C“APTFR 7 ENVIRONMENTAL CONSFRVATION AND ]MI’ROVEMFNT
7.1_ Flood
7.1.1 Phnmng Ci'ilei'ia |

Within the context of the goal and prmcxple of water excess managenent of the Strategy the
flood control model areas and design standard for the Master Plan are estabhshed as set out
below :

(1) Model areas

Iguagu River Basin ,
‘Region-1; Curitiba Melropohlm area

Region-2: Porto Amazonas, Séo Mateus do Sul
Region-4: Unifo da Vitoria

" Region-5: Rio Negro
Region-6: Foz do Iguagu

@ Flood Pl'_ain M'anagémént and Urban Storm Water Management

Asa parl of flood plain management, com‘bmanon of structural and non-structural measures
will be necessary for the Curitiba metropolitan area and municipalitics of S&o Mateus do Sul
and Unidio da Vitoria/ Porto Unifo. Non-structural measures are to be primarily employed
for the flood prone areas in the other municipalilies. Integrated view of urban sewage, flood
“protection, storm drainage and environmental protection is necessary for the’ Curitiba
”metropohtan area as urban storm water mamgemenl Environmental protection includes
waste disposal ¢ontrol, water qual:ly comroi protecuon of aqua -ecosystem, and protcchon
- of riverine landscape

(3) Demgn Siandard 4

The flood control (or prolectlon) level must be determmed appropnalely taking into
consideration of social sighificance of damage level and efficiency of benefit and cost with
the principle of risk and benefit. Appropriate combination of flood control leve? for zoning
and strucrural measures must be also dclemnned

7.1.2 Master l_f'lan_fpl:_ Iguagu ijgr Basin
(1) Non-structural Measures -

Zonmg for land usc control is the aost effecuve mcasurcs for ali the fload prone areas in and
around the urban areas in Paran State (Region-1 to 8). Zoning for land usé contro! includes
restricted area, river regime, natural prescrvation and recreational park, and retarding basin
. area. Zoning and reselilement are a tandem for implementation and have been widely applied

~in the Curitiba metropolitan arca (CMA), Sdo Mateus do Sul, Porto Amazonas, Reboucas,
~ Guarapuava, Unifio da Vitoria, Rio Negro, etc. in the Iguagu river basin, - Resettlement

includes refocation of illegal residents occupying the river regime and legal residents in the
" flood pronc areas.



The cxnslmg flood forecasting and warmng system (FFWS) is p}anncd to be upgraded by the
provision of the new lightening sensoring and rainfall monitoring system under SIMEPAR,
This upgraded system will provide basic warning information required for rescue activitics
for the time being. This system will be necessary to be upgraded for a basinwide real time
flood management and operation to avoid both natural and artificial flood disaster in the
future when number of water rescues and flood control facilitiés is increased significantly.

“Flood proofing such as clevating ground level and structures is effective for some loca]ly

inundated areas in CMA and other flood prone ateas. Review of the operation rule of the

existing and planned dams and reservoirs will be necessary taking flood control function into -
consideration for the integrated and effective operation.

The proposed non-sl.ruclural measures and the:r lmp]emen(almn schedulc are hstcd in Table-
7.1. . : o o

(2) Structurat Measures

‘The structural measures are proposod only for CMA, Sédo Matcus do Sul and Umﬁo da '
Vitoria - Porto Unifo region. S

The proposed structural measures and their implementation schedule are listed in Table-7.2.
3 Descnpﬂon of Flood Control Measures and Pro;ecls
Curitiba Metro p_ohian .;@ﬂ 4

Non-structural measures are most effective in pamcular by mmng wuh resettlement and park
in the Curitiba Metropolltan Arca (CMA). Continuation and extension of the flood conteol
and drainage 1mprovemem projects of PROSAM which is composed of structural and non-
siructural measures is the first priority. PROSAM is composed of the following
components:

i) 15 km long flood channel excavation of the main stream of lhe Iguagu river
parallel to the existing channel (about 1.3 m:!hon nr’), -

i) Landscapo restoration and park _deve,lopn_lent of _nve; bank _aroé, |
i) Irai dam for flood contro) and to guarantec 1.8 'ni’fs'lo Curilibé water supply,

iv) Relocation and resettlement of houses located in nsky areds mc!udmg
occupying river ftood plains, and :

v) Expropriation of 7,000 plots of land and rights needed for env:ronmental
protection along rivers aud envzronmemally sensitive areas, :




