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PREFACE

In response to the ‘request of the Government of
Fedérative Republic of Brazil, the Government of Japan
decided to cenduct a feasibility study on river improvement
project in Blumenau-Gasper stretch and entrusted the sﬁudy to
the Japan International Cooperation Agency (JICA). " The JTICA
sent to Brazil a surVey.team headed by Mr. Shigeo Ohnuma two

times starting June 1987.

The team has discussions on the Project with the
officials concerhed of the Goﬁernment of Brazil and cohducted
a field sufvey'in_the Blumenau—Gaspar river stretch., After
the team retﬁrned.to Japan, further studies were made and

present report has been'prepared.

I hope that this”report_ﬁill servé for the flood control
in riparian area along the Blumenau—Gaspar river stretch and
contribute to the social and economic development in  Santa
Catarina state and further more to the promotion of friendly

relations between ‘our two countries.

I wish to express my deep appreciation té thé'bfficials
concerned of the Government of Federative Republic of Brazil,
Japanese embassy in Brazilia and Jépanése consulate in.Rio de
Janeiro and Port Alegre for their close cooperation extended

to the Team.

Tokyo, January, 1988

Keisuke Arita-
: . President _
Japan International Cooperation Agency







ITAJAI -RIVER BASIN FLOOD CONTROL PROJECT

Date : January 31, 1988

Mr. Keisuke Arita
President

Japan Internatiocnal .
Cooperation Agency
Tokyo

Dear Sir,

We are pleased to submlt herewith the Flnal Report on the Itajali River
‘Basin Flood Control Project. This report presents the result of the study
performed on the basis of the Minutes of- Meetlng agreed between DNOS and
" JICA on April 24, 1986.

The study comprises Part I, Master Plan Study in the Itajai River
Basin Flood Control Project and Part II, Feasibility Study on the River
Improvement Project in Blumeénau-Gaspar Stretch.

The report presents the problems for flood conrrol in: the basin,
'p0331ble measures to ‘cope with the problems, the master plan for flooed
control in the Itajail river b351n, and the result of feasibility study on
the rlver 1mprovement prOJect in Blumenau—Gaspar stretch

- The report consists of main report and its supportlng report in' the
respectlve studles.:_The main report presents the flood control plan
1nclud1ng its background, conditions and assumptlons . . The supporting.
report describes the  details of the conditions, methodeology, ‘etc. for
plannlng Besides, 'the data book for the feasibility study 1is also
prepared and submitted herewith.

All members of the study Team wish fo express. grateful acknowledgement:
" to the personnel ;0f your Agency, Adv1sory committee, Ministry of Foreign
“Affairs, Mlnlstry of Construction, Japanese Embassy at Brasilia, - Japanese
Consulate at Rio de Janeiro and Port Blegré, and the officials concerned of
the Government of Federatlve ‘Republic of Brazil for their close cooperation
extended to the study Team.

The Study Team 51ncerely hopes that the study results would contrrbute
to socic-economic development and well-being in the Itajai river basin.

Yours sincerely,

' Shigeo Chnuma
Team Leader
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o ' : ‘ FEASIBILITY STUDY ON : :
o RIVER IMPROVEMENT PROJECT IN BLUMENAU GASPRR STRETCH'

SUMMARY OF FINAL REPORT

B Thls 1s Part II, flnal report on the feaslbxllty study on the xiver
--improvement plan in Blumenau Gasper stretch in ‘the-Itajai’ rlver ‘basin
. flood ‘control project prepared in accordance w;th ‘the inceptlon report

_agreed between DNOS and JICA in Aprll 24 1986 ' ; :

2.';Th18 report comprlses maln report and 1t' supportlng report, and'
_‘descrlbes the results of‘the fGaSlblllty study‘on the " rlver 1mprovementi
':plan in Blumenau Gasper river: ‘stretch. 1nclud1 urban ‘drainage . plan in’
the. Blumenau caty along three tributarres f10w1ng'1nto ‘the - Itajal river -

fthrough :this crty The madn report rn_thls report presents the summary»___

fof the eupportrng report ‘and technrcal*and onomic’ fea31billty of the
”prOJect ~The - supportrng report desorlbes _etalls of: the surveys and
studies in: each fleld 1nclud1ng topographlo survey, geotechnlcal
3nvest1gatlon, hydro glcal study, soc10~economy, flood damage study,.
flood control plan.. 1nclud1ng urban: dralnage plan in-: the Blumenau C1ty,
”envrronmental adgessment study and’ constructron plan¢ The result of the :
feaslblllty study 13 descrlbed hereanafter.r' ’ ' '

"3y The topographlc survey to__repare the maps necessary for the_
feasrbllaty study: was executed during ‘3. months from ‘the beglnnlng of
“March by a’ dlocal. contractor “arider the superv151on of the Study Team. The
"surveyed results are as. follows,'-' .

(l)fTopographlc maps on a scale of 1z 10 000 and contour 1nterval of 1 m
-~ in. 5. ki w1de Blumenau Gaspar river stretch Coverlng area is about
',200 km2 ST I : : S

S A2) _Rlver cross sectronal maps w1th an. 1nterval of 300 m along Blumenau-

FGaspar rlver stretch and three trlbutarles, Garclar Velha -and
Itoupava rlvers whlch flow into’ Blumenau ‘city.' The surveyed . rlver'
_']length igi 51, km comprlslng 35 km in the Itajal maln stream and 16 km-_

- dn. the trlbutarles.a:-~ . o : . - :

f3)fTopogfaphlc maps w1th a’ scale of 1 1 000 for major structure 31tes_:
S on the'rlver mouth of the Garc1a, Velha and Itoupava;rlvers.j

':Coverlng area 1s about 270 000 m2

4, Geotechnlcal 1nvest1gat10n was carrled out to obtaln geotechnloal} ‘
‘information’ necessary For the f6331blllty study of “the’ progect area,.ln'ff
the perlod ‘from March™ 1987 to July 1987, on’ a.‘logal contract bagis under

superv131on by Japanese expert Survey result is stated herelnafter.; . '

35[ Wlth regard to'general geologlcal COﬂdlthﬂS along the marn rlver_
__stretch jresults ‘of ' core drilling show that the depth of base rock. along
both river banks generally becomes deeper toward downstream as follows,'-



-Loa;-,-.t;iag«y.ﬂ__ C o pepthotresx - m{,_'_.?;;fjafn;; hjo'ié:j o

. f
s

__COnfluence with, Iroupava and iz m - 24 L1 ;;ﬁ_--e_snulz 13 14&15
“its, slight’ downstream area~"_; ey -___fl' _ 1'_ R L
Contluences with Velha and 17 ms 23 '--"..}:sne's, 9, 10 511
Garc;a T N A SOV e e e
Section. (64 km - 59 km) 23 me= 24 m o 8M- 6 7_
- 31 ™ (or>31) *‘smu_ir.z, 3,465

Sectlon {56 km - 46 km) 27 m

AR P0331b1y ‘in llmlted local area. '

‘Above the base rdck, sofL;alluv1a1}deposmts mainl&”
clayey 'soils and flne sand ‘are ‘d
soft dep031ts ‘of which’ come penetratlon re515tance 1s'less than 2 kg/cm
have been conftrmed to exist looally along : the maln stream -at . areas of
‘the, confluence with the, Itoupdva rlver,,the low land at. around 65 km,'

'ﬁthe confluence with the Garc1a and the downstream stretch from 60 km tO”
gdS km. : - - : .

: Meanwhlle, w1th regard to geologlcal condltlons along three major-

‘tributaries, thickness of ‘soft deposit: and: depth of flrm layer on. which

" proposed structures may: be founded, have: been conflrmed JThe maﬂlmnm
‘thickness' of soft depos;ts along the trlbutaries are estlmated to be .
Japproxlmately 10 m below whlch relatlvely flrm layers or base rock are

' developed : ; .

