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. PREFACE

In response to the requeet_of the Government of the
Pederative Republic of Bra?il the deernment"of Japan has
dec1ded to conduct a master ‘plan study on the Itajal Riwver
Basin Flood Control PrOJect and entrusted the study to the
. Japan Internatlonal quperatlon Agency (JICA). The JICA sent
to Brazil a survey team headed by Mr.Shigeo Ohnuma of NIPPON
KOEI CO.,LTD, and comprising other members of that eompany'
associated with PACIFIC CONSULTANTS INTERNATIONAL from April
to September 1986, and from February to August 1987.

The team had diécussions on. the Project with the
officialslcontefned of the Government'of Brazil and conducted
a fieldLSurVey in the whole area of the Itajai river basin in
Santa Catarina State. After the team returned to Japan,
further studies were made and the present report on the
ITtajai River Basin Flood Control Project has been prepared.

| I hope that this report will serve for the flood control
"in the basin andicontribute to the social and economic
'development'in'santa Catarina State and to the promotion of

friendly relations between our two countries.
I'wish_to eXpress my deep appreciation_to the:officials

concerned of the Government of the‘Federatiﬁe_Republic'of
Brazil for their close cooperation extended to the team.

January, 1988

ok Ao

Keisuke Arita
S President
Japan International Cooperation Agency







ITAJAY RIVER BASIN FLOOD CONTROL PROJECT

Date : January 31, 1988

Mr. Keisuke Arita
President .

Japan International
Cooperatiocn Agency
Tokvo

Dear Sir,

We are pleased to submit herewith the Final Report on the Itaja1 Rlver
Basin Flood Control Project. This report presents the result of the study
performed on the basis of the Minutes of Meeting agreed between DNOS and
JICA on April 24,; 19%86.

The study comprises Part I, Master Plan Study in the Itajai River
Basin Flood Contrél Project and Part Y1, Fea31blllty Study on the River
Improvement Project in Blumenau-Gaspar Stretch.

The:report présents the problems for flood control in the basin,.
possible measures to cope with the problems, ‘the master ‘plan for flood
Control in the Itajal river ba51n, and the result of fealelllty study on
the river 1mprovement pro;ect in Blumenau- Gaspar stretch. :

The report consists of main’ report and its supportlng report in the
.respectlve studies.’ .The main ‘report .presents the. flood control plan
=1nclud1ng its background conditions fand assumptions. The supportlng
report_descrlbes the details of the' conditions, methodology, etc. for
planning. Besides, ‘the data book for the feasibility study' is also
prepared and submitted herewith.

All members’ of the study’ Team wish to express crateful acknowledgement'
. to the personnel of your Agency, Advisory committee, Ministry of Foreign
Affairs, Ministry of Construction, Japanese Embassy at Brasilia, Japanese
‘Consulate at Rio de Janeiro and Port Alegre, and the officials concerned of
the Government of Federative Républic of Bra211 for their close Cooperatlon
extended to the Study Team :

“The Study'Team sincerély hopes that the study results hoﬁld3cohtribute
to socio-economiec development and well-being in the Itajai river basin.

Yours. sincerely,

Shigeo Ohnuma
Team Leader -
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.JiCA Coa Jépaﬁ International'Cocperation agency
-ACAﬁESC : Associacao de Credito e Assistencia Rural de Santa Catarina
CASAN : 'Compaﬁhia=CatarinenSe_de Aguas e Saneamento |
CEDEC : Coordénacao Estadﬁal de Defesa Civil
CELESC - Centﬁais’Eletridas de Santé Catarina
CEPA . : - Instituto de éianejamento e Economia Agricola de Santa
: Catarina
CIDASC : Compénhia Integréda de Desenvolvimento Agricola de Sanﬁa
Catarina :
DNAEER T Departamento'Nacionél de Agua ¢ Energia Eletrica
DNER : Departamento N&cioqal de Estradas de Rodagem
DER : bepértamenté de Estradas de Rodagem
DEOS : Departamento Nacional de Obras de Saneamento
EMATER : Eﬁpresa de Assistencia Tgcnica e Extencao Rural
EMERAPA : émpresa Brasileira de Pesquisa Agropecuaria
.EMATER : Empresa de_Assistencia Tecﬁica
EMPASC H ﬁmpresa_de Pesquisa Agﬁdpecﬁaria ria de Santa Catariné
FATMA : Fﬁndacao de Amparc a Tecnclogia e Meio Ambiente
FGV : Fundacao Getulio Vargas
GAPLAN '_ : Gabinete de Planejamenté=e.Céoideﬂacao'Geral
IBDF : © Instituto Bfasiieiro.de Desenvolvimento_Fioréstal
IBGE . : Instithto érasileiro de Géogfafia e ESfatiética
IBRD : Internétinal Bank for Recénstruction ahd béyélopménf'
173G : . Instituto Tecnico de Administracac e Gerencia
.MA : Ministerio da Agticultura
MDUMA. : Ministério do Desenvolvimento Urbano e Meio Ambiente
PORTOBRAS : Emﬁrésa Brasileira de Portos
SAMAE _ oz Servico Auﬁoﬁomo Muhicipal de Agua.e Eséoto

SUDEPE : Supefintendencia do Desenvolvimento da Pesca



Length

- Tm

ae

Lcm

km

Area
om2 :
me :
ha

km2 H

Voiume

cm3; H

m3

Weight

GDP
GRDP
Gva
VA

PV

ABBREVIATION OF MEASUREMENY

millimeter
centimeter
nmeter

kilometexr

square centimeter
square meter
hectare

square kilomcter

cubic centimeter
liter

cubic meteér

gram
kilogram

metric .ton

Time

3 or sec
rain

h 6?&w
d

Yy or yr'

Others

%
°c
103
106

109

1
+

e

second

minute

hour

day
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percent
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million

billion

Derived Measure

m3/s

- kwh

‘Money

czs
cr$

uss$

‘cubic meter per second

kilowatt hour

Cruzado
Cruzeiro

US dollar

Exchange Rate ( in March 1986 )

Uss 1 -

Cz$ 13.80

ABBREVIATION OF BCONOMIC TECHNICAL TERMS

Gross Domestic Product

Gross Regional Domestic Product

Gross Value Added
Value Addéd
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MESTER. PLAN STUDY

SUMMARY‘ OF FINAL REPORT

am_l.N ThlS is Part *flnal report on the master plan study in the Itajai
. rivex ba31n flood control’ progect prepared in accordance with the ‘incepticn
report agreed between DNOS and Japan Internatlonal Cooperatlon Agency in
'Aprll 24 1986 ' _ : S L . :

2. Thls report comprlslng maln report and 1ts supportlng report presents
‘the result of the mastexr plan study on the- Itajal river'basin flood control
proyect The problems and . needs’ for flood .gontrol in “the basrn,'whlch,

Hemerged,from the surveygresult are’ presented in. the report Possible
measures to. cope w1th “the neleds,.were studied to formulate the master plan
ontyol in the Itajai river ba31n. The result of the master plan
'and selection -of ian urgent ‘flood: control pro;ect for. the feasrblllty study

are: also stated 16" the - thls‘report The' maln report “in this réport,
descrlbes the - summary(of thi '_upportlng report The - supportlng report
presents details : of:the analysis and: study neceseary for: plannlng and
'comprlses six chapters con51st1ng of topographlc survey,: hydrologrc study,
-geotechnlcal lnvestlgatlon, “soécioreconomy, flood’ damage ‘study and flood
control plan. The result of the study is presented Hereinafter.. |

- TOPO aapnxj}=

3, o data in. the Itajal river ba51n such as topographlcz:
_ maps, aerlal photographs,_rrver proflle and ©Cross sectlons were collected
and reV1ewed Result of the review 'is as follows,g ' .

' ii) It was. clarlfled that the follow1ng data are useful for the study. -

- Natlonal'base map on a’ scale of 1 50 000 and i B 100 000 in’ the Itajal
rlver ba31n i ‘ S S _ :

—1Stereoscoplc aerlal photcgraph on &. scale of 1 25 000 in the project
- area: . ‘ o P :

-,vae;'sﬁbsé“éeét-'nal ‘data in the_stretth between Barra of ‘Luiz
';Alves‘aﬁd Blumenau, and Salto Filag. and Rio:do Sul in the Ttajai

rlver, Itajal and . Brusque in'the Ttajal erlm rlver, and Rro QO Sul :

_ area 1n the Itajal do Oeste and Sul rlvers e

(2)“W1th regard to the collected large scale topographlc maps,'lt seems_

' “that s only the maps’ in. Blumenau and’ Brusque ‘¢cities are ‘useful ‘for

' ;plannlng because other maps have not coordlnates and datum of altltude
-1s not clear . : : Lo

{3)'It was clarlfled that there are, many rlver stretches in whlch rlverf
cross:; sectlonal maps are ‘not. avallable. Then addltlonal river cross
séctions ‘For unavallable ‘data sections -in’ the - Itajal river “and its
'trlbutarles were surveyed in cooperat:on w1th DNOS's surveylng staff

: 4;_;Hydrologlcal analy31s was carrled out for grasplng the hydrologlcal
Econdltlon ‘of the’ Ita3a1 rlver ba81n through constructlon of: the srmulatlon
' ¢_to work': out the flood hydrograph ‘and’ estlmatlng probable flood
dlscharge as a desrgn dlscharge of flood control plan.




Probable flood dlscharge is estimated by putting the probable rainfall;
into the establlshed storage functlon model The otorage functlon model is

:‘taken Jup. through Lrlal and error in, comparlson between the esttmated floodi"

hydrographs - and the hydrographs observed on’ Deg. 1978, Des, 1980, Jul 1983
"and Aug. 1984 whloh are.. floods occurred “after” constructlon of Sul and Oeste
dams .. They ‘are selected for the study on probable flood dlscharge Ain view
" of the availability of" ‘hourly: ralnfall/hydrograph records. Flood peak -
'dlscharge of the above four floods are summarlzed as below,

Flood peak dlscharge ( m3/sec 13

Name ofﬁstation-- Dec. 1973 Dec 1980 :Jul 1983 Aug 1984

Rioido Sul Novo = -720_' _Gee o 1;9ib‘l‘ 1,860

~Ibirama = 1,010 . 2,500 2,480 2,070
Timbo = .. - 560 690 - . 760 . 860 .
Apiuna- : 2,300 0 . 3,690 ¢ . 4,310 - 4,320
Indaial = 2,900 3,500 . 4,740 = 5,030

Brusgue o 550 i 320 -~ 540 om0

' U51ng the hourly ralnfall of the above floods ;andf estwﬁliehed
81mulat10n model . the follow1ng reservoir operatlon methode are examlned

T (1) EXlStlng operatlon method.