Table-7.1 Proposed Non-structural Flood Control Measures and Implementation Schedule for Iguagu River
’ Basin

Region ' Municipalities Non-Stractural - 1st Stage 2nd Stage
- Measures Present - 2005 2006-2015 onward
L. Curitiba Metropolitan Region vZoning .
: *FFWS A
- *BEvacpation _ A
A
A

*Proofing
+Operalion Rule

o] - Ne ¥

2. $30 Maleus do Sul “Zoning
*FFWS
*Evacuation -
*Proofing

B b
O

Porto Amazonas vZoning

: - .«FFWS .
sEvacuation

*Proofing

v D=
=~y

3. Rebougas, Guarapuava «Zoning
: Irati, Ipiranga *FFWS
: L o sEvacuation

=

4, Unido da Vitdria »Zoning

: FFWS
sEvacuation
*Proofing
Operation Rule

o D
O Op o

|~ N~

5. Rio Negro «Zoning
*FFWS
*Evacvation
*Proofing

=

6. Foz do Iguagu ~Zoning
FFWS
+Evacuation
«Proofing
+Operation Rule

% 8. Capaema : sZoning : .
: . FEWS -
«Evacuation -

P> Do
OO o0

} '

Noles

1)) Zomng zoning for land use control with resetttement and parks;
FFWS = Flood Forecasting and Warning Systems ; Evacuation = ¢vacuation and rescue aclivities;
Proofing = raising of ground level and buildings, etc.; Operation Rule = opuauon rule for reservoirs,
flood mnuol facilities, elc.

(2) - = Extention qf present method;A = Improvement of present method; O = Emptbymcm of 'ncw concept
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The total project cosl was cstnmated tobe 34 3 million US doltars in 1992 excluding the Irfu
dam. A pat of the channel excavation (11 km) shown in Figure-7.1 is now under
construction, and the resettlement and park p!ans are in progress.

The extension program of PROSAM will be composed of the following components:

i) Chahnel excavation and maintenance of the flood channel of the main stream of
the Iguagu river by Curiliba City Hall and COMEC, and

i) Piraquarall, Pequcno, Allo anguava dams for waler supply with flood
control function,

In order to maintain the flood discharge capacity of the Iguagu river a strong regulallon to
control extraction of sand and gravel in and around the water course of the Iguagu river is
_ necessary. Modification and maintenance of the two existing and on-going parallel flood
channels will also be continuously necessary.

The dams which are newly planned as water supply projecis are to be reviewed as
multipurpose having flood control function. The Piraquara I, chueno Alto Miringuava
dams may have a function to mitigate floods in the flood prone areas in the municipatities of
Curitiba, Pinhais, Piraguara and S#io Jose dos Pinhais. The location map of the planned
dams is shown in Flgure -1.1.

Integrated view of urban sewage, flood protection (including floodways, retarding basins
and channel nnprovement) storn1 drainage, and envirommental protection is now in pracuce
in CMA, and it will be more significant in the 21 st century depending on the expansion of
urban area and the deterioration of urban environment.

S#o Matcus do Sul

In the 1983 flood 5, 8{)0 pecple evacvated from houses and food of 22 858 tons was
provided to the affected people in Sdo Mateus do Sul. In the 1992 flood 970 people
evacuated, S70 people lost houses and 1,200 houses werc damaged.

Non-structural measures are most effective, and zoning with a combination of resettlement
and park is first priority in Sdo Mateus do Sul. However, a dike system on the right bank of
the Iguagu main stream may be effective in the future after the year 2006 for the flood prone

~area where demand of development of low cost housing for low income people are very high

in spite of the city's zoning requirement. Channel mlprovemcnt will not be financially
feasible. A conceptual alignment of the dike system is illustrated in Figure-7.2. Feasibility
study will be necessary for financial and technical evaluation.

" Porto_ Amazonas

Non- stmc!ural measurcs are most effective, and zoning with a combination of rcseulement
~and park is first priority in Porto Amazonas. Excavation of a natural rock drop, which exists
~in the low water channel and interrupts the stream flow of the Tguagu river, will improve
flood discharge capacity, but it will not be financially viable.
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Figure-7.2 Flood Prone Area and Conceptual Alignment of Flood Coatrol Plan
in S20 Mateus do Sul







