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1. INTRobUCTIoN--

Followzng the preVLous Flood Damage Study of Master Plan- which
covers: the study area: oOf whole Itajal river basin, the fea51b111ty study
of flood damage demonstrates more  detailed analyses of .study dtems
required for understandlng this component from . the v1ewp01nt of - both
existing records of- past floods ‘and. probable flood damage . based on
hydrological simulation. and astimation of damageable value in Blumenau-
Gaspar rlver stxetch

The contents of flood damage study to be covered in this chapter are
shown as follows,. L )

= Ex;et;ng Reeords of Past Large Scale of Floods,

~-E5timatioh df Prbbahle'Inuhdation Area,' _

~ Proceédure of Estlmatlng Damageable Value at present and in future
COHdlthﬂ, and .

i4a81mulat10n of probable flood damage.

'J The flood. damage survey ‘was - carrled out with’ emphasis 6n the
-detalled analyses of . area- depth durat;on ;and damage c¢onditions of
various types..of propertles in, Blumenau Gaspar stretch. For these
purposes,‘the reconnalssance ‘survey of 1nterv1ew1ng local people about
inundation and of v131tlng municipal organs for collectlng flood' damage
1nformatlons, and an additional collectlon of damage records were
conducted. As far as an addltlonal data ‘collection is concerned, damage
records of publlc sector. in 1984 flood and the detailed  damage records

‘of prlvate sector in 1983 and 1984 flood were newly collected.

Probable 1nundatlon area ‘in Blumenau “Gaspar stretch is dellneated on-
the topographlc ‘map with a scale of 1: 10,000 which was newly surveyed
this time. The delineation of pxobable 1nundatlon aréa is based on water
level corresponding to past large scale of floods occurred in 1983 and
1984, and topographic conditions in Blumenau-Gaspar stretch.

Economlc study of estlmateng damageable value in probable 1nundat10n
area consists of the number or area of various types of properties, and
unit value of them. Enumeration of properties and estimate of unit value
. by property are based on an administrative unit called: Bairro and
municipal level respectlvely in ‘order to make the accurate estimation of
damageable value.



2. EXISTING RECORDS OF PAST LARGE SCALE OF ﬁLOdDS
2.1 Data Collection

hn addxtional collectlon of actual damaga rebords of 1983° and 1984
floods was carried out in order to make the more detalled analyses of
damage amounkt and condltlons by various type of property in Blumerau-
‘Gaspar stretch. A full list of records is arranged in the form of damage
to public sector and private one. Damage, records of . public sector
consisting of public bulldangs, utilities;, and infrastructure belonging
te municipal government in 1984 flood were collected from GAPLAN
(Planning Departwent of Santa Catarina State Government), though a part
of 1984's daimage records of public facilities under state government's
administration and dawmage .records of the same ‘catégory in 1983 flood do.
not exist in an original - data and are ‘not classified in detail
‘respectively, Some of damage records. of public facilities under state
administration were further collected from other departments of state
government which administers the corlespondlng fac;llty :

Damage_ records of private sector con51st1ng of manufacturlng
industry and commercial sector wers pollected from $IC (Association of
Commerce and Industry) Damage records of 1983 flood differs from those

"of 1984 flood 'in data arrangement. Since the' former is arranged in such
detailed way that shows damage amount to individual establishment, the
more detailed analyses of Fflood damage can be condiicted than damage
records of 1984 flood where data are. arranged in an aggregate base by
municipality.

) Many staffs of these two ‘institutions were spe01ally organlzed in
order to collect and compile both damage records of public and prlvate
sectors. In thlS respect, the data can be useful in terms of ‘comparing
actual damage to probable-flodd damage to be simulated by the study
team,

" Data collection and interview survey were furthermore conducted to
municipal government and its related organs of Blumenau and Gaspar. in
order . to: c¢larify damage  condition and its effect on socio-economic
circumstances. '

2.2 Area-Depth-Duration of Past Large Scale of Floods

Inundation due to 1983 and 1984 floods is identified in area along
the Itajai river and its tributaries in Blumenau-Gaspar stretch, shown
in Fig.v.2.1l. Inundation area due to 1983 and 1984 floods is abdut 39
km2-: consisting of. 13 km2 in Blumenau and 26 km2 'in Gaspar
administratively. Tributaries along which: inundation area spreads ‘are
the Garcia, Salto do' Norte, Rio do Teste,Itoupava do Norte, Fortaleza,
Belchior, ‘and Saltinho rivers in Blumenau and Gaspar Grande, sertao,
Poco Grande, and Arraial rivers in Gaspaz.

Inundatlon area in Blumenau is mostly 1dent1f1ed from the confluence
of the Garcia river to the confluence of the “Itoupava do Norte river.,
whereas. BR 470 (Federal Road) on the right bank side and riparian area
on the left ‘bank along the main river jin the downstréam. from the
confluence of the Garcia river to the confluence of the Bélchior river
was not’ w1dely inundated by .taking the shape ‘of narrow corrider because
topographic conditions 'on both banks side are steep. Inundation in
Gaspar stretch is mostly identified in the 1low-lying area. In



partloular, green fleld through whach Agua Negra and the- Gaspar Grande
rivers ‘penetrate was, vastly inundated due. to overflown water from the
tributaries, Inundation along tributaries are corsidered to be caused by
overflow. from ‘these rlvers due to hlgh water level of the maln river at
the floodlng tlme. : i :

Admrnlstratlvely, the most affected . Bairro _(01ty ward;
admlnlatratlve unit)- in Blumenau by inundation due to both floods was
" Bairro-Garcia along: the Garcia rlver, da.Velha along the Velha river,
and Zona CenLral, Itoupava ‘Seca on the rlght bank side -and Itoupava
Norte on: the 1eft ‘gide "of the. maln river. Accordlng to “the report
conoern;ng to 1983 flood publlshed by munlolpal govérnment of Blumenau,
678 streets. in’ urban ‘area which is about 30% of total number of streets
-was: inundated. . Bairro. Itoupava Norte ‘was the most sériously affected
area “in ‘térms of the number " of. streets under inundation,. followed by -
Bairro ! Gar01a. In Gaspar, the Tost affected Bairro ‘in terms of
lnundatlon areca was. Coionlnha, ‘Gaspar Grande, Centro and 7 de Setembro
which are 81tuated,on the rlght bank side of tho main river,.

Blumenau has a 1ong hlstory of floods. At each floodlng year water
level ‘has been measured at Rdolfo Konder bridge. which is located just in
the . upstream of the confluence of the Garcia. river. As shown ‘in Table
V.2.1, the maximum water level was recorded at 17.10 m in’ 1880, Tollowed
by. water level of16.90 m recorded in 1911. Floods occurred in 1983 and
1984 are considered to be almost the same scale of. big floods as those
mentioned ‘above since water level -at .the time of floodrng in 1983 and
1984 reached at near to 16 m respeotlvely '

Some ‘of houses néar or along the Itajal river are located at the
elevatlon of around 8 m. When water level reaches at.” B8 m, these areas
beoome crltlcal and those houaes locating ‘at .the elevatlon lower than 8
m are easrly 1nundated At present, water level of 6 m is. set out as
warning level which gives riparian people an allowance time to be ready
for evacuatlng or brlnglng out their valuable properties. .

As mentloned before, a specral report concernlng to 1983 flood
published by municipal’ government “of Blumenau lnforms ‘total number of
streets ‘under inundation in urban area. These 'streets are cla531f1ed
into '‘several groups by an- elevation between 8 m and 16 m. In Zona
Central having an elevatlon between 10.5 m and 13,5 m, water depth
ranged from nearly 6 .m.to-3 m at the maximum water level. In the streets
‘of rlparlan area of trlbutarles having an elevation between 12 m and 14
m, water depth was between 1 m and 3 m dependlng on the location of
houses which were - Anterviewed durlng reconnaissance survey. In general,
"since urban area in Blumenau is characterized by undulating streets,
even the same ereet has different elevation. That's. why there were some
streets where water depth was qulte dlfferent 1ocatlon by location.

As far as water depth in Gaspar is concerned water depth in
riparian area along the Itaja1 river was between. 0. 5mand 1.0 m on the
right ‘bank 31de and parL of left bank ‘side in the downstream from the
confluence of” the Sertao river. This level of low ‘water depth can be
conceivable since overflown water . from the, main ziver or tributaries
extended to the depre531on area with an elevatlon of around 8 m. Water
depth in. 1nundat10n ‘area caused by -overflown water' from the Gaspar
Grande river and in ‘riparian. area.along the main river in the-upstream
from the cenfluence of the Gaspar Grande river was averagely 0.5 m and
1.5 m respectively. .



: Duration of inundation in 1983 and 1984 floods was’ averagely 10 days .
and 5 days as a. result of inteérview survey to 10tal people in Blumenau_
and Gaspar. : .

2.3 Actual Flood Damage Reeords and Effects of Flood Damage on SOGlO"_'
© economic Condltlons ‘ . . .

- Both munxeapalltles of Blumenau and Gaspax suifeled fxom ‘a
tremendous amount of direct damage due to 1983 and 1984 ‘floods. Direct
flood losses shown in Table V,2.2 are observable in all their aspects,
where. some data are not collectable owﬁng to daffleulty of access to
Orlgxnal data. : . : . : oo

The magnltude of: both floods was so large that populatlon affected
by inundation was estimated to be about 80,000 in: “Blumenau and 14; 000 in
Gaspar. Compared to the entire populatien of bhoth' munlclpalltles in the
Census year of 1980, .inundation population in Blumenau ‘and Gaspar turn’
out to be 52% and 54%,

The number of hbuses affected by ‘1983 and 1984 ¢ floods are
categorized by damageablllty condltlon ‘such as destructlon, damaged, and
just under - inundation. According to an interview: survey at” munlclpal
government. of: Blumenau, many destroyed houses locating- in’ rlparlan area
at low elevation were wooden made. cnes with block type of - foundation
made of brick which i1s vulnerable to ' inundated water. ‘Most of- houses
-categorized as "damaged" suffered  from istructural vulnerablllty to
_inundation having long duration characterized by 1383 flood. Most of
damaged. houses with their body and roof being completely spolled had Lo
be reconstructed.  During. 1nundat10n, lots of resident people. had to. be
evacuated. More than a half of affected population mentioned before was
inundation populatlon having to abandon ‘their: houses. Most of affected
houses shown in Table V.2.2 are categorlzed as Jjust "1nundatlon“ though
it goes without saying. that:inundated houses . were partly spo;led with
minor damage to wall, gate, and electrical wiring inside houses

Damage to prlvate sector is pr1n01pally composed of direct loss in
-manufacturing industries and commerce & service sectors!' establlshment
The sector of manufacturlng 1ndustry in Blumenau and Gaspar was the most
serlously damaged field in terms of the ‘amount of direct ‘flood loss
since industrial sector has been the major ecdnomic act1v1ty, espe01ally
in Blumenau. About a half of industrial. establishments in Blumenau and
40% of total industries in Gaapar was damaged in 1983 flood, whereas the
-number of damaged industries caused by -1984 flood in both municipalities
was smaller than those spoiled due to 1983 flood. The amount of direct
' damage due to 1983 flood ‘in Blumenau and Gaspar was .estimated  to. he
about 3.3% and 8. 5% of yearly value added respectlvely, on condition
that value added in ‘Census year of 1980 is revalued at 1983 price level
without ConSlderlng ‘real growth. The corresponding percentage in 1984
flood was estimated to be 2% in Blumenau and 5% in Gaspar

Table V.2.3 shows the more detalled breakdown of  flood damaqe due to
1983 flood by sub-sector of. manufacturlng industry in Blumepai. Most of
damaged industries ‘are a. small size of establishment having employees
less than five persons or a middle size of one where the number of
employees. ranges from 10 to.30. Total number of affected andustrlal
worker was reported to¢ be 20,187 which corresponda to about a half of
_all economically active population ‘engaged 'in industrial sector.The most
seriously damaged sub-séctor in terms of employees and damage amount was



- seotcr of cloLhes and textile where there was. ax textlle company hav1ng
their’ employees more -than: 2,000 ‘persons, Foods and metals were:also the
severely damaged ‘sub=sector, whose direct damage amount is a rnoticeable
figure,. -Since the major lndustry in Blumenau has béen characterlzed by -
‘textile w1th respect to: its large size of - productlon, textile 1ndustry-
faced w1th the opportunlty lose of selllng textile _goods: for export.
_Total amount. .of :finance requlred for: compensating for damaged properties
oxr fac111t1es aJmost became: twice as much as damage amount. Due to heavy
damage ‘to - productlon fac111t1e5, it - took .53 ¢ days "averagely for
=1ndustr1al companles to get back to normal operatlon.‘ : S :

- There are mlscellaneous Lypea of establlshments in commer01al sector.
in  Blumenau . and Gaspar Compared to- the reglstered ‘number of
establishments in' the correspondlng sector “in’ the Census ‘yéar of 1980,
about 72% and 24% of ‘them "in Blumenau and Gaspar experienced flood '
damage ‘in 1983 ‘and ‘the ‘same percentages in 1984 flodd turned out to be
78% in Blumenau and 48% in Gaepar on condltlon that- yearly value ‘added
of this" sector in 1980 is revalued at - 1983 ‘and 1984 price level the
ratio of dlrect damage to revalued value added in ‘Bluménau and Gaspar is
equivalent’ to-3% dand . 4.6% in: 1983, and the same ratio in 1984 is
estimated- to be 1:2% and 1.6% An: Blumenau and Gaspar, Although the
number of: damaged establlshments was larger in 1984 -than' -in 1983, the'
size of damage  amount. LEE larger in" 1983 than'ln 1984 since it was
partly because damaged establlshments in 1984 flood were mostly small
-size, ‘and partly because dlSClpllne of brlnglng final" good to safety
'places out «0f :inundated water was well performed. Tremendous amount of
. £lood . damage incurred by prxvate sector due - to both floods made
entrepreneur.'or individual ‘owners ‘consider it Ser10US to take
countermeasures against . dlsaster Some ‘dozens of small size of industry
already moved to places out of 1nundatlon area. Some large factories
installed their generators -and  water tanks whlch are to be used at' a
‘state’ of emergency since blackout and stoppage of water supply in.
_dlsastrous time of flooding gave a fatal blow to their ‘operation. Some
~of small’ size of ‘establishments still faces with flnan01al constraint
which means that financial soundness ¢an not be realized- owing to
accumulatlng heavy debt Whlch was borrowed for re- operation after
disaster.

Flood damage to- publlc sector cons;sts of ‘various types of publlc
facrllty such as school,_sanltary fa01llty, public facrllty, utlllty and
transportation 1nfrastructure admlnlstered by mun1c1pal or state
government . Damage ‘amount ¢ of publlc sector -shown in Table Vv.,2.2
indicates public fund’ requlred for reconstructlon of numerous damaged
facilities 'in 1983 and 1984 floods. Of which infrastructure relatlng to
‘transportation was the most ‘seriously damaged facility, As shown in
"Table Vv.2.4, there is a marked contrast in damage conditions of road
.system cdused by both floods Long duration_ of 1nundat10n due to
consécutive rainfall in the floéding time of 1983 caused the- landsllp of
shoulders of urban .and - rural streets, whereas damage” to road . system due
to the floodlng occurred in 1984 was rather . characterlzed by erosion of
road foundation and destruction of dralnage system in urban area than
landslide. Most of destroyed drainage pipe were small size w1th 40 cm in
dlameter.

Table V. 2 4 alsc shows list' of damaged brldge due to 1984 flood
‘which was 22 in- total Bridges damaged by flooding, water: in Gaspar are
wocdenumade ones locatlng in trlbutarles,'whlle most of damaged brtdges
in Blumenau are made: of" concrete of Wthh three- brldges crossing .over
the Itajal rlver play the 1mportant role in connegting between left and



right bank SldQS Damaged portlon of wooden brldge extended to overall
brldge struoture 1nclud1ng abutnient ‘and pier,- but abutment was ‘the major
part of . damage in.case '0of concrete. bridge.,The brldge crossing over the
‘Itajai river which: is called Irenel  Bornhausen: locating in ‘the mainﬁ
stream between the confluence of the. Itoupava and’ Fortaleza river, was
severely spolled Since. this: brldge is logated: at the low ‘elevdtion, it
was oompletely covéered by flood water with rap:d ve1001ty of flow,g
resulting in dtter’ destruotion of its abutment ‘and structure ‘@s well.

The cost of repalrlng “this’ brldge amounted to 250 thoueand Cr$ whlch is.
more than £our Eimes of cost required for repalrlng others i

Due to serlous damage to .entire road ‘system, it took more ten days
to get back to normal traffic system after rtoads were out of 1nundatlon
The ‘disturbance  of transportation 1nd1rectly affected economic
activities of the secondary and tertlary sectors; Lot.s of establtshments
which were not dlrectly damaged by 1nundatlon ‘due to 1983 and 1984
floods, are reported ‘to suffer from the opportunlty loss of selllng
‘goods because 1ntermed1ate material requlred for producmng flnal goods
could not be transported properly :

Damage to publlc utlllty such as water suoply system, dlstrlbutlon
networks of electrlolty and telephone syatem administered by SAMAE,
CELESC, and TELESC respectively was c¢critical problem to socio~economic
activities. Blumenau experlenoed the complete stoppage of water supply
for about 10 days in 1983 and for 2 days 'in 1984 since intake pump and
-treatment facility were damaged. ' Since treatment fa01llty Was
contamlnated by floodlng water, an urgent -action. was taken by SAMAE to
.put liquid type of chemicals into treatment fac;laty for’ preventlng
drinking water Ffrom sp01llng health condition of resldent people,
Besides, water meters. of individual bulldlngs totallng in about 7,000
ones which corresponds to a quarter of total water meters in Blumenau
were thoroughly replaced in- 1983,

Blumenau also experlenced. the complete stoppage of electr1c1ty o
supply for about 10 days in- 1983 and 4 days in 1984. A generator
locating in the’ ieft bank- of the Ita3a1 river, many posts plus
‘transformers, and distribution networks were thoroughly damaged by
flooding water. According to interview survey conducted at CELESC . of
"Blumenau; it took. a whole month to recoveér damaged faC1llt1es. ‘CELESC
having two water gauging stations along the main river has been
-scheduled to take an emergency action when water level becores. crltlcal
point. 'In fact, they 1mmed1ately stopped the operatlon ‘of subrstation
locating in Central area. Like water meters, about 9,000 of damaged
electric meters corresponding to a third of total meters in Blumenau
were completely replaced in. 1983.

Flood, damage to communlcatlon _system led to serlous social
dlsturbance since about 80% of reg;stered telephones in Blumenau had
.been -out ‘0f order for about one month ‘in 1983 due to damage to
'ampllflers which functlon to level up voltage of direct. current flOWlng
in telephone c¢ircuit. However, the duration required for recoverlng
telephone system in 1984  turned out to be . just 10 days because
ampllflers were installed at electric posts after 1983 flood.

The rest of damage to publlc sector con51st3 of schools, sanltary
-fa01llt1es such as. hospltals, and community centers having simple-clinic
type of serv1ces,-and miscellaneous kinds of social infrastructure like
park, publlc buildings administered by nmnlclpal or state government
Although damage amcunt of sanltary fa0lllt1es in Blumenau was negligible



due to no serious. damage. to big public hospitais in 193 and 1984, the .
welfare ‘and. health section: of municipal’ government conducted extensive
s@:?ices_like:gﬁpplygofhﬁocdfplus'médicine'andgdiSpatch'bfﬁphysiCians'to
local < ‘community ‘centers where inundation 'population evacuated
temporarily. ‘Sincg ‘these servites were thoroughly carried out . in
cOoperation:with3CEDEC'whiChhis'organized by voluntary civilians aiming .
ét‘leveling,gp'social_ServiCG*or-implementingian emergency -action in

disastrous time, it ‘was not observable that resident or evacuated people
. suffered from contaminated ‘water and infectious diseases. '



3, ESTIMAT:ION or PROBA:BLE iNUNDATiON'ARFiA-

Having fully analysed actual damage records of recent large scale of
floods. occurted . in 1983 .and 1984, the primal- concern of flood damage
study. is mltimately to caloulate damage amount by different magnitude: of
flood from which damage . amount * to ‘be! mitigated by the propoaed
structural. plan, ¢of flood control ‘will be ‘derived as an ; aggregate:
benefit, For thls purpose, the initial. ‘requirement . for damage.
calculation ‘is ‘estimation of probdble inundation area on . which-
simulation of probable flood damage puts the basis. The . meanlng of
probable inundation area is defined as the area to. be 1nundated by
whatever scale of flood.

Since river stretch .of the Ttajai river to be coveréd by an
engineering study of flood contrel plan is about 32 km between the
confluence ‘of Arraial river and the point in the upstream about 8 km
from the confluence of the Itoupava river, the extent of probable
inundation area’ along the main river is based on.above river stretch at
first. Secondly, the actual flood water level of Blumenau -in 1983 and
1984, 'and similated £lood water. level of .Gaspar stretch in the
corresponding scale of flood are. taken ‘into an account in oxder to
estimate the dimension of 1nundat10n area due to the same scale of: flood
as those occurred in 1983 and 1984 whlle referring to actual inundation
area. in 1983 and 1984 flooding time. Thirdly, probable 1nundatlon area
to be caused by whatever scale of flood is delineated on the map with a
scale of 1:10,000 by considering topographlc conditions in Blumenau-
Gaspar atretch,

The extent of probable 1nundatlon area is about 69 km2 ‘in total.
This area is divided into several blocks con31st1ng of one block like
Narrow’ corrldor ‘along the Itajai river .and others' in areas of
tributaries. The division of probable 1nundat10n area into blocks is
based on two reasons. One is for the purpose ¢f benefit calculation to
be caonducted -in project evaluation. Unmltlgated flood damage  in
_dralnagewproblem blocks and area where 1is easy to remain inundated due
to overflow from tributaries must be subtracted from an overall benefit.
The other is for the purpose of easiness of being able to calculate the
numper . of various types of properties by block. 2s a result, the number
of blocks turned to be 17. Probable 1nundat10n area in Blumenau~Gaspar
stretch is shown in Fig.v.2.2.



4 -  PROCEDURE OF ESTIMATING DAMAGEABLE VALUE
4;1- .‘Generai

: Since dellneatlon of probable 1nundatlon area becomes clear, the
objective of: ‘thls ‘sub-chapter is to count on-: the number or area of
1dent1f1able propertles by -iten and estlmate ‘unit value of them in this
inundation” area. The precedure of estlmatlng damageable value w111 be.
-conducted 1n Lhe follow;ng way,

- fMethod of mesh sulvey by Wthh 1and use and elevatlon ‘are read
© . out by mesh. - _

- Identlflcatlon Of :ﬁarious types of preperﬁies in probabie
1nundat10n area,

- Prellmlnary 30010 economlc study in Blumenau arnd Gaspar related
to probable inundatlon area.

- ‘'Estimaté of the number or area of 1aent1f1ed properties and of
unit value of them at present and in the future level.

. The 1ncrease of damageable property value is assessed by the augment'
- rate of uth value and of the number of damageable property’ 1tems.