(2) All " the outlet condults 1nstalled at dams care closed when'fiood
" discharge at . Blumenau exceeds 1 000 m3/sec, - o

(3)'Outlet conduits 1nstalled at - dams are, fully opened,
(4) Addltlonal CondulL at Sul dam qs 1nstalled, and
(5) Spillway gates are newly installed*at the existing:dams

Among the above methodsg the methods of (4) and (5) have a flood peak
reductton of  less than 200, m3/5ec However, taklng into: account the cost
effectlveness, they are not’ effectlve for flood .peak reductlon Qut of the
other methods, the method .of. (1) is, the most effectlve for reductlon of
peak'of the”f1oods in 1978, 1980 and 1984 51nce the floods eXLept 1983 have

.a duration -time less than 4 days .and- thelr flood Volume “are less than  the
flood volume in. 1983 Whlle,_the method of (3) lS effectlve for the flood"
in 1983 Since the- flood pattern in. 1983 s’ rare ‘case judglng from ‘the
:characterletlcs of the. past rain storm and other .flood types are con51deredf

to be the- normal case, itiis recommended’ that the method of (1} is: applled'

to flood peak reductlon by the. ex1st1ng flood control dams

Probab]e flood dlscharge at Blumenau w1Lh/w1thout the ex1st1ng flood
control dams are estimated-as below.



.JReturn Perlod o Wlthout F C D Wlth E C B.

(Year);}ﬁﬁ'ul; ’ m3/sec) 1}' o (m3/sec)
~yeart'f:“f.'5ﬁll3,30ﬂf'

L B=year:. 0T 4,100 .

'_10;yearfv_g;, L 4700

8- yearﬁﬁ';_“x S 6,600 21
100 yeari L 1,000

-' fNote"é --'F.-c.-n':-'méan"si 'thé.. 'exiatiﬁg ’fib’od '-'con'tr'ol dams .

: Relatlon between the magnltude of actual peak dlScharge ‘of the flood.
“in 1978,‘1980, 1983 and 1984 and “their! probablllty was’ studled assuming
Lhat all of the floodSware not controlled by the ex1st1ng dams. The flood
peak dlscharge at Blumenau and its probablllty of the' selected four floods
under the above assumptlon are estlmated as below :

fOccurrence—.", L Wlthout F cip. Probability

of flood o (m3/sec) c . Ayear) : .
¢ pec, 19'8_:; 0 U a,e%00 0 Aroimd 2
‘Dec.1980 . . 7 04,3100 . selos
SJulsl983 . e Ry, 930 . T .Arounq"SQ
_Aug 1984 SR o e By 730:", L Around 50
Note .j-F C D: means the ex1st1ng flood control dams

'”--In order to”de 1de a tahget probabl 1ty of master plannlng for flood_
,fcontrol, Lhe récurrence 'year of the’ pastfmax1mum flood dlscharge durlng 153
_byears cat: Blumenau flsﬂ also examlned through the ~flood: ‘analysis.
fConsequently, Gt 1s.judged that the past maximum: flood dlscharge of 6, 100,
m /sec at’ Blumenau whlch 1s estlmated by the past max1mum water level of
L16 8. m, on September 23rd in1880 and: water level dlscharge relatlon ‘worked
S out, bj non ~uniform flow calculatlon has a- 50~year' probablllty under
aw1thout dam oondltlon ‘ :

1nvest1gat;on, geﬁéral““géoiogical-
and geotechnlcal

Lon: the proposed levee ‘'embankment ' site
and levee embankment materlals, stablllty of ‘side
‘river. ohannel geology along the - proposed flood .

oon31deratlons for f

con31deratlon5‘*

'dlver31on Lunnel'roote, foundatlon condltlon of . the concelvable dam51tes,"

‘and dam embankment materlals and: foundatlon condltlon ‘of the. splllway for:
“its ledification oF thejex1stlng dams Deésign’ of the 'flooed -control’
“facilities for the master plan was' made by reflectlng these technlcal

"con51deratlons

”ls;3_'3



SOCIO-ECONOMY
uzﬁ. Aocordlng to the census in’ 1980,:the baSLn had 671 thousand of'
;populatlon,'whlch accounted for 18% of the state: populatlon of Santa
*_Catarlna “"The basin population has gtown. at average ‘annual ‘rate of 2.08%
“since 1970, - 428 ‘thousand or '64% of the basin populatlon lived in urban_
area along. ItajaJ river dand its’ trlbutarles and the rests scattered in
ruratl’ areas : Thé future populat;on in ‘the basin is progeoted to be 822
thousand’ in 1990, 963 ~thousand in 2000, and. 1,226 :thousand ~in- 2020,
referrlng to IBGE: pr03ect10n Average growth rates’ durlng both" ]980 2000
and 2000-2020 ar¥e’calculated as 1.8% ‘and 1. 2%,‘respeot1vely. -Of  the basin -
populatlon, 1,055 thousand or 86% 'w1l] be expected to live in: urban areas’
" Major seven munlclpalltles with more than 20,000 populatlo Linc 1980 will
have, the following number of. populatlon in the years 2000 and 2020

Monicipality 1980;{A¢£uai)' f-‘.2000 .. 2020

- Blumenau 155 % 103 - 208 x 103 427 % 103

T Itadails . 87 T 142 '_ 194 :
Brusque - . : Cood41 ) _.57 : 71
. Rio do Sul L 5875 Y
Indaial 29 a2 .. 54
Gaspar - ' 26 - 41 ' .. 55
CThivama L2400 29 3

7. :Gross Reglonal Domestlc Product (GRDP) of Santa uatarrna amounted to

Cr$400 billion.in 1980 at current price,. whlch accounted for 3.59% of" Gross
Domestic ‘Product’ (GDP) of. the. country. “Phe per capita :GRDP: was Cr$110“
. thousand, equlvalent to US$2,555, whlch reached to 1.23 tlmes hlgher ‘tham -
the national average. GRDP was ' broken down 1nto follow1ng three economlc."
sectors the agrloultural sector with Cr$64 bllllon or ‘16.0% 6f GRDP; the
industrial sector, Cr$l5l bllllon or  37.9%; and -the” serv1ces' sector,
hr$185 billion or 46.1%. Afterwards,‘GDP is- assumed to ‘grow ! as shown in .
the table below, referrlng to the national plans of development, and long_

term prOJectlon of éeconomic development by ‘international organlzatlons such: -

as United Nations. The GRDP ‘and. gross--value: added. of each-economic sector |
are asstmed to follow the GDP as follows, referrlng to the hlstorlcal
achlevements L . : R

Item SN 1980-(Actuai)11. "2000 2020
ee . a302 11 208 24,601,
GRDP - o s 449 .984
- Agrlcultural sector | 25 T2 157

'_-— Industiial sector 58 . o170 0 373

- Serv;cessseotor . TR T 207 - 454

_Note ": _[It Converted by both 1mp11c1t deflator (386) and
C denomlnatlon : o
‘Unit : Bllllon Cz$ at March 1986 constant prlces'-

_JSL' The agrlcultural sector produced a. tota] amount ‘of Cr$13 3 b1 :
" the: ba31n Ain 1980, accountlng for 13, 8g of- the ; . state. “"The productlon of;[_
thls sector comprlsed five sub sectors as follows‘ Crop productlon w1thff

. Cr$8 02 bllllon or ‘60.1% of the. sector total' llvestock Cr$2 92. billion or

21.9% _flshery, Cr$l.08 billion or 8.1%; forestry, Cr$0. ?5 b;ll;on or 5.6%;"



.and. fﬁral”industrv{ Cr$0 57wblllion ot 4.3%. The. major crops, haviné more

o than 90% of “the output of this: sector, were tobacco: {24%), ~onion (199),r

7 follows: ‘crop land,.3 050 k2 “ox: 20 0°.of”

_dimalzeh(14 ), rice (13%), cassava (13%), beans | (5%). and: suqar ¢ane - {2%) in
- .0rder of ‘the output The’ ma)or llvestook products were chlcken, plg{
'-;cattle,-mllk and egg"-',__ TEe ;__"ﬁ.- T : , o

9; The lndustrlal sector was:charaoter12ed by the manufacturlng sub—;
'seotor whlon occupled 87% of! “gross produot of the sector The major'
'manufacturlng_types:‘n;the ba51n, havrng mo e than 65% - of “the output
o {CxFlle bllllon) in’ thls sub sector, were. . textlle Cr$42 7 bllllon (37 ).

:clothlng,'shoes and’ woven artlcles, Cr$20 7 bllllon (186) ~food- produots,r

Cr$8'7 ‘Billion "(8%). .; and tlmber, Cr$5 2 bllllon (59) ; The most productlve
munlclpalltles Were. Blumenau ‘with '67% of the output 1n thls sub sector in

the. ba31n,'Brusque W1th 13% and Gaspar with 85 . : . '

L10. The‘commerclal and servrce R sub—Se" '
,Zserv1ces',‘sector, belng characterlzed by ‘A rge number of “small’
;establlshments Although the establlshments were scattered 1n the whole
Zbas;n,‘thelr ‘major . actrvrtres regardlng sales amount Were ‘executed in “the
following mun1c1pallt1es
commercral activity, (Cr$65:1 bllllon) and 42% of servides’ act1v1ty (Cr$6.2

bllllon) Itajal, 31% and 17 and RlO do Sul, 6% and 6 respectlvely

'11 Of the total basrn area’ of 15 221 km2 the-agrlcultural land occupled _
the- Targest share of 9,048 km2 or. 259, ' 980+ 2Tt ‘was broken ‘down-.as
he’ total area pasture land,

2,930 km2.or 19:30%; and’ forest land, 3; 068 . Jkm2 or 20.2%. The residential
‘areas occupred 1515 km2 or 1: Oa of the total area The rests, accountlng for-
6,022 km2 ' or -39.5%, ‘were.. ; B , . areds’ unsu1table S for

-agrlcultural act1v1ty, :land uge, was not 1dent1f1ed © The .
flood valners
ba81n area, of: whlch 85 4 km2 2 Bi of theftotal crop lands in -the- ‘basin).
is: utlllzed for:crop productlon STE 1s;1nhab1ted by 264 ‘thousand of
'resrdents ok 39. 3°'of the ‘basin- total populatlon © The land :use -of the
flood vulnerable area 1n 1980 ‘is shown as follows : - L

T el ”Basianotal Aieaﬂj Flood Vulnerable Area .lPropoftion_
Area . _(‘ha)-_..- RO R (ha)}-}.: N T I N TS

'Paddy o : - 30, 512”ﬂ1 2, 2755-;_*fr7l=~

9 7.5

‘sugar ‘cane 4,123 3,718 312.8 .90.2
‘Other ‘¢rops . 2707316-__ 24543 0 8.8 Q.1
Pasture . . 293,022 7,255 . ©25:1 2.5

Resrdentlal area 15,150 .o -5,819 20,1 138.4

'Other-areas . 908,977 .5 7,308 . 25.3 0.8
28,918 100?0 1.9

'Total ;_-r_'i 1,522,100

Ty bsence SF reglona Edevelopment plans, a. land use plan 15__
formulated ‘only. to | show a .phase of expandlng tendency in the-basmn,

f[referrlng the national development pollcy .and the emplrlcal trend. .~ Tn -
purs'ance of 1ndustr1allzatlon and’ agrlculture development pollcy of the‘—'

natlonal development pollcy, followrng development tendency would be shown
ln the basln . . . . : .