Unifo da V:tona and Porto Unid ___Q

- Unifio da Vitoria in Parani Stale and: Porto Unido in Sania Calanna State experienced

significant flood inundation in 1983 (flood water level of 750.03 m; DNAEE gauge water
level 10.42 m), 1992 (flood water level of 748.51 m), 1993 (flood water level of 746.86 m)
and 1995 (flood water level of 746.36 m). In the 1983 flood about 30,000 people evacuated
from their houses and food of 122,673 tons were provided to the affected people in Unifio
da Vitoria accodmg to the report from the Civil Defence of Paran State. In the 1992 flood
14,129 people evacuated from théir houses, 3,736 people lost houses and 4,500 houses
were damaged in Unifio da Vitoria only The flood mundahon area is shown in Figure-7.3
for 1983 and Flgure-’f 4 for 1992 : '

~ Flood protechon for this region will not be materialized by the provision of non-structural
measures only. It will be practically and financially not accepiable for these municipalities to
“apply zoning by rescttiement to the elevation of 750 m (1983 flood water level) because the
property value in the flood prone area is extremely high and the town funcuon in this area is
' sngmﬁcant The land value is shown in Figure-7 4

At prescm the municipality of Unisio da Vitoria restricts the land use below the elevation of
744.5 m in the urban area and 745.0 m in the rural area as the dispossessed area coordinated
. with COPEL. In Porto Unifio (Santa Catarina Stale) construction of public buildings
(schools, hospitals, etc.) are prohlbnled in the area below 750.0 m by law. The flood water
- level exceeded the elevation 744.5 m 36 times, 745.0 m 26 times in the period 1930 -1995
(66 years) as shown in Figure-7.5. I{ the elevation of restricted area is raised to 746,5 m the
- chance of exceedence of this level will be reduccd to 5 tinies during 66 years.

- An: a!ternahve study including a channel improvement plan, a dike system plan and a
. combined plan of channel improvement and dike assessed that only dike system plan would
be financially feasible with combination of zoning with resettlement.

. The Study Team recommends the following ioning and structural measures

<Zomng>
ay Resmcted Arca

. No pnvate and public buildings and houses are allowed to exist below the
~ ground elcvahon 746.5 m: The existing houses and buildings are to be
resettied to the des:gnated safe areas..

- b} Condmonal Areca’

" Construction of new private and public bmldmgs and houses is not atlowed in
~the ground elevation between 746.5 m and 748.5 m. Flood proofing such as
- elevatmg structures is to be enhanced as neccssaly

<Slmclural Measures>

A dike system ‘with slmce galcs istobe prowded to protect urban areas of both
mumcipaimes e

a) I)esngn flood - 1he recorded maximum flood (1983 flood, retum
period of abom 120 yedrs, peak discharge of 4,980 m'/s)
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b) Design flood water level - 750.0 m

¢) Design crest clevation - 751.2 m with freeboard of 1.2 m

d) thé dike system is to be aligned at’ clcbauon 746 5°m to limit the
- maximum dike he;ghl less thanSm. :

e)' Sluices with drainage purnps

" The total length and volume of the dike system Wl]l be about 17 km 'md 1.4
milliom m’ respectively. The channel lmprovcment including excavatlon of a
series of natural rock dtops along the main stréam of the lguagu river in the

stretch upstieam of the Foz do Areia dam just downsiream of Porto Vitoria to
Unisio da Vitoria will not be financially feasible because of its extremcly largc'
excavation volume (over several million m’). :

It is recommended to conduct a feaSIblhty siudy on pmvnslon of the’ dike
“system and sluice gates.. The total project cost of the dike system plan is
approximately estimated to be about 86 mﬂhon US dollars ’l‘he conccptual
alignment is 1]¥ustrated in Figure-7. 4 -

<Flood Water Level at Uniio da Vltona> '

" Non-uniform flow ca!culauon was coriducted to estimate the ﬂood water level
in the strétch from Foz do Areia to Sfo Maleus do Sul in the Iguagu river
during the 1983 and 1992 floods; and evaluate an effect of natucal river bed
elevation and the reservoir water level of Foz do Areia on the flood watcr lcvcl
in the stretch from Unifio da Vitoria to Sio Mateus do Sul.

The reservoir water levél at Foz do Areia (Secnon Di)is assumed from 739 m
“to 744 m depending on case. - The 117 river cross section survey data are
combined and used for this calculation: 66 by COPEL and 51 by JICA, -

The calculated flood water level is not real value but only notional due’ to

-~ insufficient topographic, hydrologic and hydraulic data and characteristics of
the non-uniform flow model. However, the calculated results and their %
interprelation will indicate some tendency with some error range.

