Table V. 4. 28 THE NUMBER AND ANNUAL INCREASE RATE OF INDUSTRIAL
ESTABLISHMENT PER 235HA PBY RIVER STRETCH

River Urban Rural

Stretch 1986 2000 2020 1986 2000 2020
IT 1 2.3 {1.8) 3.0  {0.0) 3.1 0.00 ( ~ ) 0.00 ( - ) 0.00
IT 2 2.4 {1.8) 3.2 (0.0) 3.3 0.04 (1.6} 0.05 {C.9}) 0.06
T 3 2.5  (-1.96) 2.0 ( - % 2.0 9.02 ¢ - ) 0.02 {-3.4} g.01
IT 4 2.5 ({-1.8) 2,0 ( - ) 2.0 0.02 { - ) 0.02 (-3.4) 0.01
IT 5 1.1 (1.9) 9.3 {0.0) 9.3 0.04 (L.6}) 0.05 (1.7 0.07
IT 6 7.1 {1.9) 9.3 {0.0) 9.3 0.04 {1.86) 0.05 (1.7) 0,07
T 7 5.3 {0.0) 3.3 (0.9) 5.3 0.10¢ {(1.9) 0.13 {1.0) .16
IT 8 4.7 (0.2} 4.8 (0.1) 4.9 0.06 (1.1} 0.07 {1.3) 0.69
iT 9 4.7 (0.2} 4.8 {0.1} 4.3 0.0 { - ) 0.0 { - ) 2.01
IT 10 0.0 { - ) g.0 { - 1} 0.0 .02 {( - 0.02 { - } 0.G2
IT 11 3.9 (4.1} 6.8 {2.9) 12.1 0.03 (3.7) 0.05 (3.0} .09
IT 12 3.6 { - 3.5 { - 3.4 0.0 ( - 3} 0.0 { - ) 2.01
IT 13 3.2 { - 3.2 { -1} 3.2 0.03 ( - ) 0.03 ( - ) 0.03

2.5
151 2.4 (0.2) 2.5 {0.0) 2.6 C.07T { - 0.07 ( - } 0.07
Is 2 0.0 ( — 1} 0.0 { - ) 0.0 0.00 { - ) 0.00 { - ) 0.60
Is 3 2.7 (-1.5) 2.2 (Hl.Q) 1.5 0.02 {( - } - 0.02 (-3.4) 0.01
N 1 3.9 (-2.1) 2.9 (-2.4) 1.8 0.00 ( - ) 6.00 ( - ) 0.00
101 2.2 { - ) 2.2 (0.2} 2.3 0.04 { - ) G.04 ( - ) 0.04
e 2 2.4 (0.86) 2.6 ( - 2.6 0.04 ( - ) 0.04 ( — ) 0.04
BN 1 8.2 {0.9) 2.3 (0.9} 11.1 0.0 { - 1} ¢.01 ( - % .01
M 1 2.7 {1.9) 3.6 {0.0} 3.6 0.08 (1.96) 0.10 (1.3) 0.13
I 2 2.7 {1.9) 3.6 (0.0} 2.6 0.08 (1.6 = 0.10 (1.3} 4,13
M 3 0.0 { - ) Q.0 { - ) 0.0 0.00 { - ) 0.00 ( -~ ) 0,00
I 4 0.0 { - ) 0.0 ( - 1} 0.0 0.01 { - ) 0.01 (5.6) 0.03
M5 6.9 {2.5) 9.7 (0.5} 10.7 0.05 (3.4} Q.08 {1.6) a.11
Note: Parentheses indicates an annual increase rate of buildings.



