,679 
km2 

580
km2

Área urbana 0.4% 0.1% 0.2% 0.3% 0.3% 1.2% 1.1% 0.0%
Corpos dágua 0.8% 0.8% 0.0% 1.0% 1.2% 1.4% 0.2% 0.2%
Campo e floresta 
subtropical perenifólia 

0.5% 0.0% 0.0% 0.0% 5.4% 0.0% 0.0% 0.0%

Campo subtropical 0.2% 0.0% 0.0% 1.2% 0.0％ 0.0% 0.0% 0.0%
Fase campo subtropical 0.4% 0.0% 0.0% 2.9% 0.0％ 0.0% 0.0% 0.0%
Fase floresta subtropical 
perenifolia 

4.1% 11.9% 6.1% 0.0% 0.0% 1.3% 0.0% 0.0%

Fase floresta tropical 
perenifolia de varzea 

0.1% 0.0% 0.0% 0.0% 0.0% 0.3% 0.1% 0.0%

Floresta e campo 
subtropical 

2.1% 2.4% 4.6% 4.4% 0.7% 0.0% 0.0% 0.0%

Floresta subtropical 
altimontana 

2.4% 0.0% 4.4% 11.3% 0.0% 0.0% 0.0% 0.0%

Floresta subtropical 
perenifolia 

38.3% 63.4% 59.1% 51.6% 24.5% 3.1% 18.7% 0.0%

Floresta tropical de 
restinga 

0.0% 0.0% 0.0% 0.0% 0.0% 0.2% 0.0% 0.0%

Floresta tropical de 
varzea 

0.3% 0.0% 0.0% 0.0% 1.6% 0.7% 0.0% 0.0%

Floresta tropical 
perenifolia 

14.5% 8.5% 2.3% 0.6% 33.3% 25.5% 10.7% 71.8%

Floresta tropical 
perenifolia de varzea 

6.2% 0.1% 4.1% 0.0% 7.4% 14.8% 11.1% 14.2%

Floresta 
tropical/subtropical 
perenifolia 

28.9% 12.9% 15.6% 26.7% 25.5％ 51.4% 58.0% 13.7%

Floresta 
tropical/subtropical 
perenifolia de Várzea 

0.7% 0.0% 3.4% 0.0% 0.0％ 0.0% 0.0% 00%

Source: Elaborated by JICA Study Team, based on information from IBGE, EPAGRI, SDS, SRTM 
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Figure 2.4.1 Classification Map of Itajai River Basin Vegetation Source: IBGE, EPAGRI, SDS, SRTM 



Preparatory Survey for the Project on Disaster Prevention and Final Report 
Mitigation Measures for the Itajai River Basin  Supporting Report Annex C 

Nippon Koei Co., Ltd.  November 2011 
C - 21 

CHAPTER 3 STATUS OF LANDSLIDE AND SEDIMENT 
DISCHARGE 

3.1 Landslide 

3.1.1 Status and Restoration Works 

(1) History of landslide disasters over the years 

The number of landslide events in Itajai River Basin, based on SC state Civil Defense information, 
is shown in Table 3.1.1.  The data of landslide occurrence is available in 23 years, between 
1980 and 2003. The number of landslides disasters was 185 in the whole State of Santa Catarina. 
While in Itajai River Basin, this number is 65, corresponding to 35% of the total in Itajai River 
Basin. 
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Figure 3.1.1 Changes of the AnualNumber of landslides in Santa Catarina State and in Itajai 
River Basin over the Years (1980 - 2003) 

Table 3.1.1 shows the number of landslide occurrences in the State of Santa Catarina and in Itajai 
River basin, as well as the rainfall, areas and population.  

The area rate of Itajai River basin is 16% of Santa Catarina State, and the number of landslide 
disasters per year in 1,000 km2 is 0.85 events/1,000 km2/year in the whole state, while in the Itajai 
River basin’s figure is 1.9 events/1000 km2/year, and 2.2 times bigger than the whole state, i.e., a 
relatively high level. Also, regarding the number of annual landslide disasters per million 
inhabitants, Santa Catarina State has 1.6 events/million inhabitants/year, while in Itajai River 
Basin’s figure is 2.8 events/million inhabitants/year, 1.7 times bigger than the whole state.  
Itajai River basin as a relatively high population density, 68.4 inhabitants/km2, against 51.2 
inhabitants/km2 in Santa Catarina State.  

Numbers 
of events 
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Table 3.1.1 Changes of the Annual number of landslides in Santa Catarina State and in 
Itajai River Basin (1980 - 2003) 

  
  

Year 

Whole 
state of 
Santa 

Catarina 

Itajai 
River 
Basin 

Rate of Itajai 
River Basin to 
whole state of 
Santa Catarina 

Maximum annual value of the soil water index (mm) 

Rio do 
Campo 

Ituporanga Indaial Blumenau Itajai 

N
um

be
r 

of
 L

an
ds

li
de

 D
is

as
te

r 
E

ve
nt

s 
  

1980 9 5 56% - - -  - -
1981 3 1 33% - - -  - -
1982 17 2 12% - - -  - -
1983 18 10 56% - - -  - -
1984 3 2 67% - - -  - -
1985 0 0 - - - -  - -
1986 1 0 0% - - -  - -
1987 3 0 0% - - -  - 113
1988 2 1 50% - 72 -  - 60
1989 13 5 38% - 99 -  - 123
1990 10 3 30% - 94 -  - 89
1991 1 0 0% - 88 96  - 79
1992 0 0 - - 101 131  - 131
1993 10 3 30% - 84 91  - 100
1994 19 5 26% - 91 99  - 117
1995 8 1 13% 82 83 109  - 132
1996 0 0 - 90 94 85  - 108
1997 1 0 0% 101 109 117 113 98
1998 0 0 - 119 81 97 111 136
1999 0 0 - 95 86 100 81 184
2000 2 2 100% 108 102 90 91 122
2001 46 18 39% 132 104 154 103 121
2002 7 4 57% 125 86 115 62 86
2003 12 3 25% 113 93 87 102 167
Total of 
1980 - 
2003 

185 65 35%           

Area 
(1,000 km2） 

95 15 16%           

Population 
(thousand 

inhabitants) 
1996 

4,875 1,027 21%      

Source: Elaborated by JICA Study Team based on SC-Civil Defense information 

(2) Relation between the soil water index and landslide disasters 

Table 3.1.1 also shows the maximum annual values of soil water index (SWI): rainfall amount 
index that calculated by the rainfall amount per hour of past 30 day to reflect the amount of water 
in the soil.  

The SWI used in the Meteorological Institute of Japan is estimated by the 3 story water tank 
model indicated as follows: 

The maximum annual value of the soil water indexes were 132 mm (20 years return period) in 
Rio do Campo, in the northeast region of the basin, and 154 mm (30 years return period) in Indaial, 
in the center of the Basin. The landslide disasters in 2001 might occurred because of the heavy 
rainfalls of 20 -30 years return period. 
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Surface Tank and surface 
runoff 
 
 
 
Surface Layer Tank and 
Interflow Runoff 
 
 
Groundwater Layer Tank and 
Ground water Runoff 

Parameters usually used in Japan for the alert of Landslide Disaster 

 Surface Tank Surface Layer Tank Underground water tank 

Height Runoff Hole 
(mm) 

L1 15 
L2 60 

L3 15 L4 15 

Runoff Coefficient 
(mm/H) 

Α1 0.1 
α2 0.15 

α3 0.05 
 

α4 0.01 

Infiltration Coefficient 
(mm/H) 

Β1 0.1 
 

β2 0.05 
 

β3 0.01 

Source: Translated by JICA Survey Team form Japan Metrological Agency in Japanese  

Figure 3.1.2 Soil Water Indexes used for the Alert of Landslide Disasters 

(3) Characteristics of landslide disasters caused by the rainfall of 2008 

Table 3.1.2 presents the reports of disasters resulting from the extreme severe disaster of 
landslides and flood occurred during the November 2008 rainstorm. The 89 fatalities represent 
0.09 % of the 103,602 persons who were evacuated, 0.13% of the 66,556 victims, and 0.61% of 
the 14,573 persons who lost their homes. In the official information, it is not specified if such 
victims were caused by flood or landslides. The Civil Defense of Santa Catarina says that 97% of 
deaths were caused by landslides. With regards to flood, people were evacuated by the existing 
alert system, escaping from death, but with regards to landslides, there were no alert system in 
place, and almost no evacuation was done, and this is probably the reason for the increase of 
injured person and fatalities.  

Table 3.1.3 shows the situation of the soil water index in the November 2008 storm. The soil 
water index is calculated by the rainfall amount data provided by EPAGRI/CIRAM and of 5 
stations of Itajai River Basin observed more than 10 years continuously (non-automatic recording, 
observation of accumulated rainfall in a gauge tank 2 to 3 times a day), and observed rainfall 
amount were divided by accumulated hours into hourly rainfall amount equally.  

Figure 3.1.3 shows the area of soil water index (SWI), which is used for the landslide alert index 
in Japan, and the municipalities that declared emergency/calamity state in the November 2008 
rainstorm. The houses destroyed and fatalities were only in the municipalities of emergency or 
calamity statement under November 2008 storm, were in area with peak SWI were above 145 
mm of 20 years return period. 
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Table 3.1.2 Records of Victims due to Flood and Landslides in November 2008 

  Population
Rate of 
victims 

Evacuees Victims

Victims 
who lost 
their 
homes 

Injured
Persons

Fatalities 
 
Damaged 
buildings 

Length 
of roads 
affected 
(km) 

Benedito 
Novo 9,841 31% 102 712 210   2  191  576 

Blumenau 292,972 35%   25,000 5,209 2,383 24  18,000    

Brusque 94,962 100%   8,000 1,200 66 1  1,220  120 

Gaspar 52,428 100%   7,100 4,300 280 16  8,700  600 

Ilhota 11,552 100% 3,500 3,500 1,300 67 26  406    

Itajai 163,218 100% 100,000 18,208 1,929 1,800 5  28,400    

Luis 
Alves  

8,986 100%   3,232 239 41 10  220  40 

Pomerode 25,261 1%   182 48   1  50  100 

Rio dos 
Cedros 

9,685 88%   595 96     283  300 

Rodeio 10,773 5%   27 42   4  35  144 

Timbo 33,326 2%           264    

  713,004   103,602 66,556 14,573 4,637 89  57,769  1,880 

Source: AVADANs sent by the municipalities to the Civil Defense of Santa Catarina, on November 24 and 25, 2008.  

Table3.1.3 Soil Water Index in 2008 Rain Storm 

Municipalities of 
Rainfall Station  

Station 
No. 

Peak value of soil water 
index (SWI) during the 
November 2008 rainstorm

Return Period of 
SWI 

Monitoring Period of rainfall 
amount utilized in the 
calculation for return period of 
SWI  

Rio do Campo 639 37 mm Less than one year From 1995 to 2009 (15 years) 
Ituporanga 191 43 mm Less than one year From 1988 to 2009 (22 years) 
Indaial 167 145 mm 20 years From 1991 to 2009 (19 years) 
Blumenau 35 245 mm 60 years From 1997 to 2009 (13 years) 
Itajai 183 191 mm 30 years From 1987 to 2009 (23 years)  

Source: JICA Survey Team 

Figure 3.1.3 shows the area of soil water index (SWI), which is used for the landslide alert index 
in Japan, and the municipalities that declared emergency/calamity state in the November 2008 
rainstorm. The houses destroyed and fatalities were only in the municipalities of emergency or 
calamity statement under November 2008 storm, were in area with peak SWI were above 145 
mm of 20 years return period. 

(4) Restoration Projects of landslide disasters of the November 2008 Rainstorm 

The report released in November 2009, ‘Reconstrução Áreas afetadas Catástrofe Novembro / 
2008’ described in lump sum about restoration projects for landslide and flood, because they 
can not be classified clearly. For emergency expenses of the Santa Catarina State was R$520 
million for emergency evacuation, restoration works for damaged infrastructures. 

Another of SC state restoration program, federal conducted the restoration program for landslide 
disasters on federal BR 470 highway. There was one site of whole width of road closure disaster and 



Preparatory Survey for the Project on Disaster Prevention and Final Report 
Mitigation Measures for the Itajai River Basin  Supporting Report Annex C 

Nippon Koei Co., Ltd.  November 2011 
C - 25 

the other partial width road closure disasters; one of them was closure by rolling out boulder of 5 
meter diameter. In Gaspar municipality, a gas explosion was occurred, because a landslide destroyed 
a gas pipe under the highway. The highway was reopened on 12th December 2011 by the emergency 
restoration works including earth removal and construction of temporary detour road. The total 
amount of restoration works for BR 470 highway was R$17 million. 

 

 
Source: JICA Survey Team (The data sources is the Civil Defense-SC, EPAGRI/CIRAM）  

Figure 3.1.3 Soil Water Index and Statement of Emergency / Calamity of November 2008 Rainstorm 

3.1.2 Landside Movement Types and Their Characteristics 

(1) Generation Information  

In Brazil, the expressions “escorregamento” and “deslizamento” are used with identical meaning, 
but in this study, the expression “escorregamento” (landslide) will be used following the Natural 
Disasters Atlas of Santa Catarina State of 2004.  

The Varnes’s classification of landside movement is well known in the world, which classifies 
into 5 types according to kinematic characters: Fall, Topple, Slide, Spread and Flow. In this study, 
we have unified fall and Topple into Collapse, and Slide and Spread into Slide, because the points 
for management are identical. The expression escorregamento will be used as landslide (broad 
meaning of all kinematic characters) and also as slide (restricted meaning for slide).  

Table 3.1.4 shows the landslide classification according to movement and materials. The failure 
mechanism of landslide and the appropriate measures vary according to the types of landslide. In 
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this study, we try to determine as much as possible the types of landslide for the appropriate 
landslide management. These types are not clearly defined. It is also same in the studied area that 
the existence of intermediate types, and the type of movement and materials might change during 
the movement process. For example, there is a case that in the beginning of the occurrence is a 
Collapse, after moving towards a torrent it became a Flow. And there is a case that the end of 
debris flow sediment is predominantly cobbles and boulders, but becomes sand and fine grained 
soils gradually to the upstream direction.  

 

 
Source: Edited by JICA Survey Team based on Varnes 1982 

Figure 3.1.4 Classification per Movement Type of Landslide   

Table 3.1.4 Landslide Classification according to the Type of Movement and Material in this Study 

Type of Movement 
Type of Material 

Bedrock 
 

Engineering Soils 
Predominantly Coarse Predominantly Fine 

Collapse (Fall, Topple) Rock Collapse Debris Collapse Earth Collapse 
Slide (slide, spread) Rock Slide Debris Slide Landslide 

Flow - Debris Flow Earth Flow 
Note: The term in parentheses is based on the classification of Dr. Varnes, 1978.  

Source: Elaborated by JICA Survey Team 

(2) Characteristics of the collapse 

In this study, “collapse” indicates a phenomenon in which the soils and/or rocks that compose the 
slope fall or roll down in a relatively short time, due to the rainstorm or the earthquake. It is 
different from “slide” that the soil or rock mass slides slowly, or from “flow” that the soils that has 
accumulated or has fallen into the torrent during the rainstorm is flowing at once together with a 
great volume of water, because the disaster characteristics and appropriate control techniques are 

Escorregamento/Landslide 

Desmoronamento/Collapse 

Queda 
Fall 
 

Tombamento 
Toppling 
 

Escorregamento 
Slide 
 

Espalhamento 
Spread 
 

Escorregamento/Slide 

Escoamento/Flow 

Escoamento 

Flow 
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different.  

This is the most common phenomenon in Itajai River Basin, and can cause victims due to a fast 
movement like as “flow”. The collapse of fine grained residual soil of the surface is commonly 
recognized, due to the weakening by the rainstorm.  

The collapse typically occurs in the red-yellow acrisols. It is formed by the deep weathering 
process by the sub-tropical climate, and can reach the depth over 10 m from the ground surface. It 
is divided into red soil (upper stratum) and yellow soil (lower stratum). This red soil has become 
into fine-grained soil completely by weathering, with remarkable deterioration of share strength 
under water content condition, the collapsed soil make the river muddy of reddish brown color, 
and the fine soil particles do not sediment easily, being carried into the sea (the sediments of Itajai 
River banks in the Blumenau City, are fine brown sand, with only fine reddish brown silt film of 
less than 1 mm thickness on the surface). The yellow soil has a relatively lowly weathering and 
remaining coarse soil particles, with somewhat relatively strong share strength.  

In most of the slope collapse, only the red soil had collapsed, with a less than 1m thickness. 

In the area where Itajai-Acu River cuts the Serra do Mar, the rock falls from the rocky slope. The 
relation between rainfall and the rock falls is not clear. 

 
Source: DENIT office in Rio do Sul

Damages caused by the rainstorm of November 2008 
BR 470, Km 44, in the municipality of Blumenau The 
yellow-reddish soil collapse completely closed the 
road. 

 
Source: DENIT office in Rio do Sul

Damages caused by the rainstorm of November 2008 
BR470, Km 41, in the municipality of Gaspar 
The road, foundation of red soil, suddenly collapsed, 
causing the fall of vehicles trafficking there.  

 
Source: DENIT office in Rio do Sul

Damages caused by the rainstorm of November 2008 
BR470, in the municipality of Blumenau 
A 5m diameter rock that was contained in the 
yellow-reddish soil fell on the road due to the 
weakening of the saturated soil.  
 

 
Source: Provided by Civil Defense - Gaspar

Damages caused by the rainstorm of November 2008. A 
thin soil layer that was covering the base rock in the urban 
zone of the Gaspar municipality, in the state road SC470, 
collapsed from the boundary with the base rock. The 
collapsed soil covered the whole width of the road, getting 
to the ground floor of a gas station that was on the other 
side of the road. 
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 Source: JICA Survey Team, May 26, 2010

Site of a disaster prevention work in the municipal 
road of Blumenau, executed by DEINFRA. Collapse of 
the thin layer of yellow-reddish soil that covers the 
base rock. 

 
Source: JICA Survey Team, May 08, 2010

Erosion in the yellow-reddish soil on cut slope in the 
municipality of Pomerode. It easily becomes deteriorate 
with the infiltration of water, becoming erosible.  

 (3) Characteristics of slide 

Slide is a shearing skewness/displacement process that occurs inside one or various faces or thin 
layers, and its occurrence is progressive and destructive. The slide is a phenomenon of slow 
upper side mass movement on sliding surface, in large scale, with little disturbance of the 
movement mass, and most of the mass remains in the occurrence area. In the typical slide, which 
has a rotation sliding surface, the topographic characteristics presented in Figure 4.2.5 are 
observed.  

Source: Varnes 1978 

Figure 3.1.5 Rotation Slide Profile 

In the case studies in Japan, the collapse depth is at most 2m, but the average length and the 
average depth of the slide can reach approximately 300m and 18m, respectively. While the 
collapse occurs more frequently in steep slope with more than 30 degrees of gradient, the slide 
occurs in moderate slope with 15 to 30 degrees of gradient.  

As the slides occur in relatively deep subsurface to the collapses, it is a shearing phenomenon 
with little influence and/or time lag from the rainfall. The slide in the Pomerode Municipality in 
the Itajai River Basin, which became active at the end of August 2010, occurred with non-relation 
to the rainfall. The slide in the Benedito Novo Municipality, which formulated an approximately 
5m high landslide scarp in December 2008, was caused, a month later, by the rainstorm of 
November 2008. The geological conditions of landslides prone in Itajai River Basin are as 
follows:  

(1) Area of thick soil distribution, mainly red-yellow acrisols and/or ferralsols. The soils are 
subject to the deterioration of shear strength because of water absorption, facilitating the 
formation of sliding faces (Slopes of gentler than 30 degree, at the banks of Itajai-Acu River and 
tributaries).  
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(2) Area of distribution of soft muddy sedimentary rock (pelite) of the Mesozoic era, especially 
the region that volcanic rocks, such as basalt of the Serra Geral formation, overly the soft 
sedimentary rock. The muddy sedimentary soft rock being deteriorated due to the thin intrusive of 
lava and hot water that intruded along bedding plan. And the infiltrated fissure water dammed in 
the basalt is concentrated into springs, and they cause sliding surface. (Basins of rivers Itajai do 
Norte, Itajai do Oeste, and Itajai do Sul） 

(4) Characteristics of the flow 

The flow, as the collapse, is characterized by the fact of causing huge damages to human lives, 
destroying houses and buildings, and demanding a long time and lots of money for the 
reconstruction.  

 
Source: JICA Survey Team on September 14, 2010  

The slide of the yellow-reddish soil 
distribution area of the southwest region 
of Pomerode was activated at the end of 
August 2010 and has destroyed 2 houses 
near the hillside. The surrounding area of 
the two residences was a swamp until 25 
years ago, and soft ground. The slide 
activated in the drought season. The slip 
surface is in red-yellow acrisols soil had 
been deteriorated over the years, and 
activated by slip surface to be below 
share strength. 

Slide of the pelitic sedimentary rock distribution area of the 
Mesozoic era on the state road SC302, upstream the dam of Itajai do 
Oeste river, in the municipality of Taio. The road corresponds to the 
slide head, and at the left side of the photo there is the river, and in 
the hill at the right side we can observe the distribution of phyllite 
with water spring.  

 

Source: JICA Survey Team on May 09, 2010 

 

 

 

 

 

 

Slide in the area of Benedito Novo city hall. 5m high slide of the 
head side occurred with the yellow-reddish soil. Occurred in 
December, approximately one month after the rainstorm of 
November 2008.  

Photo: provided by the Civil Defense - Benedito Novo  

Photo taken in December 2008. 

 

 

  

 

Road section between Luis Alves - Massaranduba of 
the state road SC413 in the municipality of Luis Alves. 
There is a sliding face within the yellow-reddish soil. In 
the rainstorm of November 2008, it completely 
obstructed the road. The sliding face is located a little 
above the road surface, and even now, a stretch 60m 
long along the road is advancing to the road. The total 
length, including the non-activated part, is 240m. 

Photo: taken by JICA Study Team on May 24, 2010 
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The characteristics of disasters caused by the flow are due to the following characteristics:  

A. Great velocity. In general, the flow of debris (which contain great amount of debris) comes 
down at 5 to 10m/second, and the land flow (with fewer debris, with smaller proportion of earth 
[sic]) comes down 10 to 20m/second.  

B. It contains big rocks and tree trunks. Mainly at the end of the flow, there are big rocks of some 
meters of diameter and tree trunks, so that a great impact force is generated, destroying houses.  

C. It occurs suddenly. The occurrence of the flow is sudden, with no visible warning signs.  

 

 

 

 

 

 

 

 

 

Figure 3.1.6 Relationship between Slope Gradient and 
Landslide/Sediment Movement and Sedimentation 

Source: Eto, Ito and others: elaborated by JICA Study Team based on the collection 
of lectures and theses of the meeting for the presentation of the results of the study 
about the techniques of erosion and slide prevention 

Figure 3.1.6 shows the relation 
between the slope movement/ 
sedimentation and the slope 
gradient.  

Similarly, according to the report 
of the Civil Engineering Institute 
no. 157 of 1982, the sedimentation 
part of the flow (gradient before 
sedimentation) is above 2 degrees, 
being below 10 degrees in 
approximately 70% of the cases. 
In the field to be inundated at the 
exit of the current in which the 
occurrence of a flow is predicted, 
it is necessary to consider that, if 
the gradient is above 2 degrees, 
there is the risk of being impacted 
by the flow.  