6. Major structures proposed such as the pump statlons, bridges;3etc,-
aré recommended to be founded: prln01pally on the basg rock, .as reliable
: supportlng layer aré not found up to the base rock or not thlck enoughu
in most of . 1nvest1gated areas. : : : F :

7.0 The ultra soft and soft depos;ts dlstrlbute partly in the project‘
area. Thus, sp801al oautlon ikl be needed in oase of . the excavatlon of
river barnk steeper. than ‘the . exlstlng slope or in case: of: hlgh levea
embankment agalnst the Stablllty of out slopes formed wlth w1den1ng of:
the main river and with constructlon of - flood dlver51on channel in-
Gaspar, stretch -and stablllty of levee foundatlons formed ‘with!
helghtenlng of-. rlver bank For those analyses, shear strength parameters
of each dep031t are estlmated as follows,; AR s el e

Clayey soil . qo (kg/om®) 1 ouw (kg/cm )
‘ultra soft 0~ 2 0 ;go}a
soft . . 2 - 4 © 0.1 -70.3
medium .. . 4 -~ 20 0.3 -0.8
Sandy soil ' 1f'H¥§olué__‘_ k. T':QQV e L é._-
T (blows/ 30 cm} ~  (kg/cm?) = {degres)’
very'ioose. 0~ 4 ..320.— 16 25
loose : o4 =10 16 = 40 -0 T30

medium - 10 -30 .. 406 -126° - - 35

.‘ 5-2;

cons;stlng of:”-
eveloped w1dely. It is noted that: ultra~_'



8.7 Embankment materlale for levee are obtainable from re31dual eomls'
widely dlatributed superficlally on- most of +hill in the progect area,
~ Cwith thllkness of ‘2 m to 5. m or . rore - that could supply far more quantlty

-of embankment materlals than requlred '

: Those mater;als are general¢y201a331f1ed 1nto clayey eoxls that
--belong to €L and-CH that ‘have: relatlvely hlgh plastiolty . THeir
‘_engineering properties hare generally ;sultable -£0¥ the levee-
Constructlon, that 13, low permeabrllty ot 3 x 107 6(cm/s), good enough_
' shearlng strength 6 0 7 kg/cm2 ‘of cohesxon ‘and: 23° of inner friction
tangle,;and hlgh resmstibllLLy age;nat plplng or er051on due to hlgh
plasticity However it is prédicted ‘that: workabmllty of embankmént may
__.be sllghtly helolop gt ow;ng Lo relatlvely ‘high natural moisture ‘content that
lS a few percent wetter than optlmum mo;sture content o :

H xn B gz Q E xg EE s‘: !I]. : g : .

o In order to grasp Lhe relatlon between'water levels An the maln

xtajai river and trlbutarxes, and to. study ‘vainfall cheractersetlce din

- the trlbutary area for‘maklng dralnage plannlng,:three water level

i‘gauges located ‘in the Garola, .Vélhad -and Itoupava river. basins, and two.
.ralnfall gauges equlpped with an automat1c recorder in the- Garc;a rlverf
~basgin’ were newly lnstarled by DNOS and the observatron was commenoed_f
jfrom March 1n 1987 : : . .

'.{10 Accordlng o'the collected ad it 1onal data lncludlng tne water leve13
-observatron in the above mentloned the maximum water level -at Blumenau_;
water level gauglng statlon E re orded at 7. 22 ‘Bl:m on May zlst,_lQS? a
-after 1984 ‘£lood: occurred -This water 1evel 15 estimated to be’ around

1 200 m3/sec based on non-unlform flow caloulatlon

_11 In order EO -1 : ;ver channel model 1n Blumenau—Gaspar rlver__
'?stretch establlshe _the master plan study, the examlnatlon of flow
capaC1ty whlch 1s‘one of the 1mportant factor constructlng rlver channel
U mpdel, was executed by nol 'un1f0rm flow calculatlon using  the result of
‘Fiver’ cross: ‘sections wi “300: i dn-an “interval. Conseéquently, ' it 'was
ﬂclarlfled ‘that the EFlow’ capaclty ‘of Blumenau ~Gaspar river. stretch: does
not change the féature estlmated An. the master plan stage and: therefore .
it :is. Jjudged ‘that . the  river. channel model  of Blumenau-Gaspar rlvet'
lstretch prepared in the master plan atudy is appllceble to thls study

lZ.jAs for the revmew of the ilood dlsoharge d;sttlbutlon for the
_provxszoual plan,“the precedlng flow capacity examinatidn ‘only was
executed A the ‘feasibility study singe darge’ floods which. exert effect.
. to the precedlng flood dlscharge dlstrlbutlon dld not. occur in- the'
b331n . L : : c . : ‘ o :

:13 Based on:the prel ral n,BlumenauyC1ty area: alongf
-Blumenau-Gaepar river: stretch and t“_butarles, ‘the’ hydrologlcal study
was’ concentrated to estlmate the des;gn dlscharge of dralnage facilities .
__such as regulatlng pond,,pump and - connectlng plpe ar ‘canal to- the'
'exlstlng dralnage system in Blumenau c1ty Wthh are proposed by the
"dralnage plan..‘ : _ : -
‘[ The concept of hydrologlcal study for the above faCllltleS are a31
i follows, o . RSN RE ; FEE
(1) ‘As' a runoff model ratlonal formula is applled ‘to the estlmatlon of
probable flood hydrograph and ltS peak dlscharge from dralnage--
dlstrlct L s o .

5-3



() In order to evaluate the 1ncrease of”flood 'the i
extent of Blumenau: crty area; runoff coeff101ent,wa v :

;baSLS of future land use map planned by the Blumena

(3)

1] ‘patterns on July 1983 and August 1984
are. adopted Tint 31mulat10n'of flood hydrograph. From the’ flobd
_ hydrograph, relatlon between pump capaclty and required VOlume 1nf'

_of, pump and regulatlng pond

(4).Probable flood peak dlscharge estlmatlon by ratlonal formula was
' carried out by’ ualng precedlng runoff coeffic1ent, probable ralnfall
1nten51ty -durationcurve based on:the: ralnfall ‘records at Blumenau_
from 1935 to 1968,:and concentratlon tlme based on . topographlc data
on’ dralnage dlstrlct 10- year probable flood peak discharxges frOmia
_dralnage districts whlch are. equlvalent to the de31gn scale An: the”
prov;sronal plan are summarl?ed as follows,' : .

‘Name of  Catchment ' Concentration Ralnfall - Peak

drainage' area - Ltime 1nten31ty . dlscharge e

- district  (km®) © fmin.) (mo/bour) (m3/sec)

‘Garcia wiver e

G-1 '3 _

G-2- 1 10,32 S 110 R U I v AT PR R

G-2- 2 L2,180 Coe40 0y L 39

G=3 " [ 1 B T 3 : L9023

G4 5.17 9B L aa o A
Velha river ST ST hy BRI _

V-1 C0.43 0 A5 et o 1200 13
V-2 0620 0 L 1B 1200 .19
V-3 06T 2L e 107 SR i EERS
AL C0.68 So2a o 1101 ¢ 16
V-5 ©0.59 24" v 101 .15

V-6 1,177 _ 22 oS08 31

v C2.340 0 0 49 71 L 39 ¢
Itoupava rlver-‘_'-.;:-._q. T U E RSP TR

1~1 e 0051 Sy 22 ' SRR LR 1 | 1> E SR e

1-2 ' 1.93 . 54 S 8T Lol 031

S0CIQ-ECONOMY

‘14. Blumenau Gaspar stretch ig completely 1ncluded by terrltorlea Of:
the. munlc1palltles of Blumenau' and Gaspar.’ Accordlng to- 1980 populatlon'
_census,.the two munlclpalltles within the’ Itajal rlver b381n ‘have . a’
populatlon of 178 thousand con31st1ng of . 152 ‘thousand in Blumenau '

thousand. in Gaspar, whlch accounts for. 27% of, the total: pop'latlonlln‘

the’ Ita3a1 river basin. ~159. thousand or 89% ‘the . total"populatlong”

llved in® urban arcasgy’” whlch is d1v1ded 1nto 14J,thousand in Blumenau and -

- 14 thousand in. Gabpar Economlcally actlve populatlon of 83, thousand in’
the two munlclpalltles ‘were classified” 1nto as; follows 2 thousand or. 3%
of the total in the primary sector, 47, tthsand or '57% in. the secondary:
sector; and 34 thousand or 40%: 1n the tertlary sector .