4,2 Method of Mesh SurVey.-

The probable inundation: area  is d1v1ded by meshes hav1ng 1ntervals
with 200 m which. is: equivalent to 4 ha. The elevation of the. -ground
surface. is read -out ‘hy ‘using topographic map with a scale of 1:10,000 or
12, 000 in case. of . 01ty area with low elevatlon Parts of i meshes  in
whlch contours of “high elevation ‘more than 25 m exlst are eliminated
because these parts are ba51cally not lnundatlon aréa caused by whatever
8cale ‘of flood.  As far as land use in probable inundation area !is
concerned, a 3001o-economlst fully surveyed present land use cohndition
which are classified. lnﬁo several  items, .namely, "building .area
-consisting of residence, 1ndnstry,'and commerce, ‘farm. land consisting of
paddy and eother crops, and pasture land. This sort of cla331f1cat10n in
land use 1is sllghtly different from the criteria of categorlzlng land
use in socio- economlc study because the: objectlve of land usSe -gtudy in
flood damage study is to estimate the value of: properties relating to
each land use condltlon As a result, other type of land use such as
bush, river is taken off from the criteria of land use required for
flood damage study, and this area is treated as non-use with respect to

present land use.

Table -V. 4 1 qhows land use categorles by block into which probable
1nundatlon area is divided. o further classification of land use by
Bairro in each block. is also shown in order to conduct the IEIlable
estimate for the number of property's items.

4,3° Identlflcatlon of Varlous Types of _Probeftiee in Probable
Inundatlon Area ' . ‘

HaV1ng conflrmed land use of each mesh based on topographlc map w1th
a scale of 1:10,000 or. 1:2,000, a reconnaissance survey was conducted
for the purpose of clarlfylng present land use of some areas whlch could
not be identified by the Lopographlc map. The recent develOpment of-



residential area along some tributaries in Blumenau i$ aiso'fuLiy‘£akeu
into  account in- order to reflect present land use in’ this area
precisely. : : ' : ‘

Srnce buildings of multl -gtories more than two flOOrS eXJSt in
central area of, Blumenau, and  indooxr movables. exlthng in stories upper
than the second floor’ inside this type of building are not considered to
be inundated, a rough . astlmatlon_ln ‘terms of the number  of multi-
stories!' buildings was ‘conducted during a reconna;ssance survey
Furthermore, it was also ldentlfled through. the fleld dnvestigation
whether the quality of bulldlngs in central area of Blumenau. corresponds
to luxurious type of them or not, for the purpose of bulldlng ‘costs!
calculation.

:\ rouqh estlmatlon of the average value of indoor movables per an
ordinary house was tentatively conducted by interviewing staffs working
at the sechtion of Soclal Study in” FURB university and researchlng
present price of wvarious types of consumer goods

4.4 Prellmlnary 80010 ‘BOONOMLC Study in Blumenau and Gaspar Related
" to Probable Inundatlon Area - : . _

The basic statistics of popﬂlatlon snd the numbexr of building by .
type of them in urban area of Blumenau and Gaspar are rearranged on the
basis of Bairros consisting of 30 Bairros in Blumenau and 11 Bairros in
" Gaspar. The projection of the number. of houses by Bairro in Blumenau at
present time is referred to. the number of them estimated by municipal
government of Blumenau in 1986, while laborious- works of enumerating
houses by Bairro in Gaspar were done by. a socio-economist based on aero-
photo maps, with a scale of 1:25,000 "since there are no .data  on
population. or houses by -Bairro. . in’ Gaspar. The results of manual works:
help: to count on the cortect ‘humber of houses by Bairro in Gaspar at
present time. The number of buildings such as industrial and commer01al
establishments by Bairro in Blumenau and Gaspatc are based on statistical
data on them supplied Ffrom municipalities.

According : to Flg Iv.2.1 of socio-economic study, peripharal
voundaries of ‘the . ex;stlng urban area correspond to. administrative
boundaries of Bairros. In Blumehau, the extent of probable inundation .
‘area 1is almost: inside the existing urban area, whereas probable
inundation area in Gaspar extends to rural area outside urban area. The’
"~ number of Birros relating to probable inundation area is 23 in Blumenau,
and 11 in. Gaspar. ' Table 4.2 shows densities of population and buildings
by type of them in each Bairro relating to probable “inundation area.
These data shown by Bairro are basically important to rearrange the same
data by block in probable inundation ‘area. The density of residences
per ha of residential area is eetlmated by the lelSlOn of net
populatlon density into family size.

~ The Statlstlcs about productlon value and value added by economlc
‘sector which are necessary for estimation of indoor: movable in each type
of bUlldlﬂg are ba31cally derlved from Census Data of 1ndustry and -
commerce sectors published by IBGE in 1980, The current value of
production and value added by economic sector is estimated by adjustment
factor like price escalation between 1980 and June of 1987, and real
growth rate of prodiiction and value added per annum up to 1987. The Real
growth rate of them in Blumenau and Gaspar 'is assumed tO be 5% annually



}1n all economlc sectors, whioh is equal to ‘an annual growth of GRDP of
Santa Catar:na 1n real term.: : .

- As “shown Jﬂ Tables V.4 3 to. 4 5, the estlmatlon ‘of ‘value added is
arranged in the form of anit’ value added per establrshment The value
of input coste or lntermedlate products, and. of gross sales or
-productlon is estrmated by u81ng the ratios of respectlve value to value
" added: by economia; sector in the level of ‘state economy of Santa Catarina
‘since the said ratios. cannot be obtalnable by munlclpallty The value
of 1ndoor propertles,, and raw. materials _1n case of 1ndu3tr1al
establtshment follow suits preceding estimation- procedure by using the
ratio “of respectlve value to value added ~and. lntermedlated. value
respectlvely ' ‘ : :

Table v, 4 6 shows basro statlstlcs for present condltlon of socio~
economy in probable’ inundation ‘area:. Data classified by block consist
of populatlon and its density, plus the number of bUlldlngS by type of
them and their densrty - The largest number of population’ and maximum
populatlon densrty are. 1dent1f1ed in flosd prone area around the Garcia
river, followed by ‘thHat around the: Velha, river: - The notlceable p01nt is
that 'a ‘substantial- number- of re31dences and:’ commercral establlshments
are scattered in 1nundatron area along the Itajal river in Blumenau. In
Gaspar, “the nuiber of population in blocks of Belchior; :Saltinho, and
‘unknown rivers is negligibly small, while large number of population is
identified in areas along the. Itajai river, and Gaspar Grade river.
 Industrial and commercial establlshments are. mostly concentrated in area
' along the main'rlver S :

Hav;ng clarlfled the present condltlon of soécio- economy in probable
=1nundatlon area, the requisite tool for estlmatlng increase ‘rate of
bu1ld1ngs is forecast of population which is derived from land use plan
supplled by a ‘socio-ecénomist. - Land use plan in socio-economic study
divides the ex1st1ng urban reéa into three zones,_namely, 3 km, 5 km, 10~ °
‘157 km. zone centerlng ‘Centro in' Blumenau. ‘Since a socio=economist
determines the mazinim population den51ty in respective zone up to 2020,
-progectlon of popuJatlon in the future is conducted by referring to- the
maximum r831dence den51ty and residual capacity of’ residential area
being. able to: absorb increase of populatlon.. Table- V.4.7 illustrates
- projection of ‘gross and net population dens;ty by Bairro. Population
" marked as "residual® 1nd1cates those béing not able to be absorbed into
~ the ex1st1ng urban area. - Eventually, those people will be obliged to.
settle down the area outside the said urban area.

Based on populatlon forecast shown - in Table V.4;7, an estimate of
" building density in selective year of 2000 and 2020 is illustrated in
‘Table V.4,8. Residence densrty is calculated by division of net
.‘population density. by family size. Commercial density is ‘assumed to
augment in proportion to tne'lncrease rate of residence density, but
checked by’ consrderlng the maximum density of commercial establishments
per ha. 1In case of industrial ‘establishments, the gross number of  them
is: prOJected based on economlcally active. population to be engaged in
the secondary sector, and is then distributed into. industrial area in
each "~ Bairro by considering  the maximum density of industrial
establishments. '



4.5 Estimate. of ‘Unit Value of. Propeltles .and. the Numben af “Themn in.
Probable Inundation Area at Present and 1n the Future Level

4,5.1° Unlt cost of bumldlng

Present unlt cost per each type of bullding 13 estlmated based on
building cost per w2, standard size of bulldlng and its salvaqe value.
As shown in Table V. 4 8, tax- based -cost per m2 in 1986 is multiplied by
adjustment factors’ such as inflation and standard of difference between
tax- based cost - and market price in order to estlmate the market value of
bulldlngs at - curLent timea. : : : :

4.5.2 Unit value of indoor movables by type of building
(1) Household effect':

Unlt value of household effect 15 estlmated by referrlng to 3001al
statistics about household economy supplied from FURB. unlverSLty The
edjustment of original data to current value .is ‘based -on price.
escalation up to June of 1987. Future unit value. of household effect is
assumed to increase in proportlon to, the augment rate ‘of per Caplta
GRDP . . .

(2)' Tndoor movables of otheér type of buildings-:

Since ba51c calculatlon for estlmatlng 1ndoor movables per each type
of establishment are shown in Tables V.4.3 to v.4.5, assumpt;ons of
stock period for different type - of materials .are necessary for
estimating stock value_by type of establishment. :

In case of establlsnment in eommer01al sector, kinds of shops are
classified into store for food, machine, and clothes, the percentage of
each-sales to total sales value was 15%, 30%,. and 55% respectively. Then
stock value of them can be estimated with dlfferent assumption of stock
period by type of material,

As far ag establishments  in service sector are concerned the
-components of indoor movables are cla351f1ed into 1ndoor propertles and
input- gost. Input cost is furthermore divided into consumption plus
'merchantegoods for service operatlon, and machine for activity. The
percentage of respective input cost was 97% and 3% in 1980. Then, stock
value of them can be estimated with dlfferent assumption of stock period
by type of material.

In case of'establlshment in 1ndustr1al sector, the .contents of
indoor movables are divided into indoor property, raw material, and
final products to be sold. Slnce the respective ratio of three types of
stock to productlon or value added in industrial sector are already
-estimated in Table V.4.3, stock value of them can be. estlmated with
different assumptlon of stock perlod by type of materlal

The result=of present'and future unit value of’ indoor mevables:in
selective year of 2000 and 2020 are shown in Table V.4.10. Unit values
of indoor movables in commercial and service sectors are comblned into a
single figure. :
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4.5.3 ‘Unit value of crops and 1i§eétdck'

The damageable value of crops per ha is to . be estimated as expected
nét;incdme_pluS'accqmulated}p;qduction cost spént at the time when a
:fldod'bdcurs_-Thé'damageéble_vaer'calculated as: the expected value is’
the sum of probable value of net -income plus production’ cost through the
year. Probability fequired for the ‘calculation of expected value 1is

based on:seasonal frequency of floods. .

' Parameéters 'to be réquired for estimating damageable ‘value of paddy
in paddy field and maize in upland- are cropping pattern, planted area,
seasonal frequency-of-flood and basic agro-economic indicators such as
vield, farm gate- price, and production cost. The resnlts of damageable
‘value of paddy and maize in Blumenéufandeaspar are shown in Fig.v.4,1
and_4.2u:LiveStock:value-perfha'ih Blumenau and Gaspar is estimated
based,éngngricultﬁre_Census of 1984, and is shown ‘in Table v.4,11.

4.5.4  Pxe3ent aﬁd'fdturé-building denSity-

. '-As_mentioned-before'in'sub—bhapter 3, probable inundation area is
. divided. into blocks. Present’ and future building density by type of
building and block.is estimated ‘based on Table V.4.1 showing land use,
and Table V.4.8 indicating-building density by Bairro. The results of
them are shown in Table V.4.12.. Furthermore, building cost and. indoor
movables per ha by type of establishment and block are also illustrated
in Table V.4.13 for the purpose of 'comparing density of property's value
by block. Lo : L ' S
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5.  PROBABLE FLOOD DAMAGE
5.1 Area¥Depth~Duration hﬁalysie

Area-depth- -duration analy81slls made usxng the followxng probable
flood. peak dlSCharge f£lowing ints” Blumenﬁu -Gaspar  river stretch under;

present riveri’ condltlon estlmated by floodlng pattern on Deg. 1978
Dec.1980, Jul.1983 and Augi1984; "

Return SR j PthableeFlood_Pgak Discharge
Period __ g - Blumenauy .- GASpAL. SN
(year) 1978 1980 1983 1984. ‘1978 1980 71983 ¢ 1984

2,160 2,230 1,576 2,260 - 2,180 2,240 :1,510,‘2,23dJ

S 2,660 2,760 2,320 2,800 2,700 2,770 2,360 '2;320\
10 © 3,000 3,130 2,890 3,150 3,030 3,130 2,890 3,170
25 3,450 3,610 3,730 3,600 3,480 3,600 3,750 3,610

50 3,930 4,080 4,880 4,090 3,960 4,070 4,900 4,080
100 4,390 4,550 5,490 4,460, 4,420 4,550 5,510 4,470

For convertlng the flood peak dlscharge to water level, water leve1~
discharge curve based on topographlc information from 1/10 000 orx.
1/2,000 and river cross section of average interval of 300 m was
established “by non-uniform flow calculation under the follou;ng
roughness coefficient;

- Present river course ; 0.035 and

"~ Flooding area; (0.05.

- Inundation area, ‘depth and its duratlon in Blumgnau- Gaspar ‘river
Stretch are listed in Table Vv.5.1 against the above probable floods, and
inundation map of. 10-year probable flood, which is eguivalent to design
scale of provisional flood control plan, is illustrated in Fig.V.5, 1

Inundation area, depth and its duratlon due to 1980's £lood pattern
is almost  the same as the equivalent results caused by 1984's flood
since probable flood’ peak_dlscharge represents the similar results by
return period. . Flood pattern in 1983 is characterized by long duration
and an extensive size of inundation area where the magnitude of flooding
reaches to return period more than 50 years.

5.2 Daﬁa@e Rate
The damage rate of direct damage are assumed as follows;

~ With respect to crops, buildings, and indoor movables standard
rate developed by Mlnlstry of Construction, Japan shown in Table -
V.5.2 is taken as the approximate damage rate conceivable in
Brazil.



- Damage rate of llVEStOCk is assumed to be 100° if water depth is
more - than 2 m since lots of cabttlé were. drowned in 1983 floodlng
w1th water depth more Lhan 2 m, : :

- The damage rate of 1nfrastructure to other dlrect danage is
assumed to be 209%" which is also referred to in Master Plan study.

_ Indirect flood losses are the net economic losses of goods ‘and
services to the nation due to dinterruption: of 1ndustry, commerce,
. service, trafflc,’communlcatlon,-and ‘other activities. Indirect losses
incurred in -manufacturing and comercial sector are estinated based on
.multlpllcatlon of sales loss durlng operatlon stop by the mumber of
effected ‘companies: Operatlon loss of public. utilities and emergency
relief cost are dcrlved from- the Report 1osued by. Special Secretariart
fox the RebUlldlng of the State

Although the amount of indirect damage was actually larger than
direct damages in- 1983 flood belng equivalent to 50 years scale of
flood, the damage rate of indirect damage to direct damages is assumed
to be 10% 1n a conservatlve way.

5.3 Pfobabie FioodﬂDamage-

Probable flood damage by dlfferent scale of flood is simulated at
present and in the future level by different type of i flood occurred in
the past, namely, in 1978, 1980, 1983 and 1984 as shown in Tables V.5.3
to V.5.6. The annual mean flood damages in the above flood patterns are
pr03ected at 533 million Cz$, 611 million Cz$, 4771 mllllon Cz$ and 606
million Cz8, .respectlvely. The maximum annual mean flood damage of 611
million Cz$ in 1980 flood pattern correésponds to 0.6% of projected GRDP
(20,850 mllllon Cz$) in Blumenau and Gaspar area in 1987

_ Among probable flood damage 51mulated by different type of flood in
1978, 1980, 1983, and 1984, 1984 type of flood shows the maximum amount
of probable flood damage :in case 6f 10 year scale of fléood which 15 “the

‘design flood to be applied to the. prov151onal ‘fleood. control -“plan. “The
direct flood damage at 1987 development level is pro;ected to be about
1,220 million Cs% which corresponds to 1.3% of projected GRDP in

Blumenau-Gaspar area. Damage to bulldlngs plus their indoor movables
belonglng to the secondary and tertiary sectors shares about ' 64% of
total direct damage, while crop damage is utterly negllglble - Areal

.characteristics of dlrect flood damage is explained 1n such that damage
to commercial sector and residences are outstanding in area along the
Garcia and Velha rivers. Damage to industrial establishments is mostly
identified in area along ‘the "Itoupava. river. Direct flood damage at
2000 development level is projected to be about 4,500 million Cz$ in
Blumenau- ~Gaspar area. The increase of flood damage in future level is
caused by the augment of properties’ value.
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~ Table V.20l PAST FLOOD WATER LEVEL AT ADOLFO KONDER BRIDGE IN BLUMENAU

 ¥éar_ ' -Date: - sWa£é£ -. ‘Year : Date ‘ ,.Water
T Leve;'(m)"' ‘ : _ Level  (m)
1852 oetl 29 16.30 1948 May . 17 11.85
1855 ‘Nov. ' 20  13.30 1950 oct. 17 9.45
1862 Nov, 1. 9000 1953  Nev. 1 9.65
1864 Sep. 17 10.00 1954  May 8  9.56
1868 Nov.. 27  13.30 © 1954 Nov. 22 12.53
1870 0gt§ -3111 -io;dd;; 1955 May. 20 10.61
1880 Sep. 23 17,10 . 1957  gul. 21 9.33
1891 Jan. 18 13.80 1957 Aug. 2 10.65
1898  May | 1 12.80 1957 Aug. 18 13.07
1900° - gun. 1. 12/80 . 1961 - Sep. 12 10.35
1911 oct. 2 16.90 1961 - Sep. 30  9.63
1911 ock. 29 | 9.86 1961 Nov. I 12.49
1923_"Jun; 2 9,00 1962 Sep. 21 . 9.29
11925  May 14 10.30 . 1963  Sep. 29 ©  9.67
1926~ Jan. 14 - 9.50 1966 ~ Feb. 13 10.07
1927 oct. 9 12.30 1969  Apr. 6  10.14
1928 gun. 18 11.76 _ 1971 gun. 9 10.35
1928 aug. 15 10.82 1972 Rug. 27  11.05
1931 May 2 ' 11.05 1972 Aug. 29 11.35
1931  Sep. ' 11 10.50 1973 - Jun. 25 11.30
1931 Sep. 14 11.25 1973 gul. 28 9.35
1931 sep. 18  11.53 1973 Aug. 29 12.35
1932 May 25 9.75 1975 oct. 4 12.63
1933 oct. - 4 11.85 1978 Dec. 26 . 11,50
1935 Sep. 24 11.65 1979  May 10 . .9.95
1936  Aug. - -6  10.40 . - 1979  oct. 9  10.45
1939 Nov. 27 11.45 - 1980  Dec. 22 13.27
1943 Aug. 3 . 10.50 .. 1983  gul. 9 15.34.
1946  Feb. 2 9.45 1984 Aug. 7. . 15.46

Source FURR Univeréity Projetc Crise
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Table V.2.2 ACTUALZELOOD_DAMAGE'REGORDS iN‘BLUMENAU AND GASPAR

1983

No Ttem _Unit' - 1984
Blumenau :Casparx _Blﬁmenau. Géspéx
1. Affected population person’ 50,000 12,400 80,000 14,000
2. Affected;houses number :
2.1 Dbestruction ' 220 - 102 - 54
2.2 Damaged 300 217 - . 325
2.3 Inindation 20,000 2,450 - 2,900
3. Damage to private = 106Cr$ ' o -
sector '
3.1 Industry 10,649 2,492 19,643 4,390
3.2 Commerce & Service 7,551 308 8,882 348
4, Damage to public 106Crs . .
sector .
4.1 School
' State 159 33 - -
' Municipél 222 10 - 488 18
4.2 Sanitary facility _
ZSéate ' .4 6 - -
Municipal 80 10 50 18.2
4.3 Municipal facility - 1,207 49
4.4 Public utility | 588 120
Water supply (SAMAE) 300 16
Electricity (CELESC)
4.5 Transportation A
Road 1,943 , 9,164 679
Bridge 20 . 551 101
Machine 47 .

135 69

Source : Damage to public sector (GAPLAN, Municipal government)

Damage to private sector (SIC,Industryand Commerce

Association)
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Table V.2.3  ACTUAL DAMAGE OF INDUSTRY IN BLUMENAU DUE TO 1983 FLOOD

Kind'o'f. -I'n.dusﬁ_xy _ . No. of Nq;fﬁf: ' piféét L_ossl,o'f : Loss of' : Required

)  Industry  Enployees. © Damage Export: .  Operaticn  Finance

' ' " (person) _'3(106C_r$) 3 (1_06Cr$).: i {day) . (10_6Cr$)-

Mineral s asa 0 3960 0 a2 84.3
Mineral products . 25 202 241.2 0.3 58 257.2.
Mekal | 31 1,650 . 368.2 0.07 50 1,644.8
Machire 20 .276 . 185.2 0 68 4200
Electrical goods a1 4oue 0.03 60 50.7
Transportation goods 4 83 0.7 0 a5 94.5
Tintor 15 185 316.7 0 a4 250.1
Fumniture 33 3m 0 s .07 54 0 320.3
paper El 75 322 0 30 - 50.8
Leather 1 0 1.0 0 30 W
 Chemicdl 3 200 w21 o 30 26.6
‘Phearmacentical | 1 118, 469 :0 0 60 : -
Perfums o R 9 . 0.9 0 30 -
 Plastic goods 8 210 289.4 0.04 s . 3319
Textile : 10 2,433 2,185.6 - 1.5 51"  5/836.6

~ Clothes ' 44 8,504  3,663.4 9 47 4,929.2
Food - 29 1,4 781.8 0O 58 878.2
© Beverage | 2 189 1582 0 a5 1,053.1
Cigarrette 1 734 - 0 60 -
Printing 1 32 596.0 0 58 567.3
Others 18 3,104 812.2 0 55 . 4,636.4

Total 282 20,187 . 10,649.2 2.0 53 21,4222

Source. : SIC. (Industry and'commerce ass_o':cia'ti.or_l.)
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Table V.2.4 - DAMPGE RECORD OF ROAD SYSTEM |

Daniage of Road System in ﬁ.lﬁmenau - unit 106CES

" TLand slide/ Foundation  Paveient  Drainage  Bricge - Equi_fxrént ‘Total

Rehabilitation _ Co © ' System
1983 904 TUTTags T s 1is 20 R T
_ (45} 20 (28} w0 0.9 (0.1) (100)
1984 862 3,415 2,504 2,383 551 135 9,850

{9 {35) ' {25) ey (6) (1.0) ~  (200)

Noté; Parentheses indicates percentage

List of Damaged Bridge in 1984

Location River/ Material . Size (m) .. bamage
Tributary ' '

Twidth lergth  height {106Cr$)