According to case studies in Japan, as illustrated in Table 3.1.6, the flow occurs relatively easily 
in regions with granite distribution (south of the municipalities of Gaspar, Blumenau and Indaial, 
south of Itajai Mirim river in the municipalities of Brusque and Botuvera) and metamorphic rocks 
distribution area (north of Luis Alves, Pomerode and Gaspar, part at the north of Itajai river of 
Blumenau, part at the north of Itajaí river, region of Benedito and Cedros Rivers sub-basins, 
center of Ibirama, etc.).  

Table 3.1.5 Types of Rocks and Facility to Generate Flow 

Type of rock  Number of flow cases A% Proportion of the 
rocks distribution 
area % 

Relative facility of 
flow occurrence 
according to the type 
of rock A/B 

Granite rock 180 46.3% 13.3% 3.48

Metamorphic rock 36 9.3% 3.6% 2.54
Paleozoic sedimentary rock 38 9.8% 12.2% 0.80 
Tertiary sedimentary rock 55 14.1% 18.9% 0.75
Tertiary and quaternary volcanic rock 50 12.9% 20.4% 0.63

Quaternary sedimentary rock 21 5.4% 20.7% 0.26

Mesozoic sedimentary rock 9 2.3% 9.3% 0.25

Igneous basic rock and intrusion 
ultra-mafic rock 

- - 1.6% Less than 0.16

Total 389 100.0% 100.0%  

Source: Civil Engineering Institute Report no. 157 of 1982   

Collapse 
Debris flow 

Earth flow 

Bed load transportation, suspended 
load 

Deposit 
by debris Deposit by earth flow 
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Focus of the flow Metamorphic gneissic rock is 
distributed in the current below the 
flow. 

Part of flow sedimentation 

Area affected by the flow caused by the rainstorm of November 2008 in the basin of Ribeirão Velha water head, in 
Blumenau. Five people have died because of it.  Photo: taken by JICA Study Team on May 27, 2010 

 

Area of potential risk that might be affected by the flow in Ribeirão 
Garcia basin, in Blumenau. There is a concentration of residences in 
the part of the current.  

Photo: taken by JICA Study Team on May 27, 2010

 
Earth flow of November 2008 in the region 
of Ribeirão Pinheiro in the municipality of 
Benedito Novo; sand  
Photo: provided by the Civil Defense - Bene

dito Novo 

Earth flow occurred in November 2008 in Benedito Novo; 
there is a flow of yellow-reddish soil, but it also contains 
gneiss debris. It has intercepted Cunha river and temporarily 
formed a natural dam. At the back of the photo, below the 
dam, there is the municipality of Rio dos Cedros.  

Photo: provided by the Civil Defense - Benedito Novo

 

 

Flow caused by the rainstorm of November 2008, at 
the hillside of Morro do Baú, in the municipality of 
Ilhota; it has a yellow-reddish soil base, and 
contains a great amount of 10-30 cm diameter rocks. 
The hillside of Morro do Baú was the place most 
affected by the landslide, with 27 deaths, a record 
number of Ilhota.  

Photo: JICA Study Team in 2010

3.2.3 Characteristics of landslide risk of each municipality 

A summary was made of the characteristics of the municipalities listed in this table and that 
recorded 3 or more cases of landslide in 23 years, from 1980 to 2003, according to information of 
the Santa Catarina Civil Defense; that had the state of emergency/calamity decreed in the 
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rainstorms of November 2008, and that have stretches of roads subject o landslide, according to 
DEINFRA, after documental research and field research.  

Table 4.2.6  Characteristics of Municipalities with High Landslide Risk 

SDR Municipality Characteristics of landslide risk 

SDR- 
Taio 

Rio do Campo There is intrusion of basalt in pelitic sedimentary rocks of the Mesozoic era, deteriorating the 
stratification face and forming the potential sliding face, facilitating the development of slides.  Salete 

Taio Idem. With the water level alteration caused by Oeste dam, small scale landslides are verified 
intermittently in state road SC301.  

SDR- 
Ibirama 

Presi. Getúlio Since it is formed of yellow-reddish soil as the result of eolic erosion of pelitic sedimentary rocks, the 
soil is fragile and favors the occurrence of slides. There are no major problems in state road SC421.  Witmarsum 

SDR- 
Rio do 
Sul 

Rio do Sul 

There is intrusion of basalt in the pelitic sedimentary rocks of the Paleozoic era, with possible 
deterioration of the stratification face and the formation of potential the sliding face. There is 
landslide that provides flow to the area of concentration of residences. There are landslide problems 
in developments of approximately one hundred residences.  

SDR- 
Timbó 

Benedito Novo 

There is a site with a large scale landslide besides the city hall. There is distribution of granites and 
metamorphic rocks, and the flow risk is relatively big. In the border between Benedito Novo and Rio 
dos Cedros, Cunha river was obstructed by the flow during the rainstorm of November 2008. In state 
Road SC416, there are points with risk of track collapse.  

Rio dos Cedros 
It is an area of distribution of regional metamorphic rocks such as gneiss and granite, with risk of 
flow. Since there have been no reports of serious landslides before the rainstorm of November 2008, 
it is believed that the risk of catastrophe if there is intense rainfall of 20-years recurrence increases.  

SDR- 
Blumena
u Blumenau 

It is the area with the higher incidence of landslides in Santa Catarina. The major cause is the 
construction of houses in hillsides and in the region of the current. The problem is the construction of 
houses near dangerous currents and in hillsides with steep gradient. Even in smoother gradient 
hillsides, there are risks of landslide. In state road SC474, which goes towards north, with intense 
traffic, there is alteration resulting from land collapse and slide.  

Gaspar 

There are many areas with hillside collapse risk in the state road SC486 and in the municipal Road, 
of residential areas collapse. There are alterations resulting from landslides in new housing 
developments located on hills. In the Gaspar-Luis Alves road, in the municipal road 
Gaspar-Blumenau and in the bypath of BR470 at the right bank of Itajaí river, there is a paving plan, 
but if measures regarding the hill are not taken, the obstruction of roads and damaging of paving 
works might happen, thus becoming a loss of money and efforts.  

Ilhota 

With the rainstorm of November 2008, there were serious land collapses (slide/obstruction of rivers, 
flow) in the surroundings of Morro do Baú. In the affected locations, the recuperation of the 
vegetation is taking time, increasing the possibility of other slides, therefore it is necessary to 
promote the recuperation of the vegetation.  

Luis Alves 

The risk of collapse and slide is higher in the Gaspar－Luis Alves Road and in the state road SC413, 
more in the north region than in the urban area. It is possible that measures against landslide should 
be necessary in the construction of the large scale residential complex currently under execution by 
the state government, with the fear that it might negatively affect aspects of inundation and landslide 
for increasing the rainstorm water flow. 

Pomerode 
There are land collapses and slides (track slide) in the state road SC418, which goes towards north. 
There is a slide activated in August 2010, which is affecting residences and the printing facility.  

SDR- 
Brusque Brusque 

The cut surface of the hillside of state road SC486 and of the municipal Road is steep and has no 
vegetation, with a major risk of collapse and landslide towards Itajaí Mirim River. There are many 
areas with landslide risk that might affect residences. There are landslides occurring in new housing 
developments located on hills.  

Botuverá 
 

The hillside of state road SC486 is steep and has not vegetation, with a major risk of collapse and 
production of loose earth, which might fall down towards Itajaí Mirim River.  

SDR- 
Itajaí Itajaí 

There is steep hillside collapsing at the edges of the plain. The hillside soil is mainly composed of 
yellow-reddish earth, which is easy to collapse.  

Source: elaborated by JICA Study Team 

The Itajai River basin with a catchment area of 15,221 km2 locates in the center of the State of 
Santa Catarina in the southern part of Brazil. Riparian areas along the Itajai River and its 
tributaries have been suffering from flood damage due to repeating inundation. To cope with 
frequent flood damage along the Itajai River, flood control schemes such as flood control dam 
construction and river improvement works have been implemented since 1970s. 
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3.3 Sediment Discharge 

The comparison analysis of river cross sections, among past and this survey in 2010, are 
conducted to identify trends and changes in the bed of the Itajai River.  

3.3.1 Status and Restoration Works 

The situation of riverbed Itajai River was confirmed by site investigation and information corrected 
as follows; 

1) Rocks are exposed at riverbed of Itajai River intermittently in upstream area from Blumenau 
City. 

2) Sand extraction businesses are conducted from the river bed from Itajai-Acu River in 
downstream around Gaspar City, and Itajai Mirim River also. DNPM (Departamento Nacional 
de Produçao Mineral) allows 1,920,000 m3 per year for sand extraction. The yearly volume 
divided by the catchment area, excluding the tributaries of Luiz Alves is equivalent to 0.13mm 
per year eroding velocity. 

3) In Itajai Port, since 1988, jet- water dredging of annual 200-250 m3 water volume has been 
conducted. The volume of dredging sediment has not been monitored. In 1970s, actual dredging 
volume was 50 thousand m3 per year, and altitude of riverbed was – 6.6 m. In 1980s, actual 
dredging volume was increase 840 thousand m3 per year, altitude of riverbed was – 8.0 m 
intentionally. The reason of dredging volume increase was considerably due to sediment from 
marine side by sea tide, but it was not quantified. 

From the above, regarding upper reach of Blumenau, there is no trend of rising riverbed. In Itajai 
Acu River of downstream from Gaspar and Itajai Mirim River, commercial sand extraction is 
conducted, and the port of Itajai is also dredging, so it becomes difficult to make assessments of the 
riverbed by comparing topographic survey data. Therefore, analysis section of the Itajai Acu River 
was set between Gaspar and Blumenau. In Figure 3.7.1, the locations of target river section and the 
surveying cross sections are shown in. 

 
Source: JICA Survey Team 

Figure 3.3.1  River Section of Analysis Target 
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3.3.3 Method of Analysis 

The trend of variation of the river bed is evaluated by the following equation;  

B

AA
H du





2

 

 Where    H ：variation of the riverbed in the stretch (m) 
    B ：average width of the river in the stretch (m) 

  uA ：change in the upper section of the stretch (m2)  

  dA ：change in the lower section of the stretch (m2) 

The topographic survey data used to comparison of the section will be: The result of topographic 
survey conducted by the JICA Study in 1988 (Research for the flood control plan of the Itajaí River 
Basin - Feasibility Study (Plan of river improvement in Gaspar- Blumenau in January 1988) and the 
topographic survey result of this survey. The extension will be considered the stretch of 35 km in 
total, including Gaspar and Blumenau, shown in 3.3.2. 

 
Source: JICA Sturdy Team 

Figure 3.7.2 Example of Analysis of Variance of the Riverbed 

3.3.3 Result of Calculation 

Table 3.3.1 shows the variation of the riverbed at each site. The width of the river is set as current 
width (verified in this survey). In general, the trend is riverbed erosion process. Looking at each site, 
erosion is greater in the stretch of downstream side of Gaspar City, considerately the effect of sand 
extraction from the riverbed. In the Blumenau City, stretch between the mouth of tributaries of 
Fortaleza and Garcia is no change or slight aggradations, less than 0.3 m, are recognized in river bed. 

Horizontal line of the 1 m 
height from lowest 
altitude of the riverbed 
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Table 3.3.1  Results of Calculation of Sedimentation 

 Survey Line No.  
M

un
ic

ip
al

it
y 

Variation of the 
riverbed 

 

Riverbed 
Variation 

+ river bed 
aggradation 
 - River bed 

lowering 
(m)

W (m) 

Area change 
of upper end  

section of  
stretch 
(m2) 

Area change of 
lower end  
section of  

stretch 
(m2) 

IT16 a  IT17 
G

as
pa

r 
lowering 

-0.8 220 235 128
IT17 a  IT18 -1.0 225 235 235
IT18 a  IT19 -0.7 208 37 235
IT19 a  IT20 

Slight lowering 

-0.4 209 124 37
IT20 a  IT21 -0.3 211 -6 124
IT21 a  IT22 -0.1 257 39 -6
IT22 a  IT23 -0.0 294 -18 39
IT23 a  IT24 

B
lu

m
en

au
 

-0.2 256 130 -18
IT24 a  IT25 

lowering 
-0.8 207 191 130

IT25 a  IT26 -0.6 217 56 191
IT26 a  IT27 Slight lowering -0.3 216 73 56
IT27 a  IT28 

lowering 
-0.6 170 139 73

IT28 a  IT29 -0.7 159 99 139
IT29 a  IT30 Slight lowering -0.3 164 15 99
IT30 a  IT31 Non variation -0.0 177 -8 15
IT31 a  IT32 

Slight aggradation 
+0,2 169 -44 -8

IT32 a  IT33 +0.3 151 -35 -44
IT33 a  IT34 +0.1 166 13 -35
IT34 a  IT35 

Non variation 
0.0 188 -17 13

IT35 a  IT36 0.0 203 28 -17
IT36 a  IT37 Slight lowering -0.1 191 -2 28
IT37 a  IT38 Non variation -0,0 159 10 -2
IT38 a  IT39 

Slight lowering 
-0.2 170 48 10

IT39 a  IT40 -0.3 221 100 48
IT40 a  IT41 Non variation -0.0 253 -79 100

Source: JICA Sourvey Team 

3.4 Risk Assessment and Risk Mapping for Landslide and Sediment Discharge 

3.4.1 Procedure of Risk Evaluation and Risk Mapping 

The mapping and elevation of landslide risks is carried out according to the following 
procedure: 

Preliminary Risk Evaluation (68 sites or locations).  
The potential annual loss (R$/year) is estimated as the relation between the probability 
of disaster occurrence and the potential value of loss due to risk. 
The potential loss due to disaster is estimated by the sum of various losses (human life + 
vehicle + reconstructions + traffic obstruction + additional expenses due to disaster + 
Infrastructure loss +merchandise loss)

Selection of Priority Landslide Risk Sites High risk of disaster occurrence is high, and the 
potential annual loss is more than RS 1,000,000 associated with 60-year probable rainfall 
(corresponding to the rainstorm of November 200 in Blumenau city). 
(For example, location with more than 10 houses of complete collapse or road obstruction 
of 200 cars/day)

Identification of High Risk Locations Information (Civil Defense SC/CEPED, DEINFRA, 
EPAGRI, Municipalities)  Topographical Map Interpretation (S = 1:50,000)

Preparation of potential landslide and erosion risk map on the basis of 1:50,000
topographical map and completion of inventory survey

 

Source: JICA Survey Team 

Figure 3.4.1  Procedure of Evaluation and Mapping Landslide and Erosion Risks 



Preparatory Survey for the Project on Disaster Prevention and Final Report 
Mitigation Measures for the Itajai River Basin  Supporting Report Annex C 

Nippon Koei Co., Ltd.  November 2011 
C - 36 

Preparation of risk map is briefly described below and given in more detail in appendix report. 

3.4.2 Identification of Potential Landslide Location 

Potential landslide locations were identified as shown in Table 6.3.1, based on disaster records, 
site reconnaissance conducted in this study and topographical interpretations (1:50,000 
topographical maps covering the study area, 1:25,000 topographical map of Ilhota city and 
aerial photos in 1978 and 1979).  Totally 949 potential landslide locations were finally 
identified. 

Table 3.4.1  Information Source of Landslide Disasters Records 
Data source Reports Potential locations (949 sites) 

Defesa Civil- 
CEPED 

Response to the disaster occurred in Santa Catarina 
in 2008: evaluations during the disaster / University 
Center of Studies and Researches about Disasters,  

932sites 

Defesa Civil- 
CEPED 

Disaster updated information added to the 
above-mentioned in Nonmember 2010 

943sites 

EPAGRI/CIRAM COMPLEXO DO MORRO DO BAÙ  

Aerial survey of potential landslide areas  
62sites 

DEINFRA/DIOT Landslide sites due to the rainstorm of November 
2008 

34 sites 

JICA Survey 
Team (between 
April and 
November, 2008) 

Site reconnaissance conducted in this study  

68 sites 

Source: JICA Survey Team 

3.4.3 Selection of Priority Landslide Risk Site 

A landslide site that has high potential of a landslide occurrence and damage of more than 
R$ one million potential annual loss at 60-year probable rainfall shall be selected as priority 
landslide risk site. The potential annual loss of over R$ one million as a rough guide is defined 
to be damage with complete collapse of more than 10 houses or complete closure of over 200 
daily traffic volumes. Consequently, 68 priority landslide risk sites were selected for further 
study. They are 32 sites along SC State roads, 35 sites along the municipal roads city road, and 
1 site around the Itajai port. 

3.4.4 Calculation of Potential Annual Loss 

For the selected 68 priority landslide risk sites, the risk was quantitatively evaluated in terms of 
potential annual loss. For the same landslide site, the scale of landslide disaster (sediment 
volume reaching target facilities, section length of affected roads, deposited sediment volume in 
port, etc.) depends upon the probability of landslide occurrence, scale of triggering factors such 
rainfall. 

As shown in Figure 3.4.2, the potential annual loss (R$/year) calculated by using possibilities of 
non exceedance of landslide occurrences (vertical axis) and the potential loss (horizontal axis). 

In the case of road damage, possibilities of non exceedance of landslide occurrences and  the 
potential loss are first calculated and then the potential annual loss are done considering two 
kinds of damage scale, that is, complete closure and partial closure (one lane closure).  



Preparatory Survey for the Project on Disaster Prevention and Final Report 
Mitigation Measures for the Itajai River Basin  Supporting Report Annex C 

Nippon Koei Co., Ltd.  November 2011 
C - 37 

The possibility of non-exceedance of compete and partial closures was evaluated on the basis of 
the scale (volume) of landslide disaster similar to the rainstorm of November 2008, and the 
estimated probability of soil humidity index most close to landslide site. Calculation item and 
procedure are detailed in Appendix Report.  

 

Source: JICA Survey Team 

Figure 3.4.2  Risk Curve of Landslide Disaster and Example of Potential Annual Loss 
Calculation 

The potential annual loss for the selected 68 priority landslide risk sites is shown in Table 6.3.2. 

Table 3.4.2  Potential annual loss of the 68 priority landslide risk sites 

Pr
io

ri
t

y 

 South 
latitude 

West 
longitude  Potential 

annual loss 

Location G M S G M S SDR City R$ 103 / year 

1 Itajai Port 26 53 56 48 40 7 Itajai Itajai 9,000 
2 SC 302 Taio-Passo Manso-5 27 1 45 50 8 18 Taio Taio 1,255 
3 SC470 Gaspar River Bank 26 55 2 48 58 37 Blumenau Gaspar 1,095 
4 Blumenau -Av Pres Casrelo Branco 26 55 7 49 3 58 Blumenau Blumenau 1,021 
5 SC418 Blumenau – Pomerode 26 51 32 49 9 18 Blumenau Pomerode 989 
6 SC474 Blumenau-Massaranduba 2 26 44 18 49 4 18 Blumenau Blumenau 907 
7 Gaspar - Luiz Alves, Gaspar 9 26 47 38 49 0 16 Blumenau Gaspar 774 
8 Gaspar - Luiz Alves, Luiz Alves 6 26 44 26 48 57 52 Blumenau Luiz Alves 700 
9 SC470 Gaspar Bypass 26 55 56 48 57 21 Blumenau Gaspar 689 

10 
SC477 Benedito Novo – Dutor 
Pedrinho 1 

26 46 50 49 25 6 Indaial 
Benedito 
Novo 

680 

11 SC418 Pomerode - Jaraguá do Sul 1 26 40 29 49 8 35 Blumenau Pomerode 651 
12 Gaspar - Luiz Alves, Luiz Alves 4 26 46 38 48 59 31 Blumenau Luiz Alves 629 
13 SC474 Blumenau-Massaranduba 1 26 44 51 49 4 10 Blumenau Blumenau 601 
14 SC 302 Taio-Passo Manso 4 27 6 26 50 4 7 Taio Taio 526 
15 Gaspar - Luiz Alves, Luiz Alves 11 26 43 53 48 56 6 Blumenau Luiz Alves 497 
16 SC486 Brusque - Botuverá 13 27 10 41 49 2 5 Brusque Botuverá 473 
17 SC416 Timbó – Pomerode 26 45 32 49 13 52 Timbó Timbó 443 
18 SC486 Brusque - Botuverá 1 27 7 44 48 56 23 Brusque Brusque 430 
19 R. Alamedia Rio Branco, Blumenau 26 54 54 49 5 6 Blumenau Blumenau 398 
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Pr
io

ri
t

y 
 South 

latitude 
West 

longitude  Potential 
annual loss 

Location G M S G M S SDR City R$ 103 / year 

20 Gaspar - Luiz Alves, Gaspar 2 26 48 59 49 1 11 Blumenau Gaspar 384 
21 Gaspar - Luiz Alves, Luiz Alves 7 26 44 13 48 57 22 Blumenau Luiz Alves 380 
22 Gaspar - Luiz Alves, Gaspar 1 26 49 5 49 1 9 Blumenau Gaspar 379 
23 Gaspar - Luiz Alves, Luiz Alves 3 26 46 54 48 59 41 Blumenau Luiz Alves 372 
24 Ponte Aldo P. de Andrade right bank 26 54 45 49 4 10 Blumenau Blumenau 366 
25 SC486 Brusque - Botuverá 3 27 9 5 48 58 50 Brusque Brusque 344 
26 SC486 Brusque - Botuverá 2 27 9 2 48 58 47 Brusque Brusque 342 
27 Gaspar - Luiz Alves, Gaspar 8 26 47 40 49 0 18 Blumenau Gaspar 326 
28 Gaspar - Luiz Alves, Gaspar 4 26 48 6 49 0 36 Blumenau Gaspar 323 
29 SC486 Brusque - Botuverá 9 27 9 31 48 59 24 Brusque Botuverá 301 
30 SC486 Brusque - Botuverá 7 27 9 20 48 59 10 Brusque Brusque 298 
31 Gaspar - Luiz Alves, Luiz Alves 2 26 46 57 48 59 42 Blumenau Luiz Alves 278 
32 Gaspar - Luiz Alves, Gaspar 7 26 47 48 49 0 20 Blumenau Gaspar 276 
33 Gaspar - Luiz Alves, Luiz Alves 1 26 47 10 48 59 47 Blumenau Luiz Alves 271 

34 Gaspar - Luiz Alves, Luiz Alves 5 26 45 3 48 58 34 Blumenau Luiz Alves 271 

35 Gaspar - Luiz Alves, Luiz Alves 8 26 44 4 48 56 56 Blumenau Luiz Alves 270 

36 SC486 Brusque - Botuverá 11 27 10 2 49 0 5 Brusque Botuverá 260 

37 SC486 Brusque - Botuverá 10 27 9 40 48 59 36 Brusque Botuverá 260 

38 Gaspar - Luiz Alves, Luiz Alves 10 26 44 1 48 56 30 Blumenau Luiz Alves 227 
39 SC486 Brusque - Botuverá 12 27 10 25 49 0 33 Brusque Botuverá 221 
40 SC486 Brusque - Botuverá 4 27 9 7 48 58 51 Brusque Brusque 220 
41 SC486 Brusque - Botuverá 6 27 9 18 48 59 7 Brusque Brusque 220 
42 SC486 Brusque - Botuverá 14 27 10 47 49 2 32 Brusque Botuverá 220 
43 SC486 Brusque - Botuverá 5 27 9 19 48 59 5 Brusque Brusque 220 
44 SC 302 Taio-Passo Manso 2 27 6 51 50 4 14 Taio Taio 202 
45 Gaspar - Luiz Alves, Gaspar 6 26 47 55 49 0 28 Blumenau Gaspar 184 
46 Gaspar - Luiz Alves, Gaspar 10 26 47 38 49 0 11 Blumenau Gaspar 184 
47 SC418 Pomerode - Jaraguá do Sul 2 26 39 38 49 8 39 Blumenau Pomerode 184 
48 Gaspar - Luiz Alves, Luiz Alves 12 26 43 45 48 55 58 Blumenau Luiz Alves 184 
49 Gaspar - Luiz Alves, Gaspar 3 26 48 42 49 1 5 Blumenau Gaspar 184 
50 SC413 Luiz Alves -Massaranduba 1 26 43 12 48 56 31 Blumenau Luiz Alves 172 
51 Gaspar - Blumenau 3 26 53 34 49 0 43 Blumenau Gaspar 169 
52 SC486 Brusque - Botuverá 8 27 9 25 48 59 16 Brusque Botuverá 151 
53 SC 302 Taio-Passo Manso 1 27 6 53 50 4 14 Taio Taio 149 
54 SC 302 Taio-Passo Manso 3 27 6 50 50 4 14 Taio Taio 149 

55 
SC477 Benedito Novo – Dutor 
Pedrinho 2 

26 46 3 49 26 13 Timbó 
Benedito 
Novo 

144 

56 R. Bruno Hering, Blumenau 26 55 17 49 3 46 Blumenau Blumenau 119 
57 Gaspar - Luiz Alves, Luiz Alves 9 26 44 1 48 56 44 Blumenau Luiz Alves 111 

58 
SC477 Benedito Novo – Dutor 
Pedrinho 3 

26 47 3 49 21 54 Timbó 
Benedito 
Novo 

108 

59 Gaspar - Luiz Alves, Gaspar 5 26 48 1 49 0 33 Blumenau Gaspar 106 
60 Bau 26 47 22 48 56 41 Blumenau Ilhota 101 
61 SC486 Brusque - Botuverá 15 27 9 46 48 59 45 Brusque Brusque 78 
62  Luiz Alves Municipality Road 1 26 43 33 48 57 31 Blumenau Luiz Alves 67 
63 SC413 Luiz Alves -Massaranduba 2 26 42 54 48 56 55 Blumenau Luiz Alves 62 
64  Luiz Alves Municipality Road 2 26 45 48 48 59 2 Blumenau Luiz Alves 59 
65 Brusque Municipality Road 1 27 7 43 48 53 53 Brusque Brusque 56 
66 Gaspar - Blumenau  2 26 53 48 49 2 19 Blumenau Blumenau 55 
67 Gaspar - Blumenau  1 26 53 42 49 2 20 Blumenau Blumenau 55 
68 Brusque Municipality Road 2 27 7 16 48 52 7 Brusque Brusque 51 

Source: JICA Survey Team 

3.4.2 Risk mapping 

Figure 3.4.3 shows the distribution of the priority landslide risk sites with different levels of the 
potential annual loss. F-6.3.4 gives an example of priority landslide risk maps. The base map is 
composed of 239 sheets with 1:30,000 Itajai topographical maps in A3 size. Each site has GIS 
information as listed below. 
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Table 3.4.3  Inventory Item of Landslide Risk Site 
 Regional number of landslide risk site (Map code + Serial number) 

 Location (longitude of latitude of central point of the target site) 

 SDR/Municipality 

 Type of Movement 

 Risk Area (Fall, Collapse, Movement, Runoff of mud, etc.)  