:1The future populatlon 1n theu_ "munlclpalltles w1th1n the ba51n is
pro;ected to be 259 thousand in 1990, 345 thousand “in 2000 ‘and 478
thousand in 2020 referrlng to IBGE prOjeCthn Average growth rates '



“during. So80 - 2000 and 2000 2020 are calculated as 3.2% and 1. e%,'-
;_respectively.- Of ‘the ‘total population, 460 thousand or . 96%: ‘will be
! expected Lo 1:we J.n the urban areas in: 2020 o ,

_=15 The leadlng industry in the two munlcipalltles is the ‘manufacturing
',1ndustry from the point OF " View. of production value. Receipts of  this
industry amount to Cr$69 bBillion at ‘currént prlces, accordlng to 1980
'31ndustr1al oensus,“whlch accounts for 59% of: the total production in the
‘basin, Thé’ commerolal sector attalns the sales amount Lo Cr$22 billlon,

':'occupylng 34%° L Of ! that “int.the ba51n., “The agrlcultural production

L-aggregates’ Cr$0 5 blllaon,.accountzng “fox: only. 3, S% of’ that tin -the
_ﬂba31nL:As a; result ‘of: these '‘productive act1v1t1es, GRDP: in’ the both_
jmunlclpalltles ig estlmated to ba Cr$47 7 bllllon. Per capmta GRDP cones
“into- Cr$261 thousand, whlch corresponds to- 2 4 tlmes of the" state and :

'natlonal value of Cr$110 flllon.d. :

e GRDP 1n=the two;munacxpalltaes is estlmatedﬁ'o be Cz$189 billion, in-
-ﬂ2000 ‘and .Cz$413 billion in 2020 at 1987 constant’ ‘prices: | Average ‘growth
”rates durlng 1980 —‘2000 and 2000 +‘2020 are ‘calculated’ ‘as '5.5% ‘and
4,0%y respectlvely.n GRDP per: caplta will grow from: Cz$352 thousand to
-Cz$553 thousand in:2000: and to:Cz$835. thousand in 2020. "Per capita GRDP
“in ‘the ‘two mnnlolpalltles 1s estlmated ‘to be 2.4 tlmes blgger than that
"of the state in 2000 and 2 0 tlmes 1n 2020

16 Munlclpal land area of 746 km2 1n the basrn is. d1v1ded 1nto 167 kmzf
(22%) of" urban area and 579 km2 (78%) of rural area COf the total area
of 746 km 69 km2 or 9% rs located 1n the probable 1nundatlon area :42

-_'km2 or 60% of t'e,probable 1nundatlon ‘area. is occupled by urban’ drea.
Land use ln the probable rnundatlon_area 15 cla551f1ed ‘as’ follows“-

re31dent1al area w1th the area of 25;km2 ‘or: 36 ‘of the. total 1ndustr1alr'

area,-4 kmz_or 6%;. commerc1al L6 km2 or 9%y paddy fleld, 10 km2 or 14%;
.dcrop land 4 km2 or 6% pasture 1and'f5 km2 or:6_ green space, “10 kmz‘"
:or 14%73 and not utlllzed area, 6 km2 or 99. P e

In order to absorb’ancrea31ng urban populatlon} resrdentlal zone is
-expandrng in:. surroundlngs of .the center of Blumenau. At present ‘new
.,re51dent1al lots are belng settled ln surroundlngs such ‘as along the'
3r1ver, along the ‘lower: part of Itoupava’ river

iro Ponta Agud' {
n of -460 thousand would not" be ‘able to’be -
_ ex] Urban areéas in- the study area, even if' the
urban areas ‘are, 1mproved to" atilize llmlted Aand by means of urban -
renewal such”as redevelopment and “land : readjustment 413+ thousand or’
90% ‘of ‘the total urban populatlon would live . :in the exlstlng urban- area, .
‘but- the rest_of urban populatlon of 47 thousand ‘woild be absorbed in the_'
'-newly developed bullt up area 1n the outsklrts of the urban area. o :

_ P amal purpose of the flood damage study 1s to count the damageE
amount by dlfferent magnltude of floodl rom whlch damage amount Lo be
Imltlgated by the proposed structural P n1w1ll be deraved a5 flood

; sts of: analytlcal ‘comments: on - actual flood damage racords and’
=probable_flood ‘damageto be slmulated Slnce actual” damage records “atre -
only:: conflned to both floods _ececurred, in® 1983 and: 1984 -simulation- of
;probable flood damage w1ll be requlred to achleve the prlmal purpose of-_
- flood damage study : :

In the yaar 2020, however,_fd

rol benefit. :The: feasrblllty study "of " this sector prlnc1pally:"



S18. As far as exlsting reoorde of aotual flood damage are concernedgﬁ'
additional data to ‘wake up, for previous references collected in 1986 are -
a full 1list of damage records. of -public:seotor iin . 1984" flood, and the
detailed . breaﬂdown of damage reoords of" private seotor An both: 198 : RS
1984 floods.,The reconnaissance survey was, also ‘donducted in’order to- . -
-collect actual’ Anformactions, about in ndatxon and flood damage ‘coniditiona

by interviewing local. resident peop!e in inundatlon area’ or v1srt1ngf
publlo oxgans relatlng to munlclpallty S : - .

: Inundataon area in. Blumenau~Gaspar etretch was aboutg39 km , =3
£ 1983 ‘and 1984 floods, -and .consequently. about 94,000 of- populatxon Wereg

. suffered from 1nundatlon The charaoterrstlcs of 1nundatlon ‘¢caused:by -

1983 “£lood. was a long. duratlon with dn average 10 daye by wh:ch damage}
amount rncurred by public and’ prrvate - those'

61984 flood In- partlcular, 1ndustr1al seotor'suffered from'notﬂonly,":'

" tremendcus amount ‘of "direct damage, ‘but also “indirect loss which means-
that' most - of. damaged’ establlshment could not! re= operate their. productlon
'works for- averagely 50+ days Although ‘a scale of damage amount ‘due’to
1984 flood. characterlzed by a ‘short- duration of inundation.of. about 5
rdays-was not’ 3o large as: those in 1983 flood, damage to transportatlon-
_lnfrastructure such’as brldge and streets was more consplcuous than =n

o 1983 flood - ; SR

19 : Probable Jnundatlon area lS the 1n1t1al requlrement for srmulat 'q."
probable flood damage whose - results are: based on- ecoiiomic. study of'
udamageable amount: and‘hydrologloal etudy on! probable Adnundation: area.

The dellneatron oflthls‘lnundatlon area is; referred to! “actual 1nundatlonﬁrm
area due “to’ 19831f oodgand topographlc CGﬂdlthhS ‘ The extent. of_ﬂ

: probable 1nundatlon ‘area’ turns out to?be about 69 kmz‘

inundation: area'along ‘the’ Ita' i N
uninitigated fldod damage. can b# COHCElvable in dralnage problem area or
rlparlan' area remainlng 1nundated along trlbutarles although the
-proposed structural plan is falfilled, - guch unmltlgated damage has . Lo be
subtracted from as. aggregate flood control beneflt. For this. purpose,'
probable inundation - ‘area’ is . divided into; several blocks whlch makes
benefit, calculatlon to be ea31ly conducted : o :

. Economlc study of estlmatlng damageable amount starts wrth the.