Gaspar ] : ) . :
1. Margem Fsquerda - Morro Grande Concrete 5.0 8.0 4.5 © 9.5
2. Poco Grande Arraial ood 5.0 8.0 5.9 26.0
3. Gaspar Grande “Gaspar Grande Wood 4.0 9.0 3.0 12.0
4. Margem Esgquerda Sertao : 8.0 o= 6.0 17.0
5. Lagoa - . Pocinho Wood 4.0 _4.0. - 6.0
6. ‘Estrada Reinert Souza Wood 4.0 9.0 4.0 8.0 .
7. Travessa Lagoa Pocinho Mix 6.0 6.0 3.0 5.0
8. Sertao ' Sertao viood 4.0 2.0 1.0 1.0
9. BEstrada dos Poffo . Souza Mix 5.0 16.0 3.0, 7.5
10.  Belchior Baixo Belchior vood 4.0 12.9 6.0 9.0
Blurenau R _ : . o : .
L. - Santa Catarina Ttadal ‘ Concrete 9.% 168.0  18.0 2500
2. Johann Hadlich . Branco ' Concrete = 100 - 8.0 4.0 44.0
3. Fellpe Jehsen ' Itoupava ' Concrete  10.0 10,0 4.0 53.0 .
4. Rudibert Krueder - Itoupava Concrete  10.0 © 12.0 4.0 | 55.0
© 5. Repiblica Argentina Ttajai = Concrete 12.0 170.0 - 12.0 B0.0
6. Antonio Zendron Garcia - Concrete 12.0 35.0 6.0 12.0
7. Mariana Brunemann  velha Concrete . 10.0 22,0 4.0 11.0
. 8. General Osorio ' Velha - . ° Concrete 10,0 25.0 4.0 -10.0
4. Bntonioc Thesis " Itajai Concrete 12.0 ° 130.0  16.0 15.0
10. " Sold Moacir | @arcia Concrete . - 30.0 - 6.0
P Pinheiro _ o
11, Manaus ' . Garcia . - 33.0 - 7.0
‘12, Itororo Velha Concrete 10.0 25.0 6.0 25.0

Source : Gaplan
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Taple V.4.2 - LAND USE BY BAIRRO TN EACH BLOCK

Land. Use (ha}

TRlack . ‘Bdirgo . Bulldlng - - Crop ~ Green Pasture HNo-ise - Total
. : TR 1 < P o ' :
1. Blumenau c o S
T3 Cgentie - ¢ 0 2% .0 ¢ 4. 6 10 35
Boa.Vista' 17 - 8 .0 0 0 & 9 ‘8 31
Ponta Agua Cisl 8. 3% 0 o 6 o 12 295
: JYorstadt - - . ¢ 10D 8 53 0 o 16 © 50 219
1T 4 . Do .salto . - 8d . D 0 o "0 o 3% i3
Ttoupava . Seca " 66 31 32 0 0 0 o 10 139
Hoa Vista . 3B B 12,0 D 0 0 18 74
Itoupava Norté 100 5 B4 0 0. 0 0 31 215
Ponta Agua . . &, 0 10 0 ] 0 9 5 23
S “'salto do Nerte .33 o .7 0 0 7 0 12 59
Velha " - gentro 25 g 18 0 0 0 0 0 43
’ . Petropolis ’ 1q 0 1 0 o 0 0 0 11
‘.Da Velha .. 84 0 - 68 0 0 57 0 ¢ 207
victor Konder 28 8 15 0 0 [} o 0 51
vila Nova : 26 0 16 0 0 1 0 0 43
Do Asilo 160 s 16 0. 0 0 ] ¢ 31
Fortaleza ‘Itoupava Norte - 64 0 19 ] 0. 8 0 0 91
- Fortaleza. 126 e 0 0 9 i7 0 o 143
salto do dorte - Salto.do Norée - 90, 27.0 8 0 0 5 0 0 - 13z
"Ttoupava Itoupava Norte 39 S0 3 0 -6 0 0 1] 42
Fortalega - 2 N ] ] o 0 [/ 12
Salto do Norte 30 13 o ¢ G d ] g 43
ltoupavazinha 23 106 9 ] ¢ 1 ] a 139 -
ftoupava. Cen 93 80 ¢ 0 ¢ ) ] i 182
Fidelis Vista - = 24 o 8 ] o ) ) 0 24
Garcia Centro -3 2 1 ¢ b 0 0 o 22
: Jardin Blu | 15 o 20 ] ¢ o o 0 35
Bom Retiro ' 17 3 ) o o 10 o’ 0 30
Riberao Fresco © 48 0 . 0 o 12 o 0 70
Do Garcla . 144 20 52 (] o 3 4] o] 219
Villa Formosa 12 i 3 0 [ 4 o o] 19
Valparaiso 31 0 [¢] 4] o 8 o o .39
2. Gaspar . :
IT % Centro : 12 7 18 0 o 3 a & 46
Nova Espaeranca 2 2 0 o 0 0 0 0 4
. G. Grande 0 0 1 0 0 0 ¢ 2 3
colninha 25 7 o 9 0 0 o 18 50
M, Bsgierda © 78 4] [ 0 0 10 0 42 135
Rua Itajai 93 17 7 0 0 5" 0 49 171
seteé Setembro 23 o 4 0 0 o Q o 27
5. Ferezinha - 1 0 2 o 0 S0 0 -0 3
Rural : 73 0 0 15 0 16 0 51 155
1T 2 . G.Grande 0 0 o 0 0 4 i} 0 4
: " Figueira Co14 10 0 0 0 1 ¢ 1 43
Bela Vista 108 14 3 e G 16 a 74 215
: Rural 40 1 o - 21 o 12t . a 67 250
Bolchilor - Bural . 8 o] Q179 5 88 0 0 . 280
Saltinho Rural o 8 0 0 0 48 44 0 @ 100
ui. Rurai - 1 Q a 0 a 27 8 Q- 36
vz . Rural 5 0 Q o a a9 ] ] 44
G. Grande Gasparintio 18 0 5 2 o 2 0 | 27
' G.Grande 40 0 1 0 ) ¢ 0 ] 47
Colininha : 54 3. 2.8 13 0o . 10 0 82
Flgueira 54 o o h) 0 19 . 45 0 118
: Rural _ 32 0 & 330 68 210 10 0 680
o Sertao " M.Esgierda L2 0 9 19 ) 8 27 0 186
Rural .o o 0. 17 o 17 75 0 120
Arralal . Rural 14 [\] o 266 5 31 0 2 348 -
P. Grande Sete Setembro a6 ] 0 0o 0 10 0 o 36
- Rural 29 0. 0 0 . 223 137 367 [ 696 .
Total : - 2508 369 599 950 3627 _ 485 993 594 6860
Note : R-Residence ' I- Industry - Cvmmerce _
b-paddy S 0-Other crop.

"Rural" shawn in the‘column of Bairre in the above table indicates
the area outside the existing urban area consisting of Bairro in Blumenau
and Gaspar municipaliLiea : :

uITn_shoﬁn in .the column_of'Block means -probaple inundation area
C‘aleng the' Ttajai river. i : .
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Table V.4.2 POPULATTON AND BUILDING DENSITY BY BAIRRO REIATING TO
PROBABLE INUNDATION AREA AT PRESENT LEVEL,

Bairro Family -~ = ‘Net Residence Industiy Commerce
Size - Density | Density . Density = Dersity

(person/house) ’(person/ha)' (Est fha) {(Est/ha) {Est/ha)

‘Blumenau
Centro 4.4 '145.5 33.1 So12.2 30.9
Jardin Blu 4.3 77.3 ig:0 - 2.9
Bom Retiro 4.4 54.6 12.4 0.2 6.7
Petropolis 4.3 57,2 13.3 - 27.9
Da Velha “3.9° 29.9 7.1 3.7 6.0
Victor Konder 4.7 87.4 1B.6 3.8 11,0
Vila Nova 3.7 66.6 18,0 5.5 4.8
Do Asilo 5.4 42,4 7.9 2.5 6.3
Do Salto 3.4 26.9 : 7.9 1.0 2.0
Itoupava Seca 3.1 36.5 11.8 - 1.8 8.1
Boa Vista 5.1 29.1 5.7 Co- 9.0
Itoupava Norte 3.2 25.9 8.1 5.7 2.7
Ponta Aguda 5.1 25.0 4.9 - 3.8
Vorstadt 4.8 28.0 5.8 - 2.9
Ribeirao Fresco 4.9 . 31.4 6.4 - 1.8
Do Garcia 4.5 16.5 10.3 4,7 7.0
Vila Formosa 3.8 24,7 6.5 = 3.1
Fortaleza 3.8 20.4 5.4 0.8 -
Salto do Norte 4.7 29.0 6.2 0.4 6.8
Itoupavazinha 3.5 9.3 2.7 0.2 -
" Itoupava Central 5.0 6.5 1.3 0.4 -
Fidelis- 4.0 6.4 1.6 -
‘Valparaiso 5.7 47.5° 8.3 - -
Gaspar .
 Centro 4.4 29.5 6.7 ' 5.0 8.4
o Mova Esperanca 4.4 39.3 8.9 " 5.5 7.7
Gasparinho 4.4 22,4 5.1 4.5 6.0
“G:Grande - 4.4 20.3 4.6 4.8 7.5
Coloninha 4.4 12.9 2.9 1.2 5.6
M.Esquerda’ 4.4 - 17.2 3.9 1.4 5.6
"Rua Itajai | 4.4 12.1 2.8 0.5 2.6
seté Setembro 4.4 21.8 5.0 1.3 4.1
S.Terezinha 4.4 18.2 4.1 1.1 5.0
. Figueira 4.4 15.8 - 3.6 1.3 4.8
Bela Vista 4.4 17.0 3.9 1.1 6.1
Rural 4.4 9.4 2.1 0.0 0.0
Note ] i P
Net density - Population density per ha of residential area.
Residence density -~ The number of houses per ha of residential area. .
Industry density - The:number of industrial Est. per ha of industrial area.
Commerce density - The number of commercial Est. per ha of commercial area.

y- 22



Table V.4.3  DASIC CAICULAVION FOR  ESTTMATTNG INDCOR MOVABLES
© PER TNDUSTRTAL ESTABLISHYENT.

(- Eétinétion of Unit lVa.ltie Iidded por Establis ot

Unit : 203 Cr$

. Blowenau - . Gaspar
Deflator - ‘Carrent  Cons't /1 Current  Cons't /1
1980 . 200 54,783 54,783 20,359 20,359
1987 95,400 /2. ° 73,539,090 77,085 /3 27,329,238 28,647

Note: /1 1980 constant pr;.ce
. /2  Estimation based on GAPIAN's publication for GRDP deflator and
) : (‘urtent inflation index.
43 _Real growt,h rate of unit value added is estimated to be 5% per
~the objectj.ve of this table is Lo project unit value added at 1987
prlce : _ .

The average of um.t value added of a manufacturmg establlshment in
two cities is. estlmated to be 50 0 x 106Cz$

{2) "Estimation of.-Intemediate value and Gross production
Unit: 106Cz$
Intermediate value 50.0 x 1.8 /1
Gross production value . 50,0 x2.8.42
Note: L1, 12, These figures'iﬁdicate the ratio of respective valve to value
‘added,  which was estimated on, the basis of GAPIAN's
publication : ’
(3) Estimation of Indoor Property, ~Raw Material, Gross Production per
Establishimet at 1987 price ' '
Unit: 106Cz3
Indeor property _ 50.0 % 0.3/1
Raw material ~50.0 x 1.8 x 0.8/2
Gross productmn 50.0 x 2.8

Note: /1 This figure means the average ratlo of indoor property to value
: added.

/2 This figure means the average ratio of zaw material to intemmediate
value,
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Table v.4.4 BASIC CMCULATIOIQ FOR EST:IMATING INDOOR MOW\BIES PER .
i ?:.S‘IABLISHME‘NT OF SERVICE SPCTOR

(1) Estnnmatmn of Unit value Added per Establwm’ent

Unit 103 Crs

Blurenau ' S Gaspar
Deflator Current Cons't . Current Cons't -
1980 . 100 9,112 9,112/1 4,019  4,019/1
1987 95,400 12,230, 250 12,3201;2 .5, 394,é70 | 5,655/2

Note : /1  Unit value added per establishment . at 1980 constant.
pu_ce based on Censo dos Serv1cos (IBGE)

f2  Real growth rate of unmt value added is estlmatai to be_
5% per a.nnm

The objectlve of this table 'is ‘to project unit value
added per establls}nrent at 1987 price.

The average of unit value added of a service
establishment in two cities is estimated to be 9.2 x 106
Cz$. ’ :

(2) Estimation of Indoor Property, Input Costs per establishuent at 1987 price

Unit:106Czs

Indoor property * Unit value added x 0.06' L= 0.55

Input costs Unit value added x 0.06 Jfl= - 0.55

Note: /1 These figures indicate the average ratio of.
respective value Lo total value added of service
sector in 1980 based on Censo dos Servicos (IBGE).
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Table V.45 pAsIC cmcumrrw FOR ES‘I‘JMATING INDOOR Movmzuss PER COMMERCTAL

ESTABLISHMENT,
(1) Estimation of Unit Sales Value per Establ ishrent
Unit : 103 Cx$
o Bliure_nau _ - - Gaspar -
 Deflator _ Current Cons 't /1 Current Cons't /1
1980 100 20,959 20,959 /2 3,838 - 3,838 L2
1987 95,400 . 28,134, a14 - 29,491 /3 5,151,600 5,400 /3

Note: /1 1980 constant: pmce

2 Um_t Sales value per estabLlsment ‘at 1980 cons' t pnce
' based on Censo Comn-:ercwl {IBGE) .

I3 Real growth rate of unlt sales value is estimated to be
5% per annum. .

The ij_ective of this table is to project unit sales
value per establishment at 1987 price:

‘I‘he average of unit sales of a camercial establishment
in two cities is est:.mated to 17.5 x 106Cz$.

{2} Estimation of Unit Value Added per Establishment

Unit:106Cz5

Unit value added 17.5 / 5.4 {1

Note: /1 “This’ figure.:i.ndicates the ratio of value added to sales
value in 1980 based on census of comwercial sector (IBGE).

(3} Estimation of Indoor Property, Gross value of Sales per Establls}ment at

© 1987 price.
Unit’;:106Cz$
Indoor property . Unit value added x 0.16 /1=0.51
Gross _saies value unit. sales value=17.5

Note : /1 - fhis. figure indicates the average ratio of indoor
property to unit value added in 1980 based on census of
ccmterc:Lal sector (IBGE) :
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Table Q.Q.T E°TIMATION oy PO?ULATIOV AND ITS DENSITY BY BAIRRO IN EXISTING URBhN ARLR

Pairro - TTYGRT 000 R T YT

B GiD: . NP PGB N, P Pl B.D . N.P

{1} '3 km wone

‘Blumanan ) o D K o e e o
“Cantre ) o 4,221 46,92 145,% -1 4,802 [ 53.4 -165.67 i 5,510 61.2 . 190.0
Jardim Blumenau 927 30.9 77.3 - 1,365 45.5  113.8 . . 1,899 . 63.3 - 158.0
Bom Rekiro 1,850 744 59.6 4,326 . 17.3.127.2- 00 7,340 29.4 2150
Pabropolis . 1,715 34.3  57.2 2,492 9.8 83.1. 3,435 68.8° 114.6
victér Konder 1,832 45.8 0 - 87.4 2,209 55.2  105.2 2,669 €6.7T  127.1
Boa Vista. | 3,562 18.3 28,1 5,790 41.4 65.9 - 9,740 69,60 110,7
Ponta’ Aguda © 9,246 - 13.8  25.0 0 25,466 38.0° 7 6.8 45,210 67.5 . 122,2
Vorstadt ' ©.5,304 T ¥3.6 C 28.0° 14,470 37.1 0 76.2 - 25,%29.  65.7 ., 134.9
Riberao-Fresco | 2,460 12,3 31,4, 7,038 35,2 90.2 " (12,610, 63,1 161.7
Do Garclal- S 116,592 . 24.4 46.5 ..29,575. 43.5 82.8 - 45,379 -, 66.7. 127.1
villa Formosa C 1,189 4,1 24.7 5,330 1814 . 111,90 10,370 .. 35.8  216.0
Sub-total 747,898 16.9 38ir 102,872 36.4 B1.8 . 169,795  §0.0 135.1

{2} 3-5 km zohe

 Hlumenau

Da ‘Velha! . -24,833° 11.3 [.29.% 27,133 12.4 32.7 29,932 - 13.7 - - 36.1
LVila Nova | c.77,398 0 411 666 7,396 41.1 66.6, 7,396 41.1 - 66,6
Do Asilo : . i 15, 9?2 S- 23.8 42,4 15,972 -, 23.8  742.4. 15,972 " 23.8 42,4

ftoupava Seca - 4,013 21.1 36,5 4,070 -21.4 [ 37.0 . 4,140 © 21.8 37.6

Itoupava Norte - 13,407 . 18.4 25.9  115,560° . ['21.3 7. 30.0° - 18,1800 ' 24.9 35.1
[Fortaleza .., 13,636 . 15.5 C20.4° 717,650 - 20.1 @ :26.5 22,537 25.6 33,8
‘Valphraliso- S0 5,697 21.9 47l 5,697 21.9 47.5. 5,697 21.9 47.5

C.Sub-total 7 084,954 16.7 31.1 93,478 -18.3 34.2 103,854 20.4 . 38.0

{3)10-15 km zone

Blumenau’ . o : oo T - i )

Do Salta ] 3,665 16.7° . 26.9 - 3,883 17.7 28.6 4,148 18.9°  30.5
Da Gloria - 8,345 214 . 93.8 . ¢ 8,345 . 21.4 93.8 8,345 21.4 93.8

| Prgresso: 10,089 - 10.7 41.5 16,089 10.7 41.% . 10,089° 10.7 £1.5

‘salto do Morte . 6,093 10,5 . 29.0. 6,258 ¢ 10.8 -29.8 6,458 11.1- .77 30.8
Salto Welsbach ~ - 1,894 4.7 11.5 3,166 7.9 19.2 4,715 11.8 28.6
Passo Manso. | 2,620 4.0 8.0 5,600 8.5 17.1 9,230 14.2 . 28.1
Bandenfult S 2,116 0 5L2 11.1 3,619 .8.8 18.9 5,448  13.3 26.5
'Eidélis3v1sta : Co321 6.4 6.4 806 . 16.1 16.1 1,397 .. 27.9 27.9
Itoupava Zinha 3,516, 3.3 10.1 6,400 6.1 18,3 8,910 S 9.4 28.4
Itoupava Central 7,042 4.3 6.5 17,580 10.7 16.2 30,410 18.5 27.9
testa Salta 2,225 3.5 4.1 8,055 12.6 14.7 15,153 23.7 27.7
Sub-total 47,926 6.9 15.1 73,801 10.6 21.7 - 105,303 15.1°  31.0
Resjdual 41 ’ o _ 15,940 R 35,845

Gaspar o T - - - ; -
Coloninha. - 1,106 7.9 12.9 1,810 12.9 21.¢ 2,656  19.0 30.9
Figuieixa 1,529 8.5 15.8 2,195 - 12.2 - 22.% 2,996 16.6 30.9
Bela. Vista - 4,201 12,4 17,0 5,759 16.9 - 23.3 . 7,633 22.5 36.9
‘Centro ., . . © 767 12.8 26.5 : 7185 13.1 30.2 . 806 .. 13.4 - 31.0
Mova Esperanca a7 23.%  39.3° 471 23.6 39.3 471 23.6 ' 39.3
Gasparlnho .7 .84 15,7, 2204 0 1,104 18.¢4 26.3" 1,300 . 2i.7 30.9
G.Grande - ' 72 12,9 20.3 - 995 - 7 15.6 25.1 . 1,175 19.6 = 30.9
Mongem Esgierda © 2,963 8.7 17.2 S 4;031  -11.9 23.4 5,315 . 15.6 . 30.9

Rua;Tftajai ° 1,694 6.1 12,1 03,221 1w0.4° 20.6 - 4,817 - "15.5 30,9
Sete Setembro - . 2,285, '13.4. -21.8 2,722 716.0 25,9 3,248 - 1911 30.9
S.Ferezinha 1,979 13.2 1 18.2 2,616 7.4 23.9 3/369 . 22.5 30.9
Sub-total £ 18,908 10.3 17.3 25,709 - i4.0 23.5 . 33,786 18.5 l.e’
"Residual /1, Lo 4,163 o - 11,508

.Note : P . '~ Populatinn . : ’

G.D + Gross denslby of population .
CN.D - Net density of population per Ha of residentlal area’

i1 R631dual means population being not able Lo be abscrbed 1nto

: existing urban area.

{2 TFlgures shown in “Sub total”'indicates total population and -
" an average gross ang net density of population
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Table Vf4.B BS TIMATION OoF BUILDIhG DhNSITY PER. HA BY BhIRRO

' RELATING TO PROEABLh INUNDATION AREA

“opnlt i Est./ha

Bairro coe 1987 L o 2050 ‘ ; 2020 .

{1} 3 km_ione

Blumenau

Centro 03301 12,2 30.9.  3%.8 12.2 34.4 4202 012,20 29:
Jardim Blumenay 8.0 . - 2,9 28,2 - - 4.1 .0 35,2 = . 5:
" Bom Retiro 12.4  0:2- 6.7 28.3 0.7 15,3 . .48,0 1.2 . 25!
Petropolis 13.3 - 27.0° 18.5 - 37:6 25,5 40
Victor Konder 18.6 3.6 11,0 23,4 3.9 13.8 28,2 - 4.3 18
Boa Vista 5.7 - 9.0 4.6 - 231 24,6 ~ 38
Ponta Aguda 4.9 - 3.8 5.3 - 1l.9  2rlz - - 21
Vorstadt 5.8 - 2.9 16.9 - 8.5 30,0 - =7 1%
' Riberao’ Fresco 6.4 - 4.8 2000 - 15.0 5.9 . - 26
Do Garcial 10.3. 4.8 7.0 18.4 5.0 12.5 28,2 5.4 19
Villa Formosa 6.5 - 3.1 24.7 - - 11.8 48,0 - 22
{2) 3-5 km zone
Blumeansu ) ) o L )
Da Velha 7.7 3.7 6.0 8.4 4,1 6.5 . -8.3 4.8 7,
Vila Nova i8.¢ 5.5 4.8 16.0 5.8 4.8 18,0 6.2 .4
bo Asilo 7.9 2.5 8.3 7.9 2.9 6.3 7.9 3.4°.°6
Itoupava Seca 1i.8 1.8 8.1 11.9 2.3 8.2 12,1 2.9 8.
Itcupava Norte 8.1 5.7 2.1 - 9.4 5.9 3.1 11.0 5.3 3,
Fertaleza: 5.4 0.8 - 7.0 1.3 - §g.9 .. 1.9
Valparaiso 8.3 - - 8.3 - - 8.3 -
{3} 16-15 km zone
Blumenau . . : )
Do Salta - 7. 1.0 2.0 8.4 1.4 2.1 9,0 2.1 . 2,
Salto do Norte . 6.2 0.4 6.8 6.3 G.9 6.9 6.5 1.6 7
. Pidelis Vista 1.6 - - 4.0 - - 7.0 -
Itoupava Zinha 2.1 0.2 - 5.2 0.7 - 8.1 1.4
Ttoupava Central 1.3 0.4 - 3.2 0.9 - 5.6 1.6
Gaspax
Coleninha’ 2.9 1.2 5.6 4.8 2.7 9.3 7.0 4.8 13
Figueira 3.6 1.3 4.8 5.1 2.9 6.8 7.0 5.0 9
. Bela Vista 3.9 1.1 6.1 5.3 2.7 8.3 7.0 4.9 10
Centro ' 6.7 5.0 8.4 6.9 6.0 8,7 7.0 7.5 8,
Nova Esperanca 8.9 5.5 1.7 8.9 6.5 1.7 8.9 8.0 7.
Gasparirnho 5.1 5.5 6.0 6.0 5.5 1.1 7.0 6.5 8.
" G.Grande . 4.6 4.8 7.5 5.7 5.8 9.3 1.0 7.0 11,
Mongém Esqierda 3.9 1.4 5.6 5.3 3.0 1.% 7.0 5:0 10.
"Rua Itajai 2.8 0.5 2.8 4.7 2.2 4.4 7.0 4.5 6
_Sete Setembro 5.0 1.3 4.1 5:9 2.8 4.8 7.6 4.9 5
S.Ferezinha 4,17 1.1 5.0 5.4 2.6 6.6 c 7.0 1.8 8
Rural /1 2.1 0.0 0.0 6.4 0,0 0,0 10.4 0,0 .0

R 1! ¢ R T . C R.. T C.