-(1) Urban areas wrll 1ncrease at least 4, 7 thousand ha and_grow up to 20 0
" thousand.'ha or 1.3% of:the. total”area: by the’ year 2020 -;Incremental'
"portlon of urban areas is malnly conoentrated 1n major. mun1c1pallt1e35
_located“in‘the! flood vulnerable ‘areas. Powever, it wrll be 1nduced to
-fexpand to_hlnterlands of“exlstlng_urban areas. ihus{ ex1stlng urban_5

' layed.leadlng roles in the_“'

. Blumenau,” aocountlng for 25% of a total ambunt of .

ble’area” encoﬁpassed a total area of 289 km2of 1.9% of - the



areas in the flood vulnerable areas will’ be kepf ine tho same 31ruation3

" as. before, ‘though populatlon den31ty there wrll increa e morouthan_thg,*a

'f;present one,'and

{2)_Development for. agrlcultural act1v1t1es suoh as’ farmlnq,

stock rr:lal.s:.:mg-"”=

~and forestry ‘will, ‘be -given an 1mpetus to promote En agrlcultural_'”
productlon by means 0f technical’ lnnovatlon, farm mechanizatlon and - .

’agrarlan reform and:be executed in rural areas in the basin: to avoid-a
"~ flood dlsaster.= Thus, not:utilized: areas and unldentlfled areas- as off
'11980 Wlll be put into practlcal use for agrlculture. ' DI

1z. _The 1taja1 rlver ha31n has a long hlstory of floodlngs Among them,
large magnltude of flood “took plaoe in 1983, and 1984 Flood damage survey
to clarify the floodlng and consequent flood damages was’ therefore carrled
out . concentratlng on the floods occurred in those two- years‘_ : :

13. _Inundatlon area along Lhe Itajal rlver and 1ts trlbutarles‘due to 198?'
and " 1984 floods. extended ‘aver. the terrltory of 20! municipalltles

-‘Inundatlon area along the Itajai rlver was bigger in 1983 than in 1984,'
whereas 1nundatlon area- along the Itajal ‘Mirim-river was’ blgger Ane 1484
‘than. in 1983.. The extent ‘of: area ‘under; 1nundatlon along ‘the . Itajar river

caused by 1983 flood and: along the ItaJal Mirim rlver due to 1984 flood was -

270 km2 which 'is: about. 2% of. catchment .area. (15 220- km2) of.“the rtajal'
_ba51n Average duration: perlod of 1nundatlon more. than 1 m in water depth
was: 1 ‘week .and. ‘maximum- duratlon lasted 2 weeks in several places in the.

=downstream of Itajal rlver ' : : :

14. The sum of flood damages caused by 1983 and 1984 floods in’ the entlre.:.

Santa ‘Catarina 'state was 6 about Cr$! 715 ‘Billion. jand 323 bllllonfg;

‘respectively. . In particular, the fact that flood damages due Lo 1983 flood’ .
‘was. 16% of Gross Regionalt Domestlc Product (GRDP) of Santa Catarlna state
‘makes it to understand that’ 1983 flood ‘was -actually a large scale of flood. -
‘The damage amount incurred in Blumenau was outstandlng, compared w1th other o
mun1c1pallt1es :

15. The ex13t1ng records of flood damages in 1nundatron area of the Itajal

valley are not comp]ete sxnce all damages are not covered Therefore thea;':

arialytical method of eStlmatlng probable flood damage 33 adopted w1th the-
following procedures _ o

- Probable 1nundation area coverlng any magn1tude; of floods 'is'
estimated on the basis ;0f inundation area due to 1983 and: 1984:
floods, together w1th topographlc COBdlLlOﬂS : : o

- For the analysrs of Varlous types of ex1st1ng propert_es' value and“'
hydrological simulation . (area -depth—duration).based on four type of .
flood occurred 1n 1978, 1980,: 1983 and’ 1984, mesh method is applied .
to. estlmate probable flood" damage. ‘Mesthies . whose unlt ds equlvalent
to 25 lni hav1ng 1nterval of 500 [ are dellneated in probable'

- After analyzrng all 1dent1f1ed propertles' value and ‘area- depth~
duraticdn: in :each mesh, probable flood damage agalnst dlfferent_
magnltude of flood is estlmated by river stretch

The'result of flood damage estlmate were summarlzed aszfollows:

In the drea from Gaspar to RlO do Sul along the Itajal rlver, the -
degree of damaqe measured by annual mean flood damage 1s outstandlng_



-EVinwcase of 1983 flood The oorrespondlng flgures dn Itajal erlm
_fand other tributaries 1s outstandlng in case of 1984 flood

j—ﬁOut of,total dlrect flood damage, damage to bulldlng and. propertles '
are- estlmated to- be ‘about. - 80%,'and ‘erop. plusg livestock damage aref
iless than 1%. Paddy. is the ‘only. ¢rop susceptible to flood damage.
*yDemage to 1nfrastructure is assumed to be -25% of the dlrect flood

'16. Present rlver condltlon lncludlng rlver channel characterlstlcs, flowf

capa01ty of the" rlver channel, rlver structures, ex1st1ng flood’ control;'

_ ra01llty and. river’ 1mprovement plan and ‘works ‘which. are being performed by
hDNOS was - lnvestlgated Result'of the 1nvest1gatlon is presented below Lo

'(l)”The Itajal river is. characterlzed by 1ts 1rregf1ar river Bed slope It
gw1ll be w1dely cla831f1ed into: three stretches, namely,upstream
stretch w1th gentle ‘river- slope of 1. to 2,000 in". the ‘upstream of
. Lontras city, middle. stretch w1th remarkable steep slope of -1 ito. 60.
... 'between dOWnstream of " Lontras and. Subidd “and’
12700 to 1:400) between Subida ‘and upstream‘of”Blumenau, and ‘lower
_stretoh w1th remarkably gentle slope of "1:10,000. betWeen Blumenau c1ty'
and ‘river® mouth River w1dth varies from about 100 "oin. the upstream-
. streéfch £6.:200 -to" 300 m inlower stretch. ‘River depth ‘i3 :about 10 to
215 m in; ma]orlty of river retch . except about 20 m depth in. 20 km:
" long’ stretch downstream of Blumenau.”Major trlbutarles jOlnlng “to the
S 'Itajal Yiver are Itajai’ do Sul, Itajai do Oeste,'Itaja; do’ Norte,
'u_Benedlto and'Itajal erlm : S L e :

_ the Itaja1 rlver and 1ts trlbutarles was estlmated by'

.-unlform and non—unlform flow calculatlons us1ng the river:cross
Zsectlonal. maps w1th ani average 1nterva1, of 1 km._ Resultl of the
caloulatlon is"- summarlzed as follows,._ ) : Aol ' :

@)

:RiVer stretdh' ' .o ."f FloW'capeéity.
'-:Ilhota;clty ":=fﬂ- s e p}égéoo;.
. Gaspar-eity! . ... . . 3,000

_Ilhota Blumenau e 2, 000 4, 000

"'Blumenau 01ty S TR - 3,000

L6, 4001=‘
Rscurrs S 2,800
(Rio do” Sul c1ty = i It _1_000”

Lowermost of Ita]al erlm ' f'f4004500_

(3)_Ex1st1eg rlver structures and related:s ructures along the Itajal and_
’ 1ts trlbutarles iwere. 1nvest1gated “As the! _1ver structures, only. 1. 2.
Km' long' evetment in the right. bank’, of Blumenau stretch and: 200 m long
_-qablon type revetment 1n'Ireneu Bornhausen brldge Ain: Itajal erlm;*
L river were ¢ ' ;1ver ‘stretch. As
the’ related s ] st brldge, pumplng station: for. .

__munlCrpal and - 1ndustrlal water supply, hydro electric ‘power statlon,'

- Ferr .port ehd harbour.,In the Itajal river,: 19 brldges, 6 punping
pstations,:a hydro electrlc power ‘atation at Just upstream of Blumenau-
Jcityrand a ferry port and harbour facility near Itajai rlver mouth are
‘prov1ded Major structures ine trlbutarles are 18 brldges, 2 pumplng

dther - steep’. slope Of‘f



(4)

(5)
'respectlvely, ‘and be31des ‘Norte dam “is. being. constlucted._
even after the ‘construction of the Sul and Oeste dams, major cities -
" along the- nuddle “and ‘lower stretches bf the: Itajal river' Stlll_

suffered from 1nundatlon at ‘the flood tlme in 1983 ‘and 1984 e SR

17.

‘Benedlto rlver.

stations in the Itajal erlm and two hydro electric power statlons 1n';‘

Present oondltlons of Sul and Oeste dams and under constructlng Norte_
dam ‘was . 1nvest1gated It was -judged: that it will ke technically’
pOSSlble to-install the splllway gates for 3 dams’ ‘and: also to-install

the outlet’ fablllty only fof Sul ‘dam, ardfeservoir area - water level

~. storage volume relatlonshlp estlmated in the: deslgn stage is
reasonable. ' ; L

Sul and Oeste flood control dams were constructed in 1975 and 1972
However,

supplement flood: control effect by the_ existing dams,. rlver-

lmprovement works in' the- stretch between Blumenau ahd Gaspar, Lontras--7
cand Rio do- sl - in the Itajai river ‘and. Brusque -‘and, Itajai in. the

Itajai erlm rlver are ‘being 1mplemented by DNOS" by means: “of w1den1ng

~of the exmstlng river channel. Lxcavated volume for w1den1ng ‘of the
“river channel ‘is about 1.3. million m3’ for: 3 31tes ‘in - river: 1mprovement
" work for Bluménau- Gaspar stretch and 460 000 m3 in Itaja1 erlm rlver
at present - S :

;In';due consrderatlon of ‘river. charaoterlstlos, present* rlver

tonditions, -and 1nundatlon condltlon, present flood control proyects whlch'
are being 1mplemented by . DNOS, -and present socio= ‘economic oondltlon in the
basin, conceptlonal plan for flood control in the Itajal rlver ba51n was

worked out as follows,'-‘ ST

(1)

{2)

(3}'

‘river and its trlbutarles, sitiis” 1mpractlcal from: the v1ewp01nt “of
economic effectiveness and’ budgetary fund to. reallze perfect flood;

- control works for’ entlre ‘stretches of the: basln. " Thus: 1t ;
contemplated to mlnlmlze the flood damage £0. @ practlcal extent byi.