‘division ‘of. probable 1nundat10n area: by meeh belng equal to 4 ha.;¢
Subsequently, land use; and elevatlon ‘is read out ‘by. méah. The survey of -

land use, ias necessary for countlng on ‘the- number and value of damageable. .
properties. They are bUlldlﬂgS .consisting . .of: houses, industrial
factories and commerc1a1 establlshmente, farm: crops “such . as paddy- and
other crops,_and livestock: i Inv-case of. bulldrngs,_the number of
bulldlnge by type. of - them: and block mentloned before, and unit. value of
indoor movables inside them are estlmated :As. far as other propertres
are concerned, unit value of. prlnczpal crops plus llvestock is estlmated
by referrlng to several statlstlcal publloatlons.] - :

The area or number of them,‘and “unit value_of_themfare'aeeeeSed at’
present and 1n the Luture level ‘ ' L ey L L

'20 Slmulatlon =of probahle_ flood based _on hydrologlcal‘ study5}f
demonstrates four: types of floodlng occurredi'n{lSVB 11980, :1983, andd
1984, - Annual mean!flood damage turns out to ‘be the maximam value ‘anong

Zcons;stmng of -
and 1ts trlbutarles Slncei_

the preoedlng four flood patterns.' Annual mean’ flood damage L ¥-0 aboutﬂ;-

611 mllllon Cz$ at 1987 development levels, Annual mean flood damage to
be mltxgated up. £o - 10—year s5caie of flood 13 estlmated to be 402 mllllon.
Czd. ; - : o PR



; . PXe ver conditlon of the project river stretch in’ the Itajai '
:river and.;maln ‘tributaries . flowing into the -Itajai river through
'Blumenau c;ty was investlgated ‘Result of the rnvestlgatlcn is- as

.follows, ; LR : : - : . S :

1y The riverﬁbed slope 1n about 32 km long progect river stretch
' betweern 10 kin’ upstream of the Blumenau city and (6, km downstream of
. the. Gaspar clty g around 1:10; 000 to. 1: 15 OOO.HThe Blumenau Cand
Gaspar~01t1es ‘are. located along V—shaped meandered stretch cf the
Itajarirlver, and houses have begen densely bullt up 'to both river
 banks. ‘The! rlver channel of the: pro;ect viver 'stretch conslsts of a
'31ngle sectlon.;The ver w1dth is 200 to. 300 m and its depth is

¢ "around.l15 to 20 . Among the prOJect rlver stretch, Blumenau stretch ;

' forms the narrowest rlver w1dth . '

(2) Major trlbutarles, Gar01a, Velha and Itoupava rlvers flow lnto_the
Itajal rivér: through Blumenau cxty. The catchment area is 93 km?ﬂfor
the Itoupava river,. 56 km2 For the Velha rlver and 157 km? for‘the
Garcia -river, These tributarles orlgrnate n_the mountain areas and

B confluence part of these trlbutarles wrth;the Itajal rlver forms-
. urbanrzed area of. the Blumenau clty These”three"trlbutarles consist
'of ‘a.single ¢ross. sectlcn._The ‘river bed ' slope'ls’arcund 1:800. for
‘the’ GarC1a ‘and.’ Velha rlvers and 1:%,700 for’ the Itoupava rlver
Thelr rlver ‘width: is;. around 20 to 50 ‘m and-river’ depth is 5 to 10 m
- and 1t As’ gradually 1ncreasrng toward downstream stretch ’ '

'(3) There Are’ no . ver StIUCtUZES‘l
BEa ey 3 km 1ong revetment at the rlght.rlver bank along the' Blumenau'
clty.yln the: progect area, brldges c s over the. Itajal rlver fand
it 1butar1es. Most of . them are- roadway brldges connectlng the
-national ‘réad to local - road and 1ocal ‘road. themselves. ‘The pumprng
statlons to supply the mun1c1pal water have been provrded along the
river: stretch in the Blumenau and Gaspar 01t1es..The dralnage gate
Lo draln Anner water is: prov1ded at three Sltes along the Blumenau
rlver scretch : - :

{4} Slnce occurrence of a large scale flood 1n 1983, rlver 1mprcvement'
plan in the Ita3a1 ‘river to supplement the flood ‘control effect by ¢
.the- exlstlng flood: contrcl dams ini the upstream reaches was worked
“out. In. line with thls plan‘fthe river‘improvement.work by means of
' w1den1ng of" the river channel in - the: BlumenauwGaspar ‘stretch has
been executed by DNOS 31nce “1985, The” wcrk is being carried out by
local contract basis ‘at. 4 places. The: excavated earth volume by~

July, 1987 was about 3 5 mllllon m3

T2z The river 1mprovement plan in the Blumenau-Gaspar stretch for the
'prov1310nal plan ‘was . worked out under the followrng prlnc1ples,__

Ii}IDe31gn flood Jdn the rlver 1mprovement plan in Blumenau Gaspar
stretch isg 10~year probable flood “The flood dlscharge dlstrlbutmon

“in thls stretch 'sVshown in Flg 6

:1t is. practlcally 1m90831ble to wrden the rlver channel along~

ﬂ5t2f381nc

;the pro;ect rlver stretch except

the Blumenau city, it - was’ ‘contemplatedito: incréase the. flow capacrty:f:‘

"-‘ of the r;ver channel by steepenlng hydraullc gradlent of flood water



1evel and. by m1n1m1z1ng rise of flood water level as’ far (A8 2
_ pOSSlble. To aohreve these purposes,_the followings were planned,: 3

'(i) .To 1ower the flood water level at: the down tream end of! thef73
‘jBlumenau river ;stretdh by means. ‘of w1dening ‘of 'the: - rlver‘j;
- channel ‘in the.project stretch, In this .case, single cross.

segction should be applled This w1den1ng method: of tha rlver”
-channel accords with that belng performed by DNOS at present.ﬁzf_'

{ii) To widen the left rrver bank along the Blumenau crty as far as'?-
A possrble : ; .

‘(iii) To reduce roughness.coefflclent of the rrver channel along

-_Blumenau city by’ arranging the river bank slope and provmdingl-.:'

erEL bank slope protectlon by means of soddlng

(3)HLarge scale floods occurred 1n 1983 and 1984 correspond to 50~year
probable flood To protect the Blumenau crty agarnst thé ‘same 'scale
floods as. those in 1983 and | 1984 a concreéete parapet-wall is.
provrded at the rlght river bank ‘along- the Blumenau city, ‘or about
420 m long stretch in the" upstream from the confluence w1th Garcla:'
river, which is: locally low, elevatron In v1ew ‘of the landscape of
the Blumenau c1ty, helght of the concrete parapet wrll be llmited to
L . ; . L o o

(4)'It is: aleo practlcally 1mp0331ble to wlden the rlver ch nnel and toﬂf_'-

H;construct hlgh Jevae in..the rlver stretch along the Gaspar crty,
. because many. houses have been bUllt up close ‘to the rlver hanks. To.
protect the Gaspar oaty trom flood and ' to  lowexr Lhe flood: water
level in'the upstream stretch, a flood drverslon channel /is provided-
by ‘connecting with the upstream and downstream ends of the V-shaped_.ﬁ

=_meander:mg GaSpar rlver stretch P : :

(5) Levee or: fllllng of the excavated earth materlal from the river
“channel. is provrded only at  the .river bank ‘which" is. locally low
elevation in the prgject  river stretch. -~ In: ‘this. case,.the devee
with crest width. of 4 m- and side’ slope of . 1:2 is provxded to the.

‘rrver bank- when house are’ densely located whlle, the fllllng of
excavated materlal from river channel is adopted to" the rlver bank
where house is- partly located : :

N -General plan and 1ongrtud1nal profrle in the progect rrver stretch}'
and standard cross sections “planned iand de31gned in accordance wrthd
these prlnczples are glVlng in Flgs 7 to 9 i : o

23, The urban areas 1n the Blumenau crty along the Lributarles, Garcra,zV

vVelha and Ttoupava.- rivers: at: thelr ‘endmost stretch have:been: ‘inundated’ .