The n,sult of flood water level of l983 and 1992 with lhe exlstmg natural river
bed is summarized in Table-? 3. The 1983 flood water level {(with 744 m
reservoir water level),” 1992 flood water level (wnh 742 ni-rescrvoir water
level), and average river bed elevation of the stretch are shown in Figure-7.6.
The result indicates that the effect of the reservoir water level in Foz do Areia
. does not reach l“luwopohs and S#&o Mateus do Sul |f the waler level is kept at
least tower than El. 744 m, 'I‘hc ci’fcct of reservmr water level to Unifo da
Vitoria seems to be little if the reservoir water level is kept lower than El. 744
m. It also scems to be that the key factor to cause increase of the flood water
level at Unido da Vitoria is increase of flood discharge (size of flood) rather
- than the reservoir water level of Foz do Areia if the reseivoir is operated within
the calcutated conditions. However the amount of contribution of the reservoir
water level of Foz do Areia to the 1983 ﬂood water level can not be quantified
by lhlS calcu¥auon modcl only



However, the adopted non-uniform flow calculation model can not deal with
the extent to which level the reservoir water level is to be lowered.

© Table-7.3 Summary of Calculated Flood Water Level without Excavalion

Case  Flood PozdoAcreia Pordo Vitoria Uniaoda Fluviopolis  S3o Mateus

Vitoria do Sul

D177 (BAT-1B) (14GPF)  (FINFLOl)  (5-25.GPF)
CNO1t CN153 JTi41 - CR271 18254
S Al 1983 744.0 7467 7501 759.0 764.3
A2 1983 7420 7463 750.0 759.0 764.3
A3 1983 7390 . 7461 749.9° 759.0 764.3
Ad 1992 7420 7454 748.7 1571 763.3
AS 1992 739.0 745.3 7487 757.7 763.3

Note: (I)Flood discharges 2t Unio da Vltona for 1983 flood and 1992 flood are 4,980 m¥sec and 3,310
: m¥sec respectively.

(2)H.W.1. of Foz do Argia reservoir is 742.0.
Rig Negro and Mafra

Rio Negro in Parand State and Mafra in Santa Catarina State experienced severe flood
_ inundation in 1983 and 1992. The recorded maximum gauge water level was 14.63 m at the
DNAEE station in Rio Negro in 1983 which was higher than the normal water leve] by about
10 m. The peak flood water levet of the 1992 flood was only 21 centimeters lower than that
of 1983.

Non-structural measures by zoning are most effective in this region. Zoning with
resettlement and park is in practice, but about 400 houses are still remained partly in the
Negro river and parly in the Langa river the tributaries of the Negro river. A channel
excavation of the Langa river in Mafra is in progress. Structural measures for the main
stream of the Negro river will not be financially viable due to topographic constraints.
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Figurc-1.3 Flood Pronc Arca of 1983 in Unido da Vitoria and Porto Unido
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7.2 Water leity and Se\seragc

7.2:1 Prescnt Condmon *mc_l Future Prediction el‘ Po!lutant Load of the
Iguagu River Basin

n Present Condition of Pollution Load and'lh'e River Water Quality

Judgmg from the presem pollution tevel, the Ignagu River basin can be divided into the
- upper river basin (Iguagu ST.1 - ST. 21) and the middle/lower river basin (Iguagu ST.22 -
ST.43) in order to make the analysis casicr. Figure-7.7 illusirates the average BOD values
for these two basins, based on the water quality data measured by SUREHAMA and IAP in
‘the past 12 years from 1982 to 1993. .

' The BOD values in Figure-7.7 are the annual average values of all the waler quality
monitoring points in each basin. The difference between the two basins is clear.. For the
_upper river basin, BOD exceeded 5 mg/l for most of the years with the highest value of 24
mg/t in 1986. The reason of river water pollution is due to the discharge of large quantity of
-'domesuc and mdustnal wastewater I‘rom lhe densely populated Cunhba M.A, :

For lhc mrddleflower ]guagu fiver basm the annval average BOD va!ues were 2-3 mg/l
through all these years, This is because of the lower poliutant load in this basin and the
larger quantity of water flow where pollutants from the upper stream can be diluted.