Note : R*Residence ‘I—indﬁstry C-Commerce

/1

_ReSldentlal d3951ty in rura] area is assumea to increase ow1ng

to residual population which can not be absorbed into the existing

‘urban area. Accordsnc to . land use plan by a socio- economlsL,

populatin density in ranging 10 to 15 km zone will expand to

31 per ha, which means’ that r951dent1al denslty will be around

7 houses per. ha at max‘mum by considering family size of 4.4 per
house., It is assumed that rsidual. populalion:in Gaspar shown in
Table V 4,7:will be absorbed into 120 ha of non-use land between
2000 and 2620, Thus, houses in residential land of rural area in

2020 includes residences in non-use land.
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| Table V,4.9 . PRESENT UNIT COST PER EACH TYPE OF BULLDING

Ttem . - House In_dué't.i—i:y C _Commérce
' : Blurqe_héu . Other areas
Central Zone

Unit'eo:si:; per“né 3,860 42 5,800 11,630 . 8, 400
el S ,' -

Standard size of 125 500 . 35 125

| bU.lldl.l’lg (_rn2) _ | ' .

Unit coeie"per' o as0 2,900 -4,070 1,050

bullclmg (103Lz$) . _ o g
Salvaqe valu(, L3 _ C 0% of imit‘cos't_ per building
_‘Average unit cost peui‘l ' : '

‘building (103cz$); o260 1,600 - . . z.2u0 580
Source . _ ‘_'Mmlmpallty goverment of- Blwrenau _
‘Note 11 Types of bulldmg shown above are categorized: as

middle  class except  cofimercial DUlemgS in central
.-zone  of . Blumenau . where most of bu1ld_mgs are

mentlfled ko ‘be the flrst ‘¢lass or luarious type.
‘Tax-based unit cost per m2 at price level of ‘Dec,

1986 shown - in original data is converted to show

market value at current price lewvel ‘by adjusting

iriflation ang chfference between tax-based cost and
- market prloe

i2 Unlt cost ‘of house is the average one between brick
and wooden made.

3 Salvage value of buildings is assumed to be 10% of
: purchasing price.

At 'Averaoe llﬂl'f cost :mdlcates the mean cost.. between
purchasmg prJ_ce and salvage value. :
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Table v.4.10 - PRESENT AND FUTURE UNIT VALUE OF INDOOR MOVABLES

unit : Million Cz$

Teem . . 1987 2000 . 2020

Study areé-_. _ . _ .
Household effect 0.12 - . . 0.16 0.24

. Comnerce _ 1. 67  ' 3.48 7 . 7.63
Industry _ 26 .80 55.10 126.73
Note : Household effect is assumed to increase

in proportlon to the augment rate of per
capita GRDP in’ Study area._' : :

_Unlt value of commer01al establlshment.
is calculated as -the avaerage value per
building belonglng to. both serv1ce and i
commercial sectors. : ;

Future unit value of 1ndoor movables. in
commerce and industrial establlshment_is
‘estimated’ to ‘increase in proportion ta
the growth rate 'of GRDP shared by
tertiary and secondary sectors.

Tablé V.4.11  LIVESTOCK VALUE PER HA

Unit : Million Cz§ -

- Minicipality 1987 . 2000 . 2020
:.Blumenau 0.01 _ 0.01. _ 0.01
. Gaspar ' 0.01 0.01 0.01
‘Average ' ©0.01 0.01 - 0.01
Note : Original data on livestock is based on

statisticgs ' of ‘Agricultural -Census. in
1984. Livestock value at 1987 price. is
estimated by :adjusting the difference of
price index between 1984 and 1987.

Future livestock value is assumed to
show: no increase of its value since real
growth =~ rate of primary sector is
estimated to be null. : :
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‘ESTIMATION OF BUILDING DENSITY PER HA BY BLOCK

Table V.4.12°

'nést./ﬁa
2020

‘Unit

3000

21987 .

Block .

Blumenau’

.2

it

28,

15

15,

3

9
0.

T
IT.

0.0 22

12
18

.4

"2.3

10
16,

:l‘.

14.6
6.3

1

5 3.5 11,1

0

2

Velha
Fortaleza

4,0 12,6

0.0

6.

9
+ 8

p "61

6.2

Salto do Norte |
Ttoupava 7
Garcia

. * 7
-19.%

-0

4

30.2- 5.

5.1 13.5 .

'19.3

.1.10

Gaspar

1T
- I7

4,9 10.9
0

7.8

10
10!

.3

Belchior
‘saltinho

0.0

0

a.¢

ul

0
4.8 10.6

10,
7

uz

.5

G.Grande
Do Serxtao
Arraial

0

0.0

0.0

Q

10
8

0

0.0

0.

0

P.Grande

C-Commerce

I-Industry’

R~Residehce

Note
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Table V.4.13

=ﬁnit

PRESENT AND FUTURE VALUE OF BUILDING AND INDOOR MOVABLES
BY TYPE OF RSTABLISHMENT AND BLOCK :

o Mlll]ﬂn 8
Block Building Cost o Indoor Mavable ‘
) 1987 2000 2020 1987 2000 2020
Blumanat
T 3 louse 1.4 {12.5) 6.5 {5.0) 17.4 0.6 {11.6} 2.5 (5.1) 6.7
Industry 0.0 {0.0) 0,0 (0.0) 0.0 0.0 {0.0) 0.0 (0,0) 0.0
Commeroe 5.2 (2.8 7.4 (6.3} 25.3 7.1 (12.6)  33.4 (6.8} 120.5
T 4 House 3.1 {5.3) 4.1 (3.1 7.6 1.0, {3.8) 1.6 (3:0) 2.9
industry 2.9 (4.1) 4.9 (3.2) . 9.3 A2 7.7 126.7  (5.2) 350.1
Commerce. 2.6 {5.0) 49 {3.6) 10.0 7.5 {8.7)  22.3  (5.5) 65.6
velha House 3.8 {4.6) 6.8 (2.7) 11.6 1.8 (2.9 2.6 (2.8) 4.5
Industxy 5.1 (3.0} 7.5 (2.7 12.8 85.7 (6.4) 192.8 (4.7) 482.9
Commerce 5.8 {2.3) 7.8 (3.1). 14.3 11.5 16.6)  26.5 {4:6)  65.2
Fortaleza ' House 1.6 {5.5) 3.2 (3.2) 6.0 Y0.8 {3.2) 1.2 (3.3 2.3
Indusiry 0.0 {0.0) 0.0 (0.0) 0.0 0.0 {0.0) 0.0 (0.0 0.0
Commerce 1.6 (3.2) 2.4 (3.0) 4.3 4.5 (7.0)  10.8 {4.9) 28.2
salto do Norte House 1.6 (3.8) 2.6 (2.2} 4.0 0.7 (2.8) - 1.0 (2.4) 1.6
Industry 0.6 (9.3) 1.9 {5.1) 5.1 10.7 {12.5) -~ 49.6- (7.0} 193.2
Commerce 3.9 (2.4 5.3 (2.2) 8.2 10,3 {6.0) . 24.0° (4.2) 54.2
Itpupava House 1.0 (7.3) 2.5 {3.1) 4.6 0.4 (7.1} 1.0 3.0y 1.8
Industry 0.5 {9.8) 1.7 (5.3) 4.8 8.0 (14.0) 44.1 {7.3) 181.1
Commerce 1.6 ¢3.1) 2.4 (2.9 4.3 4.5 {7.0) 10.8 {4.9) 28.2
Garcia House 2.7 (8.8} 7.9 (4.4) 18.7 1.3 {6.9) 3.1 {4.3) 7.2
Industry 7.7 (2.7) . 10.9 (2.3) 17.3 128.6 {6.2) 281.0 {4.3) §51.9
Commerce 4.8 {5.9) 10.2 (3.9} 21.8 9.8 (10.7) - 36.7 (6.3} 123.B
Gaspar
7 1 House 0.9 (7.5} 2.3 (3.7) 4.8 0.4 (6.4) 0.9 (3.8) 1.9
: Industry 3.0 {7.0) 7.3 1404y 17.3 50,0 (10.5) 187.3 (6.4) 651.9
Commerce 3.7 (3.2) 5.6 (2.7} 9.6 10.5 {6.9) 25.1 (4.7 63.3
T 2 House 0.9 {7.5) 2.3 (3.0 4.8 0.4, {6.4) - 0.9 (3.8} 1.9
Industry 1.9 (9.2) 6.0 (4.9} 15.7 L32.2 (12:8) 154,13 (7.0} " 591.6
_Commerce 3.5 (4.7 6.4 (3.4} 12.6 10.2 (8.3} 28.9% {5.4) 83.2
' Be1chior, saltinhe, ©l, U2 and Arraial . o L
: : House . 0.5 {13.5) . 2.6 {4.6) 6.4 0.3 (9.7 1.0 (4.7% 2.5
Industry . 0.0 7:{0.0)  ~ 0.6 (0.0} 0.0. 0.0 {0.0) 0.0 (0.0} 0.0
Commérce 0.0 ¢0.0) © 0.0 (0.0} 0.0 0.0 (0.0 0.0 {0.0) 0.0
G.Grahde House 0.9 (T.1) 2.2 (3.9 4.7 0.4 (6.4) © 0.9 (3.5} ' 1.8
: _Industry 1.9 (8.8) 5.7 (5.1}  15.4 32,2 (32.5) 148.8 {7.0) 579.5
Cammerce 3.9 (4.1) 6.6 (9.5 12.3 11.2 {(7.8) - 29.6 (5.2) 80.%9
Do Sertao House _1:6 (6:3) 2.2 (3.9 4.7 0.4 (6.4) 0.9 (3.5): 1.8
Industry: - 0.0 - {0.0) - 0.0 (0.0) 0.0 0.0 {0.0) 0.6 {0.0) 0.0
Comme ree 0.0 (0.0 0.6 (0.0) 0.0 0.0 (0.0) 0.0 {0.0) 0.0
P.Grande . House 1.0 (7.3) 2.5 (3.8} 5.1 6.5 (5.5) 1.0 (3:5) 2.0
industry 0.0 {8.0) 0.0 {0.0) 4.0 0.0 {0.0) 0.0 {D.0) 4.0
0.0 (0.0) 0.0 (0.0) 0.0 0.0 (0.0) 0.0 (9.0) 0.9

Commerce -

Note

Parentheses indlcates an annual increase rate(%) of respective value.
Value of Commercial building and its indoor wovables in Blocks of IT 3, Velha and
Garcia including Bairro of "Centre" in Blumenau is specially calculated since most of

commercial buildings in "Centro" are multi-storied establishments and their building
cost is higher than ordinary building.

assumed to have four stories.
Future unit cost of each type of buildlng is assumed to increase in proportien to the

avgment rate of per capita GRDP.

In this case,

commercial buildings in Centro are



Tabla ¥.5.1° INUNDAFION AREA ,DEPTH AND DORATEON DUR TO PROBABLE FL0GD (1/4}

{1) .1978's _flood pattern L Untt : ha
Land Use -Depth/buration: Returun pariod {(yoar)
) P 2 5 10 .25 50 100
Residence 0.0 -.0.5m 49 20 128 17 319 126
T 0.% ~ 1.6 m 26 47, 70 126 224 351
1.0 5 1.5 W 45 55 71 86 103 195
‘1.5 - 2.5m 3¢ 67 94 127 184 - 215
2.5~ 3.0m ¢ 28 74 90 113 166
over 3.0 m 11 11 27 13 145 217
Sub-total 161 298 467 679 1,098 1,276
Industry 0.0 - 0.5 m 12 19 12 23 29 13
0.5 - 1.0 m 7 .8 12 26 C 23 34
1.0 ~ 1.5m 13 12 19 12 18 18
1.5 = 2.5 m 15 20 20: 27 42 45
2.5 ~ 3.0 m- 0 15 20 19 .23 28
aver 3.0 m Q 0 15 2t qF 10
Sub-total 47 T4 93 136 178 208
Commne ree ‘0.0 < 0.5 m 12 31 le 28 59 69
0.5 - 1.0m Q 16 28 20 52 70
1.0 - 1.5 m° 1 12 27 2a 22 56
1.5 - 2.5 m 12 4 24 46 a8 49
2.5 - 3.0m S0 12 T 12 as 49
over 3.0 m 12 12 29, 28 40 65
Sub-total 40 87 123 162 267 358
Paddy Less than 0.5 m S
1-7 days 9 53 100 152 83 a4
3-4 -days 0 0 0 0 0 0
- '5-6 days 0. o Q 0 ] 0
over 71 days 0 0 [¢] 0 0 ]
0.5 - 1.0:m. .
1-2 days 0 40 64 94 152 103
3-4 days 0 0 0 0 0 9
5-5 days 0 0 0 0 ¢ 0
‘over 7. days o 0 o 1] 0 &
cver 1.0'm : -
1-2 days 0 .5 57 114 163 219
3-4 days 0 Lo 0 0 45 114
5-¢ days 0 0 0 ¢. Q 0
over 7 days 0 0 0 0 0 ]
Sub-total a 98 221 360 443 480
Upland -crop Less than 0.5 m .
1-2 days 3 56 28 50 72 23
3-4 days 0 0 0 0 0 0
) 5-6 days Q o] Q 4 [} Q
over 7 days o o a 0 [+ ¢
9.5 - 1.0m -
i 1-2 days 2 3 68 32 50 76
3-4 days 0 0 0 0 0 o
5-6 days ¢ "o .0 0 0 Y
over 7 days -0 0 o 0 0 0
. over 1.0 m: .
1-2 days 5 g 8 &5 92 78
3-4 days’ 0 0 1 6 12 72
5-6 days 0 ¢ 0 4] 0 .0
over 7 days [ 0 0 o 0 0
Sub~total - R 68 108 153 226 249
Pasture 0.0 - 2.0 m 1 182 242 ° 311 322 266
: over - 2.0 m 0 0 "1 1 24 98
Sub-total 1 182 243 312 346 . 364
Unutilized 76 155 272 367 521 564
Total 343 962 1,532 2,189 3,079 3,493



Table V.5.1 - INUNDATION AREA.,DEPTH AND DURATION DUE TQ PROBABLE FLOOD (2/4}

{2) -1980's  flood pattarn

e ‘ Unit 1-ha
Land Use Bepth/buration e . Returup perfod (vear) S
L L ' 2 5 10 25 RO 100
Residence C0.0 - 0,5 m - 47 7 130 269 324 1 zog
0.5 - 1.0 m 28 18 46 93.. 231 z4s
Sl -1 16 42 91 102 145 . 303
1.5 - 2.5 m 30 g2 98 140 - 186 242
2.5 - 3.0 m 0 53 71 110 122 171
over 3.0 m 11 15 31 85 177, 242
Sub-total 162 344 507 799 1,185 1,415
Industry 6.0 -~ 0.5 m 12 12 26 20 24 15
0.5 -1.0m 7 ‘19 12 18 20 27
1.0 - 1.5 m 13 ‘8 Casc 26 18 26
1.5 - 2.5 nm. 15 i9 20 31 44 36
2.5~ 3.0m 0 24 20 20 27 a2
ovar 3.0 m [3] q 1% "35 55 Y
Sub-total 47 86 112 150 192 214
Conme £ce 0.0 - 0.5 m 12 28 20 48 5 58
0.5 - 1.0 m ] 30 28 18 58 5
1.0 - 1.5 m 4 13 "30 28 2% 59
1.5 - 2.5 m 12 12 29 54 48 60
2.5 - 3.0m 0 12 4 24 46 56
over 3.0 m 12 12 24 . 28 40 79
Sub-total 40 107 135, 200 296 387
Paddy Less than 0.5 m .
1-2 days 17 &7 104 175 &0 i6
3-4 days 0 ] 0 ] ¢ o
~ 5-% days 0 0 0 0 ¢ 0
. over 7 days bl 0 ) 0 0 ¢
0.5 - 1.0 m
1-7.days 4 EY:) 67 104 87 56
3-4 days \] 0 4] 0 a 0
5-6 days 0 0 [ 0 o] 4]
over 7 days 0 ¢ ] 0 o] 0
over 1.0 m . . . .
1-2 days 4] 21 59 126 312 294
3-4 days 6 0 0 0 1 - 1ee
5-6 days 0 0 ¥ [\] 0 Q
over 7. days 0 a 1] 0 V] Q
Sub<tetal 21 126 230 405 480 492
Upland crop Less than 0.5 m
' 1-2 days 6 68 36 101 72 19
3-4 days 0 0 [ 0 4 ‘0
5-6 days 0 0 [} 0 13 [
aver 7 days 0 ] 0 0 0 0
0.5 - 1.0m .
1-2 days 2 ] 72 36 54 76
. 3-4 days [+ 0 0 & 0 0
5-G days o 0 o 0 0 o
aver 7 days Q [¢] Al Q 9 G
over 1.0 m
1-2 days 4 12 1z 77 104 134
3~-4 days i 0 0 6 12 20
5-6 days 0 1] 0 0 0 0
aver 7 days 0 0 o ¢ 0 0
Sub-total 12 80 120 220 242 249
Pasture 0.0 - 2.6 m 1 182 242 337 . 322 182
over 2.9 m 0 0 1 i 26 198
Sub-total 1 182 243 338 344 380
Unutilized 88 197 304 647 547 593
Total - 371 1,122 1,651 2,559 - 3,285 3,737



_ Table V.5.1

“£1o0d | pattern’

I_ﬁQNQATION ARERA _,DEPT_& AND DURMETON DUE TO PROBABLE FLOOD (3/4}

{3) 1983's L i Unit_: ha
" iand Use " Depth/Duration. . Returun perlod {year}) =
. o . 2 51D . 25 50 100
Rosldence - SO0 -.0.5 m 45 39 88 258 107 60
' ! ; 0.5 - 1.0m ~ 21 .44 a3 134 254 109
1.0 - 1.5 m 5 19 35 106 238 168
Sle - 205 m 0 30 91 166 404 $23 -
2.5 = 3.0 7 1 57 192 153 302
ver 3.0-m 4 12 16 118 34 460
Sub-tétal 86 174 380 883 1,203 1,822
Industry ¢.0 - 0.5 m 13 12 12 18 24 10
0.5 -~ 1.0 m 11 t 19 19 21 25
1.0 5 1.5 4 13- 8 28 19 21
1.5 -:2.5m i) 15 19 28 . 46 38
2.5-3.0m 0 0 24 .23 45 40
over 3.0 m 0 0 4 51 94 130
sub-tetal 28 17. 86 163 249 264
Commerce 0.0 - 0.5m 4 13 28 55 38 32
0.5 - 1.0 m Q 8 30 28 61 30
1.0 = 1.5 m o112 4 17 20 60 35
1.5 = 2.5m - Q. 12 12 57 105 125
2.5 - 3.0m B o 4 29 46 817
over 3.0 m . q 12 - 24 28 10% 148
Sub-total 28 49 115 217 416 457
Paddy less than 0.5 m . ]
.1-2 days 0 12 67 Cl 55 36 .
3-4. days 0 [4] 0 a 0 0
5-6 days ] 4] Q ¢ q - .0
over 7 days 0 B 0 ¢ 0 ]
0.5 — 1.0.m .
1-2 days 0 4 38 124 52 81
3-4 days 0 0 0 0 0 0
. 5-¢ days 0 0 0 0 0 0
over 7 days a ] 0 ] 0 0
over 1.0 m )
i-2 days 9 o 117 145 190 32
3-4; days 0 o 14 26 207 113
5-6 days 0 ] -0 33 84 270
over 7 days 0 Q 0 4 37 E)
Sub-total 0 i6 126 431 535 597
Upland crop Less than 0.5 m
"1-2 days 6 3 12 86 16 ]
' 3-4 days 0 0 0 0 0 12
H-6 days 0 ] o 0 o ¢
over 7 . days a 0 0 0 [} o}
0.5 — i.0m .
1-2.days 0 3 0 Al 23 le
3-4 days 0 0 b 0 4 0
56 days o 0 o 0 Y 0
over - 7 days 0 4] 0 o} 0 v}
over-1,G'm .
.1-2 days ¢ 2 3 g4 11l¢ 23
3~4 days ) q 3 0 32 76
5-6 days 0 Q 2 3 22 i3s
over- 7 days 0 o 4 9 12 12
Sub-total 6 12 84 ° - 226 265 286
pasture 0.0 - 2.0 @ Q 8 194 316 174 a4
over . 2.0 m . 0 ] B 24 206 286
Sub-total 0 ‘8 194 340 380 380
Unutilized 132 92 1202 501 653 | 685
Total - : 398 2,76l 3,701 4,291

180
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Table V.5.1  INUNDATION RREA ,DEPTH AND DURATION DUE TO PROUABLE FLOOT 14/4)

{4)._1984's flood pattern

ha

76 .

: . Unlt :
Land Use . - Depth/Duration Returun .perlod (year): :
: : ' 2 5 10 25 50: 100
Residence 0.0 - 0.3 m 51 76 125 271 318 140
0.5 ~ 1.0 m 23 76 88" . 92 241 294
1.0 - 1.5 m 50 46 92 102 148 235
1.6 - 2.5 m ©30 82 99 S140 183 229
2.5 53,0 m oo 53 12 110 126 170
over 3.0 m 11 15 31 85 177 236
- Sub-total 165 - 348 507 800 1,193 ° 1,304
Industry 0.0 ~"0.5m 12 12 26 20 32 13
0.5 -1.0m 7 19 12 24 20 23
1.0 - 3.5 m B | 8 19 16 18 28
1.% -2.5 m 15 19 20 31 49 42
2.5 ~-3.0m 0 24 20 20 31 32
over 3.0 m . 0 4 15 35 a5 0
Sub-total 47 86 112 146" 196 208
Commrerce 0.0 - 0.5 m 12 28 21 42 79 74
0.5 - 1.0 m 0 27 28 20 58 58
1.0 - 1.5 m 4 16 26 27 29 54
1.5 ~ 2.5 m - 12 12 33 . 54 a8 52
2.5 - 3.0m ] 12 4 24 46 94
over 3.0'm 12 12 24 o 28 40 79
Sub-total 10 1087 136 193 300 371
. Paddy Less than 8.5 m
1-2 days .17 67 104 175 59 36
3-4 days ' 0 0 ¢ 0 0 0
5-6 days 0 0 0 0 0 0
over 1 days 0 0 0 o] & 0
9.5 ~ 1.0 m :
-2 days 1 38 67 104 g8 95
3-¢ days 0 ¢] s} 0 G o
5-% days ¢ 0 0 0 9 0
‘over - 1 days ¢ 0. 0 0 0 i}
_.over 1.0 m
1-2 days 0 21 59 122, 274 140
3-4 days 0 S 0 4 59 208
5-6 days 0 Q ¢ 0 g 0
over 7 days 0 0 o ¢] 0 G
Sub-total . 21 126 230 405° 480 479
Upland crop Less than 6.5 m .
: 1-2 days 6 72 36 101 . 68 23
3-3 days ] 0 D ¢} 0 0
5-6 days 9 0 0 0 0 0
over 7 -days 0 0 0 0 0 o
L 0.5 1.0 W o
1-2 days 2 ¢ 72 36 55
3-4 days - o G ] a. 0 0
5-6 days ¢ 0. ¢ ‘0 o 0
aver 7 days 4 0 0 0 0 0
over 1.0 m
1-2 days 4 12 8 74 108 50
3-4 days 0 0 4 9 12 100
5-% days i) 0 0 0 0 [+
over 7 days 0 0 0 0. 0 0
0 o ¢ 0 0 0
Sub-total 12 84 120 220 243 249
Pasture ¢.0 < 2.0m 1 182 242 337 322 226
over 2.0 m [¢] 0 B i © 26 146
Sub-~total 1 182 243 338 348 32
Unutllized 88 197 304 447 . 542 565
Total 374 1,130 1,652 2,551 3,302 3,548
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Table V.5.2 . FLOOD - DAMAGE RATE

(1) Building and Indoor movables

" Item -~ Below | T0-0.5m 0.5-0.9m 1.0-1.99m  2.0-2.99m Gver 3.0m

Floor Level

" 1.Building FA 0:03' - 0.053 0.072 0.109 0.152 0.22

2. House hold = 0.60 0.08% 0.191 0.331 0.499 .69
effects o ' ’

3.Properties 0.00 - 0.154 0.295 . 0.339 0.509 0.597

Note: {1 Sidop less ﬁhan 171000

(2) Agriculutural Crops

bepth . Duration .. Paddy Average of Damage Sugarcane
(days) . Rate (Upland, Crop) )

Less than i-2 0.21 0,27 . 0.00
0.5m deep 3-4 Q.30 . 0.42 . o T D00
5-% ) 0.36 0.54 ) 0.00
- 0.50 0.67 0,03
0.5-1.0m 1-2 0.24 "0.35 0.00
3-4 - 0.44 . G.48 0.00
5-6 0.50 0.67" S 0.03
1- . 0.71 ‘0.4 0.06
More than _1—2 : 0.37 0.57 0,00
1.0m 3-4 0.54 0.857 0.03
5-6 ) 0.64 0.81 ) . ¢.086
T 0.74 0.91 ) 0.09

Source: Criteria for the Enginéering of River and Sabo Project ,

Ministry of Consttuction,&apan
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Table V.5.3

(1)

PROBABLE FLOOD DAMAGF} IN BI UMENAU GA“‘PAR STRFTCH
DUE TO 1978 FLOOD: PAT?LPV ) :

Annualized Vaiuve

'Li.