"by the flood from the Itajal river ‘atlarge: scale flood tdme, To. proteot
these urban ' areas from flood, rlver 1mprovement plan was: worked out for’
these tributaries ¥o . the extent which' will be’ affected due. to flood
.water level corresponding to 10-year probable flood in ‘the' Itajai rlver '
: The pr1nc1ple for the rlver Jmprovement plan was set as follows,

.‘(1) DeSJgn flood in. the trlbutarles is 10~year probable flood

-(2) To prevent the flood water in the Itajal rrver from*flowrng 1nto the‘t

: urban areas . of the Blumenau city, ‘levee ig- provrded along the
-affected stretch of - the. Garcra ‘and Velha:r Vers The levee should_
“be' safe agalnst the flood water level correspondlng to' 50 Tyear
_"probable flogd in- theiItajai river. For ‘the 'Itoupava - river, thef
‘ levee is provrded only at 1ts endmost river stretch where houses are .



'faﬂdensely”looated =Smce riparlan ‘area along further upstream stretch

'?;13 pocu ied mainly by pasture and: unused lowland areas, ‘these’ areas'?'

_“fare elevated by fllllnq the excavated earth materlal from the rlver_
-channel : : R D o .

",;3){A”3horr cut channel is' provrded for extremely nmandered river

1ﬂﬁ'stretch'and the. area to bé ‘surrounded befween the existing river
'=channel and ahort cut: channel is. utillaed as the requlatlng pond for
’ ; lnage plan for_Blumenau 01ty o

”td);The exlstlng brldge should be helghtened lf the 1owest elevatron of
" the Dbridge: glrder is: lower than.the de31gn flood - water level
jcorrespondlng to__0~year probable flood in the . Itajal rlver.;” '

General plan and longrtudlnal‘proflle of the enV1eaged river stretch
and standard Cross’ ‘sectlons. planned and desrgned in accordance with '
~ thesge:: prlnClples are 'shown in . Figs, 12 to- 18 -The bridge to' be
'helghtened 1s estlmated at 11 1n ‘total.: - c

=flood wate evel in the Ita]al rlver w111 be* stxll 1nundated The studyi
on ‘the' dralnage plan was ‘made for ‘the envrsaged dralnage areas whlch are .
__1ocated along the major- trlbutarles, Garcia, Velha™and Itoupava ‘rivers |
and lower elevatlon than the de31gn flood water level in the Itajal'
.:rlver SR : : : S :

: 25.7T“e'exlst1ng dra:_ ge:‘etwork”sys em and lnundatlon condltlon in the”

'eapaC1ty ofuthe e31st1ng‘dra1nage network is: generally 1nsufflclent and'
1nnndat10n takes place An several depressron areas.__' co

o Two dralnage pl - ] _
Kthe past. One  is the urban dralnag lan made in 1975 Thls plan wae_
L Obable ralnfall but water level.in’ ‘Itajai

'; The actual work based on thls plan is

— ST _ :pump, polder and f ood - control dam are“
'=contemp1ated and Finally dralnage plan by means. of pump is'selected. The
total cost of’ the plan’ is, however, very costly’ because it ds planned to'

_drarn the peak drscharge drrectly and consequently 1arge scale pumps are
needed . . , . . E

,26 Based on the ex1st1ng"ralnageﬂnetwork system and referrlng the
topography, the envrsaged drarnage areas wexe ‘divided” lnto A dlstrrcts_
for Garcia rlver,_7 districts” for Vella Yiver and 2 dlStIlCtS for
Itoupava erer The dlstrrcts thus dlvrded are’ shown 1n Flg 20 '

'g@ In order to work out the drarnage plan for the envrsaged dralnage'
_ area, the followrng prlnc1ples were' established.. consrderlng topographrc;
S and’ 1nundatlon oondltlons and exrstlng dralnage network .in the dralnage-

N 4_'area; .

'__lgy In order to decrease dralnage peak drscharge from the dralnage
R “areas,_as larger scale regulatlng ‘porid  as: p0531ble ‘should Be'
;_planned' Notmutlllzed area along the trlbutarres should be utlllzed'

‘ for thls purpose R . R . : B



(2)finner water stored in’ the pond should be dralned usf

he' pump whenﬂ.ua

the water level in tha: pond i3 lower than the flood _atel level Hnlo

. the. tributarles._ Consideriny the operation ]
_number of pump to be 1nstalled and 1ts capac;ty shouldkbe minlmlzed )

(Br;Probable flood hydrograph and - 1ts volume to- desmgn_t‘

- pump and reguiating poid are estlmated by rational forimula: using
probable 4-day, rainfall- with 10-year probabllity a_rBlumenau and
Vactual ralnfall distribution recerd on, July 1983 ;and . August 1984

ce of " pump,ilj'

capaclty of.?‘

(4) Runoff coefflclent to estlmate dlscharge from the. dralnage dlstrlcts 5fj-

jshould be" determlned con31derlng future 1and uee

(5) It should be’ planned to. flow down the . 1nner water An the regula G-
.pond tol the tributarles by gravity -flow‘as far as’ poss1ble and flap—"
type gate should be prOVlded,at the pond ‘

'(6} The flap ‘gate should ‘be also prov1ded at the outlet of the ex1st1ng_,f
' idralnage network to prevent river water from flow1ng revereely Lo]
the urban area. - : ! Co RO ;.

(7).Slnce the urban area is located at only Junctxon portlon of the'.
© 'Itajai river: Wlth the Itoupava rlver, 1t should De protected by
polder - : : : L

{8} The dralnage fac1llt1es to be ele ntemplated 1n’th13 plan 1nvolve

3 _regulatlng pond;  pusip; statlon, gate faclllty and entensxon of the
+.drainage pipe from the exxetlng main drainage pipe’to.the. pend ~“The
=:1mprovement of the exxstlng dralnage network system 13 not 1nc1uded'
'-1n thlS plan. : : . '

27, The feature of the dralnage fac1lltles determlned based on the':_f
prlﬂClples as stated in the foregOLng is as follows,. : . o

eeHDrainagelfi L Draihagé;*ir‘cap601ty of f Capaclty of - - TypeJBf',e"

© ddstrict - o . area- (m@)- pond (103n3) pump (ﬁ§/sec) PP

G-1, G2 and G-4  11.61 : -361" | 73“ ,xmiumltmn,slnms

G330 o 1,13 7 0 409 T =

v+l and V-5 - 102 500 B Y _&inequgnmp,2=nuts

V-2 and V-6 - SRS Ay [ B 158 0.7 - Submerged pup, 2 units

V-3 and V-4 - | Cvll3s 0 i BT T 1.0 0 Horizontal:itype, (2 unlts::;

V=7 234 0 15 40 Horlzontalutype( 2 units
Total . . 1924 . . 1,086 e v o

Loeatlon and main feature of the dralnage fa0111t1es are shown 1n' T

Flg 21 and Table 4, ;The proposed major - drainage fa0111t1e3 comprlse 107
sites of the regulatlng pond, 5 site of the pumplng statlon and 20 nos
of the flap type gaté. :

28, -The matters to be contemplated for env1ronmental aspect for rlver-,
1mprovement plannlng in Blumenau- Gaspar stretch and 1ts constructlon~
plannlng were etudled as follows, : o

-(i) The Hmtters contemplated for env1ronmental aspectefforefriVer"
lmprovement plannlng are as follows,' v ' I

3-10:'



'frﬁlanneu to'construct a’'l m hlgh cdncrete parapet wall: wrth 0. 5

PONEEY I
: fflood diverslon

Uit wil) be

‘:of the parapet wall

-high footway on the right rlver bank along the Blumenau

nd to aecure access to waterfront even after the constructlon

f-town and road due to the Constructlon of the
annel At the Gaspar stretch will’ probably
exert” the, 1nfluence to .the way’ of - llvxng and. communicatlon,‘and
'ecessary to provade the compensatlon fa01llty for

The:aeparati

'fafthem in. the rlverllmprovement plan

(é} The umttera to be'con31dered for the envlronmental aspect for
' constructlon plannlng are as follows,ﬁ . :

'.fWhEH;the construc 1on 1s carrled out, the_alr pollutlon caused ’
“ by ‘dust cloud: of ‘the .vehicles’ and also,

015@3, vrbratxons,

:J:etc ,owill ‘take. place but! they can bereduced by cleaning and .