Table V. 4. 2% THE NUMBER AND ANNUAL INCREASE RATE OF BUILDINGS
IN COMMERCTAL SECTOR PER 25HA BY RIVER STRETCH

River Urban Rural

Stretch 1986 2000 2020 1986 2000 2020
iT 1 9.5 (2.7} 13.6 (0.9} 16.4 0.00 L - 3} 0.00 { - ) 0,00
T2 10.4 {z.h 15.0 (0.9) 17.9 0.06 (-1.3) 0.05 { - ) 0.05
IT 3 4.8 {0.1) 4.9 ( - ) 4.8 0.03 (-2.8) 0.02 { - 3} 0.02
IT 4 4.8 {0.1) 4.9 { - 1} 4.8 0.03 ({-2.8) o.02 { - 3} 0.02
IT 5 8.8 {3.5) 14.3 (0.3) 15.3 0.05 { - ) 0.05 ({(-1.1} G.04
IT & 8.8 {3.5) 14.3 (0.3) 15.3 0.05 { - ) 0,05 (-1.1} 0.064
it 7 15.6 {0.0) 15.%6 (0.0 15.6 . 0.03 {-2.8) 0.02 { - ) 0.02
IT 8 7.7 (2.8) 11.4 (1.6} 15.8 G.03 :(-2.8) G.02 (- ) 0.02
IT 9 7.7 {2.8) 11,4 {1.6) 15.8 0.02 { - ) 0.62 (~-3.4) 0.0l
IT 10 0.0 ¢ - ) 0.0 [ - ) 0.0 0.03 ({-2.8) 0.02 {-3.4) 0.01
IT 11 2.1 (3.3) 3.3 {1.8} 4.7 g.01 ¢ - 1} 6.0 ( - ) 0.01
IT 12 5.6 (2.8) 8.2 (1.5} 11.1 .01 ( - ) 6.01 ( -~ ) 0.01
IT 13 9.9 (2.9) 14,1 {0.6} 15.9 0.02 (~4.8) .0 { - ) 0.0%
Is 1 8.6 {2.3) 12.1 (0.5} 13.5 0.03 (-2.8} .02 { - 0.02
I8 2 1.9 (1.1 2.2 { = % 2.2 g.02 ( - ) 0.02 { - .92
Is 3 7.9 (2.5) ti.2 (1.7} 1507 0.60 { - ) .00 { - } 0.06
1 8.0  {2.7) 11.6  {0.8) 13.6 6.00 ( - ) 0.00 { - ) ¢.00
I0 1 5.1 {2.4) 7.1 (0.5} 7.9 0.02 { - )} 0.02 { - } 0.02
10 2 2.9 {(0.2) 3.0 ( - ) 3.0 0.2 { - ) 0.02 (-3.4} G.01
BN 1 8.8 (3.3) 13.8 {1.0) 16.8 0.02 ( - } Q.02 (-3.4} 0.01
I¥ 1 12.4 (2.7} 17.9 (0.7) 20,9 0.65 ( - )} 0.05 ( - ) 0.05
IM 2 i2.4 {(2.7) 17.9 {(0.7) 20.9 0.05 ( — } Q.05 ( - } 0.05
IM 3 0.0 {( - 1} 0.0 { - 1} 0.0 0.00 { - ) 06.00 { - 1} Q.00
IM 4 0.0 ( )] 0.0 ( ~ ) 0.0 0.05 { - } 0.05 ( - 1} 0.G5
M 5 10.1 {1.7) 12.8 (0.7} 14.8 0.01 { ~ ) 0.01 {3.5) 0.02

Note: Parentheses iﬁdicates an annual increase rate of buildings.
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Table V.4.30 THE LIVESTOCK VALUE IN 1986 BY RIVER STRETCH

Unit : million Cz$

Live stock wvalue

River Stretch Municipality per 25ha
it 3 Ilhota 0.02
1T 4 Tlhota 0.02
iT S Gaspar . 0.190
iT 6 Gaspar 0.10
IT 7 Blumenau 0.08
T 8 Blumenatl 0.08
T 9 Indaial 0.04
IT 10 Indaial, Rodeio 0.08
IT 11 Ascurra 0.06
IT 12 Iindaial, Lontras 0.07
IT 13 Lontras, Rio do Sul 0.12
Is 1 Rie do Sul, Aureora 0.14
IS5 2 Aurora, ltuporanga 0.09
IN 1 Ibirama 0.05
10 1 Rio do Sul, Agronomica 0.10
10 2 Agronomica, 7. Central 0.09
BN 1 Indaial, Timbo ' 0.08
M 1 Itajai 0.06
™ 2 Ttaijai 0.06
™ 3 Itajal 0.06
IM 4 Ttajai, Brusque 0.04
i 5 Brusque 0.03
Note: Livestock value by river stretch is estimated by the

weighed average based on livestock value by municipality
shown in Table V.4.19 and the number of E meshes shown
in Table V.4.1.