 Type of Geology, Soil, Vegetation 

 Classification of Elevations, Gradients 
Source: JICA Survey Team 

 

 

 

 

 

 

 

 

 

 

 

Source: JICA Survey Team 

 

Figure 3.4.3  Maps of Priority Landslide Risk Site with Different Level of Potential 
Annual Loss 

Legend 
Road 
Federal paved roads, two lanes 
each way 
Federal paved roads 
State paved roads, two lanes each 
way 
State paved road 
State unpaved roads grave base 
State unpaved roads natural 
Municipality paved roads 
Municipality unpaved roads 
Boundary 
Itajai Basin 
Municipality 
Drainage 
Basin 
Risk（Potential annual loss） 
Low level (less than 50,000 
R$/year） 
Medium level（50,000～500,000 
R$/year） 
High level (over 500,000 R$/year) 
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Table 3.4.2  Type of Movement of Landslides 
Tipo de Movimento NORMA BRASILEIRA ABNT (Associação Brasileira de 

Normas Técnicas) NBR (Número de referencia) 11682,  
Estabilidade de encostas @ABNT 2009 

Terminologia dos tipos 
de movimento de massa 
 
Terminology of typys of 
movement of mass 

Definision 

Collapse (Desmoronamento)  
Fall/Rotation (Queda/ Rolamento) 

Gaspar 2008 
 
 
 
 
 

 
 
Tombamento 
 
Luiz Alves 2010 
 

Fall/Rotation 
(Queda/ Rolamento) 
 

Detachment of fragments of land of 
any size, falling from a height, in 
freefall, or any other type of motion 
and trajectory. 
(Desprendimento de fragmentos do 
terreno, de qualquer tamanho, que 
caem de certa altura, em queda livre 
ou com qualquer outra trajetória e 
tipo de movimento) 

Toppling 
(Tombamento) 
 
 
 

Mass movement in the form of 
stumbling over that centers on base. 
 
(Movimento de massa em forma de 
báscula com eixo na base) 

Escorregamento  
 
Pomerode 
 2010 
 
 
 

Landslide 
(Escorregamento)  
 
 

Mass movement by movement on 
one or more surfaces. 
 
(Movimento de massa por 
deslocamento sobre uma ou mais 
superfícies) 
 

Escoamento 
 
Benedito Novo  
2008 
 

Flow 
(Escoamento) 
 

Mass movement with fluid 
properties, slow or fast (running) 
 
(Movimento de massa com 
propriedades de fluido, lento ou 
rápido (corrida)) 
 

Fonte: Equipe de Estudos da JICA 

In this study, the flow of more than 90% of water contents by volume is referred to as flash flood.  

The priority locations identified which require measures are in number 68, being located on State 

Road 32 and 35 sites located in the municipal roads and the Port of Itajai. 
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Source: JICA Survey Team 

Figure 3.4.4  Example of Priority Landslide Risk Mapping 

Legend 
Type of movement (possibility of damage) 
Collapse 
Collapse（Low） 
Collapse（High） 
Slide 
Scarp（Low） 
Scarp（High） 
Displaced material（Low） 
Displaced material（High） 
Flow 
Flow（Low） 
Flow（High） 
Risk（Potential annual loss） 
Small（Less than 50,000 R$/year） 
Medium（50,000 – 500,000 R$/year） 
Large（Over 500,000 R$/year） 

Priority landslide risk site 
CEPED/Defesa Civil 

Epagri/Ciram 

JICA
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CHAPTER 4 NEEDS AND BASIC POLICY FOR FORMULATION OF 
THE MASTER PLAN FOR LANDSLIDE MANAGEMENT 

4.1  Principles and approach 

4.1.1  Principle 

In the formulation of the Master Plan for measures of landslide/sediment discharge/flash flood, 
three basic principles are considered: 

(1) Installation of structural and non-structural measures;  

Both of structural and non-structural measures are installed. 

(2)  Attentions given to genders and vulnerable persons for disasters; 

Take care that benefit shall be equal opportunity for different social groups when studying 
disaster measures.  

(3)  Disaster measures for landslide disaster prevention from the global point of view with 
attention given to the natural and social environment;  

The master plan of the disaster measures shall formulate to considering following view points 

• Reducing the regional inequality of benefit and damages, as much as possible  

• Maximizing the benefit of the whole Itajai River Basin.  

• Taking care with the natural and social environment.  

4.1.2 Approach 

Figure 4.1.1 shows the flow of the study on measures for landslide/sediment discharge/ 

4.2 Needs related to the Mitigation of landslides. 

Table 4.2.1 shows opinions of related entities about measures against landslide. We understand 
that residential zones are expanding towards hills, either to escape from inundation, or due to the 
population growth, thus increasing landslides. In places affected by landslide, there is the 
understanding that there are human factors, such as construction of residences in an irregular 
manner (cutting steep hills, living in floodable areas, poor drainage of water, etc.). The Civil 
Defenses of municipalities are requesting technical support and training about the manner to 
control landslides. The State Civil Defense and other entities also have similar opinions. 
DEINFRA understands that it is necessary to implement landslide preventive maintenance 
projects in state and municipal roads, as structural measures. 
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Phase I Basic researches and elaboration of the master plan 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Phase II Feasibility Study  

 

Source: JICA Study Team 
Figure 4.2.1  Flow of the landslide disaster study  

Table 4.2.1 Opinions and needs of related bodies about landslides 
Control Bodies Summary of opinions 

（DNIT） 
National Department 
of Transports 
Infrastructure 

 Regarding the federal highway BR-470, they think there is no need of landslide preventive 
maintenance (Rio do Sul administration office).  

 Regarding the federal highway BR282, administered by the federal government, they think 
there is no need of landslide preventive maintenance. BR-101, crossing the coast, in the Itajaí 
River Basin stretch, is privatized (office in Santa Catarina).  

 

DEINFRA 

 Supports the reconstruction of state and municipal roads affected by landslides.  
 There are many ways and points that need landslide preventive maintenance. 
 They have never executed a landslide preventive maintenance project in roads, and do not 

know how to plan it.  
 They would like to take part in the JICA preparatory study as a counterpart, to learn how to 

Determination of the danger index by reading 
the topographic map, etc.   

Elaboration of the Inventory of past accidents/ 
mapping 

Analysis of the relation between natural conditions and disasters 

 Risk Map (1:50,000 Topographic map based)

Determination of main risk areas 
 

Evaluation of risk/mapping of damage risks（utilizing 
1:50,000 topographic map). Determination of the outline of 
risk areas, calculation of the value of potential annual 
prejudices. 

Master Plan

Selecion of priority projects

Global Itajaí 
River Basin 

Main risk 
areas  

Danger index: 
Extension of the occurrence of 
damanges/prejudices with 
potential risk of disaster 
occurrences 
Danger map:  
Disaster prevention map (Map of 
risk areas distribution)  

Risk: potential prejudices 
Risk map: Map of 
distribution of risk 
areas/value of potential 
annual prejudices  

Feasibility Study
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plan and to elaborate the landslide preventive maintenance project in roads. 
 As during the recuperation from 2008 disaster, the government of Santa Catarina State decided 

to include municipal roads as government works, it is possible that JICA support project might 
become a state government work (under the responsibility of DEINFRA), even being a 
preventive maintenance work of municipalities. 

 

Civil Defense - SC 

 The problem is the lack of geology specialists. In terms of training technicians, it should also 
be necessary in the fields of information and public health.  

 The irregular construction of residences in risk areas and the disagreements among provisions 
about land use in federal, state and municipal laws are increasing disasters. Currently, the 
landslide alert is given when rainfall reaches 200 mm/day, based on the CIRAM forecast.  

 Information from the National Institute of Spatial Researchers is not utilized. 
 It would be ideal to install automatic rainfall stations in each municipality to issue alerts about 

landslide, but they believe it is necessary to provide training to the Civil Defenses of 
municipalities. 

 The installation of automatic rainfall stations in the municipalities will be done with IDB funds, 
Program 5 (road improvement), and shall include 293 municipalities in the whole State of Santa 
Catarina.  

 It is desirable that structural measures are cheap.  
 

UFSC 
(Federal University 
of Santa Catarina) 
CEPED  

 Upon request from Santa Catarina Civil Defense Secretariat, the University is dispatching 
geology and civil engineering specialists to affected places for research purposes.  

 They will provide the most available information for JICA study.  
 They have proposed to Santa Catarina government to study the outsourcing of urban disaster 

prevention planning, but this was not accepted.  
 

CIRAM  

 It would be ideal if structural works were cheap, in view of the current situation of Brazil 
(director). 

 They are conducting a study to verify the inundation and landslide risk having as indicator the 
volume of rainfall at each three days.  

 

Control Bodies Summary of opinions 

 
FURB 
CEOPS 
 

 It is not providing landslide forecast or alert.  
 There is automatic rainfall station in 16 points of the Basin, which are owned by the 

Sustainable Development Secretariat, controlled by FURB, and storage the rainfall volume 
records of 15 minutes.  

 They consider necessary to implement the landslide forecast and alert system.  
 The Civil Defense Secretariats of municipalities, except for Blumenau, are little organized, and 

even if they install an automatic rainfall station in each municipality, it is unknown if they will 
be able to maintain and utilize them.  

 They have already conducted the study of the relation between landslide and rainfall volume, 
having as indicator the daily volume and the seven-day volume. The correlation was not good. 

 They would like to develop a model-project for structural measures against landslide of the 
steep hill beside the New Market gallery, in the urban zone of Blumenau. They would like to 
include from research and analysis to project and execution of structural works. They request 
the cooperation from Japan.  

 

CPRM 
 It will be necessary to update the disasters map done by the municipalities.  
 It will be necessary to deepen geologic and soil studies.  
 

FATMA 
 

 In 2002, the concept that hill with gradient above 45o and the top of mountains (upper 1/3) are 
APP (Permanent Protection Area) was defined. There is no disagreement between federal and 
state laws.  

 Basically, constructions are not allowed in APP areas, but if they are public works, such as 
disaster prevention works, they shall be allowed.  
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State Planning 
Secretariat 
Urban Development 
Department 
 

 The authorization for residential undertakings is provided by the municipality, for state, 
municipality or private works, but the environmental preservation control is conducted by 
FATMA.  

 They understand that it is necessary to take care to avoid new problems in the hills with the 
creation of new residential areas, and that the rainfall volume increase might increase 
inundation, being necessary to create rules to install torrent retention means in Itajaí River 
Basin, where there are flood problems.  

 Currently, there are no plans of new undertakings in the state sphere.  
 The Regional Development Secretariat (SDR) prioritizes the development, but the bottleneck is 

the lack of concern about natural disasters. In the regional development zoning, in general, the 
Regional Development Secretariat and the municipalities, which are developmentists, and the 
State, which is preservationist, have divergent opinions, with need to reach an agreement to 
solve the issue.  

 

COHAB/SC 
 

 In general, new housing undertakings are carried out as local government works in the 
municipalities that have engineers, such as Brusque and Rio do Sul, and as State works, in other 
municipalities.  

 The authorization for state works project, in the technical aspect, is provided by COHAB (in 
case of the municipality project, by the chief of the sector in charge for the project in the 
municipality).  

 The final authorization for the work execution is provided by the local mayor.  
 The environmental appraisal is done by FATMA.  
 They believe that the need of new housing undertakings in Itajaí River Basin is higher in the 

municipality of Blumenau.  
 In case of executing the works with Japanese loan, the execution of the work might be done by 

the municipality of Blumenau, which has a high technical level. 
 

CREA 

The Prefectures do not have resources for the adoption of landslide prevention structural measures in 
private residences, therefore, almost nothing was done about the landslides occurrences in the 2008 
rainfall. With the partnerships between the Prefecture, CPRM and CREA, recuperation works in 
landslide areas of private residences are being done, optimizing the funds from private mining 
companies. 

Source: JICA Study Team 

 

In Table 4.2.2, the opinions and needs of each municipality regarding landslides are shown. The 
municipality of Blumenau is elaborating the landslide disaster map. In other municipalities, the 
geotechnical research with the exploration of each one of the locations affected by activated 
landslide, etc., is being conducted by university bodies such as CEPED, dispatched by Civil 
Defense/SC;  

In the site of the landslide activated in August 2010, in the municipality of Pomerode, the 
landowner was making arrangements to do drains and civil works utilizing heavy machinery. In 
the municipality of Itajaí, there was a case of hillside cut and drain construction conducted as 
landslide prevention measure in residential areas, by initiative of the municipality. In the 
municipality of Benedito Novo, the erosion prevention work using Petibá grass is being 
conducted, under DEINFRA guidance. Both are relatively simple things, but the effect is also 
limited.  

The municipalities mention the need to implement landslide prevention measures in roads of 
access to the water reservoir, and landslide prevention measures in residential areas.  
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Table 4.2.2 - Opinions and needs of each municipality regarding landslides  
Control Bodies Summary of opinions 

Civil Defense of all 
municipalities 

There is no landslide forecast and alert system. As for structural measures, they would like them to be 
done as State works.  

Blumenau 

There is the landslide fight manual, unified with the inundation one. The landslide risk map can be done 
in the webpage. The detailed research is ongoing (satellite images analysis + exploration). They have 
hope in the technical support from Japan. In landslide risk areas, there are various irregular residences. 
Even if they guide people to move from there, other persons come to live in the same place.  

Gaspar They have a map of places affected by November 2008 rainfall. They don´t know how to face landslides. 

Ilhota 

All cases of death resulting from November 2008 rainfall were caused by landslides in the Baú hill 
region. After the 2008 disaster, they are providing psychological counseling to the affected people. By 
suggestion of the psychologist, a leader was chosen for the community disaster prevention and the 
information network was formatted.  

Luis Alves 
The Gaspar/Blumenau road or the road connecting to Massaranduba is fragile, being necessary to adopt 
measures against landslide in these stretches. There is a concern about the collapse of the road 
connecting to the reservoir of piped water of the municipality.  

Brusque 
There are landslide problems in new residential undertakings also, and in some sites the work was 
interrupted.  

Rio do Sul They do not have knowhow of landslide fighting. They would like to make a course to lean with Japan. 

Benedito Novo 
They are trying to prevent erosion using Petibá grass (DEINFRA guidance). They don´t know how to 
deal with the landslide problem behind the prefecture building, which has a deep landslide face.  

Timbó There is lack of communication between the Civil Defense of municipalities. 

Itajaí 
In the municipality, there are many landslide risk areas. Some have developed fissure and high risk 
degree. Some of the existing measures (切土) are changed, perhaps due to lack of drain.  

Rio dos Cedros 
In November 2008, the river was blocked by landslide, creating a temporary natural reservoir. If this 
happens again, inundation might occur as the result of the breaking of the natural reservoir.  

Pomerode  

There is a landslide that appeared with the 2008 rainfall and was reactivated at the end of August 2010. 
The landowner built a superficial mortar drain, traditional drain made of intertwined bamboo and 
excavation with heavy machinery to change the direction of the landslide. He was helped by the research 
of CEPED.  

Source: JICA Study Team 

4.3 Basic policy for Landslide Management  

4.3.1 General 

In view of the basic principle of reducing at the most the distribution of facilities and losses 
among regions, and of maximizing the infrastructures of Itajaí River Basin as a whole, the fact is 
that this is the basin with the higher frequency of landslide occurrences in Santa Catarina, which 
risk extends to all the municipalities of the basin, and as the municipalities´ need there is the 
following basic policy:  

 As non-structural measure, installation of the landslide forecast and alert system that 
encompasses the whole State of Santa Catarina.  

 As structural measures, regarding the main infrastructure, the evaluation of risk of 
landslide risk points is done = the potential annual prejudice amount is calculated, and 
the priority projects are selected through the criterium of higher potential annual 
prejudice amount, also evaluating if its appropriate to select them as target projects for 
loan.  

 The points of landslide risk in urban zones and in the locations of new housing 
undertakings of prefectures and of the State government will also be selected by the 
criterium of higher potential annual prejudice amount, being implemented as model 
undertaking of the municipality or of the state.  
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4.3.2 Non-structural measures 

As non-structural measures, the landslide forecast and alert system using the “soil humidity 
indicator” will be installed.  

(1) Objective of the landslide forecast and alert system: 

Avoid human prejudices resulting from landsides.  

(2) Scope of application of the landslide forecast and alert system: 

It will encompass the whole State of Santa Catarina, utilizing automatic rainfall stations that will 
be provided to the 293 municipalities of the State, one for each municipality, so that facilities are 
enjoyed by the residents of all municipalities of Santa Catarina, and also by tourists going there.  

(3) General information about the landslide forecast and alert system  

The employees of the Civil Defense will monitor the automatic rainfall station and inform the 
mayor when the pre-defined rainfall index is reached. The mayor will issue the landslide alert to 
the municipal residents. The Civil Defense-SC will transmit the landslide information through 
radio and TV, and warning boards that DEINFRA will install in state roads. The residents and 
tourists can avoid going to school or to work, or to travel, in view of the landslide alert, and take 
refuge going through predetermined escape ways to determined locations (schools, churches, 
etc.) to protect themselves.  

The storage of rainfall data and the establishment/updating of reference value for landslide alert 
will be done by CIRAM.  

(2) Points of the landslide forecast and alert system that require attention:  

Basically, the system will transmit information via common internet, and shall have low 
installation cost and facility of maintenance and control.  

It shall be unified with the alert and evacuation transmission media of the inundation forecast and 
alert system.  

The warning boards installed by DEINFRA in state roads shall provide, in addition to the disaster 
prevention alert, traffic safety information, information about works in the roads and traffic jams, 
and even during normality, provide facilities.  
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4.3.3 Structural Measures 

(1)  Selection of priority points for implementation of structural measures.  

Priority points for the implementation of structural measures will be selected among various 
landslide risk areas, through the criteria of higher risk and equal benefits provided.  

The risk/potential annual prejudice amount rate will be calculated in landslide risk points, in 
which the focus will be the main infrastructure and the urban zone, prioritizing the point with the 
higher score.  

As the points related to the main infrastructure have higher public value, they will be selected as 
loan target projects.  

As for structural measures of landslide risk points regarding the urban zone or new residential 
undertakings, model projects will be selected through the criteria of higher potential annual 
prejudice amount, studying the possibility of technical cooperation on the account of financing to 
structural measures. 

(2) Project of structural measures related to the main infrastructure:  

In federal roads BR470 and BR282, landslide preventive maintenance works were already 
executed, having low risk. DNIT also consider not necessary to execute new landslide preventive 
maintenance works.  

In State roads, the landslide preventive maintenance works are still insufficient, with the existence 
of several landslide risk points. DEINFRA has also suggested the need of structural measures for 
landslide risk points. Concerning municipal roads, the need of structural measures for landslide 
risk points for the municipalities of Gaspar, Luis Alves and Brusque was suggested. After 
calculating the potential annual prejudice amount of these points, the priority points shall be 
selected to receive structural measures. Considering that the potential annual prejudice value 
reflects the importance of the road, a weighting factor shall not be applied for the fact that the road 
is state or municipal in the selection of priority points to receive structural measures. Even being a 
municipal road, the work might be executed as a project of the State, if the approval of the State 
House of Representatives is obtained, considering the background of the recuperation works of 
the 2008 catastrophe. 

(3) Project of structural measures related to urban zones 

In the municipalities of Rio do Sul, Benedito Novo and Blumenau there are active landslides 
related to the residential zone. In all the cases, the groundwater elimination work seems to be 
effective. In all municipalities, there is the landslide and land flow risk related to residential areas. 
Since in all of them the benefit is local and does not equitably cover the whole basin, it will not be 
included in the loan project or in the project object of the feasibility study.  

CEOPS/FURB wishes the execution of the study, risk evaluation and model project of structural 
measures in the hill beside the New Market, one of the landslide risk points of the municipality of 
Blumenau. Concerning the structural measures against landslide in urban areas, the selection of 
higher risk areas as model project and technical cooperation on the account of the financing are 
proposed. The technical support shall include, study, planning of structural measures, evaluation 
of reasonability, in addition to the project and control of works execution.  

(4) Project of structural measures against disasters related to new housing undertakings  

There are cases of housing and industrial undertakings that are creating new landslide problems. It 



Preparatory Survey for the Project on Disaster Prevention and Final Report 
Mitigation Measures for the Itajai River Basin  Supporting Report Annex C 

Nippon Koei Co., Ltd.  November 2011 
C - 49 

is necessary to enhance the technical standards regarding earthworks in steep land and, when 
executing the work, utilize open or close drains and a mean to regulate the water flow, to retain the 
torrent and also to contribute to fight inundation. The proposal is to select as model-project the 
higher risk areas among the ongoing or future undertakings, providing them with technical 
cooperation on the account of the financing. The technical support shall include study, evaluation 
of the land appropriateness for the undertaking, planning of structural measures, project and 
control of works execution. 
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CHAPTER 5  MASTER PLAN OF LANDSLIDE MANAGEMENT 

  

5.1 Contents of Master Plan 

Table 5.1.1 shows the contents of master plan to mitigate landslide, sediment yield, and flash 
floods. The master plan is consisted of the following two components; non-structural measures 
for landslide and flash flood and structural measures for landslide. 