”5At the rlver51de
Q‘presumed tha
"placea ‘In“order to: avoxd these sltuatlons, it is necessary to

xThe change
“animals; of
“fish and ‘they iwill be . ‘forced, to search for another place . to. '
Tive Therefore, it is- necessary ta make a research of
'valuable animals” and vegetation. to grasp. the degree of the:
" influence’o

. watering the streets and by limiting the speed of ‘the vehicles.
In;this’ way, the 1nfluence on the envrronment ‘can ‘be
:dlmlnlshed . : . . L

_ere river channel Wlll be w1dened,.1t”15'
'slldlng caused by erosion will occur in” several

evetment such as soddlnq, etc.:

of:the rlverbed and the rlverslde depr,ves the
iv rs;de vegetatlon and affects also the’ habltat ‘of

"them, and d8p61dlng on’ ‘the results, an adequate

:_‘meaSure must be taken.« '

TTIT?The.

'(élif"“L

'ab‘ut432 km 1n length bef_éen 46 km and 78 km inCl d;ig constructlon[af'

"contract baals

rxver 1mprovement 'works are executed by an' international”

Vof flood dlver31on channel ‘at Gaspar, ands Package-B ‘which' covers. the

rlver 1mprovement for the 3 trabutarles; Garcma, Velha and Itoupava,g_%

gauge,iannual worklng 

Con31der1ng thls,;



'for the progect was set at 4 years aseumlng that the works are;jfm
started in 1991 EERE R R e ; :

(4)‘Speoial consxderation on the env1ronmental aspect 15 reflected"
'_durlng the constructlon stage. S g O

'30 The river: 1mprovement work 1n the Blumenau Gaspar stretoh;conSLStsl'~ B

‘of ‘excavation work for wxdenlng of the' exxstlng river: channel, £illing

-up the' locally low ‘river 'bank, 1evee construction and constructlon offa'-
flood dlver31on channel 1noluding ‘one  get of P.C. T—beam brldge,_and}j

related structures. -'The- river 1mprovement work oy tributaries.
‘compxlses mainly the constructlon of levee and’ helghtenlng work of the-
‘exdsting brldges,J‘Majorlty ‘of ‘the’ constructlon cost . for” the rlver-

,1mprovement workiis ‘occupied by the coet for the earthmovxng work for_

‘the excavated materlal from the rlver channel Total excavated eath v

volume is estlmated at’ around 6 mllllon m3 for the total progect rlver;
" strétch. In order to rednce the constructlon cost ‘as; far as’ pOSSlble andg
to- sp01l huge amount ‘ of the excavated materlal followxng prlnolples‘
were set out, : . .

y (1{,The haullng dastance between the excavatlon 31te ‘and- Spoll bank for._
T the excavated materlal should be reduced as far as posalble,_and t

{2} The excavated materlal from the rlver channel ehould be effectlvely
L utilized: for' new 'land reclamatlon malnly for res;dential “and
) _1ndustr1al uses by elevatlng low land in the pasture and/or not“
]_uLlllzed area along the rivey stretcnc g . : TR

In llne w1th the above prlnclples, the spoxl banks are selected ae
_1llustrated in - Flg 227 - rhe’ ‘Construction’ works_ for. the ‘channel,'
excavatlon works il be carrled out by comblnatlon of dredgex and i
common - constructlon equlpment based on the geologlcal condltlon'and_
economlcal poant of view, - o . : :

31_ It is planned that the levee and/or fllllng of the excavated;_
material from thé: river channel is- prov1ded only at the rlver bank “with .

locally low elevatlon . The estlmated embankment volume for Itajal andjf”

trlbutarles is around 280 000 m3 ‘$ince the excavated materlal from - the -

river- channel is not sultable for levee embankment use, Eesldual 301lj:

distributed in the hllly area along the river strétch will be. ttilized

for levee. construction: © The proposed ‘borrow plt sites are shown in 0

Fig. 23. :Whlle, the" fllllng of the excavated materlal from river channel

is planned to the “locally” low elevatlon area ‘other: than the levee.V-

' embankment area. S The embankment work Wlll be conducted in’ parallel w1th5
the channel excavatlon uslng the common type of constructlon equlpment

32.. The; major works of the urnan dralnage plan 1n the Blumenau c1ty_"

_comprlse malnly constructlon of regulatlng pond, pump and gate?=ﬂ§
facilities and ‘extension, work of the dralnage plpe fxom: the’ exlstlngj_

majin dralnage line to the proposed pond It is planned to- conetruct the
: regulatlng pond: with flap gate at 10 eltes and pumplng station:at-5}=
'-31tes Major works for' constructlon 0 the pond comprlae ehcavatlon of -
about. 0,47 million m3 and efbankient of 70,49 million md. "
-7excavated earth jis planned to bf sed for embankment for pi nd_
-construction.’ The earth material’ 1nsuff1c1ent for leves construction is

7ijp1anned to. be supplied: from:the borrow pit’ nearby the 31te.j'The flap

-ga e with’ 2 m in!width and 2 m in height- will be installed ‘for e ¢h
}pond,; ‘The. constructlon of the pumplng station con51sts of foundatlon
treatment work for the pump;ng statlon, ‘building work: and 1nstalJat10n'
fof pump and its appurtenant facilities. Gonsldering the -gonvenience of

ALl of thef”

the Operatlon and nm1ntenance of the pump,'vertlcal mlxed flowaﬂf

s 5



iﬁH.;nstalled

ihorizontal mixed flow and submerglble types of pump axe planned to be'

The‘construc_ on- £ox the: urban dra”nage works wlll be conducted by
'one shift- operatlon'at Lhe:. several ‘places - concurrently using the low
t.nomse construction equlpm nt as far as’ 1.oosslb1e.EK__:_.__=

3 l“The constructlon fun o‘be requmred for the 1mplementatlon of: the'
iprodect was: estlmated by,ddv1ding rnto forelgn and local currency

'.portlons applylng ‘the’ exchange -rate of 1°US§ = Cz850 = ¥150. The

' flnanOLal gost:en’ the proposed provrs;onal plan was estlmated as shown
Ao Table 4 and summarlzed as follows,,.m Lo o : : .

Forelgn currency portlon::J“EZ US$.':¥' 33 684 thousand

Looal currency portlon _"V‘aé" Cz$t' 1 581 000 thousand
'_ﬁsﬁélftl.;:jf¢§,‘lj;;¥3 US$*“. 65 304 thousand Equlvalent

: Based on the construction time schedule ‘ag shown in Flg 24 the
V'annual dlsbursement schedule 13 prepared as. glven 1n Table 5. o

valuatlon of the prov151onal plan are estlmated'
_ under the following condrtlons, R o

d to be prevented from the provaslonal plan 1si

floed control benefit is deflned as_f
'.mllllon Cz$ wh 1cn ls al redu01ble'amount of annual tean flood damage
by’ this river 1mprovement progect . ThlS beneflt 13 valued at 1987
”'development level - . : : :
'ontrol ben,flt cons'sts ofmAlrect:and 1nd1rect damages to be

(2> jFlood
i _mltlgated As far as'lndlrect;damage is concerned actual recordsj-
of indiréct’ damages con81st1ng of sales ‘loss, in the secondary and’
tertiafy sector
”jcorrespondlngito 5
. '‘rate of 1ndrrect d __ges to dlrect portlon is“assumed to be 109 1n
order to evade overestlmate of lndlrect damages.‘Fn-n o

(3y Slnce'constructlon costs constitute of the cost for materlal plus-

' ‘;:equlpment,: labour,; and compensatlon for bulldlng, land to: be:
: acqulred, economic constructlon cost is estlmated w1th the follow1ng-'
.'adjustment processeS"‘* - S -

'(i);fIn case of oonstructlon mater1a1 plus equlpments, a portlon of'
: -_:tax 13 deducted from flnancial cost S .