25 . SO g D TS SN

20

BOO mp/ 2

1982 1983 1984 1935 1936 1937 1988 1989 1990 1991 1992 -
S aaer s o BB oaeuacussw1-2l o BB IGUACU St.22-43 '
: ‘' Figuré-7.7 BOD Average of Iglizgu River Basin (1982 ~ 1993) _
~ (2) Pollutant Load Prediction

fguagu basin is the most densely populated arca in Parané state. Domestic sewage and
industrial wastewater are the main pollution sources to the river. Table-7.4 shows the
predicted discharge BOD loads of these two kinds by the years' of 2005 and 2015 with a
- comparison with those in 1993. It is unclerslood from this table that besides an increase of
“the total BOD load in the' whole basin, the percentage of domestic BOD 10ad from the urban
area will increase from 70% in 1993 (o 74% in 2005 and 75% in 2015. 'This is due to the
high rate increase in urban population. ‘Therefore, pollutant load reduction should mainly be
carried out in the urban area, especially in the large municipalities.

L9715



Table-7.4 Poflutant Load Pred:cuon of Iguagu Basin

Unit; KgBODlday

. Ttem ‘ 1993 2005 2015
Domestic (Urban Area) - AP o
Population 2,837,310 3,831,190 4,671,360
BOD Load 153,215 - 206,884 252,253
Domestic (Rural Area) o '
Population 925,830 835,160 734,240
BOD Load . 49,995 " 45,099 ' 39,649
Industrial BOD Load " 18,630 120017 43,573 |
Total BOD Load 281,000 335475

221,840

(3) Ta_rget Cmes for Pollulanl Load Reducllon

‘Table-7.5 shows the domestic BOD loads from several large cities in Iguagu basin area and
their populations. The largest BOD load is from Curitiba M.A. followed by Foz do Iguagu
- and Cascavel. It is no doubt that Curitiba M.A should be given the top priority, and then
Cascavel city which is situated at the upstream of a small tributary.  As for Foz do lguagu -
cily, since it is situated at the downstream of Iguagu River where the run-off BOD load,
although it is considerably high, can be diluted by the abundant river flow, pollutant load
reduction is less emergent. Therefore Curitiba M.A. and Cascavel (:ll}’ were selected as the '

larget cities in Iguagu basin for pollulant load reducuon

Table-7.5 Pollutant Load from La.rge Cities

2005

1993 2015

City Population BOD | Population BOD | Population BOD-

: ' ~ (kg/day) ' (kg/day) : (kg/day)
CURITIBAM.A. .| 1908360 103,051] 2524380 136,317 | 3,040,510 164,188
FOZ do IGUACU 204,365 11,036 353,920 19,112 479380 25887
CASCAVEL. 185,746 10,030 250280 | 13,515 303,230 16,377
GUARA PUAVA 117,385 ;6,339 154,360 8,335 179,920 9,716
FRANCISCO 48,417 _ 2.515 .73,320 3959 100,490 5,426
BELTRAQ : L o

7.2.2 Pollu!ant Load Reductlon Plan for Curltlba MA and Cascavel '

1) Ta_rget Water Quahly

The farget water qualities for pollutant load rcductlon for Curitiba M.A. and
Cascavel are set as follows considering prcsem water quality and rcasonably
altainable water quality in future:

Curitiba M.A.

Cascavel

2) River Waler Flow

BOD < 10 mg/l {Class 3)
BOD < 5 mg/l (Class 2)

The river flow (draugh! ﬂow Q", T) was calculated fmm the specaﬁc flow rate and
the city areas as follows: : :
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Qoy = 0:231(m /s/100km ) x 2,800 (km’ )

Curitiba MA.
= 6.468 m /500 = 558,835 mslday
Cascavel Q0 = 0.420m //100km” x 250 k'

= 1,050m /sec = 90,720m /day

3) Quantity of Diluting Water

The quantity of water which dilutes the run-off BOD consists of the base flow in
the river (Q,q,) and the quantity of domestic sewage and industrial wastewater
flowing into the river.: Table-7.6 shows the calculated quantity of difuting water for
the two cities. - o '

Table-7.6 Quantity of Diluting Water :
Unit: m]!day

: : o - Domestic Industrial .
City - Year Q » Sewage Wastewater _ Total
. o ' Discharge® | Discharge®
CURITIBA 2005 - 558,835 362,935 32,805 954,575
M.A: ‘2015. 558,835 535,130 ' 49,318 1,143,283
CASCAVEL { 2005 20,720 31,035 . 3,189 124,944
2015 90,720 48,525 4,783 144,028

Note; (1) = Population x Unit Water Consuniption Rate x $0%
{2) = Actual discharge in 1993 x (1 + industrial sector growth rate}

(2) Pollution Analysis -
1} - Pollution Analysis of the Present Condition of Cu'ritiba M.A.