Future livestock value is assumed to increase in proportion
to the growth rate of GRDP share by primary sector.

19862000 3.7%p.a.
Aftexr 2000 2.6% p.a.
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Table V.4.31 FLCOD DAMAGE RATE

Building and Indoor movables

Item Relow 0-0.5m 0.5-0.9% 1.0-1.99m 2.0-2.99m Qver 3.0m
Floor lLevel

1.Building 0.03 0.053 0.072 0.169 0.152 0.22

2 .Heuse held 0.00 0.086 0.191 0.331 0.499 .69
effects
3.Properties 0.00 0.154 0.295 0.339 0.509 0.597

Wote: *1  Sloop less than 1/1000

Agriculutural Crops

Depth Duration Paddy Idverage of Damage Sugarcane
{davs} Rate (Upland Crop) ]
Lezs than 1-2 0.21 9.27% 0.00
0.5m deep 3-4 0.30 0.42 0.00
5-% 0.36 0.54 0.00
- 0.50 0.67 0.03
0.5-1.0m 1-2 0.24 0.35 0.00
3-4 0.44 0.48 0.00
5-6 0.50 0.67 0.03
- 0.71 0.74 0.06
tlore than 1-2 0.37 C.57 ¢.00
1.0m 3-4 0.54 0.67 0.03
5-% 0.64 0.81 .06
7~ 0.74 0.931 0.09
Source: Criteria for the Engineering of River and Sabo Project

Ministry of Construction, Japan
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Table V.4.34 INUNDATED URBAN AREA AND AFFECTED POPULATION CAUSED BY
50-YEAR SCALE OF 1983 TYPE OF FLCOD

unit: ha

River Below
Stretch floor level 0.0-0.5m 0.5-0,.99m 1,0-1,99m 2,0-2.99m over 3.00m Total

Tl 103 175 130 83 0 0 491 {213)
Ir2 [¢] 13 45 . 183 25 0 2661{253)
1 43 83 268 43 0 0 4374¢311)
M2 50 55 100 0 0 G 205{160)
Ir? 2 10 20 110 210 298 650 (638)

Note: Parenthescs indicates inundated area excluding "Below floor level" and "0,0-0,5m",
Based on these figures, inundation population in Blumenau is estimated to be 57,600
and those in Itajai plus Navegantes is projected to be 45,400 in 1986. Inundation
population means people who have to abandon houses due to inundation.

Table V.4.35 FLOOD DAMAGE TO INDUSTRIAL ESTABLISHMENT
BY S50-YEAR SCALE OF 1983 TYPE OF FLOOD

unit:million Cz3$

River Below .
Stretch floor level 0,0-0.,5m 0.5-0,99m 1,0-1.99m 2.0-2.99m over 3.0m Total

iTi 6.3 0.9 15.3 13.3 0.0 0.9 3%.5
172 0.0 0.9 5.9 32.5 5.7 0.0 45.0
M3l C.1 6.3 38.4 8.4 0.6 0.0 53.2
M2 0.1 4.2 i4.3 0.¢ ¢.0 0.0 18,6

Sub-total 156.6
iT? 0.0 1.5 5.5 41,0 100.0 169.3 317.0
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Fig; V.4.1 DAMAGEARLE VALUE OF IRRIGATED PADDY

{A)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Now Dec

Cropping
calender
(B) Planted
area (%)
100 100 75 25 25 75 100
{C) Accumulated
cost (%)
65 75 85 98 20 40 55
{D) Flood
frequency .
1.9 11.5 3.9 1.9 7.7 7.7 3.9 19.3 11.5 11.5 11.5 7.7
1986 2000
(E) Yield (ton/ha) 4.1 5.0
(F) Price (Cz#/ton) 2,050 ' 2,387
(G) Production cost (Cz#/ha) 6,179 7,470
(H) Net income {Cz#/ha) 2,276 : 4,465
(I) Damageable cost {Cz#/ha) 4,024 4,900
(1) Damageable value (Cz#/ha) 1,670 2,640
DEC .
Remarks: (J) = Z (Bx CxDx T+ B xDxH)
JAN