Slnce an 1nundatlon takes place over the vast areas alon

applying structural ‘méasures ‘and.. “NON— structulal HMEasures. o Thef
structural measures  should be. adopted in consrderatlon, of thelr
economic effeotlveneSS, safety of llvellhood ‘of rlparlan people and -
soclal urgent requlrement ~Non— structural ‘measure ‘should. . be
contemplated aiming  at supplementlng the structural measures‘and:

minimizing - the flood ‘damage. for. the areas. _where’ “no erfectlveef'

structural measures are applled and 1ts recommendatlon will be made

A feasibility study to be ‘carried: out 1n the. followrng stage LS to be -

performed for the structural measures

As the concelvable structural measures in the ba51n, the'followlngs:
were contemplated in view of the rlver channel prorlle, inundatibn
condltlon and basin topography, : - S c

- Rlver 1mprovement 1nclud1ng w1den1ng of rlver,'channel'dredging;d
levee constructlon and/or fllllng of excavated materlal from rJver
channel. - : : :

_é,Floodway at the downstream of the Itajal rlver'

- Flood control dams 1nclud1ng effectlve operatlon of the ex1st1ng
5ul, Oeste ‘and- Norte ‘dams . and such newly proposed ‘dams ‘as. Ascurra
dam in ‘the Itajal main stream,'Trombudo dams “in the Trombudo rlver,'
Benedito dam in the Benedlto river and erlm dam in the Itajal erlm
rlver . . . .

'The river stretches along Blumenau, Gaspar, Ilhota, Itajal, Ascurrap

Rio do Sul, Lontras, Ituporanga and Brusque c1t1es were. selected as”



-the protectlve Stretch by the structural measures from the v1ewpornt"

. oF den31ty of inundat:on ‘population and ‘ektent’ of the . flood damage

(4)

samount i Far Lhese protectrva stretches, flood control nmethod by
_COmblnatron of foreg01ng structural measures was contemplated

iIn v1ew of the flood control method by structural measures, especlally'
'afor Blumenau stretch,,lt was contemplated to.-work  out the flood
““Gontrol’ plan ln the ba51n based .on the follow1ng three flood control

L leva]s,:ﬂaw=

18

-w;:Prov1510nal plan

- 'Long term plan".

To. ensure Ya long term stablllty and llvellhood of the:rlparlan
1people concerned, ar long term plan ‘Was’ 'set. and 50 year probable
flood Was applied “as the de51gn ‘flood taklng lnto -account the
aximum flow capacrty at’ the Blumenau stretch after the river
71mprovement and also the past maxrmum flood in July, 1983 ‘

- Mid-term plan”

_ Stagequse flood control plan was’ contemplated to attaln the long-
term planias earller as. p0551b1e, and mid-term plan was'. 1ntroduced

'.:'A 25 year probable flood was taken ‘as the desrgn flood

.u-To r'allze the flood ocntrollplan as earller stage as possrble and
”fto meet w1th urgent -social’ requrrement,_the provrslonal plan  was,
"int¥oduced and 10-year probable flood" was applled as the desrgn'

qflood_con51der1ng present . flow capaclty of the protective river .

fstretches,iwork quantities  of flood . control and extent’ of the
'_. compensatlon for lands and houses : : : -

Flood control plan in the framework of provrslonal, mld term and long—

term plans was formulated as follows,_‘

- | . | |
'fThe provrslonal flood control plan was, formulated by means of” rlver_
1mprovement method 1nclud1ng ‘the proposed floodway and taklng into -

Provaslcnal plan'

account of ' the flood: contrcl effect. by the ex1st1ng Sul,  Oeste, and

~Norte dam, and” the" follow1ng flood control pran was. contemplatec for
:respectlve protectlve stretches,

(1) .Eor.protect10n“of'the Blumenau'city

',—lever 1mprovement by w1denlng of the. rrver channel in about 18
Ckin long Blumenau ~Gaspar - stirétch. and 6. 5 Tk long stretch:
*upstream of" the Blumenau stretch, and levee constructlcn-and/or

':-fllllng of excavated materlal from river channel for river bankw
with lbcally low. elevatlon S SR

‘IM'W denrng of several left rlver bank portrons in the Blumenau_
_stretch S : - : :

.f-Arrangement of the rlver bank slope in the Blumenau stretch and "
' _protectlon of the arranged rlver bank slope :

"e'Constructlon of . “about 1. 5 hlgh aadﬂfOO m. lonq concrete

parapet 1n'the rrght rlver bank along the Blumenau c1ty

'Q—hConstruct‘on cf levee for low rlver bank .inithe trlbutarles_
':flow1ng nto the Blumenan c1ty ‘and: provrslon of pumping“station
cat’ the confluence portlon wWith maln stream to draln for01bly_
'pthe flood water from the trlbutarres :

529 -



(2)

(ii)y For protectlon of the Itdjal city

- Constructlon of about 10 km long and 180 m wide floodway

- Constructlon of gated overflow welr in the Ttajal rlver'at justhf
downstream of junotlon w1th the floodway -

- RIVLI lmprovement by w;denlng of alout 3, 8 km long exrstlng
“short cut. channel in the’ Itajal Mirim: and: levee construction

for wrdened shorL cut . channél, and ex1st1ng ﬂwandering rlver_;'

.stretch along the Itajal c1ty

UJ;) For plotectlon of other c;tles

- For Gaspar stretch, coistructlon of about 1 3 km and 80 m wide .
- flood dlver51on channel : .

- For RlO do- Sul and Brusque stretches, rlver 1mprovement by
means  of w1den1ng of river channel, levee® constructlon ‘and/or
fllllng of excavated matetlal from river channel for river. bank
wrth locally low elevatlon :

- For Ilhota stretch,.rlver 1mprovement by means of Wldenlng of
_rlver channel  and- river:dredging in about 8. km “dong stretch
i upstream of confruence w1th Luis Alves rlver

‘The result of the economlc evaluatlon for the rlver 1mprovement plan.
for' respectlve stretches shows that the. economlc 1nternal rate of
return (EIRR) for ‘the river 1mprOVement plan except. Ilhota and; Ascurra
stretches - is almost more than 8% and the highest one is the Blumenauu
Gaspar stretch

Mid“term'plan

The' mld term plan ‘was formulated by means of rlver 1mprovement method::

-and” following' plan'was contemplated for the respectlve protectlve":

stretches,'

(i)  For Blumenau stretch;: wrdenlng of river: channel in 18 km long

Blumenau-=Gaspar stretch and in- 6.5 km long stretch upstream ofﬁ
the Blumenau stretch : . S

(iQ-.For Itajal stretch, w1den1ng of the floodway and exrs*lng short
cut .channel ‘in the Itaja] erlm rlver. c .

(did) For Gaspar stretch wrdenlng of the flood dlver51on channel

(iv) For Rio do Sul Ilhota and‘Brusque stretohes, wldenlng of rlver
' channel : L L : : : :

(v) Fox Ituporanga and Ascurra stretches, Rlver 1mprovement by means“
of: widening of river channel, levee constructioniand/or filling
of excavated material from river: channel forgrlver bank w1th'

_-locally low, elevatlon : : :

The result of the economlc evaluatlon for the mld term plan shows that'
EIRR fér. the:rlver lmprovement plan except for: Ilhota and’ Ascurra
stretches: 1s.h1gher ‘than "8% and its value exoept for the .river .
improvement plan fér Blumenau - Gaspar strétch is rarger than that of
the prov131onal plan. :



N

Long term plan

The. longw erm flood‘control plan was studled for both cases of river

.nmprovement plan and comblnatlon plan of river, 1mprovement and flood

3_oontrol dam.;;j_e_ L S : c : _

7=For flood control by rlver lmprovement plan, the folloQing:plan:nas
oontemplated, : o - '

'_fJ_Wldenlng of rlver channel for Blumenau Gaspar stretch, 6‘5'km long_

river. stretch upstream of "the Blumenau -stretch, Rlo do ‘sul- Lontras
' stretoh, Xtuporanqa stretch and Brusque stretch

; .4”W1don1ng of . flood deer31on channel at the Gaspar stretch, floodway“f

and ex1st1ng short cut channel 1n the Itajal erlm ‘river.

'LThe result of economlc evaluatlon for river 1mprovement plan shows

”jthat BIRR for river 1mprovement plan except for Ilhota and Ascurra,’

-stretches 1s more than 8%,

;rlver 1mprovement?

i

TTwoj‘alternatlve flood control methods by comblnatlon: of ‘river
:_1mprovement and: flood control dam were contemplated for rlver stretch

along the Itajal maln stream Alternatlve 1 is: the comblnatlon of:
”d proposed Ascurra dam Alternatlve 2" is the
':Slnce:

deleted from flood control planning. The'.

'*reSult of‘cost comparlson “for Alternatlves 1.and 2° and ‘only. rlver-
ﬁlmprovement plan clarifies that only rivey 1mprovement plan'ls the
. “most “ecopomical fox flood control 1n.the.r1ver stretch’ along the
='Itc’:ljél". L S I TAR L Y

rlver

'{To protect the Brusque c1ty “nd endmost Itajal erlm eretoh along the

Itaja clty,_flood control‘method by comblnatlon of river improvement

:]and proposed Mirim dam: Was studied.. ‘ However, the result of the, Jcost
-comoarlson of thls comblnatlon plan and -only. rlver 1mprovement ‘plan
‘shows that only rlver lmprovement plan is more economlcal than the

comblnatlon plan

'Due £ the ﬁoregolng study results, he comblnatlon plan of rlver'
'1mprovement and flood control dam was deleted from the study

(4)

-Based on- the.results of the plan formulatlon study so far obtalned,

flood control progects:WOrthy of 1mplementat10n are. summarlzed as
follows,. . . L - _

'Proﬁislonal'-Mid:tetm'f-__ angeterﬁ

'.Proﬁising'Pfoject Lo - ¢ plan - plan D : "~ plan
‘DeSLgn Flood c b l;. [ l0-year - ;254year.7 . 50-=year

'Rlver Improvement . - - L ) . . o
f—‘Blumenau—Gaspar stretch i 24 5 kﬂl (E)'24;5:kny (E) 24 5 km (E)
e‘Floodway and .down=. 14 5 km © . 14.5 km  (E) lQ.S_km'(E)'
]st eanm: of Itajal Mirim. . R S SRR
i ulslontras: and'_*;7,4~km CUE) 17.4 ko {E) 17.4 km' (E)
thuporanga’Stretches CoE T RS

stratoh 9.0 km o (E) 9.0 km (E). 9.0 km (E)
~ Tihota stretch = o o = 3.7kn ()

. Ascurra stretch - “:-Z o j'“:i. T .}'etﬂyo km_(E)1f

JNote};E‘ﬁéens_enlerqémeﬁt‘of:channel!

ge11
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(1)