Table 5.1.1  Contents of Master Plan to Mitigate Landslide, Sediment Yield, and Flash Flood 
Purpose Measures Description in the 

Master Plan 
Avoidance 
of  human 
lives loss 

(1) Non-structural measures (Implementation of early warning systems 
for landslide and flash flood) 
a) Formulation of system for monitoring/repository of rainfall data and 
communication of warning information. 
b) Disaster education and drills to the persons in charge and residents for 
reliable evacuation. 

Plan including cost 
estimation is prepared 
as a main measure 
project. 

Reducing 
economic 
losses 
 

(2) Structural measures for landslide 
Structural measures will be implemented from the priority sites which 
have high potential annual loss.  

(3) Mitigation of sediment yield. 
Forestation of bare collapsed land, prevention of river-bank erosion by 
river bank forest will be promoted. Prevention of sediment yield will be 
secured by vegetation at structural measures sites for landslide. 

Detailed plan is not 
formulated in the 
master plan; the 
issues are treated in 
watershed/ forest 
conservation plans. 

(4) Mitigation of flash flood 
Installation of discharge regulation facilities for rainfall runoff will be 
promoted in order to mitigate floods and flash floods. 

Detailed plan is not 
formulated in the 
master plan; the 
issues are treated in 
regional planning. 

(5) Capacity building for structural measure and support for private self - 
reliant effort 
a) Capacity building for structural measure project 
b) Support for private self –reliant effort 
Disaster education and subsidy of official/private fund will be promoted 
for private sectors in order to reduce damage of private preservation 
objects which have low priority and potential annual losses.  

The master plan 
describes necessity as 
political policy. 

Source: JICA Survey Team 

5.2 Non-structural Measures (Mitigation Plan of Landslide/Flash Flood) 

5.2.1 Formulation of System for Monitoring/Repository of Rainfall Data and 

Communication of Warning Information 

(1) Adaptation to the Whole SC State as Main Measure Project. 

Non-structural measures will be installed to the whole SC State as a main measure project, 
because it is more practical than relocation from risk area. The reasons of installation to the 
whole SC state are follows; 

i) Benefits by reduction of human lives losses are maximized in the whole SC State. 

ii) Reducing human lives losses of travelers inside and outside of Itajai River basin in SC 
State. 

iii) In case of Municipalities whose territories are extended both of inside/outside of Itajai 
River basin, the citizens are equally benefited both of residents living inside/outside of the 
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Itajai River basin. 

(2) General and Monitoring of Rainfall 

Early warning systems for landslide disaster and flash flood, which is described in section 9.2.3, 
will be implemented as follows; 

Defesa Civil -SC conduct general management and official issue of the early warning. 

Municipality governments order evacuation for residents and traffic regulation of municipality 
roads. 

DEINFRA orders traffic regulation of SC state road. 

SDRs order temporarily closed class, going-home, or staying at schools to school kids/students 
under the supervision of SDRs in case of attention/alert issue.   

Firstly the early warning (information calling for attention) by rainfall index will be set as the 
kick off to increase awareness of disaster, secondary designation of houses for evacuation and 
roads for traffic regulation corresponding to warning, as shown in Figure 5.2.1. 

 

 

 

 

 

 

 

 

 

 

 

Automatic rain gauge will be installed at the fine viewpoint (e.g. top of municipality hall) of  

Source: JICA Survey Team 

Figure 5.2.1  Instrument of Early Warning System of Landslide/Flash Flood and Stepwise 
Development 

A automatic rain gauge will be installed to either municipality hall, Defesa Civil-municipality 
office, or office of CELESC. The gauges should be supplied by solar power in order not to lack 
of measuring data. The data will be transmitted to the data server of EPAGRI/CIRAM through 
GPRS (General Packet Ration Service) and VHS communication system of CELESC.  

To avoid data lack due to transmission error of GPRS, the staffs of Defesa Civil- municipality 
should download the data from data logger and save to the computer once a week. 

EPAGRI/CIRAM will calculate rainfall index criteria based on the exact data and forecasted 
data by WRF (Weather Research and Forecasting) model. When the rainfall is exceed to the 
rainfall index criteria, EPAGRI/CIRAM will announce through media and web sites and inform 

Short Term 
Setting of the early warning by rainfall index. 
Municipality government promoted that self reliance evacuation of residents of risk areas in case of alert 
announcement, utilizing risk/hazard map which are prepared by this survey. 
Municipality government inform the early warning and call for attention. When disaster phenomena progressing are 
recognized, they order evacuation and/or traffic regulation of road sections.   
DEINFRA call for attention by utilizing the road information board along SC sate roads.  When disaster phenomena 
progressing are recognized, DEINFRA order the traffic regulation of state road sections.   

SDRs order temporarily closed class, going-home, or staying at schools school kids/students under the supervision of 

SDRs, in case of attention/alert announcement.  

Medium/Long Term Development (stepwise development in five to ten years) 
Municipality government will prepare hazard maps of S=1:10,000, designate/inform risk areas/houses shall be 
evacuated when alert is issued, evacuation building, evacuation routes. Municipality also will designate disaster prone 
road sections of municipality roads which shall be ordered traffic regulation when alert is issued.  
DEINFRA will designate disaster prone road sections of SC state roads which shall be ordered traffic regulation 
when alert is issued.  
Municipality government/DEINFRA order traffic regulation when Defesa Civil-SC issue alert.  



Preparatory Survey for the Project on Disaster Prevention and Final Report 
Mitigation Measures for the Itajai River Basin  Supporting Report Annex C 
 
 

Nippon Koei Co., Ltd.  November 2011 
C-52 

to Defesa Civil-SC, each SDR, Municipality. SDR announce attention/ alert to each school in 
the area, and Municipality government announce attention/ alert to the residents and travelers. 
Each municipality and DEINFRA announce early warning information by such as information 
boards along SC road and prepare for disaster. 

(3) Setting of Attention/ Alert index criteria for Landslide and Flash Flood 

Attention/ Alert index criteria will be decided based on a soil water index which is used in Japan 
and rainfall index which is studied by IPT (Instituto de Pesquisas Tecnológicas) in Sao Paulo 
State University. It is difficult to decide rainfall index criteria from the result of statistical 
analysis of rainfall index which is recorded at disaster occurrences, because there are no exact 
times of landslide and flash flood occurrence, and location of rainfall gauges are generally apart 
from disaster-occurrence points more than 10km.  

Therefore an alert index is decided based on heavy rain of 10-year return period. Because, in 
Japan, 93 percent of landslide disaster mortality are happened under the conditions by 
maximum rainfall index in 10-years (based on 1991-2000 disaster occurrence excluding rock 
fall and disaster in construction sites).  

While an attention index is decided based on heavy rain of 1.1-year return period for the 
purpose of preparation for state of alert, recognition for residents and training for the staffs. 

The index criteria for attention/alert should be verified and revised by EPAGRI/CIRAM on 
every June (minimum rainfall month), based on accumulated rainfall and disaster occurrence 
data. 

(4) Calculation of rainfall data and rainfall index, and issue/ announcement of attention/ 

alert 

EPAGRI/CIRAM will estimate three-hour-later rainfall index by calculating current rainfall 
data and WRF data every 20 minutes. When the data is over rainfall index criteria, 
EPAGRI/CIRAM will announce by Internet and public media, such as television and radio. 
They should also report to the Mayor, Defesa-civil of related municipalities and Defesa civil- 
SC. The communication should be automatically conducted by text mail to mobile phone which 
previously registered by computer system. 

Defesa Civil -SC will conduct official issue of attention/alert, announcement to corresponding 
municipalities, preparation for disaster.   

Municipality government/Mayor will announce attention/alert to the residents by bulletin boards, 
telephone networks, church bells, and public relation vehicle, and call out staff for emergency. 
The method of information communication is as same as that of early warning system for 
floods). 

Defesa Civil-SC, cooperation with DEINFRA and Municipalities, should announce attentions/ 
alerts to the target areas by advertising boards or bulletin boards at the major points of roadsides, 
and drive-inns in order to give information to the drivers. Commercial advertisement boards are 
effective for using as bulletin boards for attention/alert, by admitting from owners for  
emergency use. In case electric bulletin board, the boards are normally used for commercial 
advertisement or ordinary news, and are utilized for announcing attentions/alerts also. 
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(5) Disaster Avoidance Activities 

When attention is issued; 

- SDR closes all state schools temporally and informs the students not to come to the schools. 
If the students are in the schools, instruct them to come back (or keep staying at the schools 
by situation). SDR also instructs all the offices to follow those actions. 

-  Road users hold back usage of roads in attention-issued areas by considering the attention. 

When alert is issued; 

- The residents, who live in risk areas which are designated in hazard maps, evacuate to 
designated evacuation sites (schools or churches) by designated evacuation routes. 

- The Municipality and DEINFRA will order road traffic regulation of designated 
disaster-prone road sections in alert-issued areas when the alert is issued by Defesa Civil - 
SC.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Data Logger 

Solar-powered automatic rain 

EPAGRI/CIRAM 
- Management of data from the whole SC State 
- Setting/reviewing of rainfall index criteria for 

attention and alert 
- On-time analysis of rainfall index including 

forecasting rainfall by WRF (Weather 
Research and Forecasting)  model of 293 

Each Municipality  
- Download data by each municipality Defesa 
Civil/CELESC 

Internet data uploading
 

Data accumulation by data logger 

GPRS /CELESC communication 
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Source: JICA Survey Team 

Figure 5.2.2 Schematic Diagram for Early Warning System of Landslide and Flash Flood 
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5.2.2 Disaster Education and Evacuation Drills to the Persons Concerned and Residents 

Defesa Civil of each municipality should give disaster education and evacuation drills to the 
persons concerned and residents to verify evacuation and communication of disaster 
information. Defesa Civil-SC should conduct disaster-related training to the staffs of Defesa 
Civil of each municipality. 

The municipality should prepare a hazard map of S=1:10000 with the support of SC State and 
university. The hazard map contains risk sites, desirable evacuation routes and sites. After the 
hazard map is prepared and distributed, the municipality explains the contents of hazard map to 
the citizens and/or conducts fire drills to the residents who is living in a risk area. 

The mayor orders to Defesa-Civil, firehouse and police to prepare evacuation sites for further 
alert state, announces to the residents and conduct patrols to the risk areas when the attention is 
issued. It is recommended for resident to evacuate to the evacuation sites as a evacuation drill 
even it is not a level for evacuation. 

Teachers in state schools should order school kids/students to stay or return home and safety 
rout for return home depend on the safety of their homes. In case of staying, disaster education 
should be conducted to the school kids/students with hazard map and photographs of past 
disasters. 

5.3 Structural Measures for Landslide 

5.3.1 Priority and Plan of Structural Measures for Landslide 

Structural measures will be conducted from priority sites which have higher potential annual 
loss, in order to prevent economic loss to be caused by landslide disasters. 

Sixty-seven sites are selected as prioritized structural measure sites out of sixty-eight high risk 
sites excluding Itajai Port where continuous dredging might be appropriate. They are selected 
by landslide/sediment yield risk assessment and evaluated more than R$ 50,000 per year of 
potential annual loss. The risk sites selected are 33 state roads and 34 municipality roads. 

 

According to the site investigation and interview with DNIT, restoration and rehabilitation of 
federal road had completed after heavy rain in 2008, there are no high risk sites in federal roads. 

The structural measures for landslide are planned to secure half width road traffic against heavy 
rain level of the November 2008 (60-year return period). Type for measures will be selected by 
learning form existing measures of similar condition slopes (mainly the Federal road BR470), 
which have not full width road closure disaster events under 60 years heavy rain. It is also 
referred that technical norm in Brazil, NORMA BRASILEIRA ABNT (Associação Brasileira 
de Normas Técnicas), NBR (Número de referéncia) 11682, Estabilidade Encostas (Slope 
Stabilization). 

The slope vegetation for each risk site is principal measure in order to mitigate sediment yield. 
Furthermore, trees should be planted in no-risk sites of falling tree in order to contribute to 
environmental improvement by carbon fix. 
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Table 5.3.1  Selection of Structural Measure Type by Landslide Situation  
Type of 

Landslide 
Location of 

hazard origin 
to 

preservation 
object  

Applicable Slope Condition Type of Structural Measurers 
 

Vegetation and drainage are 
applied to the whole sites 

Collapse 
 
Desmoron

amento 

Mountainside 
slope 

Stability by slope cutting is impossible. Rock bolting, Anchoring 
There are possibilities of rock falls/collapses. Removal of unstable rocks, foot 

protection works, rock catch 
fence, rock catch/covering net. 

Stability by 
slope cutting 
is possible 
 

Slope height of 15 m or more 
 

Removal of unstable soils（Slope 
cutting）, 
Reinforced earth for cutting slope

Slope height of lower than 15 m Removal of unstable soils（slope 
cutting）, vegetation net, gabion 
placing on slope foot. 

Valley side 
slope 

Erosion has occurred, and might influence to road 
body collapse in the long term. 
 

Embankment, piling, sheet piling, 
large block placing, gabion 
drainage along gully. 

Riverbank River erosion has approached a preservation object, 
and/or cracks and subsidence are recognized. 

Gabion revetment with cover soil,
connecting concrete blocks with 
cover soil 

Landslide 
 
Escorregam
ento 

From 
mountainside 
to valley side
slope 

Assumed deep slide surface, high groundwater 
level. 
 

Horizontal drainage drilling, 
gabion walls, steel pile working 

Mountainside  Assumed shallow slide surface, high groundwater 
level. 

Closed conduit width open ditch, 
reinforced earth for cutting slope, 
gabion wall 

Road body to 
valley side 
slope 

Assumed deep slide surface, low groundwater level.
 

Alternative study of steel pipe 
piling and light weight 
embankment 

Shallow road 
body slide 

Shallow road slide of road body due to shoddy 
workmanship and/or poor drainage. 
 

Rehabilitation of road body 

Debris 
Flow 
 
Escoament
o 

Torrent of 
mountainside
 

Event history of debris flow disaster Sediment trap works 

Source: JICA Survey Team 

 

Location and type of structural measures for selected 67 risk sites are shown in Table 5.3.2.  
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Table 5.3.2  Order of Priority and the Plan of Structure Measures for Landslides Disasters 
Pr

io
ri

ty
 

O
rd

er
 Place Municipal

ity 
Road 
Management

Annual 
amount of 
potential 
damage 

(R$ x103/
year) 

Type of 
disaster 

Type of construction 
(slope protection with 
vegetation and 
drainage in all places) 

1 
SC 302 Taio - Passo 
Manso-5 

Taió State road 1,255 
Landslide (on 
the lane) 

Horizontal drainage 
drilling, gabion retaining 
wall, pile work. 

2 
SC470 Gaspar 
Riverside 

Gaspar State road 1,095 
Collapse 
(riverside & 
valley side )  

Gabion retaining wall 

3 
Blumenau - Av Pres 
Casrelo Branco 

Blumenau 
Municipality 
road 

1,021 
Collapse 
(riverside)  

Connecting concrete 
block, sheet piling 

4 
SC418 Blumenau - 
Pomerode 

Pomerode State road 989 
Landslide 
(mountainside)

Closed conduit with 
open ditch, 
gabion retaining wall 

5 
SC474 Blumenau - 
Massaranduba 2 

Blumenau State road 907 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 

6 
Gaspar - Luiz Alves, 
Gaspar 9 

Gaspar 
Municipality 
road 

774 
Collapse 
(mountainside 
and riverside) 

Cutting, slope 
reinforcement, 
Horizontal drainage 
drilling 

7 
Gaspar - Luiz Alves, 
Luiz Alves 6 

Luis Alves 
Municipality 
road 

700 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 

8 
SC470 Gaspar 
Bypass 

Gaspar State road 689 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 

9 
SC477 Benedito 
Novo - Dutor 
Pedrinho 1 

Benedito 
Novo 

State road 680 
Landslide (on 
the lane) 

Alternative study of 
Light weight 
embankment and pile 
works. 

10 
SC418 Pomerode - 
Jaragua do Sul 1 

Pomerode State road 651 Lane collapse 
Embankment with 
gabions at the bottom 

11 
Gaspar - Luiz Alves, 
Luiz Alves 4 

Luis Alves 
Municipality 
road 

629 
Landslide 
(mountainside)

Cutting, slope 
reinforcement 

12 
SC474 Blumenau - 
Massaranduba 1 

Blumenau State road 601 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 

13 
SC 302 Taio-Passo 
Manso 4 

Taio State road 526 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 

14 
Gaspar - Luiz Alves, 
Luis Alves 11 

Luis Alves 
Municipality 
road 

497 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 

15 
SC486 Brusque - 
Botuverá 13 

Botuverá State road 473 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 

16 
SC416 Timbó - 
Pomerode 

Timbó State road 443 
Landslide 
(mountainside)

Cutting, horizontal 
drainage drilling, gabion 
retaining wall 

17 
SC486 Brusque - 
Botuverá 1 

Brusque State road 430 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 

18 
R. Alamedia Rio 
Branco, Blumenau 

Blumenau 
Municipality 
road 

398 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 

19 
Gaspar - Luiz Alves, 
Gaspar 2 

Gaspar 
Municipality 
road 

384 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 

20 
Gaspar - Luiz Alves, 
Luis Alves 7 

Luis Alves 
Municipality 
road 

380 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 

21 
Gaspar - Luiz Alves, 
Gaspar 1 

Gaspar 
Municipality 
road 

379 
Collapse 
(mountainside)

Cutting, Slope 
reinforcement 

22 
Gaspar - Luiz Alves, 
Luis Alves 3 

Luis Alves 
Municipality 
road 

372 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 

23 
Ponte Aldo P. de 
Andrade - margem 
direita 

Blumenau 
Municipality 
road 

366 
Superficial 
landslide and 
lane sinking 

Rehabilitation of road 
and pavement 
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Pr
io

ri
ty

 
O

rd
er

 Place Municipal
ity 

Road 
Management

Annual 
amount of 
potential 
damage 

(R$ x103/
year) 

Type of 
disaster 

Type of construction 
(slope protection with 
vegetation and 
drainage in all places) 

24 
SC486 Brusque - 
Botuverá 3 

Brusque State road 344 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 

25 
SC486 Brusque - 
Botuverá 2 

Brusque State road 342 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 

26 
Gaspar - Luiz Alves, 
Gaspar 8 

Gaspar 
Municipality 
road 

326 
Collapse 
(mountainside)

Cutting, gabion retaining 
wall 

27 
Gaspar - Luiz Alves, 
Gaspar 4 

Gaspar 
Municipality 
road 

323 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 

28 
SC486 Brusque - 
Botuverá 9 

Botuverá State road 301 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 

29 
SC486 Brusque - 
Botuverá 7 

Brusque State road 298 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 

30 
Gaspar - Luiz Alves, 
Luis Alves 2 

Luis Alves 
Municipality 
road 

278 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 

31 
Gaspar - Luiz Alves, 
Gaspar 7 

Gaspar 
Municipality 
road 

276 
Collapse 
(mountainside)

Cutting, gabion retaining 
wall 

32 
Gaspar - Luiz Alves, 
Luis Alves 1 

Luis Alves 
Municipality 
road 

271 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 

33 
Gaspar - Luis Alves, 
Luis Alves 5 

Luis Alves 
Municipality 
road 

271 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 

34 
Gaspar - Luiz Alves, 
Luis Alves 8 

Luis Alves 
Municipality 
road 

270 
Collapse 
(mountainside)

Cutting, gabion retaining 
wall 

35 
SC486 Brusque - 
Botuverá 11 

Botuverá State road 260 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 

36 
SC486 Brusque - 
Botuverá 10 

Botuverá State road 260 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 

37 
Gaspar - Luiz Alves, 
Luis Alves 10 

Luis Alves 
Municipality 
road 

227 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 

38 
SC486 Brusque - 
Botuverá 12 

Botuverá State road 221 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 

39 
SC486 Brusque - 
Botuverá 4 

Brusque State road 220 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 

40 
SC486 Brusque - 
Botuverá 6 

Brusque State road 220 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 

41 
SC486 Brusque - 
Botuverá 14 

Botuverá State road 220 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 

42 
SC486 Brusque - 
Botuverá 5 

Brusque State road 220 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 

43 
SC 302 Taio-Passo 
Manso 2 

Taio State road 202 
Superficial 
landslide and 
lane sinking 

Rehabilitation of road 
and Pavement 

44 
Gaspar - Luiz Alves, 
Gaspar 6 

Gaspar 
Municipality 
road 

184 
Collapse 
(mountainside)

Cutting, gabion retaining 
wall 

45 
Gaspar - Luiz Alves, 
Gaspar 10 

Gaspar 
Municipality 
road 

184 
Collapse 
(mountainside)

Cutting, gabion retaining 
wall 

46 
SC418 Pomerode - 
Jaraguá do Sul 2 

Pomerode State road 184 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 

47 
Gaspar - Luiz Alves, 
Luis Alves 12 

Luiz 
Alves 

Municipality 
road 

184 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 

48 
Gaspar - Luiz Alves, 
Gaspar 3 

Gaspar 
Municipality 
road 

184 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 

49 
SC413 Luiz Alves - 
Massaranduba 1 

Luiz 
Alves 

State road 172 
Landslide 
(mountainside)

Horizontal drainage 
drilling, gabion retaining 
wall 

50 
Gaspar - Blumenau 
3 

Gaspar 
Municipality 
road 

169 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 
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Pr
io

ri
ty

 
O

rd
er

 Place Municipal
ity 

Road 
Management

Annual 
amount of 
potential 
damage 

(R$ x103/
year) 

Type of 
disaster 

Type of construction 
(slope protection with 
vegetation and 
drainage in all places) 

51 
SC486 Brusque - 
Botuverá 8 

Botuverá State road 151 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 

52 
SC 302 Taio - Passo 
Manso 1 

Taio State road 149
Landslide 
superficial and 
lane sinking 

Rehabilitation of road 
and pavement 

53 
SC 302 Taio - Passo 
Manso 3 

Taio State road 149 
Landslide 
superficial and 
lane sinking 

Rehabilitation of road 
and Pavement 

54 
SC477 Benedito 
Novo - Dutor 
Pedrinho 2 

Benedito 
Novo 

State road 144 
Superficial 
landslide 
(mountainside)

Drain ditch and 
pavement 

55 
R. Bruno Hering, 
Blumenau 

Blumenau 
Municipality 
road 

119 Debris flow Gabion 

56 
Gaspar - Luiz Alves, 
Luiz Alves 9 

Luiz 
Alves 

Municipality 
road 

111 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 

57 
SC477 Benedito 
Novo - Doutor 
Pedrinho 3 

Benedito 
Novo 

State road 108 
Superficial 
landslide and 
lane sinking 

Concrete block retaining 
wall 

58 
Gaspar - Luiz Alves, 
Gaspar 5 

Gaspar 
Municipality 
road 

106 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 

59 Baú Ilhota 
Municipality 
road 

101 Debris flow Gabion 

60 
SC486 Brusque - 
Botuverá 15 

Brusque State road 78 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 

61 
Luiz Alves Estrada 
municipal 1 

Luiz 
Alves 

Municipality 
road 

67 
Collapse 
(mountainside)

Cutting, Gabion 

62 
SC413 Luiz Alves 
-Massaranduba 2 

Luiz 
Alves 

State road 62 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 

63 
Luiz Alves Estrada 
municipal 2 

Luiz 
Alves 

Municipality 
road 

59 
Collapse 
(mountainside)

Removing unstable rock 
by explosion 

64 
Brusque Estrada 
municipal 1 

Brusque 
Municipality 
road 

56 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 

65 
Gaspar - Blumenau 
2 

Blumenau 
Municipality 
road 

55 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 

66 
Gaspar - Blumenau 
1 

Blumenau 
Municipality 
road 

55 
Collapse 
(valley side) 

Gabion 

67 
Brusque Estrada 
municipal 2 

Brusque 
Municipality 
road 

51 
Collapse 
(mountainside)

Cutting, slope 
reinforcement 

Note: Itajai Port which problem is sediment discharge is not included in this table. The table shows landslide risk 
sites only. 
Source: JICA Survey team 

5.4  Mitigation Measures for Sediment Yield 

Mitigation measures for sediment yield are promoted as reforestation projects which mainly aim 
to watershed /forest conservation and carbon fix by planting tree. The mitigation measures of 
sediment yield are also applied for the structural measure sites for landslides. Because main 
purpose is watershed and forest conservation, detailed plan will not be made for sediment yield 
mitigation in this master plan. 