Fig., V.4,2 DAMAGEABLE VALUE OF MAIZE

Jan ¥eb Mar Apr May Jun Jul Aug Sep QOct  Nev  Dec

(A) Cropping -
calender

(B) Planted
lst 50 100 100 50

area (X} 5 4 o0 100 100 50 50

(C) Accumulated

cost (%)
50 60 80 90 _ 30 50 70 90 30
(D} Flood
- frequency '
1,9 it.5 3.9 1,9 7.7 7.7 3,9 19.3 11.5 11.5 _11,5 7.7
1986 2000
(E) Yield (ton/ha) ‘ 2.6 4.0
{(F) Price (Czff/ton) 1,734 1,886
(G) Production cost (Ci#/ha) 1,782 2,740
(H) Wet income (Cz#/ha) 2,726 4,804
(I} Damageable cost (Cz#/ha) 1,382 2,125
(J) Damageable value (Cz#/ha) . 2,130 : 3,650
DEC
Remarks: {(J) = L (BxCxDxI++BxDxH
JAN '
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Flg. V.4.3 DAMAGEARLE VALUE OF SUGARCANE

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

(A) Cropping
calender

Plantation . J [—~

Rarvesting i

(B) Planted
area (%)

(C)y Accumulated

cost (%)
25 38 47 . 55 62 70 73 83 103 111 118 124
(I} Flood
frequency : ' '
1.9 11.% 3. 1,9 7.7 7.7 3.9 19.3 11.5 11,5 11.,% 7.7
1986 2000
(E) Yield (ton/ha) /1 12.0 20.0
(F) Price (Cz#f/ton) 997 3,200
(GY Production cost (Cz#/ha) 9,365 15,610
(H) Net income (Cz#l/ha) 2,600 48,390
(1) Damageable cost (Cz#t/ha) 8,720 14,530
(1) Damageable value (Cz#/ha) 6,200 38,530
- DEC
Remarks: (J) = E (BxCxDx I+ BxDzxH)
JAN

/1 The redendment rate from sugarcane to sugar is around 20%,

VYield of sugarcane is 60 ton/ha and would be 100 ton/ha in 1986
and 200 respectively.
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1. INTRODUCTION

The Itajai river basin with a catchment area of 15,220 kn? locates in
the center of Santa Catarina State in the southern part of Brazil.

The basin is situated between 26°20' to 27°50' of south latitude and
48°40*' to 50°20' of west longitude and extends to about 150 km from the
north to south and 155 km from east to west. The eastern part of the basin
faces the Atlantic Ocean at I[tajai city.

The Itajai river is originated from the mountain range with altitude
of 1,800 m in the soutbmost of the basin and flows to northward changing
its name to Itajai do Sul and joins with Ttajai do Oeste river at Rio do
Sul city and Itajal do Norte river at Ibirama city. Afterward, the Itajai
river changes its direction to eastward, passes through Blumenau city, the
largest city in the Dbasin, collecting several tributaries, Jjoins with
Itajai Mirim river at Itajai city and finally debouches to the Atlantic
Ocean, Total length of the Itajai river is 250 km which is the middle
class of the river in this country. General plan of the Ttajai river basin
is shown in Fig. vI.1.1.

The basin belongs to subtropical zone except coastal zone. There are
no clear divisions between dry and wet seasons. The'period from June to
August corresponds to winter and the period from December to March is
summer. There are spring and autumn between these periods. The annual
mean temperature is about 21°C having 25.3°C of the maximum temperature in
January. and 17°C of the minimum temperature in July and August. ‘The annual
mean rainfall is 1,400 mm ranging from 1,000 mm to 1,600 mm. It tends to
occur much rainfall in the northern part and less rainfall in the southern
part of the basin. The average relative humidity in the basin is 80%. The
annual mean discharge in the Itajai river at Indaial gauge is 286 m3/sec.

The geoclogy of the basin consists mainly of -alluvial deposits,
Precambrian rocks and Palaecozoic sedimentary rocks.

The. alluvial deposits distributed in the lewer and flat area
downstream from Blumenau c¢ity consist mainly of sand, clay and organic
mattexr, and forms generally the very soft ground. The alluvial deposits in
the other areas consist generally of sand and silt with some gravel and
from comparatively compact ground though it is loose in a general view
sense.