Hote =

'Annual'mean_flobd damdge

V- 38

1987 .deﬁeldpment -lével P e
" o : _ I ( Unit @ Million Ca$
Damage Item - Return Period | e - L
2 5 10 25 .50 100
Redidence : _ C . ‘ .
Building 18.54 38.38 §7.50 103.89  187.47 - 215.71
Indoor Movables 19,29 42.30 81,37 129.76 210.39 283,41
Industry ; . _ _ . o R s
Byilding 1,64 - 3.31 - 5.83 L10.04 5 18199 . 26.25
Indoor Movables 86.77 162.28  -304.62 482.75 949.11 1,342.42
Commerce - S0 e : } B _ .
Building 19.55 34.74 - 60.26 82.82 ~ 131.85 - 174.55
Indoor Movables 116.04 197.91 377.96 523.37 808.00 - 1,077.88
“Paddy - 0.01 1 0.14 - 0.35 0.58 0.83° . 1.06:
. Sugarcane 0.00 0.00 0,00 ¢ ©.00 0.00 _D.00
Other Crop -0.00 0.00 - 0.00 © 0.00 0.00 . 8,00
Pastuze. - 0.00 0.00 0.07: 1 0.07 11.46 ~ 5.86
Infra-Structure 75.94 138.92  260.41  386.76 - - 663.55 906.87
Indirect Damage 33.78 61.80  115.84 172.04 295.17 - 403.40
Total 371.56  679.76 1,274.21 1,892.08 3,246.82 4,437.41
: _ . ' L A
Annualized Value 92.89 250.59 348.29 443.29 494.68 533.10
{2) 2000 developmant leval co
o ' - . Unit :-Million Cz§
‘Damage Ttem : Return Period -
2 5 10 25 50 100
Redidende : S B .
Building 46.38 °93.66 162.93° 254,53 408.77 528.46
Indoor Movables 43.35 '89.19 168.76  269.52 437.62 593.42
Industry ‘ : _
Building . 5.54 11.12 19.53 30.57  49.38 66.72
Indoor Movables 476.58 891.32 1,646.26 2,317.00 3,890.13 5,350.51
Commérqe _ : o SR o : :
‘Building : '39.21 66.14 108.90 146.53 223.92 292.91
Indoor Movables 420.64 673.80 1,209.18 1,655,64 2,481.19 3,292.13
“Paddy 0.02 0.25 0.64 1,077 1ls3 1.95
. Sugarcane 0. 00 0.00 0.00 0.00 0.00 0.00
" Other Crop 0.00 0.00 0.00 0.00 0.00 0.00
Pasture . S0.00 0.00 0.07 0.07 1.46 5.86
Infra-Stiucture 299.20 529.35 961,72 1,355.73 2,173.26 2, 938‘27_
Indirect Damage 133.09 235.49 427.80 603.07 966.73 1,307.02
Total - 1,464.01 2,590.36. 4,705.79 6,633.73 10,633.99 14,377.25
366.00 974.16 1,338.96 1,679.15 1,851.83  1,976.88



" Table V.5,

(1)

4. PROBABLF FLOOD DAMAGE iN’ BLUMENAU GASPAR STRETCH '
DUE TO 1980 FLOOD PATEERN =

Note 1 /1

1,106.53

‘Annual wean floéd.damage'

V-39

196? davalopﬁent lavel e T
' : _ _ o Unit : Million Cz$
- Damage Ttem’ o _Return Period L i -
' C 2 ] 10 25 ‘50 100
Redidence G o T i RPN
Building’ _ 18.57 . 49,72 73,73 117.84 179.68 239,63
Indoor Movables 19:138 58.51 °  |87.92 146,01 225,49 315.19
'Industry  _ : o . ‘
Building : 1.84 . 4.56 27,05 12.94 20 41; 29,96
Indoor Movables 86.77°  234.28  304.62 659,69 1,028. 73 1,519.86 -
.Cbmmérce o SR TR o ‘ : o
- Building o 19,55 43.63' 63.87 98.69 136.77 198.67
Indoor Movables - 116.04 ~257.89 40494 616 66 833.52 1,241.50
. Paddy _0;03* C.0.19 0.36 " 0.85 - '0.9% 112"
Sugarcane; ..0,00 8.00 0.00 0.00 - . 0.00 " 0.00
- Other ‘Crop C.0.00-  -7¢.00 2.00 000 0. 00 0.00"
Pasture e 20,00 ¢ GL00 T 0107 0.07 1.54 11.86°
‘Infra-Structure | ©75.98 188.14 ‘?73 34 _-.479 18 703.86 °1,031.76
Indirect Damage 33,80 83.69 121.59° - 213.15 "313.10  458.9%
Total 311,76 920.61 1,337.49 2,384.68 3,444.06 '5,048.51
R e o SRR ) _ : s
Annualized Valué 192.94 286.79 393.70 . 510.1s 568.05  610.51
(2) 2000 development 1avel S S )
: L sl “Bnit. : Million Cz$
Damage Item P Return Period.. : .
2 5 10 25 50 . 100
Redidence o _ _
Ruilding’ 46.54 119.39 180.16 286.41 440.27 578,52
:Indéor Movables 43.59 120.56 183.92 301.68 472.61 649.45
' Indusi::;y _ 7 ; S :
'BuiIdihg“ 5.54° 15.29 21.58 "36.57 54.11 73.82
Inddor Movables: 476.58° 1,272.78 1,646.26 2,930.63 4,304.92 5,872.30
‘Commerce o . .
Building 39,21 . . 79,18 115.78.  170.73 231.48°  327.91
‘Indoor Movables 420. 64 838.70 1,312.29 1,903.07 2,564.54 3,745.26
Paddy 0.05. 0133 . 0.66 = 1,20 1.77 2.06
Sugarcane - 0.00 0,00 S 0.00 0.00 0.00 ' 0,00
Other' Crop- 0.00 0,00 0,00 0.00 ¢.00 .- d;pg
Pasture, .. 0.00 0000 0.07 0.07  1.54 11786
Infra-Structure’ 299.32 - 709,41 1,003.61 1:632.81 2,340.66 3,265.74
Indirect Damage 133.15 315.56 446.43 726,32 .1, 041:19 1,452.69
- Total: - 1,464.62 3,471.21 4,910.76 7,989.49. 11, 453,00 15,979, 61
Annualized Value 366:16 1,525.63° 1,912.63 2,107. 06 2,244, 22



Table V.5.5 .

PROBABLE FLOOD DAMAGb IN BLUMENAU- GASPAR %TRFTCH
“DUE TO 1983: FLOOD PATTERN

83 -

Note : /1

.V~-40

Annual mean flood damage'

{1) 1987 ‘davélopﬁant level I S L
_ - . L . Unit 1 Millien Cz$
Damage Item Returh Period - ' ' '
o 2. 5 S10 - 25, 50 100
Redidence R R o . .
Building _ 7.85 21.75. 55.28 132,91 - 288,24 - 362.36
Indoor Movables 8.13 22.83 6§5.26 166.47 390.46 * 513,38
Induétry oo . . ' : LT
Building 0.63 1.64 . 4.58 15.39 © - 37.39- 51,08
Indoor Movables 22.75 86.77 ~ 234.28 747,93 1,912.57. '2,623.98
Commérce . : : R
Building 12.84 22.09 51,91 104.55 233.79 291 62
Indoor Movables 87.21 130.91 ° ° 300.04 642.77° 1,482.81 :.1,851.71
Paddy . 0.00 0,03 : 0.19 . 0.86 1:52 1,94 -
Sugarcane 0.00 0.00 ©L 0,00 Q.00 . 0.00 - 0.00.
Other Crop 0.00 0.00 0.00 -0.00 . 0.00 _0.00.
Pasture _ 0,00 0.00 0.00 . 1.4% 12.34 - 0. 117.14
Infra-Structure 40.43 82.95  :206.34 525.58 '1,264.15 1, 656.
" Indirect Damage 17.98 36,90 91.79 233.79 562,33 737.00
Total 1197.82  -405.87 1,009.65 2,571.71 6,185.60 .8,107.04
. . : /1
Annualized Value 49.45 140.01 210.78 318:i22 405.80 . 477.28
(2) 2000 development leval L :
L ) . ‘ Unit :_Millioh Cz5
‘Damage Ttem . "Return Period - L S
-~ 2 5 10 25 50 100
Redidence . .
Building - 20.70 52.76 134,47 328.03  701.03 879,35
Indaor Movables 18.58 48.89 - 135.44 349.50 806,66 .1,053.29
Industry : _ .
Building f2.12 . .5.54 15.29 43.29 90.72 117.37
Indoor Movables 124.93 476.58 1,272.78 3,394.25 7,144,68 . 9,243,390
Commerce _ . Do o R -
Building 26.45 43.05 96.12 - 180.95  383.90 475.32
Inddor Movables 314.68 454.78 993.90 2,001.45 4,455.68 5,560.39
Paddy 0.00 0.06 0.35 1.57 2.80 3.57
‘Sugarcane 0.00 0.00 0.00 - 0.00 0.00 0.00
Other Crop 6.00 0.00, - 0.00 0.00 0.00 0.00
‘Pasture 0.00 0.00  0.00 ~1.48 12.34  '17.14
Infra-Structure 147.16 . 313.68 ?68u02' i, 82? 14 . 3,943.36 5,031.45
Indirect Damage " 65.46 139.53 341.64 812.76 1,754.12  2,238.13
Total 720.08. 1,534,87 3,758.01 8,940.40 19,295.29 24, 619. 40
: o : o L1
Annualized Value 180.02 518,26 782.91 1,163.86 1,446.21 1,665.79



Table V.5,

R

‘ DUE TO 1984 FLOOD PATTFRN

[ PROBABLE FLOOD DAMAGE IN BLUMENAU GASPAR STRETCH

Note il

66

‘Annual ‘mean flood damage

v~ 41

1987 devalopment 1evel .o
- . . Unit » Million Cz§
" Damage Item - Return: Period S
2 5 10 25 50 100
Redidence :° S L L :
¥ Building 19.11 49,99 74.50-  117.53 180.65 229.70
Indoor Movables “19.55 59,00 89.46  145.82 226.73 . 304.60 .
Industry - " _ . _ . : o .
. Building N 1.64 4.56 7.05 11.77 21.05 ‘27.02
Indoor'Movgbles__-. 86.77 7 234.28 - 304.62 562.04 1,042.90 1,387.05
-Commerce . . : . : )
' Bu11dlng 3 19,55 . 43.88 64.67 197.83 137,08 192.03
Indoor Movables 116.04 261.76 408,02 614.97.  .'833.52 1,178.71
Paddy 003 0.19 - 0.36 °  0.65 1.00 . 1.17
.Sugarcane 0.00: 2.00 S 0,000 0.00 0.00 0.00
‘Other. Crop 0000 - 0.00 0.00 0,00 0.00° 0.00
Pasture 0.00  ° 0.00 6,07 "0.07 1.54 . 8.74
‘Infra- Structure 76 18 189.56 . - 275.43° 449,70 708.90 965,41
Indirect Damage . 33,89 84.32 122.52 200.04 .. .315.34 429,44
' Potal 372.76 927.54 1,347.70 2,200.42 3,468.72 4,722.87
‘ o S o {1
Annualized Value 93.19 . 288.23 401.99 508.44 565.13 606.09
(2)H.2000' devalophant level . -
: - : - L . Unit ::Million Cz$
Damage item. Return Period L '
. 2 5 10 25 50 100
'Redidenca' ) o C
Building 47.55 120.31 181,79 286.17 442.54 555.20
‘Indoor Movables 44.00 121.74  186.67 301.30  475.15 628.03
Induétry : o _ - .
Building 5.:54 15.29 21.58  34.61 55.67 68.18
Indooxr Movables 476.58 1,272.78 1,646.26 2,674.48  4,372.74 5,497.45
Commerce - _ _ : _
Building 39.21 79.71 117.41 169.40 232.07 317.57
' Indoor Movables 420, 64 853.20 1,327.57 1,898.07 2,564.54 3,542.05
Paddy 0.05 0.34 0.66 1.20 1.84 2.15
Sugarcane . 0.00 0.00 0.00 0.00 0,00 0.00
‘Other Crop 0.00 0.00 6.00 0:00 0.00 0.00
Pasture ' 0,00 . 0.00G 0.07 0.07 1.54 8,74
Infra-Structure . 299073 714.38 1,009.78 1,555.93 2,362.36 3,079.62
Indirect Damage 133,33 317.78 449.18 692.12 1,050.84 -1,369.90
. Total 1,466.63 '3,495.53 4,940.97 7,613.35 11,559.29 15, 068.89
Annualized Value 366, 1,110.98 1,532.81 -1,909.44 2,101.17 2,234.31 °
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" Fig.V.41 DAMAGEABLE VALUE OF IRRIGATED PADDY

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

- A) ' Croppmg ’

) .Calendex% '

(B) Planted Area -

@ 100'1'?50 75 95 . : 25 75 100
(©)  Accumulated . '

Cost(#%) 65 75 85 .98 . 20 40 55

(D Flood

Frequency(%) 19 1538 198 77 779 39 193 115 115 115 17

1987 2000
() Yield(ton/ha) | a7 o 50
(F) Price(CZ$/ton) 7450 9,110
(@) Production Cost ( CZ$/ha ) 18160 25040
(i) Net Income (CZ$/ha) . 9405 o 20,510
' (1) Damageable Cost ( CZ$/ha) 11,850 16510
(§) Damageable Valie (CZ§/ha) . 5,885 | 10,860
DEC
Note : (= E(BXCXDXI+B><D><H)
: ) JAN

(1) Damageable cost mean the remaining cost where labour cost for harvesting,

trans‘;pbrtation', and drying is su_b;tractéd from p;oduc_ﬁon cdst. _

(2) Productmn cost in the future yoar of 2,000 is assumed to'i increase in

proportlon to the augment rate of yleld

(3) Pricels calcu]_ated as form' gate price‘ on condition that rice is imﬁorted.

Y- 45






Fig.V.42 DAMAGEABLE VALUE OF MAIZE

~ Jan Feb Mar Ap' May Jun Jul Aug Sep Oct Nov Dec

" (A). Cropping

| .Ca.ler;der_ :

(® Planted 1st - S 50 100 100 50

Area  2nd 100 100 100 50 o 5o

' (C) . Accur_hul_ated

Cost(®%) . - 50 60 80 90 .30 50 .70 90 30

'(.D)- Flood ‘

Prequency (%) 19 115 3.9 19 77 77 39 193 115 115 115 7.7

1987 | 2000

(B) YieldGon/ha) = 1.8 3.0
(F) “Price (CZ8/ton) o ame 6,110
(@) Production Cost ( CZ$/ha) 5,350 8,920
(H) Net Income (CZ8/ha) | 3,810 g410
'(1) Damageabte Cost (CZ§ /ha) 4,150 - '6,920
() Damageable Value (CZ$/ha) 3450 8,00

- ‘ DEC o '

Note = (D=Z(BXCXDXI+BxDXH)

' JAN i )

(1) Priceis calculated as form gate price on condition that maize is imported.
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1. General:
1.1 Study Ared’

The atudy area L of Blumenau GaSpar 'stretch"ls' located in  the
downstream reach of the Itajai rivex. This stretch is composed of urban
.area oFf:Blumenhau, whlch s the blggest c1Ly in the basin and urban area
of-Gasper, and rural area between two cities.

CThe ILajal river flows down through the Blumenau city, meanderlng
largely in the Blumenau stretch The rivet stretch along the Blumenau
‘city.is characteérized: by excellent landscape which is in harmony: with
German ; style bulldlng, ‘trees ‘along the. river ‘and mountains behind the
—urban area ThlS landscape is a mamn 51ghtsee1ng resource of this city.

The Gasper 01ty also has a good ¢andscape along the rlver stretch in
up and cdownstream from the centex of the city. In the: Blumenau—Gasper
' stretch, there  are rural landscape ‘among the . natural gentle slope
rlver51de as well as valley landscapée w1th mountalns closxng to riverine
area. - :

Thrée tributaries; Ga¥gia, Velha and'ltoopaﬁa rivers flow into the
Itajal river through the Blumenau -c¢ity. The river water of -these

tributaries “is béing polluted due to dralnage water from textile and

orystal factories developed along the ‘rivers ‘as well as munlolpal
dralnage._- ! . . g

Although thls pollutlon problenl is: not related. to  this river
1mprovement plan, the:data relevant to the: pollutlon Was collected - The
results of water quality survey ‘on. this region . .carried out by Blumenau
city ‘are -as shown on Table ¥I.1.1. ‘Numbers of coliform groups are high
compared with Japanese water quality standards shown on Table VI.1.2Z,
which means human contamination is proceeding. .

1.2  Purpose of study

In ‘order to réflect the environmental effect to the planning of
river improvement pleect in. Blumenau Gaspar stretch, the matters to be
contemplated for river improvement planning and constructlon planning
~were studied.
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2. Prediction of Environmental Change and Its Measure .

2.1 Study on Env;ronmental Aspect for River Impzovement Planning

The lmpact on landscape”ln the rlverlne of the Blumenau ity and
_area sepa;atien due to river improvement plan was studied,.

(1) Landscape

(i)

(id)

Present condition

‘The Blumenau 01ty has developed at Junctlon portlon of hllly

area and .mountainous. zone :in‘the ItajaL river basin. . Threée

'.major trlbutarles, GarCLa, Velha, ‘and Itoupava rivers flow into

the V-shaped- meanderlng Blumenau river. 5tretch ~The landscape
in the Blumenauw river stretch is shown An Flg‘ VI ? 1

A revetment has been prov1ded in the rlght river bank along the
meandering river stretch and.the upper part of:the.river. bank
is covered with green lawn. Trees have been planted by the
walkway along the right river bank., This right river bank side
has a. pleasant and: relaxlng function for the cxtlzens and also
prov1des a promenade for tOUIlStS.

-While, the Itajal river- in thls stretch has been used as a

recreation area such as  boating ,regattar "fishing :and
sightséeing by thp The riverine area in this rfiver stretch
serves an excellent landseape w1th green space to -the thlzens
of the Blumenau city. :

The landscepe'in the Blumenau city will be categorized into
three viewpoints, namely, a short distance landscape, medium
distance landscape and long distance landscape. - - '

As: the -shcrt_ distance landscape, it provides a natural

landscape with trees -in the left bank and waterfront. . In the
medium distance landscape, it provides riverine'landscepe with
an artificial revetment and Germany style bu1ld1ng As . the

long distance landscape, it prov1de3 view of mountains dotted
with bared field showing underdeveloping area.

Change oF landscape by river improvement

Three alternatlves are concelvable for protectlng the rlverlne

area along the Bluménau stretch from flood. They are shown' in
Table VI.2.1. -This table presents comparison of with and
without pr03ect and examination of priority for utilization of
the space around riverine area.

The function of flood control and the conservation’ cf the
environment, such as the landscape, i3 not in a "trade-off"
relation and priority should be given, of course, mainly to the
safety of the flood control. Therefore, these three plans
should firstly guarantee the functlon of the control, which
faces as the present problem.

-Among the plans, plan (3_w1th a parapet wall as shown in

Fig.Vi.2.2 is considered to be the best plan from the viewpoint
of utilization of space around river and landscape.
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-(Z)eﬁr aa separation

3The seoaratlon of town and road whlch connects v;llage to v1llage‘
owing to’ constructlon ‘of the flood 'diversion channel at the Gaspar .
stretch will probably aexert the influence to the way of living'and
commun:catlon, and it will be necessary to provide the compensatlon
£a01llty for them in the rlver 1mprovement plan

2.2 ”Studyﬁdn Enviroementai'éspect forHCoﬁetrUCtion Planning

hnv1ronmental lmpacts whlch may . be caused by rlver 1mprovement are
shown ‘in. Table VI.2. 2,. It is presumed ‘that 1nfluence to pollution of
river, water, ‘air pollutlon,_ noises; ‘vibration Slldlﬂq, animal,
vegetatlon and housing may take.place due to w1den1ng of river channel,
rivear, dredglng,; levee ' embankment: and treatment of  the excavated
material, ' “Then the environmental impact study was performed
concentratlng to these problems o : -

(15 Water'pollut1on, Anlmal ‘and Vegetatlon

The pollutlon of water quallty, eSp601311Y concernlng the river
dredglng and “widening, causes temporary lncrease ‘of artificial
suspended solld (muddlness) load -and consequently, seaweeds atbached
‘at ' -stones of the: riverbed, ‘which affects the fish may be
extinguished. : ' s ' '

‘The change of the rlverbed,and the rlverslde deprlves the anlmals of
rlver51de vegetatlon and affects also the habitat of fish and they
w;ll be forced to search for anothez place to llVe

‘Therefore, it is neceseary to ‘make a research of valuable animals
and vegetatlon to. grasp the degree of the lnfluence on them, and
dependlng on- the resultS, an adequate measure must be taken.

(2} Air pollutlon, Nolse,-vlbrat;on

When the ‘construction is carried out, the air_pollutibn caused by
dust cloud of the vehicdles and als¢, noises, vibrations, etc., will
take place but they can be reduced by cleaning and water;ng the
streets and by limiting the speed oh the vehicles. In thls way: the
influence on the ‘environment can be diminished.