In Itajai River basin, Itajai port is only one site of remarkable economical loss caused by 
riverbed aggradation. The annual amount of the potential loss due to sedimentation is R$ 9 
million per year and it is estimated at R$ 19 per m3 of sediments (see supporting report C).  
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It should be promoted that the mitigation measures of sediment yield in the whole basin by the 
reforestation of bared collapsed land and prevention of riverbank erosion by riparian forest.   
The main objective of these programs is to preserve the water resources and forestry resources, 
and it might contribute environment improvement such as climatic changes measures by the 
carbon fix of trees. The prioritized areas for mitigation of sediment yields is the Luiz Alves 
River where there is no significant sand extraction business, especially the Morro do Bau 
surrounding area where there are still remaining of many collapsed bare lands and debris along 
streams after the storm in November 2008 . 

Sediment yield will be mitigated at sites of structure measures for landslide. Vegetation 
measures should be applied basically for bared road slopes. Trees should be planted in gentle 
slopes and/or valley side slopes of the road, where falling three risks are not expected, in order 
to contribute climate change measures by the carbon fix. 

The sediment control dame, and/or sand pocket are not economical to reduce sediment 
discharge of the Itajai Port, due to the reasons below; 

- The cost per volume of debris exclude works from sediment control facilities is almost 
equivalent to the potential loss per volume of sediment discharge at the Itajai Port. 

- All of the sediments which taken by virtual sediment control facilities are not discharge 
into the Itajai Port originally, some of them might be taken by sand extraction business, 
some of them are sediment on flood plain and not discharge into the Itajai Port for a long 
time. 

The river bed altitude of the river in the Itajai Port area was minus 5 meters in the past, and 
since 1980 a dredging work has been done in order to deepen the port and, nowadays the 
altitude is minus 14 meters in order to enable the port call of vessels. Therefore sedimentation is 
activated; sedimentation from marine side might be large amount also. If sediment discharge 
from river side is decreased by sediment yield mitigation, the sedimentation speed might not 
decrease simply, sedimentation from marine side might be increased and total sedimentation 
volume might be balanced at some extent. 

The volume of sedimentation and the dredging volume in the Itajai Port have not monitored so 
far. After the monitoring of the sedimentation volume and the clarification of deposition 
mechanism, it would be desirable to adopt measures for sedimentation including the sediment 
from the marine. 

5.5 Mitigation of Flash Flood 

Measures for reducing flash floods are aiming to promote runoff regulation facilities for the 
purpose to reduce surface runoff. 

The flash floods increase seriousness due to the reducing rainwater permeability by decreasing 
of forest with land development in mountainous area. Furthermore, it is recognized that are 
many housing areas in stream where no water in normal time. The issue shall be treated in city 
plan. 
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Figure 5.5.1 Example of Runoff Regulation Facilities by Reservoir 
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Figure 5.5.2 Example of Runoff Regulation Facilities by Underground Reservoir 
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5.6 Capacity Building for Structural Measure and Support for Private Self-reliant 
Effort 

5.6.1 Capacity Building for Structural Measures 

Land development by the State government is a disaster measure project to provide safe houses 
to the residents who are living in disaster risk area. Those land development should properly 
done not to cause further landslide disasters, flash flood and floods by increasing of surface 
runoff due to the land development. To tackle those problems, technical capacity development 
for land development shall be conducted. 

Table 5.6.1 shows required techniques and measures for reducing disasters and sediment yield. 

Table 5.6.1  Necessary Techniques and Plans to Mitigate Disasters of  
Landslide/Flash Flood and Sediment Yield 

Technical Issues 
Purpose and 

Objective 
Recent condition Measure 

Installation of 
runoff regulation 
facilities for land 
development 

To mitigate flash 
floods and floods by 
surface runoff 
increase due to land 
development 

No technical standards 

- Formulation of technical 
standards 

- Preparation of law to enable 
regal binding for new land 
development  

Slope protection 
and slope 
stabilization 

To stabilize slopes 
and protect slopes 
from erosion 

Technical standards and 
methods for design review are 
available. The cases of 
instability of slopes and 
sedimentation are recognized. 
Drain ditch are not installed in 
some cases. 

- Enhancement of design 
review to be conducted by 
State and Municipality. 

- Training of design engineers 
and construction engineers by 
the State government. 

Disposal of waste 
soil 

To protect sediment 
yield 

FATEMA conducts legal 
instruction and management. 

- Continuation of instructions 
and keeping laws and 
regulations 

Source: JICA Survey Team 

5.6.2 Support for Private Self-reliant Effort 

Disaster education for such as simple measures will be conducted for private sectors in order to 
reduce damage of private construction objects which have low priority and potential annual 
losses with subsidy from official/private fund. 

There are projects for structural measures funded by private mining company which was 
co-established by SC State, Municipality, Agency for institute of mining resources (CPRAM) 
and Association of engineers in SC State (CREA-SC), however those project cannot be applied 
to whole risk areas. It is recommended to promote disaster education for simple 
countermeasures such as drain ditches and support form official/ private funds. 

5.7 Sustainable Maintenance 

5.7.1 Maintenance of Structural Measures 

The slope shall be maintain good condition by early remedy for damaged portions which find 
out by regular inspection and/or damage inspection just after heavy rain. 

(1) Vegetation 

If vegetation is not survival and/or bumped soils are eroded, vegetation base, such as wicker 
works, will be enhanced, and fertilizer will be added depend on the necessity. And then 
reforestation will be conducted by seeding or planting. 
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(2) Drainage 

Repair of drainage works, and soil removal from drainage ditch and catch basin will be 
conducted. In case of clogging of horizontal drainage drilling, spouting water jet will be 
installed, and clogging are washed out until discharged water will be clean. The formulation 
reddish brown soil by iron bacterium, which is 60% of the cause of the clogging of drainage 
hole, can be controlled by cutting of oxygen supply.  

Specifically, U-shaped pipe concatenating mouth of drainage hole is simple measure to cut off 
contact with air temporally. 

(3) Slope protection works 

Structural damage occurs generally due to strong wind, heavy rain disaster and aging. And 
unforeseen external force may cause deformation and collapse sometimes. Inspector shall pay 
attention not only slope protection works themselves, but also water situation in the surrounding. 
Measures against of cause of damage shall be done. 

5.7.2 Maintenance for Landslide Flashflood Early Warning System 

Defesa Civil-SC is responsible organization of the system. It is necessary to ensure the 
maintenance of equipment according to the budget of the system. Actually the maintenance will 
be conducted by each staff of related organization, and needs to be done other communication 
management.  

(1) Automatic Rain gauge 

In case of tipping bucket rain gauge, there may be trouble with the block of rainwater catchment 
by falling leaf etc. If rainfall is not recorded despite the rain, it is necessary to check the 
rainwater catchment and remove the blockage. For the sake of easy checking and maintenance, 
automatic rain gauges would be better to be installed on the office of municipality hall or 
Defesa-Civil of municipality.  

(2) Communication facility, Computer, Computing System 

The maintenance of communication facility, computer, computing system needs to be done as 
part of them of each related government organization. 
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CHAPTER 6 ENGINEERING GEOLOGY ON SELECTED 
STRUCTURAL MEASURE SITES 

6.1 Oeste Dam 

Detailed site investigation and drilling survey of 3 points were performed in this project. The 
location of drilling points and outcrop, geological structure and distribution of geology are 
shown in the Figure 6.1.1. Drilling survey was performed at the left side of the existing concrete 
dam body (No: FBO-01, Total depth: 30.6m), the central base dam (No: FBO-02, Total depth: 
26.0m) and the right side of the existing concrete dam body (No: FBO-03, Total depth: 25.5m) 
with standard penetration tests, that were performed before reaching to the bedrock. Geological 
cross section along and across the dam body are shown in Figure 6.1.2 and Figure 6.1.3. 
Geological structure and distribution around the Oeste Dam is shown in Table 6.1.1. 

Table-6.1.1 Stratigraphy around the Oeste Dam 
Geological 
timescale Stratigraphy 

Lithology Geological structure 
and distribution Period 

Períod 
Epoch 
Época Symbol Layer name 

Q
ua

te
rn

ar
y 

Q
ua

te
rn

ar
y 

H
ol

oc
en

e 
Ｈ

ol
oc

en
o 

AT 
Embankment Consisted of brown sandy 

cohesive soil. 
Water content is moderate. 
N values show 6-10. 

Distributed at around the 
surface. Thickness is 
11.2m at FBO-01. Aterro 

CO 

Concrete 
Consisted of ordinary 
portland cement concrete. 
An aggregate content is about 
40% vol. 
No degradation was found 
both aggregate and cement. 

Distributed at the existing 
dam body.  
Founded on fresh rock at 
the central bank. Concreto 

Q2a-are 
Holocene sand Consisted of soft silty fine 

sand. 

Distributed below flood 
level at the upper stream 
area. Holocino areia 

Q2a-arg 
Holocene clay 

Consisted of soft sandy silt. 
Partially distributed 
below flood level at the 
upper stream area.  Holocino argila 

Q2r 

Residual soil  
 (Highly 
weathered rock) 

Consisted of red brown sandy 
cohesive soil. 
Rock structure remains, but 
easyily crushed by finger. 
N values show 14-33. 
Water content is low. 

Distributed at the surface 
or under the embankment.
Lower limit of this 
stratum is GL-15.6m for 
the F-BO-01 and 
GL-16.7m for the 
F-BO-03. 

Os solos residuais
(Altamente 
intemperismo de 
rochas） 

P
er

m
ia

n 
P

er
m

ia
n 

 P1rb-Fo 
Shale 

Consisted of medium strong 
rock, unconfined compression 
strength is about 30MN/m2 by 
hammer sounding. 

Gentle bedding plane (5 
to 10 degree) is generally 
observed. 
N-NW dip is observed at 
the left side, W-SW dip is 
observed at the right side.

Folhelho 

P1rb-Si 
Siltstone 

Siltito 

Source: JICA Survey Team 

The unconfined compression strength of fresh bedrock is estimated about 30MN/m2, classified 
as medium strong rock. In crack zone, crack spacings are more than 5cm. According to the 
existing result of shearing test for similar rock, shear strength is estimated as τ=1.0 + σtan38° 
(MN/m2).  
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The characteristics of each layer are shown below. 

Embankment: AT  

 

Source: JICA Survey Team 

Photo (left) shows standard penetration test sample of GL-9m 
at the borehole F-BO-01 in the left side, which is consisted of 
brown sandy cohesive soil. The layer was filled after concrete 
placement of the existing dam body, which is distributed at the 
both side of dam body and the lower area of down stream side 
of dam body with founded on the bedrock. The thickness is 
11.2m at F-BO-01. 

Concrete: CO  
 

Source: JICA Survey Team 

Photo (left) shows ordinary portland cement concrete of the 
existing dam body. 

Content of aggregate is approximately 40% in volume and no 
degradation was found between aggregate and cement. 

Holocene sand: Q2a-are  

 

Source: JICA Survey Team 

Photo (left) shows panoramic view of dam body from left side 
of upper stream side, the layer is distributed below the flood 
water level (the area where some flood woods were deposited 
in the left photograph). 

Residual soil (Highly weathered rock): Q2r 

Source: JICA 
Survey Team 

Photo (left) 
shows sample of 
GL-11m at 
F-BO-01 

  

Source: JICA Survey Team 

Photos (left) shows 
outcrop at the left side 
of dam body. 

The 3-meter-height 
cliff was observed 
tentatively at the 
down of dam body. 

Shale: P1rb-Fo  

  

Source: JICA Survey Team 

Photos (left) shows outcrop of sandy shale at the 
left side of dam body. 

Medium strong rock, whose unconfined 
compression strength is about 30MN/m2 by 
hammer sounding, was observed. 

Steep cracks are developed at outcrop. 

Siltstone: P1rb-Si 

Source: JICA Survey Team 

Photo (left) shows siltstone at GL-27m of F-BO-01. Medium strong 
rock, whose unconfined compression strength is about 20MN/m2 by 
hammer sounding, was observed. 

Low angled cracks for bedding plane are closely adhered with no 
degradation. 
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Source: JICA Survey Team 

Figure 6.1. 1  Geological Map for the Oeste Dam 
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Source: JICA Survey Team 

Figure 6.1.2 Geological Cross Section along the Oeste Dam Body 
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Legend  

F- Number of drilling point 

AL. Ground Level of drilling hole 

DPD Projected distance from right side 

DPE Projected distance from left side 

  

Geological Strata 

A  Embankment 

CO Concrete 

Q2a-are Holocene sand 

Q2a-arg Holocene clay 

Q2r Residual soil  

Plrd-Fo Shale 

Plrb-Si Siltstone 

Source: JICA Survey Team 

Figure 6.1.3Geological Cross Section across the Oeste Dam Body 
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6.2 Sul Dam 

Detailed site investigation and drilling survey of 1 point were performed in this project. The 
location of drilling point and outcrop, geological structure and distribution of geology are 
shown in the Figure 6.2.3. The drilling was performed at the top of spillway (No: F-BS-01, 
Total depth: 20.0m) in order to verify the quality of concrete and condition of bedrock at the 
spillway. 

Geological cross section at the spillway is shown in Figure 6.2.2, and Geological map of the Sul 
Dam is shown in Table 6.2.1. 

Table 6.2.1 Stratigraphy around the Sul Dam 

Geological 
timescale Strarigraphy 

Lithology Geological structure 
and distribution Period 

Períod 
Epoch 
Época Symbol Layer Name 

Q
ua

te
rn

ar
y 

Q
ua

te
rn

ar
y 

 

H
ol

oc
en

e 
Ｈ

ol
oc

en
o 

AT-r 
Rock embankment

Consisted of medium strong 
sandstone and siltstone 
aggregates. 
Diameter of aggregates are 30 - 
80 cm.  

Distributed at the 
riprap, right side slope 
in upper stream side of 
spillway (approx.35m 
long) and riverbed. 

Aterro de rocha 

AT-sp 

Embankment of 
gravel soil 

Consisted of gravel and soil. 
Gravel is poor-sorted, 1-200 cm 
diameter. Matrix is silty sand, 
slightly sticky. 

Distributed at the lower 
area than AL.385m at 
the dam body. 

Aterro de solo 
pedregoso 

CO 
Concrete 

Consisted of ordinary portland 
cement concrete. 
An aggregate content is about 
40% vol. No degradation was 
found both aggregate and 
cement. 

Distributed at the 
spillway. 
Founded on the fresh 
rock of the central bank 
at GL-15.2m in 
F-BS-01. Concreto 

Q2a-cas 
Holocene gravels 
Holoceno 
cascalhos 

Consisted of medium strong 
sandstone and siltstone. Gravels 
are well-rounded, whose 
diameters are 2 - 20 cm. 

Distributed at the 
riverbed and river bank.

Q2r 

Residual soil 
(Highly weathered 
rock) 

Consisted of red brown sandy 
cohesive soil. 
Rock structure remains, but 
easily crushed by fingers. 
Water content is low. 

Distributed at right side 
of spillway and both 
sides of upper stream 
side from dam body. 

Os solos residuais
(Altamente 
intemperismo de 
rochas） 

P
er

m
ia

n 
P

er
m

ia
n 

 

P1rb-Si/Are 

Siltstone, 
Sandstone 

Consisted of sandy siltstone and 
sandstone alteration. 
Unconfined compression 
strength is about 30MN/m2, by 
hammer sounding, classified as 
Medium strong rock. 

The bed strikes N 
40°-70°W and dips 5 to 
25°N (right side of 
upper stream side). 

Siltito,Arenito 

Source: JICA Survey Team 

The unconfined compression strength of fresh bedrock is estimated about 30MN/m2, medium 
strong rock. In crack zone, crack spacings are more than 5cm. According to the existing result 
of shearing test for similar rock, the strength of shear is estimated as τ=1.0 + σtan38° (MN/m2).  
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The characteristics of each layer are shown below. 

Rock embankment : AT-r 

Source: JICA Survey Team 

Photo (left) shows deposited 
mass of rocks for the purpose of 
slope protection or erosion 
prevention, located at the right 
side in upward of spillway and 
riverbed. The rock is consisted 
of medium-strong sandstone 
rubbles with diameter of 
30-80cm. 

Source: JICA Survey Team 

Photo (left) shows 
riprap of slope 
protection at dam body, 
which is located at the 
back of the building. 

Embankment of gravel soil: AT-sp 

Source: JICA Survey Team 

Embankment of gravel soil at the right and down stream side of dam 
body. 

Diameter of gravel is heterogeneous, 1 to 200 cm. Matrix is silty sand. 

Concrete: CO  

Source: JICA Survey Team 

Photo (left) 
shows dam 
body concrete 
of the existing 
spillway at the 
right side. 

Source: JICA Survey Team 

Photo (left) shows dam body 
concrete of the existing spillway at 
the F-BS-01. 
Aggregates are consisted of medium 
strong sandstone and siltstone with 
diameter of 1 to 3 cm, containing 
40% approx. in volume. 

Holocene gravels: Q2a-cas 

 
Source: JICA Survey Team 

Photo (left) shows Gravelly soil (Q2a-cas) distributed at 
the down of spillway. Gravels are medium strong 
sandstone and siltstone with the diameter of 2 to 20 cm. 

Residual soil (Highly weathered rock): Q2r 

 
Source: JICA Survey Team

Photos (left) show outcrops observed at the right down 
stream side of dam body. Original is sandstone and 
structures are remaining. The layer is deeply weathered and 
easily broken by hammer; therefore excavation by ripper 
might be easy.  

Siltstone, Sandstone: P1rb-Si/Are 

Source: JICA Survey Team 

Photo (left) shows 
outcrop at the down stream 
side of the spillway. 

Medium strong rock 
whose unconfined 
compression strength is 
about 30MN/m2 by 
hammer sounding was 
ovserved. 

Steep cracks are 
developed. 

Source: JICA Survey 
Team 

Photo (left) shows sandstone 
founded on dam body 
concrete, found at GL-15.2m 
in F-BS-01. 
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Source: JICA Survey Team

Figure 6.2.1  Geological Map of the Sul Dam 
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Source: JICA Survey Team  

Figurr 6.2.2 Geological Cross Section at the Spillway of the Sul Dam 1/2（Upper stream side and top side） 
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Source: JICA Survey Team 

Figure-3.2.x6 Geological Cross Section at the Spillway of the Sul Dam 2/2（Down stream side and energy dissipater side） 
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6.3 Itajai Mirim Upstream Gate  

The proposed gate site is in the alluvial plan beside the Old Itajai Mirim River. And directory 
6.5km southwest from river mouth of Itajai-Acu River, and directory 5.4km South-Southeast 
from river mouth of Itajai Mirim River into Itajai-Acu River. 

Ground ingredient is almost flat, and altitude of the site is around 2.5 meter. The 38 meter depth 
drilling investigation was conducted in this survey as shown in location map of Figure 6.3.1. 

The geology is alluvial deposit in Quaternary System from surface to more than 38 meter depth; 
the depth of bottom of the alluvial deposit is not confirmed. The detailed geological strata are 
found out by the drilling and described in Table 6.3.1. The engineering geological profile is 
shown in Figure 6.3.2. 

Table 6.3.1 Geological Starta of Proposed Itajai Mirim Upstream Gate 

 P
er

io
d 

E
po

ch
 Symbol Name of strata Feature of strata 

Summary of stranded 
penetration test (SPT) 
result, N-value 
 

Q
ua

te
rá

ri
o 

/ Q
ua

te
rn

ar
y 

H
ol

oc
en

o 
 H

ol
oc

en
e 

Q2aｊ-are3 
Jovem Holocino areia 3 Fine sand with silt and 

clay, brown and loose. 
Recent flood deposit. 

Minimum 4 
Maximum 5 
Average 5 Young Holocene sand 3 

Q2aj-arg2 
Jovem Holocino argila 2 Clay with sand, brown, 

gray and green. 

Minimum 2 
Maximum 3 
Average 2 Young Holocene clay 2 

Q2aj-are2 

  

Jovem Holocino areia 2 
Fine sand, gray and green. 

Minimum 5 
Maximum 12 
Average 8 Young Holocene sand 2 

Q2aj-arg1 

  

Jovem Holocino argila 1 Clay, dark gray, with 
shells. 

Minimum 2 
Maximum 3 
Average 2 Young Holocene clay 1 

Q2aj-are1 
Jovem Pleistoceno areia 1 Medium sand, gray and 

green. 

Minimum 12 
Maximum 21 
Average 16 Young Holocene sand 1 

Q2am-arg 
Médio Holoceno argila  

Clay, brown and dark gray
Minimum 2 
Maximum 5 
Average 4 Medium Holocene clay 

Q2aa-are Antigo Holoceno areia  
Not distributed in this site. - 

 Old Holocene sand  

P
le

is
to

ce
no

  
Pl

ei
st

oc
en

e 

Q1a-arg/ped Pleistoceno argila  Silt with clay with 
boulder, light gray 

Minimum 23 
Maximum 300 
Average 109  Pleistocene clay  

Q1a-are/ped Pleistoceno areia  
Not distributed in this site. - 

 Pleistocene sand  

Source: JICA Survey Team 

Dipper than 32.9 m depth and Altitude -30.4 m, ‘Q1a-arg/ped: Pleistocene clay with boulder’ is 
distributed. It is silt clay with boulder. It is considerably the basal alluvial gavels which formed 
around 18,000 years ago at last glacial maximum (LGM) in late Ulm glacial stage, the sea level 
altitude of LGM is around -130 m. Under the glacial climate, the gravel yield is big in the 
mountains due to freeze-thaw cycle.  
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Thick blown and gray clay layer of ‘middle Holocene cay’ overlay ‘old Holocene clay’ from 
13.8 m to 32.9 m depth (altitude from -30.4 m to -11.3 m). It is fresh water or brackish clay in 
deeper area judging from the blown color and marine clay in shallower than 25.8 m (altitude 
-23.3 m) judging from the gray color. The sea level rise was occurred after LGM until around 
5,000 years ago. The clay is considerably accumulated in wetland or in shallow marine. It is 
9500 years ago when sea level is above -30 m altitude. Therefore age of middle Holocene clay 
considerably younger than it. 

The young Holocene sand and clay layers are distributed in alternation in depth of shallower 
than -11.3 m (altitude 8.8 m). The dark gray clay from 9.0 m to 11.9 m depth (altitude -6.5 m to 
-11.9 m) include seashell and might be accumulated in shallow inner bay. The clay from 5.0 m 
to 2.6 m depth (altitude -2.5 m to + 0.1 m) is greenish color, and it indicates the clay is fresh 
water sediment. The high sea level in Holocene is +2 m altitude at around 5000 years ago called 
Flandrian, Holocene, or Jomon (in Japan) transgression, in that time this site might be costal. 
The sand from 1.9 m to 0.0 m depth (altitude 0.6 m to 2.5 m) is flood continental deposit and it 
might be younger than 5000 years ago of the transgression.  