.(ialeconomlc labour cost is assumed to be the remaanlng cost where
o :socxal charge 13 subtracted from market wage._:-'

S udn Eco omlc value of oompensation cost is dn - annual productlon:
e ;value of crops plus bulldlng cost 1n land to be acqulred

Sy

was ‘by -far “larger than - dlrect daniages’ in 1983'[:.
‘”'ears‘ scale’ of flood. Nontheless, ‘the. damageﬂ"



The economlc viabllity of the project was’ evaluated by means;ofsf
economic 1nternal rate oﬁ return under the following condltlons,. L

:(1) Constructlon perlod is 4 years*

(2)chonomjc llfe time 1s 50 years.urf

(3}eBenef1t stream starts at the follOW1ng year after constructlon,

M}H_Beneflt 1s valued at 1987 deveJOpment level

(5) Operatlon and malntenance cost 15 assumed to be 0 5% of.drrect cost

'The estlmated economlc lnternal rate of return ‘EIRR) turns ou >
be 12 7%, Besrdes,‘taklng 1nto account the srtuatlon that ahout 40% of
productlon ‘in. thea. secondary and’ tertlary' sectors concentrates on:
Blumenau, thlS project is economlcally feasnble and, worth to be ¢
-1nvested. . : L : - - S

Slnce factors of uncertalnty are 1ncluded 1nto cost estlmate ‘or’
assessment _of damageable .value,' sensrtrvrty analy51s is . added to
economic . evaluatlon to understand whether the prov151onal plansls'
feasible or not:.undex . condltlons of 10% 1ncrease of cost rand 10% down of

-beneflt.-jThe result of EIRR is 10.6%, which means that the effect of:

public¢ 1nvestment on’ thlS prOJect is expected to be in substantlallyh
favorable condltlon o i
£Q§1Q_EQQNQMLQ__152AQE

35.'Soc1o economlc lmpact due to - ln@lementatlon of the prOJECt'WaSV
evaluated as follows,‘gg.‘ ‘ : : A s :

{1) Enhancementfof,1and'useﬂa10ng'river”course““

The rlparlan area'along the_progect rlver stretch wrll be relleved
jfrom flood: less than. 10- year probablllty after the’” reallzatlcn of
- the proyect Consequently, ‘enhancement of ‘land ‘use will. be_
ﬁaccelerated by actlvation of reglonal economy Bes:n.des,r depressron
areas .along the" ‘river course i3 improveéd by means “of - effectlve
'utlllzatlon of the excavated materral from the river. channel This

1mprovement wlll expedlte more hlghly land utlllzatlon of these

areas.- S : i : »

(2. Creatron of ]Ob opportunlty and actlvatlon of reglonal economy

_fThe constructlon of the pro;eci'creates cppcrtunrty of temporal job
.durlng the: construction perigd. ~Thése temporal;. workers ‘and some’ .
cOnstructron materlals wrll be supplred from insidéand: outsrde of.-
the basin, ‘and - supportlng ‘gervices and other materlals ‘for these.
_construct101 ‘works:are procured ‘in. the basin:. W:These supportrng
business: results in creatlng job': opportunlty and it w1ll contrlbute .
to: actlvatlon of the reglonal econcmy - :

-(3) Increase in urban problems "'

It 1s predxcted that new urban areas wall expand to the hlnterlanda
'of the ‘existing. urban areas._ once - fulflllment of - 1nfrastructure is.

further behind. the urbanlzatlon, urban area ‘would suffer from_'

several problems such as ‘urban: squatter, securlty problem, urban
: dlsaster, lack of. gopial 1nfrastructure and envrronmental problems
- . To cope w1th such sltuatlons, adequate countermeasures w1ll have to.
o be tlmely adopted - : :









,Racouuannawrou -

i;-'IﬂSféilétioﬂ'3of additiohal hYdrolOglCal gauges:'ahd- ﬁheir
'; observatlon,;“r R o

To obtaln the data1w1th hlqher accuracy for hydrologlcal study‘

L necessary for: further etudy on’the " flood control: cplan for the env1saged

IT_Has follows,

'-Blumenau*Gaspar river stretch,rthe follow1ng hydrologlcal_works are
recommended to be carried out o _ B

' .(Iy.Inetallatlon of ‘ddltlonal, utomatlc water level and raln gauges Ln'
SR OesLe, Sul, Norte and Benedlto rlver b381n8 and- their. observatlon.

_ Hhe: proposed addltlonal gauges are shown 1n Flg I[ES l ln Annex 133,

'nydrologlcal study e . i .

f(2)fﬂater level observatlon at Gaspar C1ty,-Ilhota 01ty, road brldge of
. “BR 101 along the Itajal rlver and Itayal rlver mouth -

w(é}iobservatlon for tldal water leveJ ‘and | dlrectlon of tldal current
_during: at 1east one year at the outlet 31de of the proposed flood
'Qway, and, - o : S : B _

'(4)'Hydrolog1cal observatlon at the water level and ‘rainfall gauges_
' ~ éstablished newlyfalong the trlbutarles flow1ng into the Itajal
f'rlver through the Blumenau 01ty ' : : S

2. ”Ensurement of land for regulatlng pond use;

.In
proposed 1n thls study, it is’
;for the propoaed pond- sites.

- Thus, 1i 13 recommended to promote 1and vaUISlthn at as earller stage_
jas possxble by the Blumenau mun1c1pa11ty. r_; : ——

5
he prop sed dralnage Bystem“is 1mp1emented -new organlzatlon

N for operatlon.and malntenance 34 the pbnd_]pump and gate will have'to" be-,_gE
‘festabllshed to” ut111ze*the system efflciently Furthermore it ig qurte;

" important to. enllghten .the people. in " the. project area: and to’ get: :

”understandlng and cooperatlon of the people

3#.' Land use in, flood plaln area.

. _,The'flood control plan in the Itajal
.ﬁcomblnatlon of" structural ‘Mmeasure. ‘and.; ‘n  mea
{iv1ewp01nt of economlc effectlveness and budgetary fund : Recommendatlon'”
_for non- structural measures has ‘been’ presented in ‘the master planning
'report Among them, nomn: structural measures 1n the flood plaln area are'

(1) Flood'plain"managéMéh

"5Thls measure 1ntends\to'm1n1m1‘ aqucultural flood

amage by: ”

quregulatlng the. agrlcultural actlv.ty 1n'the flood- proné areas.'where
“the" structural mEasure:; are- not applled “Hhe result of the flood. =~

:damage survey clarlfles that among the agrlcultural productlons,{'



2y

--for 5 year probable flood

T{id) Present dgrlcultural lands ln area le s10n—2 A

-These measures 1ntend to mltlgate the:
area. by applylng structura"change to houses such ‘as: house with high -

rioe and upland crops have besn seriously:damaged by flood ”'Then
the river stretches w1th eultlvatlon area 0 1.4 |
were: selected from the rlver stretches 1n whnch[the strugtural

measures are not applied They dre llsted as follows,

CSymbol 0o o 'f%t _affRiVer"sEreteh-f K
B L Upstream of Ilhota c:rty
SIO2.0 T Sieono Moo Riobdo Suld cxty
My ‘z‘_;s’-aﬂl“': QItajal city

.Wlth the prevrslonal plan is flnlshed " The. estlmated 1nundatlon}°}T
_area was d1v1ded into Lwo - lelSlOnS on condltlon that “water depth_:*'.
rfor area lelSlOQ_“'l is 0 to 0.5"m for 2-year. probable flood and Lo
ito 1.0 m for_S yéar probable . flood_and Water depth for arsa lelSlon e

= 2"is more than 0.5 m for 2—year probable fleod and more than' 1 0 m

Zonlng map of each stretch 1s 1llustrated 1n Flg.-35 1n maxn report"

for master: plan.ﬁ ‘Based: on thlS ‘zoning map and land use map in’ the, R

basin area, the follow1ngs are recommended

(i)fPresent ragrlcultural lands in,
U utilized for. uplands crop,‘sugar cane: and ‘pasture land
order to decrease flood damages' on agrlcultural productlon,: <

:counter -“measure: for the" Ccultivation | of upland crop is-
-necessary, whlch is the most vulnerable among agrlcultural
=product10n mentloned above . Accordingly; it is’ recommended-
that the cultlvatlon of - vegetable, vulnerable: product, ‘be
converted to graln crops such as malze and wheat el