{3) Land(slldlng)
At the r1versxde where wldenlng of river channel is being executed,
slldlng caused by erosion takes place in several places, but thls
can be avoxded by providing soddlng

{3) Life{housing)
As For residences which are’ essential for pecple who live near the

river, the river widening will influence them and thlS demands an
dmlnlstratlve measure for it.
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WATER' QUALITY -

VI-5

Table VI;1.4 © RESULT OF
. . [ Numbce. of -
o pH oD S8 T Do Colifonn groups
Pointa : {mg /1) (mq/l_) tmg/1) MPN/100ml
Between ftoupava Norte. and- 6.7 8,0 16,0 7.8 > 2100
Santa’'Catarlna Bridge. ' :
‘Batwean the upatream of sul 1.1 80 14l 1.0 > 2400
-Fabril and Cta. schraeder ) .
'nmueen the upstream of 7.1 4.0 21,0 7.5 > 2400
Testo and Prefeltura :
}h.)t'n. H COD H Chemical Oxigan Demand’
. {coD is raference data,bocause its analitical procedure is not.clear.)
5% ' Suspended Solid
00 1 Dissolved Oxygen
.Source : Blumesau municipal office
Cable Vi.1.Z7  STANDARDS RELATING 70O LIVIEG ENVIRORMENT
Standard Values /1 :
e o . : . ‘Blochemical: Suspended Dissolved Rumber of
Category ' Purpose of Water Use TpH Oxygen. Demand. Solids Cxygen Coliform
. . ) . : - 180D) (58} {NO} Groups
AR Water a\ipply,class LY 6,5-8,5 1mg;'_1 or less 25mg/1 or less T.Sm(jll or- rore  SOMPN/190ml
: conservation of natural . . : ’ : or less
© environment,and uses
listed in A-E
A Water supplys class 2; 6.5-8,5 g/l ar less  25mgl) or less 7.5mg/l or more 1,000MPN/10Cml
_fishery,class 1rbathing : : ! - or less
and uses listed-in B-E
B Hatﬁer_supply,' class 37 6.5-8.5 3mg/1 or less 25mg/t or less Smg/l or more 5, GOOMEN/100ml
fishery,class 2,ar_\d S ' or less
[ Eishery,c]ass 3, L §.5-B.5 5mg/l or less 50mg/l or less 5Smg/l or more -
indiostrial water,class 1, : : ’ ’
and uses listed in . D-B
D indust_:'ial ua't'e:,ciass 2: 6.5-8.5 gmg/l or less 100mgsfl or less 2mgfl ox more _
agricultural water, and : :
uses listed in B
e industrial water,éléss 3 6.5-8.5 1omg/) eor less Fiating matter 2mg/l oTf more _
cengervation of environ- : such as garbage
ment should not be
- observed,
Notey 1, 'rhe standard value is based on the daily average vaiue. The same standard is applied to -
1akes and coastal waters. . '
2. At the intake. for agriculture, value of pH shall be between 5.0 and 7.5 and dissolved oxygen shall not be
1ess than 5§ wg/l. The same standard is applied to the lakes. .
i, can#eruatiun' of natural eavironment: Conservatioﬁ of scenic spofs and other natural rescurces.
4, Water supply
class L-Water \'.mated. Ly slmple cleaminq upeiation, sach as ii'xttat&on.
“glass 2-Water treated by normal cleaning operation, such as sedimentation and filtration.
‘class 3-Water .treated throngh a highly sophistlcated cleanlng operation including pretreatment.
5. Fishery ' .
class 1-For aquatic 1ife’ such.as trout and bull T rout inhabiting oliqosaprobic water,
" and those of, fishery class 2 and ckass 3.
clagse ?-For aguatic life such as the salmon and sweet £lsh inhabit inq oli.qosaptob}.c water
and Lhése of fishery- -class 3. .
- elass 3- For aquatic l1ife such’ as carp crucian inhabiting ﬂ-mpsoaptobic water.
6. Industrial water h -
class 1- Water given normal cleaninq treatment such as sedimentation
class Z-Water glven sophisticated treatment by chemlcais.
Ceclass, 3 Water given special cleaninq treatment -
B N canse:vation of envlmnmenh up to tha 1imits at which no unpleasantness is caused to pPople
in their daily 1ife including a walk by the riverside,etc.
. Source : ENVIRONMENT AGERCY GOVERNWMENT OF JAPAM



Table VI.24 commmsow OF UTILIZAT!ON OF_RIVER SPACE AND LANDSCAPE :
- IN RIVER IMPROVEMENT PLANS. :

(ln rlqht river bank in Blumenau city w1Lh Low nlevatlon)

“River improvement plan

lho water space - wllh i lot of naLuxe
cu1t1vated by the citizen is still
remained,  but there:is @ problem at

“¢he fupction of - flood conttrol. Flood

in 1983 and 1984 caised serious.
damage for the Blimenau seity and
relnforcpmont of the “furction of "
flood _ control ‘and’ 'security . ‘is

“required.

River landscapes will . - become

invisible = and less . accessable
“because - of - the embdnkmont.

. Therefore, uitoreqt and affection ro :
_the rtiver space will be weakeued and
thﬂ functlon of park w111 be losL,

Landscapes from -footway]'wi11' be
still secured as it is. -
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As ‘well as A plan, rivér landscape

from - the urban area will  become

invisible because of the 1.5 m high

wall, and also the sight of “the

river from . footway becomes

invisible. It will give a block-out

feeling. to the people. But it will:
be possible to soften at. some extent

this artificial- landscape by
plantlng trees along the wall.

It will “be possﬂﬂe to have a view  of
landscapeiTonlthe uﬂuu1ﬂrea andf00twny

_BeSldcq, safety of Eootway will be secured
by making step i) 5w tigher than roadway.

(;on%equeinly,xt is possible. to p(ese:ve the )
present landscape gnd secure ‘the nceess to
walerfront even after. the construction of a
parapet wally . since Hunnenau . considers
landscape as - ohe of th; tourist resources.

(Refer to Flg v1.2, 2}

VI-6-




Table Vi.2.2

MATRiX FOR THE !MPACTo ON THE iT AJAS F{IVER

:MPROVEMENT

R A |  HomaN | naTURAL | sociaL
ENV'RONME-NTAL- - ENVIRONMENT  [ENVIRONMENTENVIRONMENT

o FACTORS (——7 e - =
dle e Ee | &

- @ k- Lo | E : : o

| =2 x D= 2w =

o S m ml o) n o

PROPOSED 55 % | wle |36 8 |ug «
AC‘TIONS oSl kel Z2 gl el 2 1w gl w

S3z38 o |2zz28 3|58 ¢

':'DNERSION‘ CHANNEL

UNDER 'CONSTRUéjWON

RIVER DREDGING

TEMBANKMENT

Ravsa‘waosmue ’

> > >

BRIDGE

> op

REGULATION '
RESERVOIR.

SURPLUS _SOIL _
TREATMENT

> > > D> D> > | s

>

COMPLETED

PARAPET  WALL
. SETTLEMENT

EEE

APF‘EARANCE OF
I&PRQVEO SLOPE] -

| APPEARANCE  OF.
- [REGULATION: RESERVOIR

APPEARANCE OF

> > > D>

Rem;;rks : O

DIVERSION " CHANNEL

: ThlS mark indicates that the mﬂuence on enwronment is
serious and an adequate survey to put the plan into
prachce is necessary

A This mark shows that env:ronments impacts is slightly
considered. -
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. Figures






 PRESENT LANDSCAPE OF CENTER STRETCH

Foolway |

. ‘Road. Ei\) :

e T AN
Concrete. Block . N
Revetment )

PRESENT CONDITION OF RIGHT BANK SIDE-OF CENTER STRETCH
e Ioolway ;}’z"én{éiz_la(i-c_'(- picﬁ_sénf_ 'spa'c'c;" l_f'_o_r: cit'i_i;ﬁn an_;i.' t'ouf_isl )

- Trees -and lawn along the footway - ‘Green space-

. FgVvi2l  CENTER STRETCH IN BLUMENAU
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1. lNTRODUFTION

A master plannlng for flood oontrol in the Itaja1 river basln with - a
catchment area of 15, 220 'km2 was carried out during 10 months from
beginning. of- April 1986 to ‘the . end of January 1987 1nclud1ng fleld works
“for 5 moiths; and home‘works in- Japan in -5 mionths. An  Interim Report
deséribing the result of the master planning of the basin and- selection
of ‘the prOJecL for -the féaSLblllty study to ‘be- performed An  the
‘folloWLng stage ‘was prepared and submltted to: DNOS in the beglnnlng of
'February 1987 Explanatlon meeting for this Interim Report was. held on.9
Lo 10th: Eebxuary,_lQ&? in DNOS in Rio de Janeiro and it was decided to
carry out. the feasmbility study on: the river 1mprovement in Blumenau-
Gaspar streten: 1no1ud1ng dxalnage for  the Blumenau city, which was
selecLed among the several promlslng prOJects 1n the master plan’ in the
Itajal rlver basan

The Blumenau Gaspar river- stretoh is looated in the lower stretch of
the Itajal river., River slope of. the Ttajai . becomes gentle at “just
upstream. of the Blumenau C1ty The Blumenau city is situated along V-
‘shape n@anderlng Itajal river. stretch and houses: densely develop up: to
both river banks, The ! Itaga; rivar flows down through an ‘alluvial flat
pldlﬂ and’ pasees #:hrough also v= shaped river stretch along the Gaspar
city at about 16 kn downstream from the Blumenau city. Location of the

‘prOject rlver stretch is shown fln Flg VII.1.1. ' : '

The: geology of the progect area in the Blumenau Gaspar stretch
consists mainly of anh alluvial’ zone‘comprl51ng c¢layey soil and. fine
sand, and rock zone dlstrlbutes below the alluvial zone in the depkh of
12 m in the upstream of ‘the ‘Blumenan river stretch and in the depth of
“0 to 25 m in the downstream of the Gaspar stretch

The Blumenan= Gaspa1 stxetch is"oompletely .covered by both
municipalities of Blumenau' and - Gaspar. The population in these
munlClpalltles within the Ita3a1 river basin is 179 thousand on the
‘basis of 1980 census, which is about 27% of the basin populatlon. 159
thousand o6r 87% of them lives in urban areas, broken down as follows:
145 thousand in Blumenau; and.14 thousand in Gaspar. '

The leading industry in these municipalities is the manufacturing
industry from the point of view of productlon value. Receipts of this
1ﬁdustry amount. to Cz$ 69 billion at' current prices according to 1980
industrial census, which aCCOuntS for 59% of the production in:the
basin. The commercial sector attains the sales amount to Cz$ 22 bidlion
in -19890, which occuples 34% . ¢of the total sales . in the Dbasin. The
agrlcultural productlon aggregates Cz$0.5 billiom, which accounts for
2 3:5%, of the basin's - preduction. As & result of these. production
: act1v1ty, GRDP  in these municipalities is estimated to be Cz$47.7
‘billion in 1980 and the per capita GRDP comes into Cz$261 thousand. This
per oaplta value. corresponds to 2.4 t;mes of both the state's and the
national value.

Out of the minicipal land area of 746 kmZ in the basin, the flood
prone area occupies about 69 kmZ or 9% of municipal axeas in the
basin.42 km2 or 60% of the flood prone -area is already -built up for
reSLdentlal use and for other urban activities. The rest areas are
utilized for agricultural production. Thus, most of the fleoed prone
areas have been urbanized along Lthe Itajal river , as Blumenau i3 the
center of urbanlzatlon : :
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The occurrence af two floodlngs in 1983 and 1984 was a v;vxd
experience for both municipalities of Blumenau and. Gaspar sinee they
caused a tremendous flood damage of public and private ‘properties in
these areas. The extent of inundation in . Blumenau- Gaspar stretch was
approximately’ 40 km2: in 1983 and a sliqhtly larqer than 40 km2 in- 1984
Inundation ‘extended to. the riparian. area of the Itajal river as- well as:
the tributaries. such. as Garc1a, Velha and Itoupava. rivers in Blumenau,
and small rivers in Gagpar, Water depth in inundation: area due. to both
floods depending on topographlc ‘condition reached, ta the CElllﬂg of the
first floor of bUlldlngS in helght (more than - 4m) . in central. area of -
Blumenau whereas Lnundathn duration was averagely 10 days ln 1983 and 5
days in 1984 respectlvely " Flood damages Lo, resldences, Lndustrlai
properties plus facilities, and pUbllC 1n£rastructure llke road, brldge,
utllltles .and others reéached: to a tremendous amount In partlculal,
damage caused by 1983 flood Lo manufacturlng lndustrles in' Bluménau led
to’ disturbance of their activities s;nce long duration of lnundatlon.
damaging . ploductlon facilities toock one or two months to return to
normal operatlon

. To cope w1th such floodlng, the river 1mprovement work by means of_
widening of the river channel has been executed by DNOS under the local
contract basis since 1985, The widening works of the river channel. is
being carried cut at 4 places in the project river stretch” u31ng dredger
with capa01ty of 35 to 280 m3/hr and other constructlon eqalpment

This Appendix VII presentq the study on the river 1mprovement in the
Blumenau-Gaspar stretch, treatment of main tributaries flow1ng into the
_Itajal river through the Blumenau city and drainage plan’ in’ the urban
areas’ along these tributaries in “the Blumenau city. The study comprlses
the follow1ng ltems,

(1) Present river condition iﬁ'Blﬁmenéu—Gaspar'stretch'inclﬁding'main
© ‘three tributaries flowing into the Itajai rlver through Blumenau
city. '
(2} River improvement plan in Blumenau-Gaspar stretch
(3) River improvement plan in main tributaries.

(4) Drainage plan in urban areas along major tributaries in Blumenau.
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2..‘ ) PRESENT CONDITION IN BLUMFNAU GASPAR STRETCH
S22, Rlver Features

.2;;~1 : Blumenau Gaspar qtretch 1n Itajal ‘river

The Itajal rlver 15 charaoterlzed by its 1rregu1ar river bed slope.
STt will be- w1dely ela331f1ed into three stretches, namaly, upstream
stretch wWith gentle river bed slope ini the upstream of ‘TLontras city,
'mlddle stretch with - remarkably steep rlver bed slope between downstream.
of Lontras city and’ Subida, and. rather steep river bed sJope between
Sublda and ‘upstream OF Blumenau city and lower stretch with remarkably
gentle rlver bed slope between Blumenau Clty and rlver mouth.

- The river bed slope of the ILa]al becomes remarkably gentle as belng

1: 10 000 to 1: 15,000 at 3ust upstream of the Blumenau city. The Blumsnau
city is. located ‘along V- shaped meandered Itajai rlver stretch and houses
have been densely built up. to both rivér banks. The river w;dth is about
150 m and- its depth is 15 m. Ma3or trlbutarles, Itoupava, Velha and
Garcia rivers flow into the the Itajai river in up and downstream of the
V~shaped meandered river stretch

. The Itajal rlver f10w3 down to eastward meanderrng gently and passes
through the Gaspar city. "which has been developed closely to the rivér
banks along ‘also V-shaped river 'stretch and located at about 16 km
downstream of the. Blumenau city, ‘River w1dth 1n this stretch is 200 to
300 m and its depth is around 15 to 20 m. :

_‘The total length of the prOJect river stretch between about 10 km
upstream of the Blumenau crty and. about 6 km downstream. of the. Gaspar
city is . 32 km. The longltudlnal proflle of the xriver . channel including
its wldth and depth is shown 'in Fig. VEL.Z.1l. The river cross sections at
major p01nts are glven in FPig.vIiI.2.2. Present  bankful flow: capacrty in
the pro;ect river stretch calculated by non-uniform steady flow using
the river cross sections with an interval of 300 m is shown in
Fig.VII.2.3. ‘This fzgure shows that bankful flow capacrty in the project
stretch varies from 2,000 to 5,000 m3/sec . The river channel at the
Gaspar and Blumenau stretches is so small as being 2,000 to 3,000 m3/sec
which corresponds only to 2 to 5 yvear probable flood.

2.1.2 Main tributaries flowing into Itajai river through Blumenau city

it has been anticipated that even after the river improvement work
An the Itajai river along the Blumenau city is performed, inundation in
the ‘urban areas aleng the tributaries flowing into the Itajal river
_through the Blumenau city, which are 1toupava, Velha and Garcxa rlvers,
will be still remalned due to the flood from the Itajal river.

The Itoupava river wrth a Catchﬁent area of 93 km2 originates in the
mountalnous area in the lefL side of the TItajai rlver, flows north to
south passing through the flat plain area, and joins with the.Itajai
river at about: 8 km upstream of the center of Blumenau city. The both
banks along the Itoupava river have been utilized as & farm land and
pasture .and there. is no residential area except at the c¢onfluence part
with the Itajai river. The ‘both’ banks along 9 “km long. stretch upstream
from Itajail confluence was 1nundated at f£lood tlme in 1983

The Velha 'with_ a _catchment .erea of 56 : km? originates in the
mountainous area in the right side of the Ttajai river, flows.from north
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to northeastward and joins with the ftajai river in the ceriter of the
Blumenau city. The riparian area along the both river banks in ‘about 2
km long stretch upstream from the Itajai confluence is occupled by
residential and commerClal zones of the Blumenau city. The rlparaan
area along 4.4 km 1ong_stretch'; upstream from Itajal confluence was
inundated at flood time in 1983 : P

The Garcia rivex w1th a catchment area of 157 ka 0r1g1nates albo in
the mountainous area in the right side of the’ Itajal river, flows to .
northward and jolns with the Ttajai river at the center: of the Blumenan
city. The riparian area along the both river banks .in about 3. km
upstream from the Itajal confluence is occupled by. reSLdentlal and
commercial zones of the Blumenau city. The riparian area along about 5.2
km long stretch upstream from Itajal confluence was 1nundated at flecod
time in 1983.

These three tributaries consist of the single river cross.section.
Their river width is around 20 to 50 m and river depth is 5 to 10 m and
it is gradually increasing toward downstream stretch. The longltudlnal
profile of the river stretch which is affected by . the flood water level
of the Itajai river is shown in Fig.VI1.2.4. It was reported that urban
area along these tributaries are not 1nundated by flood coming from

thair upstream reaches.

2.2 River Improvement Work

Since occurrence of a Jarge magnltude of flood in 1983, «river
ifprovesient plan in the Itajail river to supplement the fload control
effect: by the ex1st1ng Sul and Oeste dams was carried out. It was
1ntepded by this rivexr improvement ‘plan tco lower flood water level by 3
m at the. upstream end of the project river stretch by means of mainly
w1den1ng of the existing river channel and river dredglng to arrange the
river width. Major features of the river  improvement plan are as
follows: -

{1y Prdjedt river stretch; 22 km from about 6 km downstream of Gaspar
c1ty to Blumenau city. . :

{2) _Deszgn flood 6 000 m3/sec (assumed peak flood discharge at Blumenau
Jin July, 1983y, .

(3) Design river channel; river channel with 220 m in width by widening
-~ the existing river chHannel by about 100 m.

(4) Totai excavation volume; 27 5 million m3

S In llne with thls plan, the river lmprovement work in the Blumenau~
Gaspar stretch has been implemented since January 1985, The work is now
cexecuted by a local contract basis at the river stretch at about 5 km
downstream and 5 km to 9 Xm upstream from Gaspar city respectively,
‘where the detailed design and compensation of lands and houses were
completed

The: equlpment used for this work are 3 units of dredger with a
capacity of 35 to 280 m3/hr, 2 nos of drugline, 1 no of backhoe and 8
nos, of dump truck. The excavated earth volume by July, ‘1987 is about 3.5
million m3 in total which is 13% of the planned volume. ' .
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2.3 Existing Ri&ef Structure and Related Struétures

There are no river structures in the pr03ect rlvel stretch except a
“revetment at -the right -river bank . along v-shaped meandered. stretch of
the Blumenau city., This revetment is pLOVlded dlong ‘about 1.4 km long
river . bank betwegn confluence of Garcia rivex and also confluence of
Velha river. Its :lieight "is about . 6 m ‘and  side; 'slope is’ . dround 1:1.7,
The revetment is now in a ‘good: CDHdlthn %hough a part of the revetment

was damaged at flood time in 1983

The related quudtu:es such 'as bridge, dra:nage gate, pumplﬁg
station and. hydro electric power station have been located in the
project area as shown in Fig,VII.2.5. :

.In the project area, 33 bridges cross over the Itajai river and its
tributarigs. Most of them are roadwdy bridges connecting the national
road to ‘local road and local roads themselves 'Majority of the bridges
are concrete type thh concrete plle foundatlon ' '

The pump:ng statlons to :supply' the municipal water - have been
 prov1ded ‘along the river streteh in the Blumenau and Gaspar cities.
Their capacity is 130 1/5 and 60 1/s3 respectlvely

"Phe dralnage gate to draln the inner water is prov1ded at three
sites along the Blumenau’ river stretch. Cut of tnem, two gate facilities
were recently constructed to drain the inner water from urban areas in
the left bank at about F km upstream of the center of the Blumenau city.

‘Thére is a hydro electric power station in the project Itajai
stretch -at about 10 km upstream of the Blumenau 'city. Its installed
capacity is small scale such as 6,300 kw. This power station has been
used as an emergency purpoese to supply def1c1t of the electric power
supply network., ‘

The features of these related structures are summarized in Table
\HI 2.1.
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3. RIVER IMPROVLMENT BPLAM IN BLUMENAU- GASPRR STRhTCH
3.1 General

Several flood oont;rol plans to protect the pro;ect area from flood
were studied in theé master. plan stage and flood control method by means
of river improvement was enployed. ‘In order to realize the" flood control
plan as earlier as possible and to meet w1th social urgent: requlrement,
stage wise river lmprovement plan comprlslng provmslonal plan,: mld~term'
plan and "long-term plan.- was worked out. In this ‘study, ‘the river
improvement plan in the Blumenau- -Gaspar stretch for the prOV151onal plan
was discussed.

3.2 Principle of River Improvément Plan

3.2.1 Proposed flood dischar@e distribution.

The proposed flood dlscharge dlstrlbutlon for rmver 1mpxovement plan
for provisional plan .was established against 10~year probable flood
under the folleowing conditions and asbumptlons, - : . :

{1} ¥lood peak discharge in the upstream reaches is regulated by the
existing Sul and Qeste dams and:under. constructlng Norte dam. In
this case, present operation. method is applied,

(2) The river stretches along urban areas in the upstream from the
Blumenau city are improved against 10»year probable flood

(3) Flood peak discharge with 10-year probable. flood from the
: tributaries flowing through the Blumenau city flows into the Itajal
river. :

The proposed flood dlscharge dlstrlbutlon establlshed in accordance
with the foregoing conditions and assumptions 1s illustrated in
Fig.Vvrr.3.1. :

3.2.2 River'improvemént method

It was worked Gut the river 1mprovement plan in the project stretch
by applying the following method;

(1) Since it is practlcally impossible to widen the river channel along
' +the Blumenau city, it was contemplated to ilncrease the flow capacity
~of the river channel by steepening hydraulic gradient of flood water
level  and by minimizing rise of flood water level as far as
possible. To achieve these purposes, the followings were planned;

(i) “To lower the flood water level at the downstream end of the
Blumenau river stretch by means of widening of the river
channel in the project stretch. This: widening method of the

" river channel accords with that being performed by DNOS at
present.

(ii} To widen the left river bank along the Blumenau city as far as
possible,

(iii) To reduce roughngss coefflclent of the river channel along the
Blumenau city by arranging the river bank slope and providing
river bank slope protection by means of sodding.
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(2)

3y

(4

3.3.