The Precambrian rocks consist of the Archaeorolc granulite of gneisses
and migmatites of schists and the Proterozoic metamorphic rocks of
sandstone, shale, siltstone and phyllites and the intrusive rocks of
granites and rhyolites. They are distributed in the area south-eastern
from the Mar mountains running along the center of the basin approximately
from north-northeast to the south-southwest. The Palaecozoic rocks
comprising of sandstone, siltstone, shales and phyllites and distributed in
the upper reaches westside of the Mar mountains.

The population of the basin on the basis of the statistics in 1980 was
671 thousand which is about 18% of the total population of Santa Catarina
State. Among them about 64% concentrates in major cities along the Itajai
river and remaining lives in the rural areas. Major cities. in the basin
are Itajai having the population of 85 thousand, Gaspar with the population
of 26 thousand, Blumenau with the population of 155 thousand, Indaial with
the population of 29 thousand, Ibirama with the population of 24 thousand,

" Rio do Sul with the population of 41 thousand and Brusque with population

of 41 thousand. Major economic activity in the basin comprises
agriculture, industry and stockbreeding.
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Gross Regiconal Domestic Product (GRDP) of Santa Catarina amounted to
Cr$400¢ billion at current prices, which accounted. for 3.59% of Gross
Domestic Product (GDP) of the country. The per capita GRDP was Cr3$110
thousand; which was 1.23 times of the per capita GDP., Gross Value BAdded
{GVA) of each economic sector was as follows: the primary sector with GVA
of Cr§64 billion or 16.0% of GRDP; the secondary sector (industrial sector)
with Cr$151 billion or 37.9%; Ttajail river basin has the same industrial
. structure as Santa Catarina State as stated in the followings,

The primary sector produced a total amount of Cr$13.3 billion in the
basin in 1980. The major agricultural activity were crop farming,
accounting for 60% of the total preoduction, and stockbreeding with 22%,
following fishery, forestry and rural industry. The major crops are rice,
maize, cassava, beans, onion, sugar cane and tobacco. They were chiefly
farmed in the following areas: rice, being farmed in flat lowlands along
rivers; maize, cassava and beans in hilly lands scattered in the whole
basin: tobacco in hilly and mountainous lands in upstream areas of rivers.
The stockbreeding, wainly producing cattle, pig, chicken, milk and egg, are
broadly distributed all over the basin.

The manufacturing sub-sector, accounting for 87% of GVA in the
secondary sectoxr in 1980, characterized the industrial sector. The maiorxr
manufacturing types in the basin, having about 65% of the value of
manufacturing preduction {Cr$116 billion), were textile Cr$42.7 billion
{37%); clothing, shoes and woven articles Cr$20.7 billion {18%); food
products Cr$8.7 billion (8%}, and timker Cr$5.2 bkillion (5%). The most
important cities in terms of manufacturing production were Blumenau (67%),
Brusque (13%) and Gaspar (8%), Therefore, Blumenau 1is considered as a
prominent district with respect to industrial production.

The commercial and service's sub-sectors play leading roles in the
tertiary sectoxr, being characlterized by a large number of small
establishments. Although the establishments are scattered in the whole
basin, their maijor activity regarding sales amount was executed in the
tollowing cities: Blumenau, accounting for 25% of a total amount of
commercial activity (Cr$65.1 billion) and 42% of service's activity (Cr$6.2
pillion); Itajai, 31% and 17%, and Rio do Sul, %% and 6%, respectively.

Out of the total basin-land area of 15.221 kmZ, the agricultural land
occupied the largest area of 9,048 km? or 59.5% in 1980. It was broken
down as follows: crop land, 3,050 kmZ or 20.0% of the total area; pasture
ltand, 2,930 kmZ2 or 19.39%, forest land, 3,068 kmZ2 or 20.2%. The
residential areas occupied 151 kmZ2 cr 1.0% of the total area. The rests,
accounting for 6,022 km?2 or 39.5%, were areas not utilized, areas
unsuitable for agricultural activity, or areas of which land use was not
identified.