Taknng 1nto account the result of economlc evaluatnon, degree of i
gacial urgent requlrement and: extent of’ compensatlon of “Yands- and
nouses,. 1mplementatlon schedule of Lhe flood control projects was :

‘worked out as shown in Flg. 34,

The construct:on cost necessary for each stage -was . estimated as

_ follOWS,

(Unit; 106CES)

: ‘ Total
Provisional plan :stage - N
Rlver improvement ;. : o S,
- Blumenau Gaspar stretch S o 507
= ‘Floodway and downstream of Itajai erlm 137
- 'Rio do sul-Lontras and Ituporanga stretches o 879
- 'Brusque stretch - ' _ . - _ -105.-
sub~ totel _ ' S o o 2&3&3 '
-Mideteimf plani'stage - |
“River lmprovement . : : -
-~  Blumenau-Gaspar stretch S Do ' . 261
g 'Floodway and downstream of Itajallerlm g - 119
- Rio do Sul-Lontras and Ituporanga_stretches ‘378
o Brusque stretch S . R ' 13
 subs ~total .o B 1
Long tesm plan stage_' R ' ' B
“River: 1mprovement : L _ _ .
~ . Blumenau-Gaspar stretch R S S
-~ Floodway and downstream ‘of Itajal.Mi:im:-” : 197
= “Rio. do Sul- Lontras and Itupoxanga stretches 283
- Brusque stretch _ : : ' ERE IR - 22f_
- Ilhota stretch- o U237
- Ascurra stretch . : L 95
Ssub~total - . . S . L2250 o
Grand tetai; R o - “ : o h_'g4gl§'

Note, Cost is. estlmated on 1986 baSlS
Recommendatlon for non—structural measures was made as follows,'
Flood plaln management

Thls measure 1ntends to’ mlnlmlze the agrlcultural flood damage by.
regulatlng the agrlcultural act1v1ty in the areas where the structural-
measure are not applled : : : S :

The result of the flood damage survey clarlfles that among thef'
agrlcultural productlons, rice and pland crops: have: ‘been serlously_
damaged by £flood. . Then the river stretches with cultlvatlon area of -
paddy and .upland crop. were selected’ from the river ‘strétches. in which.

. the structural measures are not applied. ‘They are leted as follows,



{2y

aﬁby'applylng structural change
Cdikdr g»around houses and/o
”Erest,

' (i)‘-Present agrlcultural

‘];SyﬁbélfiifJf'_ :”: -}:':d‘:Rlﬁer s.ti.'_'c—zt,ci‘l."-=

Tres o Upstream of Ilhota city

I02 e RS Rio - do Sul’ city
e IML oo Ttajai city '
Mz e ; e

g0 exam:ne the sultablllty of land use for paddy and upland crops

cultlvatlon in the flood prone areas: along these rlver stretchesr

.1nundatlon area’in each stretch:was estlmated assumlng that 2+year and
i5-year probable flood take plage
'the prov151onal plan s flnlsh d. > The estimated inundation.aréa was
_lelded,lnto two dlvmslons aSSumlng that ‘water depth for area division

after the river: 1mprovement work for

1730 to 0.5 m for 2—year probable flood and § to 1.0'm for: S—ycar
probable flood ‘and water depth for area’ lelSlOn -2 is more than 0.5

“m - for 2—year probable flood and more than l 0 m for 5 year probable
flood - ‘ . R

TZonlng map of each stretchwls 1llustrated in. Flg 35 } Based.oh this

zoning map and land use map in. the basrn area, the followings are

-recommended,3;

'ands An- area d1v1s1on 41" are malnly utlllzed.
"for uplands crop and sugar cane. cultlvatlon and ‘pasture land.  In .
¥ decrease’ flood df”ages on’ agrlcultural productlon,ua"

_countermmeasure for the oultlvatlon of upland crop ‘is necessary,

‘which ‘is tha - most vulnerable among agrlcultural production
”lmentloned. above. wAccordlngly, is recomménded: that the -
_fcultlvatlon of vegetable, vulnerable product, be  converted to
-1gra1n crops such as malze and wheat ¥ SRR

h (ii} Present agrlcultural lands 1n area lelSlon 2 are- malnly utlllzed'

cE QT paddy productlon.u ThlS 1s because these dands are! located in-
“flat areas- along: the Itajal rlver tand its trlbutarles dependlng on

‘their: abundantﬁwater resources. and because paddy is relatlvelyr

'-jtough ‘For £l as; comp red w1th other crops Although area
‘divisién=2 has: hlgher potentlal of vulnerablllty on. flood .than
area. lelslon 1," iextensive ~land: .uUse: alteratlon of paddy_
'cultlvatlon will be practlcally dlfflcult, con31der1ng the reasons
tmentloned above. Thus, it 'is: recommended to establlsh off1c1al
rellef measures to relleve flood v1ct1ms.

Structural change to houses“and restrlctlon of new house bulldlng

measures 1ntend to itﬁgatefthe7floodIdamage*iuiflOOdoproné-areaj
o houses such as house thh hlgh floor,
evatlng ground by land- fllllng, cand by, .
Ct1ng new. house bulldlng T is con81dered that the. structural
s is: effectlue for the area_w1th relatlvely few

changé to ho

h,;re31dent and.. shallow inundation. depth ‘while: restrlctlon of new house

bulldlng ‘is applled to, the area w1th deeper 1nundatlon depth and:

=frequent 1nundatlon

'ﬂThe rlver stretches w1th the areas to apply these measures were

;selected as follows from among the rlver stretches in: whlch structural_
jmeasures are not applled o : : :




(3).

(4),

e_SymbOl o :'_: p' River'stretoh _

T

3 Upstream of Itajal city
IT 4 : Ilhota Clty :
T 5 Upotream of Ilhota 01ty
1T 12 - Ascurra city
0 2. S Rio.do Sul c1ty
M1 S Ttajal city
IM ) n ’ "
IM 3 H] "
4. " "

M

‘For. these selected river stretches,jihuﬂdatlon‘area.was"estimated'

assumlng that: 2uyear -and: 5 ~year. probable “floods ‘take place. after the

‘river’ 1mprovement To® cope ~with the- Plov1510nal plan is Ffinished. The

estlmated inundation areas were lelded 1nto two dlvlslon,'assumlng‘t
that~ water depth in -areca lelSlon'm 1.5 0 te "0.5 m for Z-year,
probable flood and 0 ‘to 1.0-m for 5% year probable flood and water

”depth for area lelSlon - 2 is deeper than- the -area. lelSlon‘e 1.
T FPigi35; shows | two divisions thiis classified. Based on  this. study
‘result, it. is. recommended that the structural change to’ houses dis

applled to area lelSlon =1 and restrlctlon ‘of new house bulldlng is

adopted to ‘area division - 2. ‘and. in case that ‘existing houses' are -

located in: area davlslon 2, structural changé to houses 1is to be

applled

Restr1ct1on of land use, along LlVGI course"

ThlS measure 1ntends to prevent dlsaster for houses and 1nhab1tant duesf
to side erosion and falllng down of river ‘bank slope by~ restrlctlng
the constructlon of houses and : bulldlngs along the rlver course..

There are ex15tlng regulatlon for land use alonq the river bank,'
namely, land use in 33 m wide from the 'edge of the river bank in thej:
river stretch between Blumenau and. river mouth : and 15 m wide in the:

stretch ~upstream, from - the Blumenau -are restricted by the ex1st1ng_-ﬁ

regulat;ons__ However, many houses ‘are belng built up to the river .
banks at present. : : B ‘ e

The dlsaster ‘due Lo 81de er051on cf river: bank and falllng down of-

river bank slope ‘does not: take: place in. the Ttajai main ‘Stretch in theht“

past but: the dlsastel todk place in the trlbutarles flowlng into the
Blumenai city. It is anticipated: to" increase ‘the ‘houses ‘along. the

river course. " To prevent the disaster for houses and inhabitant alongri

the_riveribank it .is recommended to -reinforce ‘the reéstriction by"
foregoing existing regulatioms, espeCLally for the stretches ~along the’
Ituporaﬂga, Blumenau,.Gaspar,-Ilhota, confluence portlon of “Ttajai do
Oeste and ITtajai do Sul rlvers,'endmost s*retch of: Itajal Mirim- and
terutarles flow1ng 1nto Blumenau c1ty R

Flood forecastlng and warnlng system B

ThlS measure 1ntends to mltlgate the flood damage 1n the areas to be3"

_pro*ected by the structural measures and in the- areas where the

structural measures are not applled, 1f flood warnlng 1s'g1ven in
advance : : .

PreSent flood forecasting and warning system - was . planned " and

‘implemented by DNAEE. The flood forecasting_and'warnihg'effect by -



thls systom is'stxll unknown because no. occurrence of" large'scale

._ﬁflood since iLs operatlon Stage in 1984,

sy

1—'Collectlon of raxnf
“iof Norte,_Sul and Beuedlto river: bas1n,‘and

; judglng
‘may ‘take place by 1ncre351ng runoff coefflclent due’ to large scale.

CIn order Lo work out the flood forecastlng and warnang system in the
basgin. conslstont w1th the “flood contral plan ‘in this- study,-
‘1mprovement for the followrng matters is requ1red for the GXJStlng

system,

- Improvement of data transmlssron method from radJo system to'

telemeLerlng system

all sand water level data in the mounLalnous area’

ZL“Collectlon of ra1nfal1 and water level data in the trlbutarlos

fflow1ng dnto: the Blumenau 01ty Lo cope w1th back swamp problem in
the elty area : : . )

‘In due con31deratlon of these problems, it 1s recommended to 1nsta}l
-addltlonal telemeterlng statlons as shown in Flg 36 to the ex1s+1ng

system

lLand‘conSerVation’and refdrestation'

-Forest plays an 1mportant ro]e for'flood oontrol as wel] ‘as 5011
-conservatlon However, it seens that deforestatlon is now progresslng‘

' from - TBGE census in 1980, i Tt! is con31dered that: inundation

deforestatlon, falling: down of h;lly slope and sand efflux may ‘be "
calised: by deforestatlon i steep slopel zone.'-' Small scale

Z"deforestatlon 1s'presumed to be progressing, in several mountalnous
‘areas: but Tthe data show1ng ithe looatlon and acreage of -annual
,deforestatlon are not avallable at all. :

xThe result of land use survey and fleld 1nvestlgatlon clarlfles that

nmgentle undulatlng area 1n the Norte rlver basin has: been deforestated_

and deforestatlon is now progre551nq ‘in' the mountalnous areds’ in the

left: Bank of ‘the. Norte rlver and’ between the Ttajai and Ttajai Mirim

. rivers. Several plaoes in these areas’ con51st of steep slope zone and

_(iij Promotlon of

“deforestatlon “in that places ‘is prohlblted by. law 'because their

geologleal cendltlon fraglle agalnst land slldlng, but  the

"deforestatlon is- stlll progre351ng

.In v1ew of these 51tuatlons, 1t is reﬂommended to IBDF to take the.
‘;follow1ng measures, NEET Ny _

(i)=lRe1nforcement of forest conservatlon to. restraln progress of the

'deforestatlon, and

_‘eforestatlon 1n non—utlll?ed area of hllly and:

_mountalnous alea, “and deforested area by informing the 1mportance
of forest - functlon to-flood. for 1nhab1tant and campalgnlng the
- enllghtenment to reforestatlon. :

To proeeed thh the above measures,.lt is: flrstly reques+ed to IBDF to'
1nvest1gate preeent 51t ation of the deforestatlon in:the basin area
lncludlng topography, geology,svegetatlon, etc. by cooperatrng with

other organlzatlon and’ agenoy



20 The protectlve rlver stletch and flood control fa0111Ly Lo be selected

for the fea31blllty study was: determlned taking into account the fOl]OWLng _ .

factors,.
-f?“iéh eeeeeﬁie effeepiﬁeness '
_:5e§£eé'¢f'505151'ﬁfgént reQuiiementle'
 %;E§£entfef coméeﬁeetion.for laﬁHS'and hcusé§7
- Influence to downstream reaches due to reall?atlon ef flood controf.
pLOjeCt S o .