='Large sca1e flcods occurred in 1983 and 1984 correspond to %0 year

probable flood, To protect the Blumenau c1ty against the same scale.
floods (as those in 1983 and 1984, a ¢oncrete. parapet’ wall ' is

'pprov1ded at the L\th river bank' along - thc Blumenau city’ for about
- 420/ long stretch in the upstream  from the’ confluence with Garcia

rivar, which iis locally low elévation. In view of the landscape of
the Blumcnau clty, helght of the concrete parapet w1ll be lmmlted to
1 m."‘ oo

It is also practlcal1y 1mp0$81ble to ‘widen the river channel and to
construct high levee in :the river. stretch along . the Gaspar city
because many houses’ have been built ' up clese to the rivér banks. To
protect the -Gaspar city. from flood and .to lower tHe flood water

“level 'in’ the upstréam stretch a flood diversion channel is provided

by connecting with’ the upstream and downstream ends of the V-shaped
meanderlng Gaspar rlver stretch . '

Levee or fllllng cf'the excavated earth material from river channel

is' provided only at the river bank whlch is locally low elevation in
the pro;ect river stretch. : . .

Rlver Improvement Structura] Plan_

3.3.1 Deslgn of’ rlver 1mprovement structural plan

The river 1mprovement structural plan ‘in the project stretch in the

Itajal river was de31gned under the following design condltlons,

(1)

(2)

(3
{4)

(5)

(6)

fDesrgn work of the river 1mprovement plan is carrled out based on
‘the . topographlc map with a scale of 1:10,000 and contour interval of

1 m and river cross sectlcnal maps with an 1nterval of 300 m, which’

_ware surveyed inm this year.

Allgnment of the design river channel is set along the existing
river channel and w1den1ng side of the river channel is determlned
taking into account the topographlc condition -and . compensation of
houses. :

Design flodd water level is set lower than the elevation of river
bank considering especially the elevation of urban river stretch
along the Blnmenau city.

Deslgn river beéad: ‘skope 1s set almost the same as the existing
average rlver bed slope.

Slngle cross section- is applled as the design cross sectlon. The
width of the low’ water channel is decided at 155 m for the
downstream of. the Gaspar stretch and 140 m tor the upstream of the

Gaspar stretch,

The flood diversion channel at the Gaspar stretch was de51gned,under

‘the follow-up conditions:

(ii The de31gn flood" water level at the Gaspar stretch 1s lower

than: the’ EXlStlng rlver ‘bank, ‘and

(in The- de31gn flood water level at. the ex1st1ng brldge 31te at -

the Gaspar city. does nct exceed the lowest elevatlcn of the
'brldge glrder
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The d931gned dlscharge to . be. flown down through the flood olversion‘
channel d@LermJned under the’ abova condltlons is 600 m3/3ao for- the
provisional plan’ and 1600 m3/sec fOl the: long term plano The Wldth of
this low under channel in the pLOVlSiOnal plan -is 10m. It was clarified
that scft. alluvial dep031ts malnly con51st1ng of . clayey $oil “and ‘fine
sand are developing .along the: proposed flood: dlver31on ohannel route.
Considering this geological: situation, a berm with 2 m 1n ‘width is
provided for the flood dlverSJOn channel. Side slope of the excavated
rlver channel is 1:2. : : '

(7) Levee or fllllng of the exoavated maLerlal from river- channel is
provided only at the river bank which is locally low elevation,
Criteria for these works are as follows: : :

(1) The levee is prov1ded to the rlver bank where houses are'
densely located. : :

(ii} Location of the levee in river bank i5" decided con31der1ng the-
river cross section which is able to flow down 50— —-year probable
flood. The clearance between toe of the levee ‘and edge of the

. excavaled river slope is 5 m. :

(iid) Helght of levee is5 decided based on the ~water level
gorrespondlng to 50~year probable flood Freeboard of the levee
is 0.5 m.

(iv) The shape of levee is a trape201d type . w1th crest width of 4 m
and side slope of 1:2 on both . sides.

(v) The embankmént material far levee is obtalned from r931dual
~secil widely dlstrlbuted superflclally on most of hills in the
pIOject area-

(vi) ‘The fllllng of excavated materlal from the river channel is
adopted to the river bank where house is only partly located.
No freeboard is provided for this fllllng

(8) The compensatlon for lands and houses at’ the levee embankment site
is carried out for the river width necessary for a long term
plan.The  existing road to be shlfted_should be reconstructed
con31der1ng the river width for the long term plan. '

'Based on the above design condltions, desxgn of river 1mprovement
structural plan was carried out. Fig.v1i.3.2 shows the general plan of
‘the designed river channel alignment. The longltudlnal proflle of the
design rlver bed and design flood water level is shéwn in Fig.VvII.3.3.
'Standard river cross sections for the protective river ‘stretches are
given in ¥Fig.VII.3.4. Proposed concrete parapet ‘wall along' Blumenau
stretch is shown in Fig.VII.3.5. :

3.3.2 Design:of related stfucture

It was planned ‘to construct a new brldge on the proposed flood
dlver31on channel and to heighten the existing brldge on the Itajai main:
stream if necessary. The established design condltlons are as follows:

fl) For design of the bridge to be newly constructed on the proposed

- flood diversion channel, the following design conditions should be
applied; ' ' '
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(1) 'Length OF brldge is determlned oonalderlng the cross section
- against ‘50-year probable’ flood. Freeboard of 0.5 m is provided
‘between the lowast élevation of bridge glrder and flood water

devel” correspondlng to 50~year probable flood o :

{11y Brldge w:dth of 7. ?m for roadway and 0.9 m. for 31dewalk in both
;sides” is applied, De31gn standard which is applied ‘to the

© bridge deslgn for national road in Brazil 13 employed in this
sttuiy. o - '

{(2) The exxstlng brldge should be helghtened if the lowost elevatlon of
. the. exlsting bridge glrder is lower than the design flood water
leval correspondlng to 50= year; probable flood in:the- Itajai river,
In thls case, fremboard i& 0,5 m. The ex1st1ng lleneu Bornhausen
: br:dge which crosses over the. Itajal river at ‘about 7 km upstream of
the Blumenau C1ty is-lowér than the flood vater level corresponding
to 50—year probable f£lood. However  since’ new brldge plan at. just
d0wnstream of the’ ex1st1ng brldge is now workéd out by the Blumenau
munlClpallty, this ex1st1ng brldge was planned to be helghtened
after the new brldge is constructed and all Of the trafflc volume is

shlfted to the new brldge.

Fig. VIIB 6 shows the general plan and proflle of the bridgée to be
newly constructed on the propoued flood diversion channel,
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4, RlVFR IMPROVEMENT IN TRIEUTARIES FLOWING INTO TTAJAT RIVER THROUGH
BLUMENAU CITY

4.1 General

The urban areas in the Blumenau cicy along the Lr:butaries,‘GarC1a,
VYelha and Itoupava r1vers at their endmost stratch have been Ainundated
by the flood from the Itajail river at the time of a 1arge scale flood.
In order to protect these urban areas from flood, river 1mpxovement plan
"was worked out for. these three tributaries to the extent that will be
atfected due to flood water level correspondlng to 1l0-year probable
flood in the Itajal river, :

4.2 Pxingiblé of River Improvement Plan

The follow1ng prlnCLple was establlshed for the river 1mprovement
plan of the :Garcia, Velha and. Itoupava rivers to the extent that is
affected by the flood water level correspondlng to 10-year probable
flood in the Ttajai river:

(1) Design flood in the tributaries is 10_—-yeai: probable flood.

{2) To prevent the flood water in the Itajal river from flow1nq lnto the
urban area of the Blumenau city, levee and/or filling of the
excavated material is provided along the affected stretech of the
Garcia and Velha rivers. For the Itoupava river, the levee and/or
fllllng of the excavated material is provided only ab its endmost
river stretch where houses are densely located. Since riparian area
along further upstream stretch. 18 occupied malnly by pasture and
non-use lowland areas, these areas are elevated by fllllng the
excavated earth material from the river channel

{3} Location. of 1levee at river side ‘is deteraned consxderlnq the
alignment of the exnsting river channel.

‘{4) Height  of levee is dec1ded aga1n3t ‘the _flobd water level
corresponding - to ‘50-year probable flood -in the Itajai river.
Freeboard of the levee is 0.5 m.

(5)'A short.cut channel is prov1ded for extremely meandered river
stretch and the area to be surrounded between tLhe existing river
channel and short cut channel is utilized as the tegulating pond for
inner drainage plan for Blumenau city. :

4.3 River Improvement Structural Plan

4.3.1 De51gn of river 1mprovement structural plan

: The river 1mprovement plan for the endmost stretch of the Garcia,
Velha, and Ttoupava rivers was designed based on the tOpOgrapth maps
jw1th a scale of .1:10,000 -and 1:2,000 and contour interval of 1 m ,. and
river cross sectional maps with an interval of 300 m. The applied design
conditions are as follows;

(1} Tt is assumed that the desmgn flood water lavel in the affected
stretch in three tributaries is the same as that corresponding to
10-year probable flood in the Itajai river.

- (2) Design river bed slope is set almost the same as the existing‘

VII~10



_ average rlver bed slope

{33 Hthht of 1evee ‘i's determlned. agalnst the - flood water level
'tcorrespondlng to - 50~ year probable flood in the Itajai river.
Freeboard of the levee is 0.5 m, :

(4) The shape of levee is a trapezold type with crest w1dth of '3 m-and
31de slope of 1:2 for both 51des :

(5) The rasidual’ sotl wxdely dlstrlbuted on most of hxlls in the pr03ect
' area’ is. Lsed as Lhe levee embankment materlal

Flgoﬁnl 4.1 to VII4 3. show ‘the 'general plan of the river channel
alignment.. Longltudlnal profile of the design river bed and design flood
water lével is shown: in Fig.VII.4.4. Standard river cross sections are

given in Figs.VII.4.5 to VIL.4.7.

4.3.2 Design of related structure

More than 30 brldges Cross over the tributaries, Garcia, Velha and
Itoupava rivers flowing. into the Itajail river through the Blumenau city
and the tributaries, Gaspa: Grande and Gasparlnho rivers flowling through
the Gaspar city. Among them 11 bridges were planned to be heightened or
reconstructed undear the following cbnditions;.

(1) The ex1st1ng bridge should be helghtened if the lowest elevation of
the bridge girder 'is lower than the design flood. water level
Correspondlng to: S50~year probable flood 1n the Itajal river. In this
case, freeboard is 0,5 m. :

{2Z) 1In case that the'ex1st1ng aubstructure and supelstructure‘are
constructed separately, the substructure is only heightened. in case
that the substructure and superstructure are constructed as one unit
structure, the substriucture is helghtened after they are separated

{3) The existing road connecting with the bridge to be modlfled is also
reconstructed to the extent of the stretch that the longitudinal
slope 15 4%,

"The name of bridge to:be heightened in accordance with the above
design conditions are as follows; :

PONTE DA RUA 7 DE SETEMERO

PONTE DA RUA SAO PAULO
PONTE DA RUA PARATIBA
PONTE DA RUA 7 DE SETEMBRO
PONTE DA RUA MARIANA BRONNEMANN
PONTE DA RUA ALBERTO STEIN
RUA DA MARECHAT, DEODORQ
Gaspar grande river
- PONTE DA RUA GEL. ARISTILIANO RAMOS (BR470)
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PONTE DA AVENIDA DAS COMUNTDADES
Gasparinho rivex

PONTE DA RODOVIA JORGE LA CERDA

PONTE' DA ROCOVIA GASPAR-BRUSQUE
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5. . DRAINAGE PLAN IN BLUMENAU CITY -
5.1 General o

The rlparlan drea along the Blumenau river stretch w1ll he: relieved
from flood from' Itajal river by 1mplementatlons of river improvement
plan in the Itajal main stream and also ‘in the endmost stretch of the
tributarles, Garcla, Velha and Itoupava rlvers However, some parts of
the urban area:in the Blumenau ity whloh are lower elevation than the
design flood water level in the. Itajal river will be still remained as
depresslon area ‘as shown in qu VIIS 1.

-In ‘this study,‘dralnaqe plan for these areas ‘including their
catchment area was worked ' out by combining several drainage facilities
such as regulatlng pond,pump and gate

5. 2 EXisting Ufben Drainage System

5.2. 1 Exxstlng urban dralnaqe tdCllltleS

Any detalled map show1ng ‘the ex1st1ng dralnaqe network does not
exist in the Blumenau municipality. Fig. VII!SZ shows 'the ex1st1ng
drainage network prepared based on the interview from the staff of the
munlclpal offlce concerned

‘The present drelnaqe system is gradually expanded in keeplng pace
with the development of urbanization of the Blumenau district.
Consequently ‘the existing capaolty of the network in the downstream area
is insufficient condition ‘to drain safety" outflow from the basin area.
Majority of outflow from the basin is drained to the trlbutarles of the
Itajai river. Due to this dralnage condition, drainage water in some
depression areas flows reversely at the high water time of the

“tributaries.’ — ' :

h.2.2 Ex1stlng studies on dralnage plan

Two klnds of study on the dralnage plan in the Blumenau 01ty were
made in the past by the Blumenauw municipality. One iz the nrban drainage
: plan - including sanitary sewage. This plan was prepared ipn 1875, and
-design rainfall with 10-year probability was adopted. However, influence
of the water level of the Itajai river is .not taken into .account in this

study. This plan.is not valid now, but expansion plan of the dralnage
system is made referrlng to thlS plan.

The other is inner water treatment plan for the urbanlzed area of-
the Blumenau city. This: plan was prepared by DNOS in 1985. Several
alternatives as stated in thé following were contemplated;

'Plan A Constructlon'of polders surrounding the inner water area
and installation of pumping statlon

Plan B.: Closure at the confluence of the trlbutary and 1nstallat10n
of pumplng statlon.

Plan C : Closure at the confluence of the trlbutary and” COnstructlon
' .of flood. corntrol dam at the upper reaches of the tributary
or leLr31on Channel/tunnel

As a result, the plan A was selected as the most economloal one This
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plan is, however, very costly because it is piaﬁnéd to drain dlréctly
inner water without pxov;dlng regulating pond and conseguently 1arge
scale pump capacity is neoded : o

5.3 Present Situation of Enﬁisagéd:Drainage“DiSﬁriotS‘

- The env;saged dralnage areas along the Gar01a,'Velha and Itoupava
rivers are ¢lassified into 13 divisions as. ‘shown ™ in ElgiVIT.5, 3
considéring the existing dralnage network as 1llusbrated in Fig. VIT.5.2.
The- present situation of divided drainage basxns lS suated herelnafter

5.3.1 Draiﬁage basin along Garcia.river

The drainage basin along the Garcia river is diﬁideﬁ into A4
dlstrlcts,

(1) Drainage district; G-1

A Fresco river, a small stream joins with the. Garcia river from
right bank at just upstream of the Itajal confluence The dralnage
district G-1 belongs to the dralnage area of ‘the Fresco rivei. The
drainage area ‘is 3.94 km2 comprising 3.37 km2 of: undeveloped
mountainous area, 0.5 km2 of residential: avea. and’ 0.07 - 'kmZ of
fields. The residential area has been’ developed in the: valley .
surrounded by the mountains with an altitude of 1007 :to 200 m,

Majority of flat plain along the valley has been already developed
.as the residential area. The ground. elevation of the residential
‘area is BL 10,0 m to EL 15.0 m and all of the area was 1nundated in
the flood time in 1983 and 1984.

The Fresco river has ‘been utilized as the drainage canél for the
residential ‘area, and a part of it ‘was canalized with culvert. Due
to insufficient capacity of the canal, habitual inundation takes
place when it rains locally even when the water level in the TItajai
,rlver is low.

(Z)IDrainage diStf{ct; G-2

This dlstrlct is" located at the upstream side of G-1. G-2 is further
classified into two zones, namely, G-2- i and G-2-2. L G- -2-1-1is the
drainage area along the main road (hmazonas Street) which is located
in the right bank of the Garcia river.G-2-2 is the mountalnons zone
in the southeast of G-2~1.

Majorlty of G-2-1 is the residential area developed along the Garcia
river and almost area is inundated at the fleood time in the Itajai
river. Main drainage plpe with diameter of 600 fm is located along
the Amazonas street,

. The drainage area of G-2-2 is 2.18 km? and about 92% of it is
occupled by mountainous area with an altitude of 150 to 200 m. It is
‘urbanized up to the area with the altitude of about 130 m. Habitual
inundation takes place only'at the downstream zone. Main drainage
pipe with the diameter of 600 to 800 mm is -installed along the
Ararangua street which crosses with the Amazonas street but since
there are ne¢ pipe lines to be connected in the downstream area,
habitual inundation takes place in the downstream area. Drainage to
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@)

{4)

-5.3.

. the Garcla fiver is made by 2. 5 ™ w1de and 2. 5 1 hlgh culvert ander

the . Ama?onas street
Dralnage dlstrmct;.G*S

This dralnage area is located at the upstream of G~2 in the. rlght
bank along' the GaKCla ~river, The dralnage areéa is 1.13 km?
‘comprlsing 0.31 km2 tof the; re31dent1al area, 0.68 kmzsof the

mountainous  area and 0.14 km2 of fields. The dralnage ‘pipe with a
dlameLer of 1 600. to 1,500 min is installed:along the Amazonas street
but due to lts 1nsuff1c1ent capaclty, the 1nundatlon takes place in
the right side .area along the Amazonas street, The low land area
along the Garcia rlver is utlllzed as pasture or in undeveIOped
COﬂdlthn ' ‘

Dralnage d;stript: G—4'

This drainage area is situadted in the left bank of the Garcia river

cand it is further divided inte two. districts’ from the viewpoint of

the ex13t1ng drairage network. They are G-4-1 which lS a drainage
area of ©. 67 km2 along . “the Gar01a rlver and G-d- 2 Wthh is the.
dralnage area of 4.50 km2 and consists of hlnterland of G-4-1.

G-4-1 is occupled by the re31dentlal and commeIC1a1 areas of the
Blumenau city. The existing’ drainage’ pipe with. -the ‘diameter of 600

to 1; 500 mm:is 1nstalled along the center - ‘of the divided area and

after: 301n1ng wlth the main drainage plpe from G—4- 2 it drains

: dlrectly to the Itajal rlver.

G-4q-2 comprlses a center of commercial area in its downstream area,

residential and industrial areas in flat ‘plain. along the valley and
mountainous area in its -upstreanl "basin. The drainage in this
district is made by a small stream in the upstream area and main
drainage pipe with the diameter of 1,600 vm in the downstream area.
Howevéar, due to insufficient capac1ty of the 'drainage system, an
1nundatlon takes place when heavy locdal rainfall occcurs in the
basin.  Besides, 'the center of the downstream commercial .area is
topegraphically depr6331on'and dralnage is - always 1in the worst
condition.

Majorlty of the urban area in G-4 is 1nundated due to the. flood

- water from the Itajai rwver at the large scale flood time,

2. Drainage pasin along Velha river

The dralnage basin along the Velha river is divided inte 7

dlStrlCtS

(ll

Dralnage district V-1

This dralnage area is 1ocated in the rlqht 51de of the Velha river
An' its endmost stretch, ' The dralnage area, is 0,43 km2 comprising
center part of ' the commer01al ‘area  and mountalnous ‘area. The.
drainage plpe with the diameter of -1, 000 mm is 1nstalled ;inc the

'center of the  commercial’ area and ’ dralned to’ the Velha river.

However . due to 1nsuff1c1ent capaczty of  the dralnage pipe and
depresslon zoné in the .cgnter of the commerclal area, an. 1nundatlon
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(2)

{3)

(2)

{5)

(6)

{7

always takes place

'Dlalnage dlstrlct V-2

This drainage dlétrlct with a catchment area bf 0.62 kn2 is sitnated
in the upstream of V-1 area. Majority of the area is occupied by the
flat pJaln, and Jnundated at the large scale flood tlme :

The dralnage plpe wlth a dlameter of 1, 500 ‘mm 15 1nstalled in the
center of the area. However, this center part is the depression area
and lnundatlon ofLen takes place due to 1nsufflc1ent dralnage._'

Dralnage dlstrict, V—3

The drainage area, V-3 wthh has an acreage of 0. 67 kmz‘ls smtuated”
at upstrsam of V-2 and occupied by 55%. of Dlaln area and  45% of
mountalnous area. Majority of the plaln area has been’ developed as
the res:dentlal and commercial areas ‘and development is :being
progressxng to the wountain slope Two units of drainage . pipe with

- a dldmeter of 1,500 mm is 1nstalled 1n the area.

Drainage district; V-4

This drainage area having an. acreage of .68 km is located at
upstream of V-3 and topographlc and soc;al condltlons axe ‘almost
same as those for V- 3 The dralnage pipe with a dlameter of 600 to
1,500 mm is installed to the Velha river: through the center area but

‘its capacity is 1nsuff1c1ent Since main trunk line iz installed

under the existing residential area, repairing work is in difficunlt
condition.

Drainage district; v-5

The_d:ainaée_district,]v—S having.an-acreage.of'O.SQ km? is located
in the left side of the Velha riverx. .The area is fully occupied by

. the urban area except only a . part of the mountainous area. Two -units
.of the drainage pipe with a diameter "of 1,000 mm is installed but

its capacity is insufficient comparing with the acreage "of this
drainage basin., An inundation acreage due to past large scale fiood

in the Itajai river was about (.22 km<,

_Drainage district; V~6

fThls dralnage dlstrlct with an acreage of 1.17 kmz is lccated.-in the
‘upstream of . V-5. More than. 50% of the area has been utilized as the
- urban -area. Two units of dralnage pipe with” the dlameter of 1 500

and 2,000 mm is installed in this district.
Drainage district; V-7

Ihis'drainage area is located along Jararaca river, a stréam flowing
into the Velha river and its acreage is 2.34 km?. Majority of the
area is utilized as the residential area and its development is
progressing toe the mountain slope in the upstream area. The dralnage
from this district is made using the Jararaca river at present.
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5y3;3 Dralnage basin alcng xtcupava rlver '

_ fhe dralnage basln along the Itoupava river is lelded into, Lwo

‘ dlstrlcts in - the downstream reaches of "the Ttoupava river: Since Lhere
are no houses in its further upstream flat plain area,:it is planned to
utilize it as regidential and industrial areas by e3evat1ng thlS area by
_neans of £illing the excavated materlal from river channel.

{1y Dralnage dlstrlct; 1~1

This drainage district with an'acreage chQaﬁlfkm3 is located in the
left side of the Itoupava river. Majority of this area is occupied
- by resrdentlal area, Iniorder Lo drain water from further upstream
of 11, as dralnage system; ‘comprising "120 'm long earthfill dam,
““pumplng statlon with 3 unitsg of pump, haV1nq the capdcity of 0.25
. m/sec and 280- m long- drainage pipe with a diameter of 1, 000 mm: to
1,500 mm to the Itcupava rlver was recently constructed :

(2) Drainage district;il~2'

Thls dralnage dtstrlct havrng an acreage of: 1. 93 km2 is sltuated in

the right side’ of . the Itoupava river. The area is: OCcupled by 525 of

flat plaln Erea . and 48% of the mountain area. The natlenal road

which has been recently constructed passes through the center of
‘this district. There are no residential areas except only at the
. dcwnstream'area of the dlstrlut '

5.4 ) Plan of Inqer Water Treatment

5.4.1' Prln01ple of lnner water treatment measure

In order . tc wcrk out an adequate inner water treatment plan,
topographlc condltlcn of the drainage basin, effective utilization of
~the existing drainage system and problem of the ‘existing drainage system
s should be ccn31dered for planning. Major principles for the planning are
. as follows; : :

(1} In  order to reduce peak dlscharge £rom the dralnage basrn,
regulatlng pond ‘as large scale as possrble should be provided.
.Location of the regulatlng pend should be selected at the endmost
area of the dralnage ba51n con31der1ng flood regulatlcn effect.