Engineering property of each stratum is determined by calculation from standard penetration test 
results: N-value as follows. 

The standard penetration test (SPT) is an in-situ dynamic penetration test designed to provide 
information on the geotechnical engineering properties of soil. The test procedure is described in the 
British Standard BS EN ISO 22476-3, ASTM D1586 and Australian Standards AS 1289.6.3.1. 

The test uses a thick-walled sample tube, with an outside diameter of 50 mm and an inside diameter 
of 35 mm, and a length of around 650 mm. This is driven into the ground at the bottom of a borehole 
by blows from a slide hammer with a weight of 63.5 kg (140 lb) falling through a distance of 760 
mm (30 in). The sample tube is driven 150 mm into the ground and then the number of blows needed 
for the tube to penetrate each 150 mm (6 in) up to a depth of 450 mm (18 in) is recorded. The sum of 
the number of blows required for the second and third 6 in. of penetration is termed the "standard 
penetration resistance" or the "N-value". In cases where 50 blows are insufficient to advance it 
through a 150 mm (6 in) interval the penetration after 50 blows is recorded. The blow count provides 
an indication of the density of the ground, and it is used in many empirical geotechnical engineering 
formulae. 

N-values adopted for each geological stratum are minus one-half standard deviations from the 
average generally. Only for Pleistocene clay with boulder (Q1a-are/ped), minimum N-value is 
adopted to assess the strength of the clay matrix and to escape the effects of gravels and 
boulders mixed.  

Cohesion is the force that holds together molecules or like particles within a soil for cohesive 
soils or clay type soils. Cohesion, c can be determined by following formula from Terzaghi, K., 
Peck, R. B. and Mesri, G., Soil Mechanics in Engineering Practice, 3rd Ed. Wiley-Interscience 
(1996) ISBN 0471086584. 

 c = 6.25N (kN/m2), and maximum value is 100 kN/m2. 

 Where; 

  c = Cohesion (kN/m2) 

  N = N-value of standard penetration test 
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Angle of internal friction for sand is the angle on the graph (Mohr’s Circle) of the shear stress 
and normal effective stresses at which shear failure occurs. Angle of Internal Friction, φ, can be 
determined by the following relationship between, φ, and N-value for sands from Peck 1974, 
Foundation Engineering Handbook and following formula can be utilized. 

  φ = 27 +0.3 N  
 
 Where; 

  φ = Angle of internal friction (degree) 

  N = N-value of standard penetration test 

Unit weights of soil are the determined by following empirical values shown in Table 6.3.2 
based on the N-value. 

Table 6.3.2 Empirical Values for Unit weight , of Granular Soils based on the Standard 
Penetration Test N-value 

SPT Penetration,  
N-Value (blows/ 30cm)� 

Unit weight 
 (kN/m3) 

0 - 4  11- 16 

4 - 10  14 - 18 

10 - 30  17 - 20  

30 - 50  17 - 22  

>50  20- 24 

Source: modified from Bowels, Foundation Analysis of United State of America 

Engineering properties of each stratum are determined and shown in Table 6.3.3. 

Table 6.3.3 Determined Engineering Property of Each Stratum for the Itajai Mirim Upstream Gate  
Symbol Name of strata SPT  

N-Value 
Average 
(blows/ 
30cm) 

SPT  
N-Value  
Standard 
deviation 
(blows/30cm) 

SPT 
N-value 
Adopted 
(blows/ 
30cm) 

Soil Strength 
c: cohesion (kN/m2) 
φ: angle of internal 
friction 
(degrees) 

Unit 
weight 
saturated 
sat 
kN/m3 

Q2aｊ

-are3 
Young Holocene 
sand 3 

4.5 0.7 4.2
C=0 
φ=28 15

Q2aj- 
arg2 

Young Holocene 
clay 2 

2.2 0.4 2.0
C=13 
φ=0 18

Q2aj- 
are2 

Young Holocene 
sand 2 

7.6 2.3 6.5
C=0 
φ=29 16

Q2aj- 
arg1 

Young Holocene 
clay 1 

2.2 0.4 1.8
C=11 
φ=0 17

Q2aj- 
are1 

Young Holocene 
sand 1 

16 4 14
C=0 
φ=31 18

Q2am-a
rg 

Medium Holocene 
clay 4.5 1.2 3.9

C=24 
φ=0 19

Q1a- 
arg/ped 

Pleistocene clay  109 130 23
C=100 
φ=0 21

Source: JICA Survey Team 
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Source: JICA Survey Team 

Figure 6.3.1 Location Map of the Itajai Mirim Upstream Gate 
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Source: JICA Survey Team 

Figure  6.3.2 Engineering Geological Profile of Itajai Mirim Upstream Gate 
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6.4 Itajai Mirim Gate (Down Stream) 

The proposed gate site is in the alluvial plan beside the Old Itajai Mirim River 180 meter 
upstream from the confluence with Itajai Mirim Channel. It is directory 5.0 km southwest from 
river mouth of Itajai-Acu River, and directory 5.4km South-Southeast from river mouth of Itajai 
Mirim River.  

Ground ingredient is almost flat, and altitude of the river bank of the site is around 3 meter.  
The proposed site is located just downstream of the Brasilia Bridge of the Davi Adao Schimitt 
Road. The 40 meter depth drilling investigation was conducted by this survey, and three (3) 
existing sounding (standard penetration test holes) for New Brasilia Bridge was conducted by 
Itajai City as shown in location map of Figure 6.4.1. 

The geology is alluvial deposit in Quaternary System from surface to deeper than around 40 
meter depth; the depth of the alluvial deposit bottom is not clear. The geological strata are found 
out by the drilling and existing data of three (3) sounding holes as described in Table 6.4.1. The 
engineering geological profile is shown in Figure 6.4.2. 

Table 6.4.1 Geological Strata of Proposed Itajai Mirim Downstream Gate 

 P
er

io
d 

E
po

ch
 Symbol Name of strata Feature of strata 

Summary of stranded 
penetration test (SPT) 
result, N-value 
 

  

AT 
Aterro 

  
Embankment 

Q
ua

te
rá

ri
o 

/ Q
ua

te
rn

ar
y 

  
H

ol
oc

en
e 

Q2aｊ-are3 
Jovem Holocino areia 3 Fine sand with silt and 

clay, brown and loose. 
Recent flood deposit. 

Minimum 4 
Maximum 8 
Average 6 Young Holocene sand 3 

Q2aj-arg2 
Jovem Holocino argila 2 Clay with sand, brown, 

gray and green. 

Minimum 0.3 
Maximum 4 
Average 2 Young Holocene clay 2 

Q2aj-are2 
  

Jovem Holocino areia 2 
Fine sand, gray and green. 

Minimum 4 
Maximum 17 
Average 8 Young Holocene sand 2 

Q2aj-arg1 
  

Jovem Holocino argila 1 Clay, dark gray, with 
shells. 

Minimum 2 
Maximum 7 
Average 3 Young Holocene clay 1 

Q2am-are 
Médio Holoceno areia 

 
Minimum 9 
Maximum 143 
Average 57 Medium Holocene sand 

Q2am-arg 
Médio Holoceno argila  

Clay, brown and dark gray
Minimum 2 
Maximum 8 
Average 5 Medium Holocene clay 

Q2aa-are 
Antigo Holoceno areia  

 
Minimum 10 
Maximum 35 
Average 21 Old Holocene sand  

Q2aa-arg 
Antigo Holocene argila  Silt with clay with 

boulder, light gray 

Minimum 5 
Maximum 7 
Average 6 Old Holocene clay  

P
le

is
to

ce
ne

 

Q1a-are/ped 
Pleistocene sand with 
boulder 

 
Minimum 25 
Maximum 59 
Average 41 

Source: JICA Survey Team 
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Engineering property of each stratum is determined by calculation from standard penetration test 
results: N-value as explained in section (1) Itajai Mirim Upstream Gate. 

Engineering properties of each stratum are determined and shown in Table 6.4.2. 

Table 6.4.2 Determined Engineering Property of Each Stratum for the Itajai Mirim 
Downstream Gate 

Symbol Name of strata SPT  
N-Value 
Average 
(blows/ 
30cm) 

SPT  
N-Value  
Standard 
deviation 
(blows/ 
30cm) 

SPT 
N-value 
Adopted 
(blows/ 
30cm) 

Soil Strength 
c: cohesion 
(kN/m2) 
φ: angle of internal 
friction 
(degrees) 

Unit 
weight 
saturated
sat 
kN/m3 

AT/ 
Q2aｊ
-are3 

Embankment/ 
Young 
Holocene sand 3 

5.8 1.4 5.1
c=0 
φ=29 

15

Q2aj- 
arg2 

Young 
Holocene clay 2 

2.1 0.9 1.7
c=11 
φ=0 17

Q2aj- 
are2 

Young 
Holocene sand 2 

8.4 4.5 6.2
c=0 
φ=29 15

Q2aj- 
arg1 

Young 
Holocene clay 1 

3.3 1.2 2.7
c=17 
φ=0 18

Q2am-
are 

Medium 
Holocene sand 

57 29 43
c=0 
φ=40 20

Q2am-
arg 

Medium 
Holocene clay 

4.9 1.5 4.2
c=26 
φ=0 18

Q2aa- 
are 

Old Holocene 
sand 21 6.8 18

c=0 
φ=32 18

Q2aa- 
are 

Old Holocene  
clay 

6.0 1.4 5.3
c=33 
φ=0 18

Q1a- 
are/ped 

Pleistocene sand 
with boulder 

41 14 25
c=0 
φ=35 19

Source: JICA Survey Team 
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Source: JICA Survey Team 

Figure 6.4.1 Location Map of the Itajai Mirim Downstream Gate 
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Source: JICA Survey Team 

Figure 6.4.2 Engineering Geological Profile of the Itajai Mirim Downstream Gate 
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6.5 Sites for Structural Measures for Landslide 

6.5.1 Site for Structural Measures for Landslide and Engineering Geological Investigations  

(1) Location of 13 sites 

Locations of priority 13 sites are shown in Table 6.5.1 and Figure 6.5.1, 6.5.2, and 6.5.3.  

Table 6.5.1 List of 13 Priority Sites for Landslide Structural Measures 

No. Name of location 
The south latitude The west longitude 

SDR Municipality
Degree Minute Second Degree Minute Second 

1 
SC 302 Taio-Passo 
Manso-5 

27 1 45 50 8 18 Taio Taio 

2 
SC470 Gaspar River 
Bank 

26 55 2 48 58 37 Blumenau Gaspar 

3 
Blumenau -Av Pres 
Casrelo Branco 

26 55 7 49 3 58 Blumenau Blumenau 

4 
SC418 Blumenau - 
Pomerode 

26 51 32 49 9 18 Blumenau Pomerode 

5 
SC474 
Blumenau-Massaranduba 
2 

26 44 18 49 4 18 Blumenau Blumenau 

6 
Gaspar - Luiz Alves, 
Gaspar 9 

26 47 38 49 0 16 Blumenau Gaspar 

7 
Gaspar - Luiz Alves, 
Luiz Alves 6 

26 44 26 48 57 52 Blumenau Luiz Alves 

8 SC470 Gaspar Bypass 26 55 56 48 57 21 Blumenau Gaspar 

9 
SC477 Benedito Novo - 
Dutor Pedrinho 1 

26 46 50 49 25 6 Indaial 
Benedito 
Novo 

10 
SC418 Pomerode - 
Jaraguá do Sul 1 

26 40 29 49 8 35 Blumenau Pomerode 

11 
Gaspar - Luiz Alves, 
Luiz Alves 4 

26 46 38 48 59 31 Blumenau Luiz Alves 

12 
SC474 
Blumenau-Massaranduba 
1 

26 46 38 48 59 31 Blumenau Blumenau 

13 
SC 302 Taio-Passo 
Manso 4 

27 6 26 50 4 7 Taio Taio 

Source JICA Survey Team 

 

(2) Investigation Items 

Items of topographic surveys and geological investigations are shown in Table 6.5.2. Result of 
field observation and investigation are compiled in plan engineering geological maps and some 
engineering geological profiles. 
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Source: JICA Survey Team 

Figure 6.5.1 Location of Priority 13Landslide Risk Sites (1) 

 

Source: JICA Survey Team 

Figure 6.5.2 Location of Priority 13 Sites for Landslides (2) 
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Source: JICA Survey Team¥ 

Figure 6.5.3 Location of Priority 13 Sites for Landslides (3) 
 

Table 6.5.2 List of 13 Priority Sites for Landslides 

No. Name of Site 
Topographic 
cross section 
Survey 

Drilling, standard penetration 
tests, and pipe strain gauge 
monitoring  

Simplifued 
dynamic cone 
penetration test 

1 SC 302 Taio-Passo Manso-5 212 m 
2 vertical drilling 
6,0 m, 5,4 m  

-

2 SC470 Gaspar River Bank 50 m - -

3 
Blumenau -Av Pres Casrelo 
Branco 

66 m  2 sites

4 SC418 Blumenau – Pomerode 74 m - 1 sites

5 SC474 Blumenau-Massaranduba 2 85 m - -

6 Gaspar - Luiz Alves, Gaspar 9 84 m - -

7 Gaspar - Luiz Alves, Luiz Alves 6 105 m - 2sites

8 SC470 Gaspar Bypass 60 m - -

9 
SC477 Benedito Novo - Dutor 
Pedrinho 1 

112 m 
2 vertical drillings, 
14.5 m, 13.5m 

-

10 
SC418 Pomerode - Jaraguá do Sul 
1 

163 m - 1 site

11 Gaspar - Luiz Alves, Luiz Alves 4 111 m - 1 site

12 SC474 Blumenau-Massaranduba 1 85 m - --

13 SC 302 Taio-Passo Manso 4 98 m - -

Total 1,305m  4 vertical drilling, 39.4 m 7 sites

Source JICA Survey Team 
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Water proof
Cover 

PVC pipe 

Strain 
gauge 

Direction
mark 

Lead wireMoving 
direction 

(3) Pipe Strain Gauge Monitoring  
The purpose of strain gauges with PVC (Polyvinyl chloride) pipes installment in drilling holes 
is to detect the depth of slip surface. 

When PVC pipes, which installed in a drilling holes, is bent by the movement of a landslide, 
one side of PVC pipes is compressed, and another side is extended. Strain gauges with PVC 
pipes are measuring instruments which can judge a slip surface and determine the degree of 
displacement of strain gauge by measurement of small changes in electric resistance value 
caused by the bending of PVC pipes. A set of two strain gauges were put on PVC pipes at 1 
meter intervals depths. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6.5.4 Strain Gauges with PVC Pipes 

 

An example of graph of strain gauges monitoring is shown below. In this graph, the value of 
strain increases at the depth of slip surface.  

If a landslide moves, the value of strain will be accumulated. Data not accumulated (only one 
time movement) is just accidental. 

Evaluation of data of strain gauges is shown in the next table. 

S lid e  P la in

S t ra in  G a u g e

S a n d

D r il l H o le

1 m
C a b le

F ilte r  S h e e t

C o n t ro l &
R e a d o u t  U n it

P V C  P ip e
(5 0 m m  d ia .)

S lid e  P la in

S t ra in  G a u g e

S a n d

D r il l H o le

1 m
C a b le

F ilte r  S h e e t

C o n t ro l &
R e a d o u t  U n it

P V C  P ip e
(5 0 m m  d ia .)

PVC pipe Control & 
readout unit 

Electric cable 

Strain gauge 

Slip surface 

Drilling hole 
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Table 6.5.3 Criteria for Evaluation of Data of Strain Gauges in Japan 
 

Acti
vity 
lank 

Value of 
accumulation 
(μ/month) 

Variability Characteristics 
Geographic 
possibility of 
existence of slip 
surface 

Overall judgments 

Tendency of 
accumulation 

Status of 
moving 

Classificatio
n of slip 
surface 

Activity and Type 
of landslide 

A More than 5,000 Very High Accumulative Possible Deterministic Active landslide- 

B More than 1,000 High Accumulative Possible Qusi-determin
istic 

Slowly moving 
creep 

C More than 100 Low Accumulative/inte
rmissive/destabili
zing/regressive 

Possible Potential Impossible to 
conclude existence 
of slip surface. 
Need to continue 
observation. 

D More than 100 
(Short term) 

None Intermissive/desta
bilizing/regressive

None Abnormal Slip surface is not 
existent. 
Caused by other 
factors, except 
landslide. 

Source: JICA Survey Team 
 
6.5.2 Engineering Geology on Selected Structural Measure Sites 
(1) SC301 Taio -Passo Manso-5 

Active landslide block of 80 m width 60 m length is recognized. Pavement has been broken 
recurrently due to landslide. Drilling investigation shows that bed rock surface is shallow (2.7 m -3.0 
m depth) and groundwater table is shallow (1.0 m -2.6 m). Pipe strain gauge monitoring does not 
indicate sharply-defined slip surface. 

 
General view from Taio side 

 
General view from Passo 
Manso side 

 
Shale rock, bedding is almost flat

 
Landslide scarp on mountain 
side slope 

 
Landslide scarp on 
mountain side slope 

 
Damaged pavement 
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Figure 6.5.4 Engineering Geological Map for SC301 Taio -Passo Manso-5 
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BV-1 

 

 

 
BV-2 

 

 

 
Figure 6.5.5 Pipe Strain gauge Monitoring for SC301 Taio -Passo Manso-5 
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Figure 6.5.6 Engineering Geological Profile for SC301 Taio -Passo Manso-5 
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(2) SC470 Gaspar River Bank 
The slope was collapsed by heavy rain in November 2008. The slope was temporally restored and 
protected by gabion. But deformation of road shoulder is progressing. It is a possibility of 
destruction of pipe culverts which go across the road. In that case, the water leakage may cause a 
further road slope failure. 

 
General view from Gaspar side 

 
General view from Blumenau side 

 
Cracks on road pavement Temporary slope protection by gabion 

 
Temporary slope protection by gabion 

Slope situation of the most deformed portion 
Cross section line shown in Figure 6.5.7. 
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Figure 6.5.7 Engineering Geological Map for SC470 Gaspar River Bank 
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(3) SC470 Blumenau-Av Pres Castero Branco 
Cracks and deformation is recognized on the road. The slope deformation with 10-20 cm height 
miner scarps of river bank is also recognized. Dynamic corn penetration test shows that soft clay is 
distributed of the slope surface with more than 3 meter depth. 

 
General view from the opposite side of the Itajai-Acu River 

 
Road side portion of the slope, sounding 
by dynamic corn penetration  

 
Cracks on road pavement 

Cracks on road pavement  
Road side portion of the road side 

 
22nd April 2011 
The watermark level is 1meter 

 
General view of the river side 

 
Bedrock beside the river 
hard and massive,  
,Granulated Pyroxenite 
Santa Catarina Granulite Complex, Archean. 

 
Rubble work on talus deposit 
(fine-grained soil with some gravels and 
cobles, some gravels and cobbles are 
weathered and soft. 
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Figure 6.5.8 Engineering Geological Map for SC470 Blumenau-Av Pres Castero Branco 
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(4) SC418 Blumenau - Pomerode 
Soil collapses have been occurred intermittently due to heavy rain. Crack which extend parallel to 
the road on the slope. Seepage out of water is found out. 

Dynamic corn penetration test shows that very soft red clay is distributed of the slope surface with 
more than 3 meter depth. 

 

 
 

General view from Blumenau side 

  

Soil collapse and erosion of the center portion 

  
 

Crack which extend parallel to the road on the slope. Seepage out of water is found out. 

 
 

 
 

Crack which extend parallel to the road on the slope. 
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Figure 6.5.9 Engineering Geological Map for SC418 Blumenau-Pomerode 
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 (5) SC474 Blumenau – Massaranduba 2 

Soil collapses have been occurred intermittently due to heavy rain.  

 
General view of the Blumenau City side soil collapse 

 
Landslide portion of the center of the slope 

 

 
 
Collapse prone portion of the slope, Massaranduba City side 

 
Stable slope of the slope end of Massaranduba City side. 
Hard rock, gneisses are distributed along the road. 
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Figure 6.5.10 Engineering Geological Map for SC474 Blumenau – Massaranduba 2 
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(6) Gaspar-Luiz Alves, Gaspar 6 

Soil collapses have been occurred intermittently due to heavy rain. Serious erosion is progressing in 
the side of valley, and Gaspar. Dynamic corn penetration test shows that very soft red clay is 
distributed of the slope surface with more than 3 meter depth. 

 

 
General view of mountainside slope 

 

 
Mountain side Valley side 

Mountainside slope of Gaspar side Profile line 

  

Existing cut slope in Luiz Alves side Slope open ditch 60 cm width, 
60 cm depth. 

 
 

 

Valley side slope of Luiz Alves side portion. 

 
Erosion of valley side slope in Gaspar side portion. 
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Figure 6.5.11 Engineering Geological Map for Gaspar-Luiz Alves, Gaspar 6 
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(7) Gaspar-Luiz Alves, Luiz Alves 6 

Soil collapses have been occurred intermittently due to heavy rain. There is a possibility of rock 
slope collapse in center portion. 

General view from Gaspar City side 

 
General view of Gaspar City side to center General view of center portion 

 

Soil collapse on Gaspar side portion Rock slope 60 degree, on center 
portion 

 
Structure of joint is N10W 70Wdip, gentle oblique to slope surface. Granulite, hard rock 

  
Ruiz Alves side portion , Soil collapse of Luiz Alves side portion 
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Figure 6.5.12 Engineering Geological Map for Gaspar-Luiz Alves, Luiz Alves 6 
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 (8) SC470 Gaspar Bypass 
Under the heavy rain In November 2008, road closure disaster of whole width was occurred due to 
soil collapse. And the possibility of soil collapse is still remaining. 

 
General view  General View of Itajai City side 

 

 

General view of Itajai City side Center to Itajai City side portion. 

  

Center portion, Photo of right side is disaster situation in November 2011 

Center to Blumenau side portion. 

  
 Crack rich rock which recognized in Blumenau side portion.  Granulitic pyroxenite 
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Figure 6.5.13 Engineering Geological Map for SC470 Gaspar Bypass 
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(9) SC 477 Benedito Novo - Doutor Pedrihho 1 
Landslide block of 60 m width 50 m length with 2 m height scarp is recognized. Drilling 
investigation shows that bed rock surface is deep (10 m -12 m depth) and groundwater table is also 
deep (9.5m at road side, 3.2m at valley side). Pipe strain gauge monitoring does not indicate 
sharply-defined slip surface. 

  
General view from Doutor Pedrihho side General view from Benedito Novo side 

  
landslide scarp  Pavement damage due to water seepage

  
Drilling core of bed rock, Granulite, hard rock Doutor Pedrihho side end of the landslide mass 

 
 Slope situation of valley side of the landslide mass 
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Figure 6.5.13 Engineering Geological Map for SC 477 Benedito Novo - Doutor Pedrihho 1 
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Figure 6.5.14 Engineering Geological Profile for SC 477 Benedito Novo - Doutor Pedrihho 1 
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BV-1 

 

 

 
BV-2 

 

 
Figure 6.5.15 Pipe Strain gauge Monitoring for SC 477 Benedito Novo - Doutor Pedrihho 1 
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(10) SC 418 Pomerode - Jaragaua do Sul 1 
Both side of road embankment shoulder is deformed by sliding. Dynamic corn penetration test 
shows that soft clay with some gravel is distributed of the slope surface with more than 3 meter 
depth. 