‘a)  Method of Analysis

Analysis of the present condition was conducted in order to determine the
purification-residual ratio which is the fundamentat parameter for the prediction
of river water quality in fulure. The procedures of analysis are as follows:

(i) Calculate the discharge BOI load from each pollution source;

(i) Calculate the run-off BOD load by taking into consideration the run-
off ratio - L '

(i) Calculate the flow-out BOD load based on the current water quantity;
(iv) Evaluale the purification-residual ratio
b) Result of Analysis

The gesult of anaiys'i's is shown in Table-7.7. The purification-residual fatio
was evaluated as 0.34. This value is used for future water quality prediction
- described in the folowing sections,
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Table-7.7 Polluuon Analysns of Prescnt Cond:uonof Cunuba MA.

: Jlem Calculated Value
{t) Poputstion : :
Total . , o 1) 1,908,860
Sewage treatment served ' V3| _ 658,620
No sewage treatment served : 3) 1,249,740
3] Domestic Discharge Load BOD (kg/day) 1 L
Fotal ) 4) _ 103,051
. Treaied by exlsting syslerm 8 p o 35,565
T - Untreated by existing system &b 67,486
(3) . | Run-off BOD Load (kg/day)} : _ K o
Total o D 10,379
From untreated domestic load - 8) © 53,989
From treated domestic load 9} 5,335
- Frowm industrial load L 10} 11,088
4 Quantity of Diluting Water (m’/sec) 1) 801,290
{5) . Measured Water Quality (BOD mg/}) 1) . .30
{6) Caleulated Flow-out Load (BOD kg/day) )] 24,040
7 Purification-residual Ratio . - ~14) : 0.34

Note: 2} = 1) x 0,345 (diffusion rate in 1994), 3} = D-,49= 5) + 6), 5y = '2) x 0. 54
8= x054,N=8)+9)+10),8)=6)x 08,9 =5x0.15,
10): based on acteal data, 11} & 12) Assumed l3) L ]2)-'- IOOO
14) = I3)-:-7} :

2) Polluhon Analysns for 2005 and 2015

a) Analvsm methods

i) The domestic and mdustnal dlscharge BOD loads were ca!culated
as follows:

_ Domestic load: From the population prediéted for the future.
"~ Industrial load : ' Ditectly proportional to GRDP growh.
ii) ‘Target water qualities for the two citi_és were set as follows:
Curiiba M.A.: BOD < 10mg/1

~ Cascaval - BOD< Smgﬂ
~jii) The penmssnble BOD load was ca]cu}ated accordmg to the target
water quality.- ,

©iv) The quantity ‘of pollution rt:dut:tion was evaluated from the
difference between the predicted run-off BOD load and lhe- -
permissible run-off BOD loag.
b) Calculation fesults

~ The calculation results are showi itiTébl_c-"?i.é.’ :
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_ Table-7.8 Poilution Analysi$ and Pollutant Reduction Plan for 2005 and 2015

e ’ . : CURITIBAM.A., CASCAVEL
_ ' 2005 - 2015 " 7005 2015
Usban Population 1) 2,520,380 3,040,510 250,280 303,280
Discharge BOD Load _ . - '
From domestic sewage (kg/day) - 3 136,100 164,188 - 13,515 16,377
Erom industrial wastewater (kg/day) 3) - 16,361 23216 U6 305
Permissible Flow-out Load
Targel Water Quality |®0DmgA) el w1 5 5
- Difisting Water (m fday) ' . -5 954,575 1,143,285 12494 144,028
- BOD Load (kgiday) . . . - e ) esas 11,432 625 720
Permissible Run-off Load (BOD kgiday) 7 8076 | . 31628 2,083 2,400
Run-off Load of the Perm:ss:ble Domestic Wastewater 8) - L ) )
(BOD kg/day) : 11,715 10,408 1,867 2,095
BOD Load Reduction for Domestic Wastewater ' _
Total BOD Load (kg’day) : L 9 136,100 - 164,188 - 13518 - 16,317
Treated BOD Load by existing system (kg,cfay) 10) w452 | 28452 2,318 2318
Reduction BOD Load (kg/day) - : . 11} 91004 122,726 . 8864 11,440
Quantity of Sewage Treatmenl ' ;
" Method of Treatment : T . © Standard Standard Anaerobic | Anaerobic
. Activated Aclivated + Aerobic + Acrobic
. : Sludge . Shudge Trealment Treatment
| BOD Removal Elficiency (%) : : B 3 95 95 &8 20
BOD Load Factor (g/person/day) 13) 54 | - s 54 54
"Unit Discharge (lit/persontday) 14) 144 176 124 160
Treatment BOD Load (g/day} - 15) 97,899 129,185 11,080 14,300
Population to be Served - . 15) 1,813,000 2,392,315 205,185 264815
Quantity of Sewage Treaument m day) | 20068 | anow | s | a3