The Itajai river basin has a long history of floeding. Among them,
the floods in 1983 and 1984 caused serious flood damage in the basin. In
1983 flood took place large scale inundation in the riparian areas along
the Itajai main stream, while 1984's flood caused the inundation in the
areas along the Itajai Mirim river. Total inundation area caused by two
floods was about 270 kmZ which is about 2% of the basin area. The
inupndation mainly extended over vast area downstream from Blumenau city and
Ascurra and Rio do Sul areas in the upstream reaches. Especially, more
than 80% of the Blumenau city inundated at flood time in July 1983. The
duration of inundation lasted about one week on an average, especially
inundation period in several places in the downstream of the Itajai river
reached to 2 weeks.
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In order to cope with such repeating inundation, Oeste dam having
flood control space of 110 miillion m3 and covering catchment area of 1,042
km2 and Sul dam having flood control space of 98 million m3 and catchment
area of 1,273 kmZ were constructed in 1972 and 1975 respectively. Besides,
Norte dam having flood control space of 263 million m3 and catchment area
of 2,318 km? is being constructed in the tributary of the Itajai river.
Furthermore river 1lmprovement works by widening of the river channel is
under ¢constyruction in Blumenau-Gaspar stretch in the Itajai river, and
upstieam stretch from Ttajai city in the Itajai Mirim river.

Even after the construction of the foregoing flood control dams, major
cities along middle and lower stretches of the Itajai river still have
suffered from inundation.

In this Appendix VI, the following items are presented:

(1) Present river conditions

{2) Basic concept for flood control in the basin
{3} Formulation of provisional plan

{4) Formulation of mid-term plan

(5} Formulation of long-term plan

{6} Program of flood control projects

{7) Recommendation for non-structural measures

(8} Selection of flood protective stretch for feasibility study
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2. PRESENT RIVER CONDITION

2.1 River Feature

The Itajai river is characterized by its irregular river bed slope as
illustrated in Fig.VvI.Z.1, It will be widely classified into three
stretches, hamely, upstream stretch with gentle river slope in the upstream
of Lontras city, middle stretch with remarkable steep river slopes between
downstream of Lontras city and Subida, and rather steep river slope batween
Subida and upstream of Bluwmenau city, and lower stretch with remarkably
gentle river slope between Blumenau city and river mouth. The river
feature in the respective stretches in presented hereinafter. '

{1} Upstream river stretch

about 70 km long river stretch in Itajai do Sul with altitude of EL
320 te EL 360 from downstream of the existing Sul dam to about 5 km
downstream of Lontras, has a slope with 1 teo 2000. The Itajai do Sul
river flows down to almost northward meanders. slightly and jeins with
Itajal do Oeste river at the center of Rio do Sul eity. Existing
Deste dam is located in Itajail do Oeste river at about 78 km upstream
of the Itajai confluence. The river slope of Itajai do Oeste is also
gentle slcpe of 1:4000. The river width ©f the Itajai de 5Sul and
Ttajai do Qeste rivers in the upstream from Rio do Sul city is about
100 m and its river depth is 10 m.

The Ttajai do Sul river changes its name to ITtajai river after joining
with Itajail do Norte river. The river width in Itajail near Rio do Sul
city is about 100 to 120 m and its depth is about 10 m.

{(2) Middle river stretch

The Itajai river with gentle slope in the upper stretch suddenly
changes its river slope from near Salto Pilao town and flows down
rapidly to Subida with altitude of EL 110 m meandering sharply and
passing through U-shape valley in mountadnous zone. The river slope
in this stretch is about 1:60 and river length is about 16 km. In
this river stretch, Itajai do Norte river with river slope of 1 to 50
joins from left side at abouwt 5 km upstream of Subida. Norte dam is
being constructed in Itadjai do Norte viver at about 46 km upstream of

the Itajail confluence. River slope in Itajai do Norte river between
the Norte dam and 20 km upstream from the Itajai confluence is about
1:2200. '

The Ttajai river flows down through U-shape valley and debouches to
flat plain area at about 5 km downstream of Subida. It flows down to
northeasternward to Indaial c¢ity. The river slope between Subida and
Indatal city is about 1:700 and river length is about 49 km.

River width in this stretch varies from 120 m to 280 m. Benedito
river, a tributary ¢f the Itajai river, Joins from left side in the
center of Indaial city.

The Itajai river changes its direction to eastward from Indaial city
and flows down to upstream of Blumenau city with altitude of EL 10 m,
The river length in this stretch is about 15 km and its slope is about
1 : 400. The river width changes widely from about 180 m to 350 m and
outcrop of the rock is found along the river course,.

(3) Lower river stretch
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River slope of the Itajal become