~ Degree of dlfflculty for executlon works

In- con31deratlon of the above factors, erer 1mprovement prOJeCt for
Blumenau Gaspar stretch for ‘provisional ‘plan incliding drainidge plan of
back swamp in the Blumenau city was selected for the fea51b111ty study. '
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I. INTRODUCTION

1.1 Preface

Riparian areas along the ITtajai main stream and its tributaries have
suffered from flcod . damage due Lo repeating inundation, especially,
Blumenan and Itajai’ cities along the Itajai river and Brusque city in the
Ttajai Mirim river caused scvere flood damage due Lo occurrence of large
magnitude of floods. -

. In order to. cope with such repeating inundation, DNOS has constructed
two flood control dams, Sul dam in 1975 and Oeste dam in 1972 in the .
upstream reaches in the-basin and besides Norte dam is being constructed.
However even after the construction of flood control dams, major cities
along the Itajai river still have .suffered from inundation at the flood

time in 1983 and 1984. To supplement flood control effect by the flood
control dams, DNOS planned and commenced river improvement works in the
river stretches in the Itajai and Ttajai Mirim rivers. The riparian areas
along the Itajai and Itajai Mirim rivers will be fairly relieved from
inundation by these flood control facilities. However, in order to
formulate effective flood control plan in due consideration of these on-
going flood contral works and flood control effect by the existing three
dams, formulation of a master planning for flood control consistent with
upstream to downstream stretches in the basin is duly needed.

Under such situation, Government of Federative Republic of Brazil
requested technical assistance for carrying out the master planning study
of flood control in the Ttajai river basin to Japanese Government. 1In
response to’ this reéquest; Japanese Government dispatched the mission to
Brazil to decide the scope of works. The scope of works. for the study was
agreed on December 1985 betwean DNOS and JICA. Thae objectives of the study
decided in this agreement comprise the following items;

{1) To formulate a master plan for flood cohtrol'project'of the lower part .
of the Itajai river .basin and some other recurrent flooded areas
taking into consideration a conceptional plan for flood control of the.
Itajai river basins, and :

{2) To conduct a feasibility study on an:urgent flood control projeét.

1.2 The Study

... 'The study is scheduled to be carried out during 22 months froin April
1986. After one month from the commencement of  the study, the Inception
Report was prepared and submitted in the end of April 1986.. In line with
the scope of works stated in the Inception Report, the study proceeded and
Progress Report (1) was prepared and submitted in the beginning'gf-September
1986. . - .

An. Interim Report was prepared at the end of January 1987 aiming at
describing the interim résult of the study performed during 10 months from
April 1986 to January 1987. The result- of master plan and selection of an
urgent. flood control project for feasibility study to be performed in the
following ‘stage were also stated in .this Report. This report was revised
and finalized based on the comments issued from DNOS.



1.3 Reports

The reports of the study comprise PART I, Report on  Master Plan Study
in the ‘Itajai River Basin Flood Control Project and PART II, Report on
Feasibility Study on Fleod Contrel in Blumenau-Gaspar streteh., In ‘PART I,
the report consists of main report and its supporting report containing six
appendices. The main report presents the summarized results of all: the
studies. The supporting report describes the details of respective
sectorial studies. In PART II, the report comprises main report, its
supporting report and data book. :

1.4 Acknbwledgement

The study team wishes to express a sincere gratitude and appreciation
to all the officials concerned and their staff for their substantial
collaboration rendered during  the course of the study. The study team
acknowledges invaluable assistance received from DNOS which was the
counterpart executing agency in . this study.

_ Thanks are also extended to the cooperative responses'accorded to the
team's activities in the field by officials of the regional and provisional
offices. C



IX. PROJECT AREA

2.1 The Itajai River Basin.

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

- . . The basin is situated between 26°20' to 27°20' of south latitude and
48°40' to 50°20' of west longitude and extends to about 150 km from north
to south and 155 km froi east to west. The bdsin faces Iguacu river basin
on the north and west and Uruguai river on the south. The eastern part of
the basin faces the Atlantic Ocean at Itajai city. '

"The Itajai river originates from the mountain range with altitude of
1800 m in the southwest of the basin. The river at the southwest is called
as Oeste river. It flows northward changxng its name to Itajai do Sul and
"joins with Itajai do Oeste river at Rio do Sul city. After joining with
‘the Itajal'do Oeste river, Itajai de Sul changes its name to Itajai river
dnd flows down changing its direction to northeastward. After flowing down
of about 10 kwm long river course, it joins with Italjai do Norte river near
Ibirama city. Afterward, the Itajai river flows down to northeastward
passing the river course along Ascurra clty and after flowing down through
Indaial city, it changes the direction tio sastward. The Itajai river flows
about 10. km long ciscaded river course to Blumenau city, the largest clity
in the basin, and after passing through V-shaped meandering river stretch
along the ‘Blumenau city, it flows down thlough remarkably gentle slope
river course collectlng several small tributaries. Near the Itajai city,
‘the Ttajai river joins with Itajai Mirim rivex, the largest tributary of
-the' Ttajai river ‘and finally it debouches to the Atlantic Ocean. Total
length of the Itajai river is 250 km whlch is the middle class of the river
in this country. ®General plan of the Itaijai river basin is shown in Fig.l.

2.2 Natural Conditions

2.2.1 Meteo—hydroiogﬁ

The annual mean  temperature in the Itajai river basin is 19.7°C at
itajai and 20,1°C at Blumenau in the lower area, and 18.4°C at ‘Ituporanga
in the mountainous arca. The minimum temperature is 13.8°C at Ituporanga
‘in June and the maximum is 25.5°C at Timbo'in January. o

- ~The annual mean rainfall in the Itajai. rlver ‘basin for the perlod from
1876 to 1985 is estimated at 1,630 mm ranging from 1,500 mm in the
mountainous area of the upstream of the Benedito river and Sul river to
1,800 mm along the main Itajail river.

.The mean annual evaporation: amount.  is estimated at around 800 mm in
the Itajal river basin which is corresponding to the’ evaporation rate of
2.2 mm/day. The maximum monthly evaporation amount is 104 mm at Itajai and
Timbo which 13 corresponding to the evaporatlon rate of 3.3 mm/day

Annual mean- relatlve humldlty is 85 7% at Itajal and 77 0% at Indaial
whicl are the maximum and the minimum in the basin. The monthly mean
relative humldlty from June to August 1s higher than other months.

The monthly mean discharge during 1976 - 1985 period is 50.9 m3/sec at
Ituporanga gauge, 135.1 m3/sec at Rio do Sul gauge, 286.3 m3/sec at Indaial
gauge and 31.5 m3/sec at Brusque gauge. The monthly mean discharge during
July to December is larger than the annual mean discharge. It can be said
from this fact that a wet season is from July to December and a dry season



is from January to June. The monthly mean discharge in the wet season is
larger by 1.2 times than that in the dry season,

2.2.2 Goology

The geography of the basin is dlvmded by the Mar,.Jaréqua and Moema
mountains and their feeders in the northern watershed, the Geral mountains
and its feeders in the western watershed, and the leucas mountains and its’

feeders in the southwestern watershed. The Mar mountains run along the
cenkter of the basin approximately from the north—ndrthheast to the south-
south-west. - The TItajai zriver .crosses through the: Mar mountains

‘approximately betwéen Subida and Lontras, and through the small mountain
areas of the Pomerode and the Selke around Indaial and around Blumenau
respectively, and run in the low and flat alluvial plain downstream from
Blumenau. The Itajai Mirim river which joins the main stréam near the
river mouth runs separately in the basin divided by the Itajai mountains.

The geology of the basin consist mainly of three groﬁps as follows

- the alluvial dep031ts of sand, silt, clay, organic matters and
gravel, i

- the P:ecambrian‘rocks of the Archaeozoic granulite of gneisses and
migmatites of schistes and the Proterozoic metamorphic rocks of
sandstone, shale, siltstone, and phyllites, and the intrusive rocks
of granites and phyllites,

- the Palagozoic sedimentary rocks of sandstone, siltstone, shale and
phyllites.

i The alluvial deposits in the lower and flat area downstream from
Blumenau. consists mainly of :sand, ¢lay .and organic matter, and forms
generally the very soft ground. : The alluv1al deposits 'in the other areas
consist generally of sand and silt with some gravel and from comparatlvely
compact ground though 1t is loose in a general view sense.

The Precambrian rocks are distributed in the area south-eastern from
the Mar mountalns and many ‘faults are found in the Ttajai Mirim rlver
basin. . -

The PalanZOlC rocks - are dlstrlbuted in the upper reach west31de of
the Mar mountains. : '

Geological map of the Itajai river basin is shown in Fig.2.

2.3 Lénd Use

2.3.1 Preseht:land;use'in'thé bésin

A land” use map was made on the ba51s of the topographic maps - publlshed
by TBGE in a scale of 11 50,000,. of which cartegraphic -sources were aerial
ohotograph taken ‘in 1906 Be31des them, aerial infrared photographs taken
in 1979 .in- a scale of 1: 45, 000 wera: utilized to update the land use
'informatlon . Residential areas are demarcated on the land use map on the
basis of this information. The areas are proportions of each land use item
are summarized below. '



“Land Use Category o Area {ha} Distribution (%)

“crop land . 304,951 o 20.2

Pasture land o 293,022 19.3
Forest land - 306,800 20.2
Not utilized land : 61,366 4.0
Unsuitable land 111,618 7.3
Unidentified land 429,193 - 28.2
Residential area 15,150 1.6
Total 1,522,100 100.0

As &een in the table above, agricultural land use such as crop land,
pasture land angd forest land accounts for 904,733 ha or 59.4% of the basin
area of 15,221 km2. "Some¢ of unidentified ‘area might be used for
agricultural activity, but no detail information has been collected so far.
Urban area or residential area is only 15,150 ha or 1.0% of the basin area.