Note: 2) = {) x 0.054, 3) = discharge In 1993 {1 + industrial sector growth rate), 5) refer (o Table-7.6
6) = 4) X 5) + 1000, 7) = 6} + 034 (0.30), 8} = 7} - 3), 9} = 2), 10} = Treated BOD in [993 x 08
i1} =9)- 8) 08 105, 15) = 1) + 12) + 100, 16) = IS)+00$4 1) = 14) x 16) + 1000

i (3) Plans for the Reducl:on of Po!lutant Load by the Year 2005 and 2015

' Based on the resul{ of calculatlon shown in Table-7. 8 the BOD load to be reduced for
Curitiba MLA. is 93,004 and 122,726 ke/day by the years of 2005 and 2015, respectively,
and that for Cascavel is 8,864 and 11,440 kg/day. This needs implementation of scwage
: 'treatmenl facnhucs of capacmcs mcmloned above to remove lhesc amounts of pollutants.

_ Plans of sewage treatnent are also- shown in ‘Table-7.8. For Cunuba M.A,, the standard -
aclivated sludge process will be applied in consideration of its high treatment efficiency
{95% BOD removal) for reduction of the great amount of pollutants. For Cascavel, the
~"method of anaeroblc digestron followed by aeroblc treatmen! (80% BOD runoval) will be
appl!cd .

7.2 3 Polluhon Analysrs of the Whole Iguagu River quin

'. (1) Objecnve and Melhodology
' l) Objectwe

ic objectwc of polluuon analysns is lo mvesugate me water quahty at each of the
.. control points in the whole Iguagu river. basin in 2005 and 2015 on condition that
~ pollutant reduction plans are implemented in Curitiba M.A, and Cascavel, If the
farget water qualily cannot be met at some of the control points, additional plans

will have to be worked out for potlutant reduction in the related areas.
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2) Methodology

" For the poliution analysis of the whole river basin, a water quality simulation model
is formulated on the basis of Streeter-Phelps formula. This model can mainly
simulate the self-purification process in a river course where organic po!lu!ants are
removed by biological degradation, sedimentation and absorption.

. (@) Poiluuon Analysis

1) Water Quality Control Points

In order 1o select water quality control pomts for pollution analysrs. lguag:u river
basin was divided into 20 sub-basins. Each sub-basin contains one or two water
‘quality control points, The locauons of the selected 22 water qua]nly comrol pomls
are shown in Figure-7.8. '

-_2) Fundamentai Parameters

(i) The parameters used for pollutant load calculahon were assunied as shown
_ in Table-7.9 referring to Japanese gmdelmc : : :

. Table-7.9 Parameters for Pol lutant LLoad Calculation

Ttem * Pollutant Load Pactor Run-off Ratio

Domiestic Sewage 54 gBOD/person/day Urban area: ‘ 0.8
' : Rural area:- 0.1
Industrial Wastewater ' o 1.0 -
Livestock Wastewater | Catile: 600 gBOD/head/day ' . 005
' Pig: 200 gBOD/head/day L " 005 .

(ii) Self-purification Coefﬁmenl

By an analysns of the current condition of pollutant load and waler quality
in the river basin, the self-purification coefficient was evaluated as 1.5 for
the main stream and 0.8 for the tnbutarles of Iguaqu m'er

(i) River Flow Velocity

~ Based on the collected mfomlalwn about the hydrologlcal characterlsucs @
of Iguagu river, the average flow rate was assumed as 0.4 m/sec in the
river course and 0. 01 m/sec in the dam area. - .