  
General view from Pomerode City side General view from Jaragaua do Sul City side 

 

Deformation of East side slope Seepage out of water 

  
Situation of East side slope Paddy field of outside of east side slope 

   
Erosion of valley side slope in Gaspar side portion. 
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Figure 6.5.16 Engineering Geological Map for SC 418 Pomerode - Jaragaua do Sul 1 
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(11) Gaspar-Luiz Alves, Luiz Alvez 4 
Soil collapses have been occurred intermittently due to heavy rain. Serious erosion is progressing in 
the mountainside of center portion. Dynamic corn penetration test shows that very soft red clay is 
distributed of the slope surface with more than 3 meter depth. 

 
General view  (Left side Ruiz Alves, Right side Gaspar) 

  
General view of Gaspar side slope 
from Ruiz Alves side 

General view of Gaspar side slope 
from Ruiz Alves side from 
Gaspar side 

General view of center portion of the 
slope. Under testing of dynamic corn 
penetration 

 

 

Big erosion of fine grained soil of the center portion of the slope Mother rock, Granulite, hard rock. 

  
General view of Luiz Alves side of the slope Slope toe of Luiz Alves side of the slope 

 
General view of Luiz Alvez side slope 
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Figure 6.5.17 Engineering Geological Map for Gaspar-Luiz Alves, Luiz Alvez 4 
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(12) SC474 Blumenau-Massaranduba 1 
Soil collapses have been occurred intermittently due to heavy rain. Soil is reddish and very soft 
when it is saturated. 

General view of Blumenau City side 

General view of Blumenau City side and center portion 

 
Head portion of new collapse Head portion of new collapse, and water seepage out is admitted 

General view of center portion 

  
General view of Massaranduba side 
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Figure 6.5.18 Engineering Geological Map for SC474 Blumenau-Massaranduba 1 
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(13) Taio-Passo Manso 4 
Soil collapses have been occurred intermittently due to heavy rain. Depth of soil is mostly shallower 
than 1 meter on lower portion, and thicker than 3 meter on higher portion of the slope. 

 
General view from Passo Manso side General view of Taio side 

 

General view of Passo Manso side Collapsed portion of Passo Manso side 

 
Small spring from the slope toe  Silt stone of lower portion of the slope 

 

Silt stone and shale of lower portion of the slope 
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Figure 6.5.19 Engineering Geological Map for Taio-Passo Manso 4 
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CHAPTER 7 FEASIBILITY STUDY OF STRUCTUAL MEASURE 
FOR LANDSLIDE 

7.1 General 
The 13 priority sites (potential annual loss is more than R$500 thousand) are selected for structural 
measures. The safety target of the structural measure is to ensure full functionality of the 
infrastructure and/or buildings/lands against heavy rain of 60 years return period, or heavy rain level 
of in November 2008 at Blumenau Municipality (hereinafter referred to as ‘60 years heavy rain’) . 
All of the priority sites are road slops, and the structural measures will be planed to ensure full width 
road traffic against 60 years heavy rain. 

In the master plan, safety target is set to ensure half width road traffic against 60 years heavy rain. In 
this feasibility study, safety target is changed to ensure full width road traffic against 60 years heavy 
rain, because that high possibility of human lives lost is recognized on 13 priority sites by new 
finding of the field survey and comprehensible consideration as summarized in follows. 

 The partial width road closure is expected even structural measures have been conducted to 
ensure half width road traffic against 60 years heavy rain. In that case, the landform 
characteristics indicate that rapid slope collapse which directly attack road users, or tumble 
down of road users due to sudden road foundation failure. 

 Annual average daily traffic (AADT) of the priority 13 sites is relatively higher and from 1,800 
to 43, 000 vehicles per day. The high traffic may increase possibility of direct hit by disasters; 
even they are partial width road closure. 

 Especially, 7 sites are Aregisso Vermelho-Anarelo (red-yellow soils) which has the character of 
remarkable strengths deterioration by water contains. The shallow slide deformations were 
recognized on sod facing cut slopes on Aregisso Vermelho-Anarelo by the inspection in April 
2011. The deformations had been progressive by the comparison with the inspection in May 
2010; even the slopes had not suffered by 60 years heavy rains. The new finding shows that 
cutting slopes of 7 meter height or more on Aregisso Vermelho-Anarelo have a high 
possibility of collapse by a 60 year heavy rain, because they are slightly deformed even with 
sod facing without 60 year heavy rains. In the master plan stage, reinforced earth of cut slop is 
planed on slopes on 15 meter height or more, because these slopes can not secure the half width 
road traffic when they are collapsed. In the feasibility study, reinforced earth on cut slope is 
adopted on more widely on cut slopes of 7 meter or more to avoid human lives loss and to 
secure whole width road traffic for 60 year heavy rains. 

Type for measures will be selected by learning form existing measures of similar condition slopes, 
which have not been occurred disaster even under 60 years heavy rain. It is also referred that 
technical norm in Brazil, NORMA BRASILEIRA ABNT (Associação Brasileira de Normas 
Técnicas), NBR (Número de referéncia) 11682, Estabilidade Encostas (Slope Stabilization).  

The road drainage will be planed by using rainfall intensity- duration curve of 10 years return period, 
according to the practices of DEINFRA. 

Following three methods have not utilized in Itajai River basin. It means that they has not be untried 
of 60 years heavy rain. In referring experience of similar slopes in Japan, they are also selected as 
alternative methods for this feasibility study. 
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 Lightweight embankment of expanded polystyrene (EPS)  

 Reinforced earth of polypropylene (PP) fiber/cement/sand mixture 

 Connecting concrete blocks revetment which enable covering soil and vegetation 

Landslides cause sediment discharge also, and it cause negative influence of flood, flash flood, 
further landslide process, and infrastructure function. Therefore vegetation and drainage ditch will be 
utilized to protect erosion. In no risk place of falling trees, the trees will be planted. The tree 
plantation will contribute to the carbon fixation and the improvement of global environment, also. 

7.2 Landslide Type and Selection of Type of Structural Measures 

7.2.1  Classification of Landslide Type 

Appropriate structural measures are different by type of landslide movement and landslide location 
from preservation object generally. In this feasibility study, types of landslide are a as Table 7.2 .1 
for the selection of the appropriate structural measures. 

Table 7.2.1 Type of Landslide 
Landslide location from preservation object Type of landslide movement 
Mountainside slope  Collapse 

 Vallyside slope  
River bank slope 
- Slide 
- Flow 
Source: JICA Survey Team 

The selected 13 priority sites and types of landslide are summarized in Table 7.2.2. 

Table 7.2.2 Selected 13 Priority Sites and Type of Landslide 
No. of priority 

order  
Site 

Municipali
ty 

Management 
Potential 

annual loss
mil R$/year

Type of landslide 

1 
SC 302 Taio-Passo 
Manso-5 

Taio State 1,255 
Slide 

2 SC470 Gaspar River Bank Gaspar State 1,095 River bank collapse  
3 Blumenau -Av Beira Rio Blumenau Municipality 1,021 River bank collapse 

4 
SC418 Blumenau – 
Pomerode 

Pomerode State 989 
Slide  

5 
SC474 
Blumenau-Massaranduba 
2 

Blumenau State 907 
Mountainside collapse  

6 
Gaspar - Luiz Alves, 
Gaspar 9 

Gaspar Municipality 774 
Slide,  
Mountainside, and valley side 
collapse 

7 
Gaspar - Luiz Alves, Luiz 
Alves 6 

Luiz Alves Municipality 700 
Mountainside collapse  

8 SC470 Gaspar Bypass Gaspar State 689 Mountainside collapse 

9 
SC477 Benedito Novo - 
Doutor Pedrinho 1 

Benedito 
Novo 

State 680 
Slide 

10 
SC418 Pomerode- 
Jaragua 
do Sul 1 

Pomerode State 651 
Vallyside collapse 

11 
Gaspar - Luiz Alves, Luiz 
Alves 4 

Luiz Alves Municipality 629 
Mountainside collapse  

12 
SC474 Blumenau - 
Massaranduba 1 

Blumenau State 601 
Mountainside collapse 

13 
SC 302 Taio - Passo 
Manso 4 

Taio State 526 
Mountainside collapse  

Source: JICA Survey Team 
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7.2.2 Selection of Measure against Mountainside Collapse 

The selection criteria of measure structural type’s alternatives against mountainside collapse are 
formulated by the policy described in section 7.1.1 and shown in Table 7.2.3. The vegetation works, 
and open ditch are included in basic measures to prevent sediment discharge.  

There are many existing gabion retaining walls on slope foots with slope vegetation in the Itajai river 
basin. It is enough against 60 years heavy rain for the slope less than 7 m height. But in case of slope 
height is more than 7m, some slopes occurs deformation as shown in following photo.  

 

Source: JICA Survey Team 

Slope deformation in cut slopes which higher 
than 7 m on SC 474 Blumenau - Massaranduba 
road in Blumenau Municipality. 

Table 7.2.3 Structural Measures against Mountainside Collapse 

Source: JICA Survey Team 

Structural measures types are selected against mountainside collapse as Table 7.2.4. To prevent 
erosion or sediment discharge due to rainfall or springs, open ditch and vegetation are planed for all 
selected sites. 

Table 7.2.4 Selected Measures for Mountainside Collapse 
No. of 
priority 
order 

Site Height 
Gradient  

Soil or rock type Spring 
recognized 

Selected structural measure 

5 
SC474 
Blumenau-Massaran
duba 2 

15 m height 
40 degree Weathered rock 

In rainfall 
time 

1. Cutting of unstable portion 
 
2. Open ditch 
 
3. Slope reinforcement works 
 
4. Vegetation 
 
 
 
  

6 
Gaspar - Luiz Alves, 
Gaspar 9 

15 m height 
45 degree 

Clay, sand, or 
weathered rock 

7 
Gaspar - Luiz Alves, 
Luiz Alves 6 

10-20 m 
60 degree 

Clay, sand, or 
weathered rock 

8 
SC470 Gaspar 
Bypass 

20 m 
50 degree 

Weathered rock 

11 
Gaspar - Luiz Alves, 
Luiz Alves 4 

15 m 
25 degree 

Clay, sand, or 
weathered rock 

12 
SC474 Blumenau- 
Massaranduba 1 

30 m 
50 degree 

Weathered rock 
13 

SC 302 Taio-Passo 
Manso 4 

20 m 
50 degree 

Source: JICA Survey Team 

Slope condition Typical measure alternatives Common items 
Stable cutting gradient is Not secured Rock bolts, anchor works.  

Open ditch, 
vegetation  

There is rock falls probability Removal of unstable rock, foot protection, rock 
protection fence, rock catch/cover net. 

Stable cutting 
gradient for 
deep collapse is 
secured 

Slope height is more 
than 7 m. 

Cutting of unstable portion, slope reinforcement 
works. 

Slope height is less 
than 7 m 

Cutting of unstable portion, vegetation net, and 
gabion on slope foot. 
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Comparison of alternatives of slope reinforcement measure for 1,000 m2 is carried out and 
shown in Table 7.1.4. Reinforced earth method of PP fiber/ cement/sand is recommendable, 
because it is advantage of all evaluation items of the cost, construction period, and landscape. 

 Crib works (shotcrete crib) 
 Crib works (cast-in-place concrete crib) 
 Reinforced earth of PP fiver/cement/sand mixture 

7.2 .3 Selection of Measure against Valley side Slope Collapse 

The selection criteria of measures alternatives against valley side slope collapse are formulated 
by the policy described in section 7.1.1 and shown in Table 7.2.5. The vegetation works, and 
open ditch is included in basic measures to prevent sediment discharge.  

7.2.4  Selection of Measure against River Bank Collapse  

Selections of measures for two river bank slope collapse (priority No.2 SC 470 Gaspar River 
Bank, priority No.3 Blumenau - AV. Pres Casrelo Branco) are conducted by considering river 
flow rate and advantage for environment preservation. 

The flow rates are calculated by river cross section at the sites using height - quantities relation 
of river discharge at studied sites. 

Table 7.2.5Comparison of Alternatives of Slope Reinforcement Measure 

   Source: JICA Survey Team 

 

 Shotcrete crib works 
 

Cast-in-place concrete crib works Reinforced earth of  
PP fiver/cement/sand mixture  

Example 
photo 

 

Constriction 
date 
estimation 
date 
estimation for 
1000 m2 
 

Sub-work items day/1000 m2 
Cleaning slope 
Wire mesh 
Crib works 
Vegetation 

5 
8 

25 
5 

 otal 43 
 

Sub-work items Day/1000 m2 
Cleaning slope 
Crib works 
including curing 
term 
Vegetation 
Total 

 

Sub-work items day/1000 m2

Cleaning slope 
Anchor bar  
Drainage  
Reinforced earth 
of PP 
Vegetation 

Total 
Unit cost, 
 

Sub-work items R$/m2 

Cleaning slope 
Wire mesh 
Crib works 
Vegetation 

15 
45 

300 
65 

Total 425 
 

Sub-work items R$/m2 

Cleaning slope 
Crib works 
Vegetation 

15
340
65

Total 420
 

Sub-work items R$/m2 

Cleaning slope 
Anchor bar 
Drainage 
Reinforced earth of PP 
Vegetation 

15
50
35

235
75

Total 410
Evaluation Not recommendable 

- 2nd long construction period 
- Highest construction cost 
- Not good landscape 

Not recommendable 
- Longest construction period 
- 2nd low cost Construction  
- Not good landscape 

Recommendable alternative 
- Shortest construction period  
- Lowest construction cost  
- Good landscape  



Preparatory Survey for the Project on Disaster Prevention and Final Report 
Mitigation Measures for the Itajai River Basin  Supporting Report Annex C 

Nippon Koei Co., Ltd.  November 2011 
C - 121 

 

Table 7.2.6 Structural Measures against Valley Side Collapse 

Source: JICA Survey Team 

Table 7.2.7 Selected Measures for Valley side Collapse 

No. of 
priority 
order 

Site 
Height of 
collapse 

Width of 
collapse 

Embankment 
possibility 

Selected Measure 

6 
Gaspar - Luiz Alves, 
Gaspar 9 

30m 3m Impossible 
Gully filling by gabion and 
longitudinal drainage, tree 
planting 

10 
SC418 Pomerode – 
Jaragua do Sul 1 

8m 30m Possible 
Embankment, open ditch, tree 
planting 

Source: JICA Survey Team 

Table 7.2.8 Height - Quantities Relation of River Discharge at Studied Sites 

Discharge 
(m3/s) 

Priority No.2 SC 470 Gaspar 
River Bank 

Priority No.3 Blumenau  
AV. Beira Rio 

Remark 

500 1.98 2.41  

1,000 3.01 3.94  

1,500 4.13 5.37  

2,000 5.28 6.71  

2,500 6.29 7.88  

3,000 7.25 8.92  

3,500 8.27 9.96  

3,700 8.58 10.30 Discharge return period 10 year 

4,000 9.04 10.81  

5,000 10.44 12.36  

5,500 11.09 13.06 Discharge return period 50 year 

6,000 11.74 13.77  
Source: JICA Survey Team 

Flow rate is calculated as shown in Table 7.2.9. Compensating rate of both sites is adopted 1.0, 
because Priority No.2 SC 470 Gaspar site is straight river course, and Priority No.3 Blumenau 
AV. Pres Casrelo Branco is fixed bed of solid rock and the radius of the river is about 2km.  

Slope condition Typical measure alternatives Common item 
Height (H) 
of collapse  
H>10  

Height (H) and width (W) of collapse 
H/W > 0.5 

Pilling, or large block placing Tree planting  
Open ditch 
 
 

Height (H) and width (W) of collapse 
H/W ≦0.5 

Gully filling by gabion and 
longitudinal drainage  

Height (H) 
of collapse   
H≦10 

Height (H) and 
width (W) of 
collapse 
H/W > 0.5 

Embankment on slope 
foot is Possible 

Embankment 

Embankment on slope 
foot is Impossible 

Pilling, or large size block placing 

Height (H) and width (W) of collapse 
H/W ≦0.5 

Gully filling by gabion and 
longitudinal drainage 
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Table 7.2.9 Design Flow Rate 

Source: JICA Survey Team 

Experimentally applicable condition of revetment types for slope conditions shown in Table 
7.2.10. 

For priority No.2 SC 470 Gaspar River Bank, gabion revetment is applicable as shown in Table 
7.2.11.  

For priority No.3 Blumenau AV. Pres Casrelo Branco, revetment of connecting concrete blocks 
with cover soil and vegetation is applicable as shown in Table 7.2.12. 

Table 7.2.10 Applicable Condition of River Revetment Types 

Source: JICA Survey Team referring web-page of Ministry of Land Transportation and Infrastructure ,Japan 

Site 

Return 
Period 
or 
Max 
value 

Design 
discharge 
（m3/S) 

Section
al area 
 (m2) 

Flow rate 
(m/s) 

Straight or 
Incurve 

Bed 
condition 

Compensating 
rate 

Design 
flow rate 
(m/s) 

Gaspar 
50 5,500  3,543 1.55 Straight Fixed 1.0 1.55

Max 5,609 3,995 1.40 Straight Fixed 1.0 1.40

Blumenau 
50 5,500  2,069 2.65 Curve Fixed 1.0 2.65

Max 6,008 2,182 2.75 Curve Fixed 1.0 2.75

River Revetment Type  Experimentally applicable condition 
Design Flow Rate (m/sec) The other condition 
 2    3   4   5   6   7 
        

Vegetation Sodding        Area for higher than ordinary water level 
Sheet  Geotextile        Without area for gravels/cobbles sediments. 

Without water impact part. 
Block matt        

Wood 
material  

Log crib works        Without area for gravels/cobbles sediment. 
Area where lower than ordinary ground level 
of area protected by levee Brushwood crib works        

Woodpile fence        
Stone 
material  

Dry stone pitching 
(without mortar) 

       In case of stone material is available near the 
site. Area where lower than ordinary ground 
level of area protected by levee 

Wet stone pitching (with 
mortar) 

       

Gabion Wirer-cylinder        Without area for gravels/cobbles sediment. 
Area where lower than ordinary ground level 
of area protected by levee Flat gabion placing        

Concert 
material  

Connecting concrete 
blocks 

       It is applicable at area of gravels/cobbles 
sediment 

Concert block pitching        
 
Legend 

         

 Applicable range 
 Applicable, but more low cost alternative is applicable. 

Gaspar site 
Blumenau site
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Table 7.2.11 Selection Result for Priority No.2 SC 470 Gaspar River Bank 

Source: JICA Survey Team 

Table 7.2.12 Selection Result for priority No.3 Blumenau AV. Pres Casrelo Branco 
Type of Revetment 
 

Adaptabilitas 

Vegetation  Sodding NOT applicable. It is NOT stable against design flow rate. 
Sheet  Geotextile NOT applicable. 

The site is beside the bridge pier and possibility of rapid flow rate. Block matt 
Wood 
material  

Log crib works NOT applicable. 
Wood materials will be deteriorated in 10 years. Brushwood crib works 

Woodpile fence 
Stone 
material  

Dry stone pitching (without 
mortar) 

NOT applicable. 
It is difficult that stable cover soil placing as vegetation base. 

Wet stone pitching (with 
mortar) 

Gabion Wirer-cylinder NOT applicable 
It is not harmony with continuous landscape with upstream and down 
stream. The landscape of the site is important for Blumenau 
Municipality. 

Flat gabion placing 

Concrete Connecting concrete blocks Applicable. 
It shall be adopted the type of connecting concrete block revetment 
which available soil as vegetation base.  

Concert block pitching NOT applicable. 
It is not available stable soil covering as vegetation base 

Source: JICA Survey Team 

Table 7.2.13 Selected Measures for Valley Side Collapse 

No. of 
priority 
order 

Site 
Height of 

slope 

Average slope 
gradient 

Horizontal: 
Vertical 

Design 
flow rate
(m/sec) 

Selected Measure 

2 
No.2 SC 470 Gaspar 
River Bank 

30m 
1: 0.7 

35 degree 
1.6 

Gabion revetment, cover soil, 
vegetation 

3 
No.3 Blumenau AV. 
Pres Castelo Branco 

8m 
1:0.6 

31 degree 
2.8 

Connecting concrete blocks 
revetment, cover soil, 
vegetation 

Source: JICA Survey Team 

 

Type of Revetment Adaptabilitas 
Vegetation  Sodding NOT applicable. 

The site is broken portion by 60 year heavy rain. Local rapid flow rate 
might be occurred. 

Sheet  Geotextile 
Block matt 

Wood 
material  

Log crib works NOT applicable. 
Wood materials will be deteriorated in 10 years. Brushwood crib works 

Woodpile fence 
Stone 
material t 

Dry stone pitching (without 
mortar) 

NOT applicable. 
It is difficult to stable cover soil as vegetation base. 

Wet stone pitching (with 
mortar) 

Gabion Wirer-cylinder Applicable. 
It is good landscape harmony with both side of stream by using cover 
soil. 

Flat gabion placing 

Concrete Connecting concrete blocks Applicable and Not Advantage in cost. 
Concert block pitching NOT applicable. 

It is require the special type block material for stable soil covering as 
vegetation base 
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7.2.5 Selection of Measures against Slide  

(1) Factor of Safety of Sliding 

Stability analysis is conducted for determination of the scale and quantity of structural measure 
to maintain the stability of the sliding slope by ensuring the design factor of safety.  

The Swedish slice method is used for stability analysis of a landslide slope, as follows: 

Fs
N U C L

T


   ( ) tan  



   

Where,  

N(kN/m) = Normal force along sliding surface by gravity of slice, N=Wcosα 

T(kN/m) = Tangential force along sliding surface by gravity of the slice, T=Wsinα 

α（°） = Angle of the base of the slice to the horizontal  

U(kN/m) = Uplift due to pore pressure acting on sliding surface of the slice 

L（m） = Length of sliding surface acting on the slice 

C(kN/m2）= Cohesion of sliding surface 

φ（°）= Internal friction angle of sliding surface 

Table 7.2.14 Determination of Initial Factor of Safety (IFS)   
Initial factor of safety Movement conditions 

IFS = 0.95 

 A large number of obvious potential slide topography such as scarps, bulges, 
stepped land, ponds and swamps; and 

 Many visible ongoing and active movements of cracks, subsidence, upheaval, 
toe erosion, or small toe collapse as well as springs. 

IFS = 0.98 

 Obvious potential slide topography such as bulges, stepped land, ponds and 
swamps, but 

 Few or small ongoing movements of cracks, subsidence, upheaval, or small toe 
collapse. 

IFS = 1.00 
 Potential slide area is at rest, and 
 Cracks, subsidence, upheaval, or small toe collapse are visible, but not 

progressing. 
Source: Modification from MANUAL FOR RIVER WORKS IN JAPAN, Published by River Bureau, Ministry of Construction 

Japan, November 1997  

The design factor of safety (DFS) is the target value for enhancing the slope stability by 
structural measures as shown in Table 7.2.15.  

Table 7.2.15 Determination of Design Factor of Safety (DFS) 
Design factor of safety Condition 

DFS = 1.10 to 1.20 
 Sudden and severe movement is expected; and 

 Slide prone cause significant damage to, houses, buildings 
infrastructures, and/or human lives. 

DFS = 1.05 to 1.10 
 A slide have little effect on houses, buildings or infrastructures; or 
 The proposed prevention works are temporary countermeasures. 

Source: Modification from MANUAL FOR RIVER WORKS IN JAPAN, Published by River Bureau, Ministry of Construction 
Japan, November 1997. 

The design factor of safety indicates multiplication ratio to the initial factor of safety IFS after 
completion of structural measures. 