" The main crops in the basin are rice, maize, cassava, beans, onion,
sugarcane and tobacco. Details of their harvested areas in 1984 are
summarized below. i

Main Crop Harvested Area in 1984 (ha) Pistribution (%)
paddy ' 27,000 12.6
Maize 67,000 31.4
Cassava 22,500 10.5
onion . 8,900 4.2
Beans 49,000 122.9
Sugarcane . 74,200 ' 2.0
Tobacco’ 35,000 S 16,4

0

Total =~ . 213, 600 - 100,

.Paddy is cultivated with the’'area of 27,000 ha mainly in the flat low
"land along the river courses: Mailze and cassava are cultivated with 67,000
ha  and 22,500 ha respectively in the upland through thé'basin. 'The 
harvested area of onion is mainly in the upland of the Itajai do Sul river
basin with 8,900 ha. Beans are cultivated with 49,000 ha inn the upland of
the middle and upper of the Itajai river. Sugar cane plantation spreads
over the lower reach of the Itajai river with the area of 4,200 ha.
Tobacco field is distributed in the upland of the middle and upper reach of -
the Itajai river with 35,000 ha.

2.3.2 Present land use in flood vulnerable area

_ _The ‘area along the middle and lower reaches of the Itajai river are
prone to inundation, due 'to the inadequate capacity of the present river
channel. The flood vulnerable area covers the lowlands and the areas along
the middle and lower reaches of the Itajai river and the "Ttajai Mirim
river, and the -areas along the lower reaches of the Itajai do Sul river,
the Itajai do Norte river, the Itajai do Oeste river and the Benedito Novo
river. _The. flood vulnerable area encompasses a total area of 289 km2,’
which accounts for 1.9% of the area or about 2.8% of crop lands in the

basin, and is inhabited by 264 thousand of residents or 39.9% of the basin



population. The population and land use of the flood vulnerable area are
as follows; :

Ttem. Basin Flood Vulnerable _Percentage
: Total : Area (%)
Population 670,958 264,000 39.3
Area (ha : 1980) ' :
- Paddy 30,512 2,275 _ 7.5
- Sugar cane . 4,123 . 3,718 80.2
- Qther crops 270,316 2,543 0.1
- Pasture 293,022 1,255 2.5
- Residential area : 15,150 - 5,819 _ 38.4:
~ QOther area 908, 977 7,308 . 0.1
Total ' 1,522,100 .. 28,918 _ 1.9

 he  flood wvulnerable area includeés 2,275 ha of paddy of fields, .which
are widely distributed on the areas of the middle and lower reaches of the
itajai river, the Itajai do Oeste river and the Itajal Mirim river. - The.
paddy fields 1n_the flood vulnerable areas accounts for 7.5% of all the
paddy f£ields in the basin. . Since rice production is one:of the important
crops in the basin and rice is the most vilnerable to flood hazard
especially in the early stage of planting, the protection of paddy fields
from flood damage might be quite important as compared with other crops.

‘ The sugar cane in the flood vulnerable area is cultivated mostly in
the lowland of the Itajai river w1th the area of 3,718 ha, which accounts
. for 90.2% of the basin total.  Therefore, almost of sugar cane production
seems to be executed in the flood vulnerable area. The sugar cane itself,
howeveér, seems to be comparatively tough to flood damage. '

Residential area ocoupies 5;819 ha in the flood vulnerable area, which
accounts for 38.4% of the total residential areas in. the basin. = This
percentage is almost the same as the rate of populatlon in the basin,
despite the fact that the. flood vulnerable area accounts for only 1.9% of
the basin’ total .area. : : :

. In order Lo clarlfy the reglonal dlStrlbuthH of the . land use’ pattern
in the. flood viulnerable areas, a more: detalled study was made by using a
systematlc.meoh map.. Table 1 presents the land use of inundated areas
caused by: the flood in 1983 and 1884, . As seen from the table,'lt is clear:
that paddy fields and sugar cane - area planted in . the -lowver. and niddle
reaches .of the rivers, but that other crops and pasture lands are scattered
all over the flood vulnerable basin. The land use pattern in flood'
vulnerable areas is shown in detall in Fig. 3.

2.3.3 Fﬁture'land use plan

The natlonal qovernment has released national’ developmenr plans since
it started in. March 1985. 'The state .and municipal:governments, however,
have not officially presented any regional development plans and/or land
use plans yet. Hence, a land use’ plan is only restricted to propose its
expanding tendency in the basin, referring the national development policy
and an empirical expanding trend of both the basin itself and other areas
related to the basin.



Industrialization is given a top priority by the national development
plan, ACCOrdlngly, .the . industrial seéctor, especially manufacturing
industry as well as services! sector ; will be promoted more than before.
Consequent.ly, ;urban centralization of population is inevitable and cities
will have to produce:new subdivisions for goming industries and new people,

. In the year 2020, folleowing municipalities will have urban population
.6f more than 20 thousand and 80% of wrban population to total municipal
populatipen i Itajai, Navegantes, Blumenau, Brusque,. Gaspar, Indaial,
Pomerode,  Timbo and Ric do Sul. Among these mnunicipalities, six
municipalities, i.e, Itajai, Blumenau, Gaspar, Pomerode, Timbo and Rio do
Sul, hHave an urban population density of. 60 person/ha, if the urban aréas
in 2020 are assumed to keep the same acreage’ as those in 1980. 60
person/ha might be a limitation of population den31ty, according to data of
densely’ inhabited districts in Japan. Since the six municipalities have
urban population of 794 thousand in 2020, their urban areas expand to about
13.2 thousand ha if the density is led to keep in 60 persons/ha. These
urban areas are .l.6 times of existing urban areas. BAs a résult,urban areas
in the basin grow’at least to 20.2 théusand ha in 2020. : '

Population density of existing urban areas in the basin ar€ still less

than 60 persons/ha. Accordxngly, increment of urban population will "be
absorbed into existing urban areas in early stage. InduSt:ializa;ion'makes
urban populatlon increase more rapidly than before. Excessive urban

‘population in the future will be not absorbed in the existing urban areas
and causes .to spread their urban areas out to surroundlngs of exlstlng
irban areas. Since there is little room for expansion of Urban areas in
flood vulnerable areas, new urban areas will be developed in hinterlands of
existing urban areas. Therefore, municipal authorities concerned should
lead urban development into hinterlands of tows by development guidelines
to maintain environmental soundness and to avoid ufban'disaster.

The natlonal development plan promotes to cultlvate new arable ‘lands .
te 1ncrease agrlcultural productlon in the country and  announces the
agrarian- reform. to modernize the agrlcultural structure. In splte of
depopulation’in rural areas in the basin, agricultural lands such as ¢rop
and. pasture land will  increase, by farm- nechanlzatlon, so lots.of not
utilized areas as of 1980 will ‘be put to practlcal use in the future.
Moreover, unit Yleld will improved: by technical 1nnovatlon such ds
improvement - of both plantmng and breeding, and fertilization, and by the
agrarian reform. - Even. .in agrlcultural lands in flood vulnerable areas
" where agricultural activity is developed, a transition of agrlcultural
structure will be executed in the same way.. Agricultural lands there will
not. be converted into 1ndustr1al and/or urban areas in the future, because -
urbanization will be concentrated in the existing major cities ‘mentioned
‘above. . Therefore, agricultural lands in flood vulnerable areas by 2020
will bhe kept .in thé same land use pattern as before, though their
product1v1ty will be hlghly 1mproved :

Deforestatlon should be kept in control with wore rigor in the future,

so natural forest will be’ maintained in some level. ©On the other hand,
reforestatlon would be promoted. to keep an ecological - balance in the basin
and to retard rainfall to runocff. Thus, forest lands’ 1nclud1ng both

-naLural and artificial lands will also increase in the basin.

2.4 Socio~Economy
2.4.1 General -
The itajai river basin is located in the north-sastern part of the

state of Santa Catarina. The basin is covered by 5 micro-regions, namely:
Litoral de Itadjai; Colonial de Blumenau; Colonial do Itaja1 do Norte;



Colonial do Alto Itajai; Colonial Serrana Catarinense; Campos.de Lagés; and
Planalto de Cancinhas. The basin occupies an area of 15,221 km? or 15.9%
of the state azea, and comprises 46 munmcmpalltnes . It is broken down as
" follows: 668 km2 and 4 municipalities in Litoral de Itajai micro-region;
5,380 km2 and 16 municipalities in Colonial de Blumenau; 1,670 km2 ‘and 4
municipalities in Colonial do Itajai do MNorte; 4,466 k2 and 16
municipalities in Colonial do Alte Itajai; B840 kmZ2 and 1 municipality in
_Colon1a1 Berrana. Catarrnense, 310 k¥m? and 2 municipalities in Campos de
Lages; and 1,887 km2 and 3 municipalities in Planalto de Canoinhas.

2.4.2 Population

The population within the Itajai river basin was estimated at 668,582
in 1980. - The adverage growth rate in the basin during the decade of 10's
was 2.08%. This rate was smaller than 2.26% of. the state and 2.48% of the
céuntry. The basin occupied 18.5% of the state populatlon of 3,627,933 in
1980. This share was qllghtly smaller than that in 1970, 18.8%. . There
‘were major seven (7) municipalities with more than : 20,000 population:
Blumenau, Itajai, Brusque, Rio do 8ul, Indaial, Gaspar and Ibirama.

The urban population of the basin reached to 426,996 in '1980. ‘This
accounted for 63.9% of the total population, which was bigger than that of
the state of 59.4% but smaller than that of the country of 67.6%. A
:popuratlon density in the basin of 44 persons per kmZ was somewhat greater
than that of the state (38 persons per km2) in 1980. The greatest value of
population density is observed in the municipality of Blumenau of 378
‘pérsons per kmZ. The densely inhabited municipalities besides Blumenau,
with values greater than 100 persons petr kmZ, are as follows Itajai (284)
and Navegantes .(170) in the Litoral de Itajai micro-region; Timbo (111) and
Brusque (103) in the Colonial de Blumenau micro- regloﬂ and; Rio do Sul
{205) in" the Colonial do Alto Itajai micro-region. All ‘these
munlC1pa11tles are character17ed by industrial actrvrty, except Navegantes.

Ih 1980 the labor forge in the basrn reglstered at 285 thousand . The
agrlcu]tural sector, the primary sector, absorbed 72,996 or 25.6% of the -
total. labor force within' the basin, . The aAumber Of-workers_in this sector
went.down_at;the‘average rate of 1.13% annually during 70's., - On the other
hand, ‘the man powers in this sector in the state and the nation in 1980
were 418,249 or. 30- 8% of the total and 12,661,017 or 29.3% respectively.
They also’ decreased at :the average annual rate.of 0.77% and: 0.33%,
respectlvely " ‘Compared with these: figures, the labor force in the basin
has left much faster-than that-of other areas during the decade.