_utlllzed for paddy’ productlon.r Thls is because these
~located  in flat areas .along the It Jai-
trlbutarles dependlng - thed ater ‘Tesou : _
" because’ paddy is. relatlvely:tough for flood ‘as- compared wlth'
.other Crops., Although areat d1v131on 2 has hlgher potentlal of
vulnerabmllty on. £Xood. than ared lelslon 1, extensive land use
‘alteration of paddy cultlvatlon will be practlcally dlfflcult,
conslderlng the reasons -mentloned above.g Thus,- ipods
‘recdommended to establlsh of 101al rellef measures to relleve"
flood VlCtlmS : : : 3

.Structural change to houses and restrlctlon of new. houseﬁbulldlng

floor, diking  atound houses :and/or . elevatlng ground by’ land fllllng,}:

" and by restrlctlng new house bulldlng Tt is considered ‘that' the;g;?ff
; 3tructurai change to. houses s effectlve for the area'-Wlthr];“-*
‘relatively few re31dent and shallow 1nundat10n depth,u whlleyﬁ-

Q‘area lelSan & aref mslnly'- 
Ty

1ood damage'ln'flood prone'-7



" reatrlction of ‘riew house: buildmg is appllecl ‘to rhe area with deeper
-1nundation depth and frequent 1nundatlon.,;:3”: : :

; tretches-Withrthe areas to apply these measures were
f.selected among the rlver stretches tc whlch structural measures: are
rnot applled : e . _ ‘ .

Cosymboll Ri;f_e'r. stretch
. ijTﬁ'rf3 -L;g;'“' :Upstream of Itajal Clty
CETA T e Ilhota city -
ﬁ1T5yh:_ ;;_;' G Upstream of ‘Tlhota - c1ty

A _Ascurra ‘city. .
'ﬁ:._ Rio ide 'Sul 01ty
e FItajaJ 01ty

B T N

structura change tol houses e ied tc aréa lelSlOn i and;'
restriction of new_house . bu1ldlng is adop ad to area division=2 and’
in ‘case  that ex1st1ng‘ “houses - are ‘located “in area lelSlOH 2,
o structural change to houses 13 to be applled

5. Restrlctlon of land use along rlver course._

cIE 1s contemplated to prevent dlsaster for houses and,lnhabltant due
to slde erosion and Falllng ‘down ' of river bank slope by restrlctlng ‘the
jconstructlon of houses ‘and bu1ld1ngs along the Itajai river and 1ts'
'trlbutarles . _ . _ S

-rlver stretch between Blumenautand rlver mouth and 15 m w1de in. the '
stratch. upstream from the Blumenau are-restrlcted by the exlstlng7
_ 'regulatlons ' However, many houses are belng bu1lt up to the ‘river banksﬂ

'past but the dlsaster took place ir
_Blumenau 01ty It is ant1c1pated to

. i goursesw “rol plevent “the . dlsaster for houses and 1nhab1tant along the]V
Coriver! bank, fitids recommended to relnforce the. restrlctlon by: foregoing -
. ex1st1ng regulatlons, espec1ally for the stretches along “the’ Ituporanga,_,",-'-3
Blumenawu, ’ Gaspar, Ilhota, confluence portlon cf Itajal do Oegte . and;“ﬂ"

'féItajal ‘do:8ul rivers, ‘endmost stretch of Itajal erlm ~and trlbutarles'f
‘flow1ng 1nto Blumenau c1ty : . - Lo S




Gh' Reinforcement of flood torecastlng and warninq systemi

: It is contemplated to mltlgate : lood damage iﬁhe areas Lc'be  g
plotected. by the structural measures and inithe fareds: whexe “the
structural measureS'are nct applled, by giv1ng flood warnlng 1n.j"
advance : » : : K

1mplemented by . DNAEE The fiood forecastlng and warnlng effecf by thls"f L
system is still . unknown because of ne - occurrence cf ]alge scale flood;x.ﬁﬁ
since its operatlon stage 1n 1984 ; :

. It has been recommended 1n the fore901nq tc 1nstall the addlt _*f
'hydrolcglcal gauges and - torcarry out ‘their observatlo ‘Lo obtaln:the ok
data with higher accuracy. It is: recommended to relnforce the- ex1st1ngg”
flood forecastlng and Warnlng system by utlll?lng effectlvely the.
1nsta11ed hydrologlcal gauges.
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1. . INTRODUCTION

1.1 .Background'of the'Prbjéct

A ma%ter plannlng for flood control in the Itajal rlver basin with a
catchment ‘area of 15,220 km2 was. 1n1tlated in April) 1986 lasting the
period of 10 nmntha - An'’ Inceptlon Report, which presents plan of
oparation for study almlng at formulating the master pldan of the basin
and at performlng a feasiblllty study for the area and facility to be
_selected among the master plan, was prepared and submitted to DNOS after
one. month from the commencement of the study.

In accordance with the content of ‘the Inception Report, the study
was performed and an. Interim Report describing the result of. the master
plannlng of: the basin and selection of the project for ‘the fe331b111ty
study to be’ performed in the following stage was prepared and submitted
to DNOS at the. beglnnlng of February 1987. Explanation meeting for this
Interim Report was held on 9 to 10th February 1987 in DNGOS in Rio de
Janeiro and it was decided to carry out the feasibility study on the
river improvement plan in Blumenau-Gaspar stretch for the provisional
plan including urban drainage plan for the Blumenau city, which was
selected among the several providing projects in the master plan in the
Itajai rlver basin.

The fea31blllty study for the envisaged” project area was commenced
in June 13, 19387 lasting the perlod of about 5 months. The draft flnal_

report descrlblng the result of the feasibility study was prepared and
Submltted to DNOS at the beglnnlng of November 1987.

1.2 'Outline of the Project

The prOJect plan comprisés ‘three categdries, namely, river
1mprovement plan in the Blumenau“Gaspar stretch, river improvement plan
for three tributaries flowirig into the Itajal river through Blumenau
city and urban drainage plan in the Blumenau city.

Major features of.the project are summarized as follows;

(1) River improvement plan in Blumenau-Gaspar stretch

32 km

“~

" River $tre£ch to be improved

Scale of design flood "} 1l0~year probéble flood

-~

Design flood 3,400 ﬁ3!sec
Improvement method . ; Mainly _ﬁidéning of existing
: river channel

Excavation volume 4.3 million mS

.

Levee construction ] i 5.8 km

Construction of bridge

.

1 set, 100 m in length
Reloecation of road ' . ;1.5 km

 00nstru¢tion of flood

diversion channel ; 2.5 km
ConStrdction of concrete - N
parapet wall : : r 420 m



{2} River improvenment plan in three tributaries

River stretch to be improved H Stretches: toe be affected by
© Itajal flood water level

Scale of design flood .3 1l0-year prqbﬁble flood

Design flood ;40 m3/sec to 90 m3/sec

Improvement method " ; Protection by 1évee

_Lévee const ruction _ i 4 km

Heightening of existing bridge. : 11" Nos.

(3) Urban drainage plan

Design rainfall ;  4-day continuous
10~year probable ralnfall

Drainagé area } 19.24 km2

Drainage method Comblnatlon of regulatlng pond,

pump and gate

.

Construction of
regulating pond _ ; 10 places

Constructlon of pumping _
station ;5 places

Construction of gate
facility ; 20 places

1.3 Content of Report

This report comprising main report, its’ supportlng report and data
book presents the result of the f6351b11lty study on river 1mprovement
plan in the Blumenau-Gaspar stretch including urban drainage plan in. the
Bliumenau city. The main report describes the summarized results of all-
the surveys and studies performed so far for the fea31b111ty study._ " The
supporting report ‘presents the details for the respective, flelds
comprising topographic survey, geotechnical investigation, hydrologlcal
'study,.5001o seconomy, flood damage study, flood control plan including
urban. drainage plan in the Blumenau city, environmental assesmént study -
and CODStIuCthD plan. The data book compiles the hydrological records -
and river cross “sectional data in Blumenau-Gaspar stretch for river
" improvement plannlng
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