The slide slopes of this feasibility study, and initial/target factor of safety are determined in 
accordance with Table 7.2.14 and Table 7.2.15, and shown in Table 7.2.16.  
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Table 7.2.16 Object Slopes against Slide and Initial/Target Factor of Safety 
Priority 

No. 
Site Initial factor of safety (IFS) Design factor of safety (DFS) 

1 SC 302 Taio-Passo Manso-5 1.00 1.15 
4 SC418 Blumenau – Pomerode 1.00 1.15 
6 Gaspar - Luiz Alves, Gaspar 9 1.00 1.15 

9 
SC477 Benedito Novo - 
Doutor Pedrinho 1 

1.00 1.15 

Source: JICA Survey Team 

(2) Selection of Structural Measure Types 

Table 7.2.17 shows the general structural measures for slides. The structural measure types are 
selected by flow as shown in Figure 7.2.1. 

The selected structural measures for 4 slides sites are shown in Table 7.2.18.  

The effects of groundwater level lowering by installation of drainage are set experimentally as 
shown in Table 7.2.19. 

For the site of the priority No. 9 SC477 Benedito Novo - Doutor Pedrinho 1, groundwater 
drainage is not appropriate; because groundwater table is initially low. Light weight 
embankment by EPS (Expanded polystyrene) is appropriate for the site condition of deep 
foundation rock and low groundwater. 

Table 7.2.17 General Structural Measures for Slides 
Classification Type of Structural Measure 

1. Drainage 

Surface Drainage Open ditch 

Underground Drainage 

Closed conduit with open ditch 

Horizontal drainage drilling 

Drainage wells 

Drainage tunnels 

2. Cutting and Embankment 

Cutting of slide head 

Embankment of slide foot 

Light weight embankment of slide head 

3. Retaining wall 
Gabion walls 

Retaining walls 

4. Anchoring 
Rock bolts 

Ground anchors 

5. Piling 
Steel pipe piles 

Shaft work 

Source: JICA Survey Team 
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Relocation of conservation 
object is possible 

Adoptability of drainage 

Adoptability of cutting, 
embankment, and/or retaining wall

Anchoring and/or piling to meet FS > DFS 
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conservation object 
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additional measure

Exsamination of 
additional measure

FS > DFS 

FS > DFS 

FS: Factor of safity 
DFS: Design factor of safety 

No 

Source: JICA Survey Team 

Figure 7.2.1 Flowchart of Selection of Structural Measures for Slide 

Table 7.2.18 List of Structural Measures and Result of Stability Analysis 
No. of 
priorit
y order 

Site 
IFS: Initial 

factor of 
Safety 

DFS: Design 
factor of 

safety  

Safety factor after  groundwater 
drainage or light weight 

embankment 
Measure 

1 
SC 302 Taio-Passo 
Manso-5 

1.00 1.15 

1.14 by 1.0 m lowering of 
groundwater table. 
1.20 by 1.5 m lowering of 
groundwater table. 

Horizontal 
drainage drilling
Gabion 
retaining wall 

4 
SC418 Blumenau - 
Pomerode 

1.00 1.15 
1.15 by 0.5 m lowering of 
groundwater table. 

Closed conduit 
with open ditch,
Gabion 
retaining wall 

6 
Gaspar - Luiz Alves, 
Gaspar 9 

1.00 1.15 
1.150 by 1.0 m lowering of 
groundwater table. 

Horizontal 
drainage drilling
Gabion 
retaining wall 

9 
SC477 Benedito 
Novo - Doutor 
Pedrinho 1 

1.00 1.15 1.15 by lightweight embankment. 
Lightweight 
embankment 

Source: JICA Survey Team 

Table 7.1.19 Effects of Groundwater Level Lowering by Installation of Drainage 
Type of Work  Lowering of groundwater table 
Closed conduit with open ditch -0.5m 
Horizontal drainage drilling From -1.0 to - 1.5m 

Source: JICA Survey Team 
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7 .3 Feasibility Design on Structural Measures for the Selected Site 

The work quantities of structural measures are summarized in Table 7.3.1. Layout of the 
structural measures of priority No.1 Taio-Passo Manso is shown in Figure 7.3.1 and 7.3.2. 

Table 7.3.1 Work Quantities of Structural Measures 
No. of 
priority 
order 

Site name Type of countermeasure Unit Quantities 

1 
SC 302 Taio-Passo 
Manso-5 

Horizontal Drainage drilling m 1,589 
Gabion retaining wall m3 32 
Open ditch m 300 
Land acquisition (rural area) m2 7,000 

2 
SC470 Gaspar River 
Bank 

Cutting, excavation m3 16,660 
Embankment m3 16,660 
Pavement m2 700 
Gabion retaining wall m3 2,000 
Nursery planting m2 3,400 
Concrete culvert pipe placing M 27 

3 
Blumenau – Av Pres 
Castelo Branco 

Sheet pile m2 598 
Connecting concrete block m2 4,852 
Geotextile m2 4,852 
Cutting m3 150 
Sodding m2 4,852

4 
SC418 Blumenau – 
Pomerode 

Closed conduit with open ditch m 373 
Gabion retaining wall m3 238 
Open ditch M 95 
Reinforced earth of polypropylene 
fiber/cement/sand mixture with 
vegetation 

m2 3,112 

5 
SC474 
Blumenau-Massarandub
a 2 

Reinforced earth of polypropylene 
fiber/cement/sand mixture with 
vegetation 

m2 6,986 

6 
Gaspar - Luiz Alves, 
Gaspar 9 

Reinforced earth of polypropylene 
fiber/cement/sand mixture with 
vegetation 

m2 5,560 

Gabion open ditch m3 572 
Waterproof sheet m2 312 
Open ditch m 282 
Horizontal Drainage drilling m 160 
Gabion retaining wall m3 100 
Nursery planting m2 14,952 
Land acquisition (rural area) m2 14,629 

7 
Gaspar - Luiz Alves, 
Luiz Alves 6  

Reinforced earth of polypropylene 
fiber/cement/sand mixture with 
vegetation 

m2 2,662 

Open ditch M 240 

8 SC470 Gaspar Bypass 

Reinforced earth of polypropylene 
fiber/cement/sand mixture with 
vegetation 

m2 5,151 

Open ditch M 182 

9 
SC477 Benedito Novo - 
Doutor Pedrinho 1 

Lightweight embankment by 
EPS(Expanded polystyrene) 

m3 1,930 

Cutting, excavation m3 1,930 
Open ditch M 234 
Pavement m2 863 
Temporary Scaffold m3 450 
Land acquisition (rural) m2 500 
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10 
SC418 Pomerode - 
Jaragua do Sul 1 

Gabion retaining wall m3 764 
Embankment m3 10,216 
Nursery planting m2 5,930 
Pavement m2 404 
Open ditch m 340
Land acquisition (rural) m2 6,713 

11 
Gaspar - Luiz Alves, 
Luiz Alves 4 

Reinforced earth of polypropylene 
fiber/cement/sand mixture with 
vegetation 

m2 6,930 

Open ditch m 260 

12 
SC474 
Blumenau-Massarandub
a 1 

Reinforced earth of polypropylene 
fiber/cement/sand mixture with 
vegetation 

m2 967 

13 
SC 302 Taio-Passo 
Manso 4 
  

Reinforced earth of polypropylene 
fiber/cement/sand mixture with 
vegetation 

m2 2,182 

Open ditch m 82 
Source: JICA Survey Team 
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                                                                Source: JICA Survey Team 

Figure 7.3.1 Plan Layout of Structural Measure for Priority No.1 Landslide SC 302 Taio-Passo Manso-5 
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                                                                Source: JICA Survey Team 

Figure 7.3.2 Profile Layout of Structural Measure for Priority No.1 Landslide SC 302 Taio-Passo Manso-5 
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                                                               Source: JICA Survey Team 

Figure 7.3.3 Plan Layout of Structural Measure for Priority No.3 Blumenau –Av Pres Casrelo Branco 
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                                                               Source: JICA Survey Team 

Figure 7.3.4 Profile Layout of Structural Measure for Priority No.3 Blumenau –Av Pres Casrelo Branco 
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                                                              Source: JICA Survey Team 

Figure 7.3.5 Plan Layout of Structural Measure for Priority No.5 SC474 Blumenau-Massaranduba 2 
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                                                               Source: JICA Survey Team 

Figure 7.3.6 Profile Layout of Structural Measure for Priority No.5 SC474 Blumenau-Massaranduba 2 
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                                                              Source: JICA Survey Team 

Figure 7.3.7 Plan Layout of Structural Measure for Priority No.9 SC477 Benedito Novo - Dutor Pedrinho 1 
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                                                                    Source: JICA
S

Figure 7.3.8 Profile Layout of Structural Measure for Priority No.9 SC477 Benedito Novo - Dutor Pedrinho 1 
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CHAPTER 8 FEASIBILITY STUDY OF EARLY WARNING SYSTEM 
FOR LANDSLIDE AND FLASH FLOOD 

8.1 General 

The effectiveness and sustainability of the early warning system for landslide/flash flood are 
studied regarding following items. 

- Rainfall monitoring and data communication/repository 

- Criteria of rainfall index for attention/alert  

- Management of information, calculation of rainfall index, issue/announce of attention/alert 

- Evacuation order and disaster education 

- Road traffic regulation for risk avoidance  

8.2 Rainfall Monitoring, Data Communication, and Repository 

An automatic rain gauge will be installed in each municipality (293 municipalities in Santa 
Catarina State) for the early warning purpose.  

Defesa Civil-SC is a responsible organization for establishment and maintenance of automatic 
rain gauges and equipments for data communication/repository. EPAGRI/CIRAM and each 
municipality are implementation organization for the rainfall monitoring, data communication 
and repository. 

Location of automatic rain gauge will be determined by following procedure. Redundant data 
communication will be established by both of VHS (very high frequency connection) of 
CELESC system and GPRS (general packet radio services) to secure information 
communication even under stormy condition.  

 

 

 

 

 

 

 

 

 

Some automatic rain gauges have 
been installed in a municipality 

Start 

VHF connection of CELESC is 
available at municipality hall 
and/or office of Defesa Civil of a 
municipality 

Another efficient area of an automatic rain 
gauge will be determined by Defesa Civil 
of a municipality (risk area of 
landslide/flash flood with high density 
population). 
And, setup VHF (very high frequency) 
connection of CELESC system. 

An automatic rain gauge will be installed 
at municipality hall or office of Defesa 
Civil of a municipality 

An automatic rain gauge will be installed 
at a CELESC office which VHS data 
connection is available. 

Yes 

Yes 

No 

 
Source: JICA Survey Team 

Figure 8.2.1 Flowchart to Determination Location of Automatic Rain Gauges 
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8.3 Criteria of Rainfall Index for Attention/Alarm 

Criteria of rainfall index for attention/alarm will be set by Defesa Civil-SC by support of 
EPAGRI/CIRAM.  

It is not available landslide/flash flood database with exact time and location of occurrence. The 
rainfall monitoring stations are sparse, so locations of landslide/flash flood are mostly more than 
10 km distance. 

Therefore the appropriate criteria setting by the following indexes are not possible so far, it shall 
be conduct when exact disaster database is furnished. 

Accuracy on prediction of disaster occurrence: 

Correct_Prediction_Index= 
Number_of_disasters_over_the_warning_criterion_value

Total _number_of_disasters  (%) 

Efficiency on prediction of disaster occurrence: 

Efficiency_Index= 
Total_hours_for_early_warning

Number_of_disasters_over_the_warning_criterion_value (Hours / Numbers of disasters) 

The soil water index (SWI) is used for landslide early warning criteria in Japan as described in 
the section 9.2.3 of Main Report Part 1 Master Plan. 

The Japan methodological agency analyzed that 93 % of fatality due to landslide was caused by 
most big SWI in past 10 years. The analysis was conducted by 53 thousand landslides data from 
2001 to 2009. In case of the storm in November 2011 in the Itajai River basin, the fatalities 
were occurred only in area of SWI was more than 20 years return period. Therefore, the SWI of 
10 years return period is appropriate for alert criteria as the initial setting.  

The rainfall index criteria for attention are appropriate to be set once a year level. The purpose 
of the attention is preparation for alert level storm, reorganization of the warning system by 
inhabitants, checking of functions of the warning system, and training opportunity for risk 
avoidance activities. 

8.4 Management of Information, Calculation of Rainfall Index, Issue/Announce of 
Attention/Alarm 

Defesa Civil-SC is responsible organization for management of information, calculation of 
rainfall index, issue of attention/alarm.  

The attention and alert are issued by Defesa Civil-SC formally. Because, the early information 
for the public is important, Defesa Civil-SC delegates EPAGRI/CIRAM the announcement of 
the rainfall level of attention/warning by web-page and/or mass media, as a part of routine or 
emergency weather report. The computer system of the early warning shall be included the 
function of automatic sending electronic mail to Defesa Civil-SC, mayor/defesa civil staff of 
each municipality, and EPAGRI/CIRAM staffs in charge.  

8.5 Evacuation Order and Disaster Education 

Municipalities/mayors are responsible official for evacuation order. Evacuation will be ordered 
for risk houses designated which shall be evacuated when rainfall index is alert level. The 
evacuation will be also ordered if visible processes of disasters are found out. 

The Defesa Civil of municipalities will prepare the detailed hazard map (S=1:10000), and will 
designate the risk areas/houses, emergency evacuation building such as schools and/or churches, 
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evacuation route. The disaster education about the evacuation will be also conducted. Santa 
Catarina State shall clarify the responsibility of the municipalities/mayors about evacuation 
order in a law.  

The capacity of a municipality is not enough for the evacuation order generally. The Defesa 
Civil-SC shall coordinate the support of the municipalities, using human resources of 
universities, engineer of public/private, and/or international technical assistance. The early 
warning system shall be started as soon as possible. And then, the risk areas/houses which shall 
be evacuated would be designated one by one by the maximum effort of municipalities to make 
mature the early warning system. 

The summary of evacuation order and disaster education is shown in Figure 8.5.1.  

SDS-SC
Preparation of map of S = 1:10000 with DEM (digital elevation model) 
(Aero photographing was started from April 2010 )

Defesa Civil of municipalities supported by the Defesa Civil-SC.
To prepare hazard map by 1:10000 maps,
To designate area/houses shall be evacuated when rainfall index is alert 

level and/or alert is issued.
To designation of emergency evacuation building/evacuation route.
To conduct disaster education about the evacuation.

Evacuation order by municipalities/mayors for
• High risk houses designated beforehand which shall be evacuated 

when rainfall index is alert level. 
• Houses when visible processes of disasters are found out.  

Source: JICA Survey Team 

Figure 8.5.1  Evacuation Order and Disaster Education  

8.6 Road Traffic Regulation for Risk Avoidance 

The structural measures for landslide will be conducted from high risk (big potential annual 
loss) slopes. But, there are many landslide/flash flood prone road sections mostly on low traffic 
volume mountainous road. The potential annual losses of road slopes on low traffic volume are 
generally not high and not prioritized even they are disaster-prone. Therefore it is required that 
the road traffic regulation for risk avoidance on disaster prone road segments.  

Traffic regulation will be ordered to disaster prone road section designated when rainfall index 
is alert level. The traffic regulation will be ordered when disaster process associate with 
landslide/flash flood is found out. The disaster prone road sections would be designated one by 
one by the maximum effort to make mature the early warning system. After the completion of 
the structural measures, the designations of disaster prone road sections for early warning will 
be removed.  

Municipality is responsible for municipality roads; DEINFRA is responsible for state roads for 
the road traffic regulation for risk avoidance. The capacity of a municipality is not enough for 
the traffic regulation order generally. The Defesa Civil-SC shall coordinate the support of the 
municipalities, using human resources of universities, engineer of public/private, and/or 
international technical assistance. 
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CHAPTER 9 COST AND BENEFIT FOR LANDSLIDE 
MANAGEMANT 

9.1 Structural Measures for Sediment Disaster Prevention 

The structural measures for sediment disaster prevention will be implemented at the 13 priority 
places (with annual potential loss more of R$ 500.000). In following Table, the direct costs of 
each works are shown; 

Table 9.1.1  Direct Cost of Structural Measure for Landslide Disaster Mitigation 

Priority Local Direct Cost 
R$ (x 103) 

1 Road SC 302 Taio-Passo Manso-5 387
2 Road SC470 Gaspar River Bank 2,062
3 Blumenau- Av. Pres Casrelo Branco 2,849
4 Road SC418 Blumenau – Pomerode 1,851
5 Road SC474 Blumenau-Massaranduba 2 3,724
6 Road Gaspar - Luiz Alves, Gaspar 9 3,399
7 Road Gaspar - Luiz Alves, Luiz Alves 6  1,448
8 Road SC470 Gaspar Bypass 2,768
9 Road SC477 Benedito Novo - Doutor Pedrinho 1 1,026
10 Road SC418 Pomerode - Jaraguá do Sul 1 878
11 Road Gaspar - Luiz Alves, Luiz Alves 4 3,726
12 Road SC474 Blumenau-Massaranduba 1 515
13 Road SC 302 Taio-Passo Manso 4 1,173

Total 25,806
Source: JICA Survey Team 

9.2 Cost and Benefit Analysis of Structural Measures for Landslide  

The 13 priority landslide risk sites (potential annual loss is more than R$500 thousand) are 
selected to study the feasibility of structural measures. The safety target of the structural 
measure is to ensure full functionality of the infrastructure and/or buildings/lands against heavy 
rain of 60 years return period, or heavy rain level of in November 2008 at Blumenau 
Municipality (hereinafter referred to as ‘60 years heavy rain’) . All of the priority sites are road 
slops, and the structural measures will be planed to ensure full width road traffic against 60 
years heavy rain. 

An annual benefit of structural measures is evaluated by using the risk curve on a relation chart 
of annual exceedance probability and loss of a disaster event as shown in Figure 11.2.x. An 
annual benefit of structural measures is calculated as area between risk curve of with and 
without structural measures on the chart. A risk curve with structural measures is drown from 
point of ‘x axis of 0 potential loss of a disaster event, y axis of 0.017 annual exceedance 
probability(60 year probability)’ to point of ‘x axis of maximum potential loss of a disaster 
event , y axis of 0 annual exceedance probability. 
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Without Structural Measures 

 

With Structural Measures 

Source: JICA Survey Team 

Figure 9.2.1 Example of a Benefit by Structural Measurers for Landslide  

Feasibility indicators of benefit/cost ratio (BCR), economic net present value(ENPV), and 
economic internal rate of return are calucurated by12％ discount rate and 20 years evaluation 
period, which are practice for road investment evaluation of DEINFRA. 

Summary of cost and benefits of the 13 priority landslide risk sites are shown in Table 9.2.1. 
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Table 9.2.1  Selected 13 Priority Sites and Type of Landslide 
N

o.
 o

f 
pr

io
ri

ty
 

or
de

r 
 

Site 

Potential 
annual 

loss 
(R$ x 

103/year) 

Total cost  
(direct and 
indirect) 

 
(R$ x 103）

Benefit: 
decrease in 

potential annual 
loss 

 
 (R$ x 103/year)

Feasibility index 
BCR: 

Benefit 
cost 
ratio 

 
 

ENPV: 
Economic net 
present value  

 
(R$ 103) 

 

EIRR: 
Economic 
internal 
rate of 
return 
(%) 

1 
Road SC 302 
Taio-Passo 
Manso-5 

1,255 542 1,062 14.6 7,388 196

2 
Road SC470 
Gaspar River 
Bank 

1,095 2,810 581 1.5 1,533 20

3 
Blumenau –Av 
Pres Castelo 
Branco 

1,021 3,883 654 1.3 1,002 16

4 
Road SC418 
Blumenau - 
Pomerode 

989 2,522 841 2.5 3,763 33

5 
Road SC474 
Blumenau-Mass
aranduba 2 

907 5,075 641 0.9 -286 11

6 
Road Gaspar - 
Luiz Alves, 
Gaspar 9 

774 4,664 653 1.0 215 13

7 
Road Gaspar - 
Luiz Alves, Luiz 
Alves 6 

700 1,974 591 2.2 2,440 30

8 
Road SC470 
Gaspar Bypass 

689 3,772 402 0.8 -768 9

9 

Road SC477 
Benedito Novo - 
Doutor Pedrinho 
1 

680 1,399 575 3.1 2,894 41

10 

Road SC418 
Pomerode- 
Jaragua 
do Sul 1 

651 1,210 553 3.4 2,916 46

11 
Road Gaspar - 
Luiz Alves, Luiz 
Alves 4 

629 5,078 532 0.8 -1,107 8

12 
Road SC474 
Blumenau - 
Massaranduba 1 

601 702 425 4.5 2,470 60

13 
Road SC 302 
Taio - Passo 
Manso 4 

526 1,599 446 2.1 1,734 28

Total of the 13 risk 
sites 

10,516 35,231 7,956 1.7 24,196 22

Source: JICA Survey Team 



Preparatory Survey for the Project on Disaster Prevention and Final Report 
Mitigation Measures for the Itajai River Basin  Supporting Report Annex C 

Nippon Koei Co., Ltd.  November 2011 
C - 143 

CHAPTER 10 RECOMMENDATION FOR LANDSLIDE 
MANAGEMENT 

Installation of Early Warning System for Landslide and Flashflood: 

i) The study area of master plan is the Itajai River Basin, however, the early warning system 
shall be installed to the entire state of Santa Catarina and rationalize the cost of system 
development. In all municipalities have risks of landslide and flash flood, even risk levels are 
different, then at least one automatic rain gauge shall be installed in each municipality. 

ii) The rainfall index for warning system should be processed by simple rainfall amount (eg, 30 
minutes rainfall amount), ie, the rainfall index would not be coupled to two values (for example,  
90 days rainfall amount and 48 hours rainfall amount), it is desirable that a single value can 
express this index. If you take a single numeric value, return period can be calculated to assess 
disaster occurrence potential. In case of warning statement, the people shall be feel the danger 
realistically by the statement such as ‘It is highest dangerous situation for landslide and 
flashflood in last ten years’. 

iii) This system is newly installed, and the organization for the evacuation shall be same as 
flood forecasting and warning system. 

iv) The municipality shall designate the areas of disaster risk of flash floods and landslides, 
establish in advance the evacuation sites and routes for the warning, perform the training of the 
residents and related institutions, to avoid human lives lost securely. The detailed hazard maps 
by the Blumenau City is preparing are useful basic material for this system. The Ilhota City 
assigns the responsible persons for communication and action during dangerous situation for 
each district. Such actions should be extended to other municipalities. 

Enhancement of the Land Development Project Management to Reduce Sediment Yield and 
Disasters: 

v) It shall be strengthened that the projects executed by the contractors (projects of state and 
municipal) in relation to slope stabilization and sediment yield mitigation. It is required that the 
training of engineers of construction design and supervision. 

vi) Preparation of norms and administrative direction shall be required for the regulation 
facilities for rainfall runoff about land development not to encourage flashflood and flood.  

Rationalization of Structural Measures 

vii) Structural measures for landslide disaster shall be planed to reduce sediment yield securely. 
Bare slopes shall be vegetated. Tree planting shall be conducted at slopes where there is no 
danger of falling trees or road valley side slopes as measures of climate change by fixing 
carbon.  

viii) The effective measures against the sediment yield are reforestation of bare collapsed slopes 
and restoration of riparian forests to prevent river erosion. Its main goal is the preservation of 
water resources, forests and environment. The forestation also contributes to the mitigation of 
sediment yield. It shall be promoted that the programs to recovery of riparian vegetation, 
conservation program of watershed areas. The programs are part of the master plan of water 
resources, prepared by the Committee of Itajai in March 2010. 
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ix) Within the Itajai River Basin, the Port of Itajai has the largest economic losses due to 
sediment discharge. But the volume of sedimentation and the volume of dredging were never 
monitored. The monitoring is required to clarify the mechanism of sedimentation, including 
sediment by the tide. It is an idea the research will be sublet to research institute of hydrology 
such as UNIVALI University. Based on the research, effective measures to reduce sediment at 
Itajai Port shall be formulated.  
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