{(2) Dralnage usrng a pump is generally costly and much cost. is necessary
. for its operatlon and malntenance . Thus, number of pumplng station
should ‘be minimized and pump capacity should be reduced COHSlderlng
'1ts spare part supply

(3)'In crder to. draln the 1nner water by graV1ty flow when water level
of the: tributaries’ or Ttaijdi river is lower ‘than that of the 1nner
water level flap type gate should be 1nstalled

(4) The flag gate should be alSo installed . at the outlet of the
ex;stlng dralnage network to. prevent rlver water from flOW1ng

reversely to the urban area.

. (5} Since only the downStream area in the Itoupava river is developed as
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the resxdentla] area, it should be " protected by polder

(6} The dralnage faCllitleS to’ be contemplated in thls plan JLrwoJA.ro'=
regulating. pond, pumping statlon,-gate facilltles and: extension of. '
drainage pipe from :the existing main drainage pipe to the proposed
regulating pond. The 1mprovement ‘of the exxstlng drainage plpo line
network is not included in thls plan. :

5.4.2 Design of ﬁibén drainagé faciliﬁiés

The deqlgn of urban dralnage f30111t1es sueh as regulatlng poodﬁ
pumping station, drainage pipe bonnectlng Lhe ‘existing drainage pipe Lo
the regulatlnq pond was made undeL the followxng desxgn oondxtlons,i

{1). Probable flood hydrograph and: 1ts volume to des;gn capaolty of pump
and regulating pond are. simulated by the rational: formula using ‘the
probable 4-day rainfall with 10-year probablllty at Blumenau and
actual rainfall distribution records on July 1983 and: August 1984
taking into account the availabilicy of hourly rainfall recoxds
during large scale flood. :

{2) Probable flgod - peak dlscharges for desagn of connectlng plpe 1s
estimated by the rational formula method lncorporatlng the probable
rainfall intensity-duration curve with ~10-year probability
established by hydrological study. B S

(3} .In order to evaluate the increase of discharge due to the
urbanization and development of Blumenau city, runoff coefficient in
future stage is estimatéd on the basis of the future land use map
planned by the municipal government of Blumenau city in 1985 and the
following runoff coefficient classification by land use category in
Japan was adopted

- City area : 0.9,

~ Farm,. pasture and no-use lands ;.0.6 and

e Foreét area ; 0.7.

The runoff coefflclent for whole basln was estlmated by welghted

average method.

{4) D831gn hlgh water level in the regulatlng pond 1is set at the ground
elevation at the pond side and punp capacity is d551gned sc as to

keep the pond water level equal to or less than the d831gn high

water level assuming thdt water level of the main Tta]al ‘river 1&_
‘set at design high waker level since high flood water level in the
Itajai river continues for around 4 days in normal condition.

{5} Connectlng plpe to the pond is de51gned so as to flow 10- year
“probable flood peak dlscharge from dralnage dlstrlct

 Main features. of the regulatlng pond, pump and gaté designed in
‘agcordance with these desxgn conditions are shown in Table VII.5.1. The .
proposed facilities comprlse 10 sites of the pond, 5 sites of the
pumping station and 20 nos..of the flap type gate with dimensison of 2 m
in height and 2 m in width. General plan of the drainage facilities and
details of the pond with related facilities are given in Figs.VII.5.4 to
VIT.5.25 respectively. The drainage method in the respective drainage-
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{1

{2y

(3}

(4)

{6).

distriots is stated as follows;

Drainage district::G—i

The ; regulatmng pond w1ll be provmded aL the Junctlon portlon of Lhe;
Garrqa river and Fresco river by connectlng stralghtly the meandered

“river streLch of the GarCLa river. The: estlmated storage volume. of'

the pond Space Surrounded by the. existing river channel and ‘short

cut. «channel’ is 204, 000 m3. This . regulatlng pond will be connected

with the pond to bhe provlded in’ riverine ‘area in G-2 district by
means of pxpe ~The inner water stored 1n thlS pond - will be drained

‘:by pump to the-Garcia river when. water level in the Garcia river is
. higher than that in the pond and also by flap type gate when Lhe
'vwater level in the Garc1a river. 13 lower than that in the pond
:Dralnage dlstrLCtsf G~2M1,‘G—2—2

_An unused area ‘in the nght 51de of the Garcaa rlver will be

utllxzed as the. regulatlon pond.’ The obtalnable pond capacmty is
137, 000 m3,

Dralnage Dlstrictr-G~3t
Two poxtlons of the unused area will be utlllzed as the. regulatlng'

pond ‘Sing¢e total’ storage capa01ty is ‘so much as: belng 109, 000 m3,
water volume for’ de31gn d~day contlnuous ralnfall wikh 10— ~year

“probablllty ¢an be fully stored Thus the pump W1ll ‘ot be needed

and only the flap type gate will be prov1ded
Dralnage dlstrlot; Gfénl, G-4-2.
The inner water from G-4-1 and G-4-2 is now dralned dlrectly to the

Ttajai river. - However, due to-the depr9551on in the center part of
G-4--1, dralnage becomes 1mp0531ble in case of hlgher water level in

‘the Itajai river. There is no space. for prov1d1ng the regulating

pend in these districts. Then new dralnage route is provided from

. existing dralnage pipe and inner water diverted to new. line dis

stored in the regulatlng pond for G-2 in. the opposite river kank by
conveying the inner water thrdéugh a siphon to be newly provided
crossing under the Garcia river.

Drainage disttict;'vwl and V-5

The regulatlng pond will be prov1ded at the left ‘bank’ along the
Velha river at about 0.3 km upstream of the Itajai’ confluence by
utlllzlng ‘the space to be obtained by short cuttlng of the existing
river channel. The storage capa01ty of the pond is 50,000 m3. The
inner water co;lected in the downstream of V-1 area will be diverted
to the pond in V-5 area by means of a siphon to be prov1ded cr0831ng
under .the Velha river, andg the inner water thus ‘stored in the
regulatlng pond in V-5 area. will be drained to the Velha river u31ng
the pump ‘and flap type gate. In this case, about 350 m. long

addltlonal pipe from the . ex1st1ng main dralnage p;pe ‘to the proposed

pond 31te is needed

Draxnage dlStrlCtS, V-2 and V—6

The regulatlng pond - w1ll be prov1ded at both river banks along the'
Velha river at about 1 8 km upstream of the Itajal .confluence by
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{7}

(&)

(9)

57,000 m3 for V-2 area and 101,000 m3 for V-6 area, The inner water
stored ‘in the regulating pond in V-2 axea will be diverted to the
pond in V-6 area by means of a siphon to ‘Be provided crogsing under
the velha river, and the inner water stored in the regulating pond
in the V-6 area will be drained to.the Velha ‘river using the pump
and flap type gate. It will be necessary to install about 450 m long
additional drainage pipe for V-2 area and 200 m long drainage pipe
for V-6 area to comnect with the existing main drainage pipe and the
proposed pond, B : R ' Coh . :

utilizing the unused areas, The storage capacity. of the pond is .

Drainage district; v-3, v-4'

The, regulating . pond will be. provided by  lowering the ground
elevation of the existing sporting ground. The pump and flap type
gate will be provided to drain the inmer water stored in the pond.
About 150 m long additional drainage pipe for V-3 area and 500 m
long drainage pipe for v-4 area will have to be provided to: connect
with the existing main drainage pipe and the proposed pond,

Drainage district; V-7

Since there is nec space to provide the pond along Jararaca river,
the required pond will be provided at unused area in the léft river
bank of the Velha rivér. The inner water coming through the Jararaca
river will be diverted to hew channel to be provided connecting with
the Jararaca river to the pond by closing thée Jararaca confluence by
the flap type gate, and drained to the Velha river by pump,

Drainage district; I-1, I-2

The residential area in the endmost area in I-1 will_be protected by’

- polder and a flap gate is provided to drain inner water. A part of

the endmost area in I-2 is protected by filling up the éxcavated
material from river channel, : '
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Table VIL2.1 - EXISTING RIVER STRUCTURES AND RELATED STRUCTURES (1/4)

(N Welr,
I S 5 . o i ~Tocation .. A‘dx‘rilini- “ Features Remark
No, Name Purpose Distance  ‘from . strative  Length Height Crest '
River-Mouth/ Office : : Elevation
~ Confluence (i) {m) (m)
. (km) )
ltajal river _
1. "SALTO WRISBACH . Hydroelsctric 78.65. -  CELESCand 400 . 3.5 183 . Intake discharge .
: . power, muaicipal : SAMAE for. Municipal =
. “water supply’ : water supply
Garein - river ‘ : '
ARTTX " Industrial water 6.90 325 1.9 17.3 Enterprise
supply '
(2) Pumping Station for Municipal Water Supply
~d1__ Locaiion i : Fealures
NO. | Distance - from Left/Right . Administrative  Nes. of Intake
River-Mouth/ Bank Office Pump . Discharge
Confluence(km) . - (1/s)
Ttajal river
1. 5207 L SAMAE 2 . 60.0
2. 69.90 ’ " R SAMAE_ 3 133.0
(3) }{ydruelectricl Power Station
C ‘Features .
[1 ) Location _Turbine Effective  Output
NO. Name Distance from Admini- Discharge  Head (kw)
River-mouth/ strative {m3/s) {m)
Confluence(km) Cifice Max__ - Normmnal Max  Nommal
Ttajal ri;fcr
1. SALTOWEISBACH 78.6 CELESC 89 - - 6,300 -

Source ; SAMAE and CELESC
Note @ {1

Numbers corresponds to those in Fig.VII.Z.S
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{(4) Drainage Pi.pe

Table VIL2.1  EXISTING RIVER STRUCTURES ‘AND RELATED STRUCTURES (24) .

1 Location S Do . ) : .
NO. Distance from = Left/Right Administrative Diameter Remarks
River-niouth/ Bank Office (m)
Confluence(km)
ftajai r.iver
1. 62.7 R Blumenau city 1.5 Corrugate Pipe Gate (1.40x0.90)
2. 63.2 R - do - 2.02x2.68  Box culvent
3. 68.4 R - dé - 0.92x1.27 ;.do - |
4, 74.5 L - dé - 2.4 Corru:ga'te Pip.t‘. Gate (2.80x2.50}
5. 753 L - do - 1.8 Cérm'g’ate P‘ipe"om (é.soxz.oo)
Velha rivcf
1. 0.22 L Blumenau  city 1.0 RC Pipe
‘2;. 045 R - do - 1.0 -do -
3. 0.80 L - do - 1.0 - do -
4, . 145 L - do - 2.0 - do -
5. 1.86 L - do - 1.5x2.0 - da -
6. 2.10 '. ‘R - do - IS -do -
7. 2.54 R - do - 15 - do -
8. 2.70 R - do - 1.5 - do -
9. 276 R do - .0.67 “do -
10. 3.31 R - do - 1.0 - do -
Sour.ce : DNOS and Blumenau city : :
Note : [l Numbers correspond to those in Fig.VIL2.5
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Tablo VIi2.1  EXISTING RIVER STRUCTURES AND RELATED STRUCTURES (3/4)
(5). Eurm;;;

L1 B Tocurion . . Adidnie - Classifie. i Peatures ¢

No. Namao Distanes  from -~ sustive cation  Bridge Nog, of | Span__ Width {m) Loweal Llovation of
. River-Mouth/ - Office o Length ZS';un Length B: b’ Blevation of Sidewalk Sorfaca Rematk

Confluence - . o Lidm) 1 {m}. : . Girder {m} {lownst Polnt)

{kwn} e . - : . o

[tajal .river .

1 Mlercilio Deoks . s PER U Road - 1547 - 33,000 960 120 10.40 il : . RC

kl
2. losd da Silva @ 64.81 Blumenay” ¢lty © -do- 1856 4 3150 1580 1.20 1500 - T . -doo
3. Ponte- em Arco ' 672,15 7 R["_I'S)\ VoL i de S0 1802 1] - 4180 13,10 - 0.75 19,80 20.80 - do -
4. Adotfo Kondor - ©6B7E 0 Blumensu <ity . ido- ¢ 1268 s 25.60.1060 170 .- 1320 - 1530 ‘RC
5.Pante’ Porroviacia £9.36 % . RFFSA - -'do - 200.0 3 80.00° 6.80 .30 17.80 1%8.30° Steel
6. Irincu  Bornhausen 74.8% - :Blumensu ity  -da: - 1615 10 17.45 1040 - 180 13.00 14.60 RC
7. Binto_ do Slato 7793 Codos 0 adae . 1772 4 - 5160 640 035 26.20 27.60 Steel!
Garcls  river
. 1, Desembargador C 007 Blumensw  city Road 38.1 - - 1430 260 £2.30 “13.48 RC
Pedro Silva ’ : . ’ . . : . .
2. Ponic dz rux'7 0,78 o -dee ~do - 52.0 3 38.30 1%.00 2.50 881 11.56 - -da .
de Setcmbro S o . o . B : )
3. Pente’ da Rua 1.57 . -do - Rastpath 330 3 89.00 - o0 7.50 - Wooden
Manaus - - : R L ’ ' : S _ .
4. Ponte da Rea * . 403 <do- - ~do- - 41.1 5 2410 - EOD 12,80 - ~do -
Sold Mpacir Pinheira . ) . . . } :
5:Pontc da Rua  ° 496 Ydo Road 208 3 2090 935 110 1535 16.75 RC
Antenio - Zendron : . . ’ . : ’
6. Ponto da Rua 5.39 -do- - do - 278 .3 1135 780 0.90 16.34 | 1840 ~do -
Capinzal . ’ . :
7.Pontc da Rua Mario 607 - do - - do - - 318 3 23.90 1055 1.40 18.14 1934 - do -
Sehmidt - )
Velha  rlver . .
1. Ponte da Rua’ Sap ¢.09 . Blumenau  city Road 32.0. 3 16.35 13.80 . 1.B5 1483 15.88 RC
Porimetral ' . S , . _ : ' '
2. Ponte da Rua . 0.25 . - do - R - de - 45.1 3 15.20 1470 2.35 10.32 T11.68 - da -
Paulo ' T ’ ) ’ ’ ’ . :
3.Pontz da Rua 0.70 -do.’ ‘. -do- 42.0 3 . 1600 530 - 8.1 9.72 | -do -
" Paraiba L ’ : 2 . . s
4, Porge da Rua - 1,84 - do - -« do - 302 3 12.10° 18.00 '2.10 9.33 11.55 - da -
7 de Sclembra : : .
‘5. Pontc dz Run : 2.47 - do - - do - 200 - 3 11,45 730 "0.60 9.78 .18 -do -
Mariana  Bronnemann : . :
6. Ponte _da Rua 2.54 . - do- -do - 144 1 14.40 19.60 - 2.80 3.71 1038 -do -
Alberto  Siein : .
7. Rua da Marechal 311 . -do- -do - . 200 3 9.55 1020 1.10 11.4% 1274 -do -
Peedore ’ ! . .
8. Bua Gustavo Budag 3,81 - do - .. -do- 1200 2 9.15 980 1.40 14.86 - 1530 ~do -
9. Rua General 541 - da - - do - 17.3 1 17.30 840 0390 19.85 : 2019 - do -
Dsorio
Source : DNER, RFFSA, DER, and DNOS o ’
Note  :/l Numbcrs in this table correspond to these 'in Fig VIL2.5.
Black column of the pame of bridge shows that bridge is not named.
B

: Bridge length’

© Spon lenigth ( longest portion ) :
: Etfactive width including sidewalk
: Width of sidewalk o

oo mo
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Table VIL2.1 . EXISTING RIVER. _STHL_JGTUR'ES_AND 'RELA_TED: STRUCTURES {414)

Bridge
L1 ) . __Location - Adwini- - Classifis e Peatures : .
Ne. Name " Distancs . from siralive . cetion Bridge Mos. of  Span . Wilth [ Lowost - - Blovstion of
River-Mouth/ Offics - : Leugth Span. Léngth B ° b Blevation” of  Sidewalk Surface : Remark
Confluence Ly 1 ) ©Gieder (m) | (lowest Poine) ’
(km) . . e )
Houpaya  glver
1. .19 Blumensay city Footpath - 232.- 1 23,20 - 090 12.60 . . Waooden
2. Ruz 2 do Setembro 0.23. DER Koad 1077, 7T 19,90 830 0.50 1571 . 1736 " RC
3. BR 470 2.28 DER - o - &60.0 4 2430 12.30, - 15.40 17 . «do -
4. Ponte da Hua 4.95 Blumenau city : - do- 20.0 1 20.00-10.10 - 1,30 EL.2§ 13,38 - do -
Guilberme  Scharl . . .
© 5. Ponte da Rua’ 9.53 - da - " -do - 8.3 1 8.30 520 0.50 15.9% 1649 . - da -
Caslos Pagel L . : . . . . - o
6. Ponte da Rua 11,75 - do - - do - 82 1 820 510 0.3 18.25 18,65 - -'dn -
Felipe Jensen ’ .
Gaspar Grande rlver
1. Ponte d2 Rua Gel. 0.21 DNER Rosd 3.0 M 10,60 7.50 1.65 8,74 10.69 . RC
Aristiliano Ramos (BR470) ’ .
2. Ponte da Avenida 924 CGaspar city - do - 45.0 4 10.80 1085 1L.00 9.36 - . 10.36 - do -
das  Comunidades - ’ . . . -
3. Pore ds Vicao 0.39 | - do - < do - 555 3 2420 280 - 10.60 ’ 12.10 . ~doe -
Ferres ’ : . : . :
4. : 1.25 - do - Footpath 424 . 1 4240 ~ 140 11.58 : . Waoden
5. Ponte da Rua 1.80 - do - Rozd 160 3 8.30 10.8¢ 0.90 100 9.05 . . RC
- Lsepolde Schrasun : .
G. Ponie da Rus 5.20 - do - - do - 7.7 1 770 985 0.5 1136 12,38 - do -
Bstrada para QGarupva :
Gasparloha  river
L. Ponte da Rodgria c.0s5 . BNER Road 47.6 3 16.10 5.80 - 9.20 10.75 RC
Jorge Tacerda (BRATO) .
2, Ponte da Rodovia 0.3¢ DIR - da - 349 3 1206 7.20 070 3.33 : $.90 + do -
Gaspar Hrusque (SC41%)
3. Ponte da Rua Duque 0.90 Gasper  city <do - 307 3 19.80 11.50 120 8.23 ’ 10.58 - do -
e Caxias . : | ’
4. Ponta da Esirada 1.10 - do - - da - 30.8 2 1503 279 - 10.30 J1z2.14 - da -
de TFerro . : . . . . . .
3. : 1.3s - do - Fooipath .8 1 9.80 - - 1.0% 6.i8 - RC, Siab
{1=0.2n)
5. 1.55 - do - " Road 6.0 1 6.00 400 . 7.1 - . ido-
. . . ’ . (=03}
7. 2.30 - do - Footpath 1.0 1 7.60 - 045 068 . . - = do -
. ' : : {t=0.15r)

Source : DNER, RFFSA, DER, 10d DNOS -, .
Note : {1 Nombees in this tsble correspond to those in Pig.VIL2.5.
Blank column of 1% pame of bridge shows that bridge is not nared.

: Bridge length

L
L : Span length { longest portion }.

B Effe'c_!ive width including sidewelk
b Width of sidewalk
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 Table VII.5.1

: (1) ﬁegul’afiﬁg pbnr..i.

MAIN FEATURE OF PROPOSED DRATNAGE FACTLITIES (1/2)

Drainage - "Cat;'chmént ‘Available besign Design’  Effective Present. -

District Area Pond | . Bottom  H.W.L. Depth ~  Land Use
' (k:mz) Capacity = Elevation = (m) ' - ) '

©03 nﬁ)_ Ce e {my

" Garcia River Basin

204 Residential area

G '3.94 20: 2.6 - 8.5 6.9. R :
G-2 2.50 137 2.6 9.5 6.9  Unutilized area
G-3 1.13 240 3.5 10.5 7.0 - -Pasture
- . 169 4.1 10.5 6.4 Pasture -
G-4 : 5.17 . 26 2.6 9.5 6.9 Unutilized area
velha River Basin . .
v-1 0.43. - - - = -
V-2 0.62 57 4.9 10.0 5.1 Unutilized area
v-3 0.67 57 - 7.5 10.5 - 3.0 Sports ground
V-4 0.68 - - = o -
V-5 0.59 50 3.6 10.1 6.5 Unutilized area
V-6 1.1y 1101 4.9 10.0 5.1 Unutilized area
C V- 2.34 5 6.7 10.0 3.3 Pasture :
- Total : 19.24 1,056 . S—= - . -
(2)_ Pumping station
Pueip Unik
Punping Design . Type - Discharge Diameter Number = Total Head  Motor
Station Discharge - per Unit {rm) of Unit Difference Output

w3 /sec)  (md/sec) ) (eS.}

Garcia River Basin

G-1,G-2 and G-4

~ Velha River Basin
V-1 and V-5
~V-2rard V-6

V-7

Fotal

0
0.
V-3 and v-4 - k.
4

WE  2.60 1,350 3 9.5 460

I . 0.35 500 2 8.9 65
035 . . 500 2 7.6 55
HE . 0.50 - 600 2 5.0 55
HF 2.00 1,000 2 5.8 230
11 - 865

Note : VME : Vertical Mixed Flow Puip
HMF : Horizontal Mixed Flow Punp
I : Submerged Pup
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Table VII.5:1  MAIN FEATURE OF PROPOSED DRAINAGE FACILITIES (2/2)

{3) Connecting Culvert and Inverted Syphon

_ Dimensions . -

Location S : e .
Width {m)  Height (m) . =~ length fm)
Connecting Culvert
R-1 - R-2 2.0 2.0 190
R-3 - R-4 2.0 2.0 85 -
Inverted Syphon _ o
R-2 - R-5 2.0 2.0 145
R-6 to the existing drainage chanme 2.0 2.0 85
2.0 2.0 132

R~7 -« R-8 -

Note : "R" means regulating pond shown in Fig.VII.5.4.

(4} New Channel

Drainage Catchment Design -Channel Catchment Channel Pesign lenmnﬁimm
District Area  Discharmge Nurber Area Iength Capacity Width Height  Number -
(k?) 3/ sec) (ki) {m) 3/ sec) {m) {mj of Box

Garcia River Basin : ' '
.94 - - - - -

G~1 3.94 - 52.0 - 3
2 2.50 '47.0 - 2.50 - - - - -
G-3 1.13 23.0 - 1,13 - - - - =
G-4 5.17 48.0 (1) 5.17 200 48,00 2.5 2.0 4
Velha River Basin L
V-1 . 0.43 . 1300 () 0,43 . - - - - -
V-2 0.62 19.0 1) 1 6.30 300 .20 2.0 2.0 1
: o {2y . 0.32 450 9.80 2.0 2.0 - 1
V-3 0.67 17.0 {1 0.30 ° ‘150 7.60 2.0 2.0 1
_ C T 1 0.37 - - - C - -
V-4 0.68 - 16.0 (1) 0.68 500 . 16.00 3.0 2.0 1
V-5 0.59 . 15.0 (1) 0.27 100 6.90 2.0 1.5 1
_ : (2 '0.32 250 . 8,10 2;0 1.5 i
V-6 1.17 § 31,0 (1) 0.72 350 0.72 2.5 2.0 2
: o - (2) - 0.45 200 0.45 . 2.5 2.0 1
V-7  2.34 39.0 (o)} - 2.34 300 39.00 2.5 2,0 3
‘Total  19.24 ' 19.24 2,800

Note : Channel nunber is shown in Fig.VII.5.4.
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