The 1ndustr1al sector, ‘the secondary sector, employéd'the'largest
number of workers accounting for 113;318 or 39.8% of the' total basin labor

force in 1980. The average annual ‘growth rate of the labor. during the
decade reached to 9.12%. This is bigger than that of the country of 7.36%,
but it is almost the '‘samé as the state of '9.43%. Therefore, the basin has

1ndustr1ailzed ‘at the same speed as the state for the decade of 70's. The

services' sector, the tertiary sector, absorbed 945040 or 33.0% of the
‘total labor force .in 1980.  Since the rate of services' sector in Santa
.-Catarina were 34.7% the bdsin was almost same structure as the state with
" regard té seérvices' sector.

. The future population in the basin is projected to be 822 thousand in
. 1990, 963 thousand in 2000, and 1,226 thousand in 2020. 'Average growth
rate during 1980 - 2000 and 2000-2020 are calculated as 1.8% and 1.2%,
respectively. Of the basin populatlon, 1,055 thousand oxr "86% will be
expected to live in urban areas in 2020. Major seven municipalities with
more than 20 thousand population in. 1980 will have the following number of
population in the years 2000 and 2020:



Municipality 1980 2000 2020

Blumenau 155 x 103 298 x 103 . 427 x 103
Ttajai 3 ‘ 87 : - 14z _ 194
Brusque 41 57 71
Rio do Sul 36 58 : 78
Indaial 29 42 54
Gaspar : S 26 il 55

Thirama 24 29 34

2.4,3 Gross regional domestic product

'Gross Domestic Product (GDP) in 1984 was about Cr$386,967 billion
(US$211 billion) which increased by about 222% as compared with that of the
previous year. Per capita GDP was Cr$2,946 thousand (US$1,607) which
showed an increase by about 214% than that in the previous year. However,
real growth rates of GDP and per caplta ‘GDP were 4.5% and 2.4%,
- respectively. Compared with the negativé growth rates of last three years,
the national economy would be seen to recover gradually.

Gross Régional Domestic Product {(GRDP) of the state of Santa Catarlna
amounts to Cr$l4, 855 billion (U588.1 billion) -in 1984, whieh 1ncreases by
233% as compared with that of the previous year. GRDP accounts for 3.84%
of GDP. Per capita GRDP is Cr$3,768 thousand (US5$2,056) which shows as
increase in about 217%. The difference in current priceés between the per
capita. GRDY and GDP aggregates Cr$822 thousand and the per’ capita GRDP
accounts for 1.23 times .of the per capita GDP, For the past few years, the
disparity between the two per caplta values has gradually been increasing.

Real growth rates of GRDP and per capita GRDP in i984 are 4.0% and
2.1%, respectively. Although the regional economy grew a little faster
~ than the national economy between 1977 .and 1983, since 1983 the regional:
" economy growth slowed down as compared with the national ‘economy and the
difference betuween the Lwo per capita figures has decreased.

) Durlng J0's the state economy has experienced hlgh speed growth This
. was because the secondary sector made a 31gn1flcant ingreasing conttlbutlon
.to the regional economy. The share of the secondary sectorx has grown up
from 29.4% in 1970 to 37.9% in 19%0. Manufacturing sub-sector particularly
" contributed to the growth of GRDP in Santa Catarina. Although the primary
sector had a modest rate of growth, its share to GRDP decreased during

TO's The tertiary sector grew, at almost the same rate as the growth of
GRDP. Then, this Ssectof keptt almost the same share to the regional
economy .

It is assumed that after 1984, GDP of Brazil will grow a rate of 6.0%
per arnum on an average up to the year 2000 and 4.0% afterwards, referring
£o "I, Plano Nacional de DESBHVOlVlmEHtO (The First Natlonal Plan of
Development)" ‘"pPlano  do Cruzado (The Cruzado Plan)" and. long term
projection of economic development by international organlyatlons such as
‘United Nations. ' The rate of GRbP of the state of Santa Catarina to the GDP
of the country is. assumed to be 4.0% after 1990, referring to the
historical achievements. TIndustrial structure in the state is assumed to
follow the present structural distribution. . Gross values of sectors are
calculated as follows on the basis of these assumptions:



(Unit : Billion Cz$ at March 1986 constant prices).

Item - 198041 2000 2020
GDP 4,302 11,228 - 24,601
GRDP _ : ' 154 449 984
-~ Agricultural sector 25 T2, 157
-~ Industrial sector 58 - 170 373

- Services' sector 71 207 454

Note : /1 Converted by both implicit deflator{386) and denomination.

2.4.4 Agricultural sector

Agricultural sector 1s genérally divided into five categories; crop
production, livestock production, fishery, forestry and rural industry.
The total amount of the production in the primary sector in the basin is
Cr$13,340 million in 1980. Crop production accounts for Cr$8,023 million
or 60% of the total and livestock production accounts for Cr$2, 917 million
or 22%, followed by fishery (Cr$1,077 million or 8%), forestry (Cr$751
million or 6%) and rural industry (Cr$571 million or 4%). The total amount
. of the basin accounts for 14% of that in the state of Santa Catarina of

Cr$96,569 million.

The main crops cultivated in the basin are rice, maizé, cassava,
beans, onion, sugarcane and tobacco. Their harvested arsas are. stated. in
the section 2.3.1 "present land use in the basin®. Since most of the'rlce
field in the. ba31n is irrigated by a“gravity system and with use of the
fertllxzer, the unit vield of 4.2 tons per ha is hlgher :than that in Santa
Latarlna of 3.3 tqns per ha. - The production of rice in the basin was
114,000 tons in 1984, which shares.about' 25% of Santa Catarina. Maize is
cultivated for - feed stuff. : The production of maize was 167,000 tons in
1984, The productlon of cassava in the basin was 341,000 tons. in 1984.
The basin is one: of the main prodacer of cenion, in Santa Catarina. The
production’of onion in the basin 85,000 tons in 1984, and this production
contributed to 76% of that of the whole state. 7The production of ‘beans in
1984 was 44, 000 tons. Under the proper management including drainage and
fertilizer 1nput their- peLformance of sugarcane with the unlt yield of 57
tons per. ha in this area is higher than that of 48 tons per ha in the
state; The productlon in. the basin was 240, 000 tons in '1984. . The
producblon of tobacco in the. basin in 1984 was 58, 000 tons, whlch_shared
38% for the production in the state. The amount of cxrop production in the
basin in 1980 aggregated Cr$8 022 million in total, accounting for 18% of
that in the state. : ’

The 1mportant llvestock and its- products ‘in the b351n are cattle, pig,

. chicken, milk and eqq. 'The number of ‘livestock produced in the basin in
1980 were: 58,000 for cattle:; 226, 000 for pig; 7,575,000 for chicken; 2,000
for: horse; 3,000 for sheep; and 1,000 for caprine. Livestock products in

the basin in:the”same year ‘were 66,000 k1l for milk, 11 tons for wool;
7,600,000 dozen for egg; and 100 tons for bee products. The total amount
of the livestock production and its products in the basin in 1980 attained
to €r$2,917 million, accounting for 7% ¢f that in the state of Cr$39,619
miilion.

There .are two big:fishing’ports at the river mouth of the itajai
river: Itajai and Navegantes. ' Fishery activity in the basin is limited to
these two ports. Fishing production in the basin in 1980 was: 80,000 tons



for fish, 1,300 tons for crustacean and 4,200 tons for mollusk. This
production shared more than. 70% of that in the state of 118,000 tons. The
amount total of the fishery production in the basin in 1980 attained to
CrSl, 077 mllllon, accounting for about 50% of that in the state of Cr$2,143
million. : .

Forestry production in the basin in 1980 is as follows: products from
natural forest in the basin is 5,219 tons of mate; 1,201,000 m3 of
firewood, 307,000 m3 of timber and 253 tons of palm cabbage; and products
from reforested area 'is 6,000 m3. of firewoed, 19,000 m3 of timber and

1,679,000 units. of seedlings. As compared with the stalte, products from
natural forest in the basin is relatively more than those from reforested
area. The amount of the forestry production in the basin in 1980 was

Cz$724 million for products from natural forest and Cr$26 million for those
from reforested area, the forestry production in the basin in 1980 summed
up to Cr$751 million in total, ‘accounting for 11% of that in the state.

. The main products of rural industry in the basin are meat, cheese,
" lard, tobacco, credm, and cassava related. The amount of these products in
“the basin in 1980 was Cr$571 million which accounts for 17% of that in the
state of Cr$3,312 million.

'2.4.5 Industrial and services' sectors

The state of Santa Catarina occuples ‘an  important p051tlon in the
national economy. The productlon of the secondary sector is dlstrlbuted as
follows in 1980: mining with Cr$4.5 billion in Gress Value Added (GVA) or
2.9% of GVA in the secondary secter; manufacturing with Cr$131.3 billion or
86.9%; construction with Cr$13.4 billion or 9.9%; and public utilities with
Cr$2.3:billion or 1.5%. Therefore, manufacturlng;sub¥sector,'accouhting
for 86.9%% of the state's industrial product, characterizes the industrial
sector in the basin.’ Actording to the industrial census in 1980, the maijor
‘industrial types, occupying about 65% of the value of manuféctﬁring and
mining productlon, are (1) textile; (Z) clothing, shoes and woven articles;
{3) food products; and (4) lumber. They account for approximately 31%
18%, 8% and 5% of the value of the basin production. They also account for
approximately 79%, 60%, 12% and 16% of the value of the state production,
respectively. The ba51n accounts for 23.5% of the number of establishments
‘in the state and’ 30 6% of the employed persons. . In absolute terms, the
manufacturing and mining. sector in the basin has 2,582 establlshment
84,747 employed persons, and a production value of Cr$116,240 million “in-
1980. ' '

.U The Colonlal de Blumenau micro- regjon is the most lmportant among the
entlre micro~regions in Santa Catarina, It occupies the first position. at
“the level of the micro-region, in terms of the number of establishments,

" employed persons and value of produyctien. . It accounts for 60.0% of the

. number of establishments in the basin, 70.0% of employed persons and 84.2%
of value :of production, respectively. The mest important municipalities in
the industrial sector are: Blumenau (679), Brusque {132%);- and Gaspar (8%).

Figures above in parentheéses are the rates of production value of each

:municipality to the Colonial de Blumenau micro- region The municipality of
Blumenau -is considered as a promlnent district in terms of dindustrial
production,. .

The main industrial types in the munlclpallty of Blumenau are:
textiles (44.1%); clothlng shoes and woven articles (28 3%); and food
products {2.7%). Figures in parentheses are the rates: of product;on value
of each industrial type to that of the whole types in Blumenau.
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