3 Analy31s Results -

Table 7.10 shows the results of watcr quahty pmdlcuon for the 12 control pomls
along Iguacu river. The BOD concentrations at most of these points are lower than
1.0 mg/l by both the years of 2005 and 2015, except for No. 1 at the immediate
downstream of Curiliba MLA. where the targel watér qualily was set as 10 mg/l.
"The lowest BOD value appears at control points No. 6 to No. 9 as only 0.01 mg/l,
‘This is because dams are built in the main river and these sub-basins where water
flows very slowly and self-purification cfficiency is very high. The resuits indicate
that if pollulanl load from Curitiba M.A. and Cascavel can be reduced as has been
planned in the former section, the water quality in the whole rivér basin can be
soundly improved. Therefore, sewage treatment 1mplemenlauon should mamly be
planned for the two largc mumc;pahlles
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Table-7.10 Water Quality Prediction of Iguagu River
: Unit: mgBODA

Water Quality - 2005 ' 2015
Control Point )
No.1 402 5.84
. No2 . 053 | 0.71
. No.3 0.42 . 0.47
- No.4 0,35 ' 0,39
Ne.5 008 . 0.10
No.6 . 0.01 0.01
. No.7 - 0,08 -~ 001 - |
No.8 - .01 0.01
. Nog o1 - | 001
" No.10 021 0.23
No.11 ‘ 0.06 0.06
_No.12 C0.13 . 0.16

7.2.4 Sewage Treatment Plan
(1) Quantity of Sewage to be Treated

As has been discussed in the former sections, the target cities for pollutant reduction are
Curitiba M.A. and Cascavel. Thesefore, sewage treatment facitities have to be implemented
in these two municipalitics. Table-7.11 shows the quantity of sewage to be treated by the
years of 2005 and 2015, based on the results of pollution analysis in 7.2.2.

Table-7.§t "Quantity of Sewage to be Treated

‘ Unit: m%day
Year CURITIBA M.A. CASCAVEL

2005 . 260,000 25,000
2013 420,000 45,000

(2) Project Implementation Plan

Table-7.12 shows the implementation plan of sewage treatment system for Curitiba M.A.
and Cascavel. The plans will start in 1996 and be camied out through 4 stages to the target
year of 2015.

Table-7.12 Project Implementation Plan

' , Unit: m3lday
Implementation . CURITIBA ML.A. CASCAVEL
Period ' Treaiment Treatment Treatnent Treatment
' Capacity " Method - Capacity ~ Method
19962000 : 100,000 _ _ a b
2001~2005 100,000 a 20,000 b
2006~2010 100,000 a b
2011~2015 120,000 a : 25,000 b
Totat o 420,000 45,000
_ Note: The treatment methods and efl ficiencies corresponding to the symbols are as follows:
' . o BOD Removal (%)
a  Standard Activated Sludge Process 95 '
b:  Anacrobic Digestion + Acrobic Treatment 30

7.2




(3) Project Cost Estimation

The project cost was estimated based on the SANEPAR's "Planc Director de Esgofamento
Santario de Curitiba de Regao Metropolitana {Sept.,: 1993)" which provided the standard
“unit cost for sewerage system construction. Table-7.13 shows the costs for sewage
treatment facility construction -including the additional cost for the construction of sewer
pipelines and other accessory facilities. For Curitiba M.A,, the total cost will be about US$
293.6 million, and for Cascavel, it will be about US$ 49,5 million, '

" Fable-7.13 Total Conslruction Cost

N (Unit: -U.S‘S x . 1,000, Year l§94)

Period - - | CURITIBAM.A. | CASCAVEL
1996~2000 : 70,300 : 23,400 -
2001~2005 70300 - e
2006~2010 ‘ 70000 . . . 26,100
2011~2015 . 82,700 S e
Total : 293,600 49,500

Note)  The cost includes those for sewage treatment facilities, sewer
pipetines and other accessory facilities. :




7.3 Soil Erosion

At the Strategy study, the current and future soit loss from Ignagu river basin was roughly
estimated with USLE, Universal Soil Loss Equation.- Since the main objectives: of USLE
application at Steategy is to grasp the magnitude of soil loss, the data with a large division
wnse was used and analyzed ,

USLE was applied to Iguagu river basm again for lhc followmg objectives and Municipality
wise data was used to determine each factor in USLE. The data regarding agriculture in
1994 was obtained from EMATER and GIS computation was conducted by SANFPAR
~ based on thc IAP satellite i imagery analysis (1990 &1994). :

1) Toidentify the location with high degree of soil erosion in order to fomlulate
the soil conservation plan with location prlonly

2) Toevalnate lhf_: effectiveness of the soil conservalion plan proposed
7.3.1 Current Gross Soil Loss |
( l) Determination of Factors in USLE

_ Comparcd to the simulation at the Strategy study, the simulation for Iguagu river basin was
_involved in much detail anaiysxs of the data with Municipality wise and some factors of
- USLE were estimated applying RUSLE, Revised Universal Soil Loss Equation. In the
K followmg seclions, the determination of USLE factors is briefly explained and the result is
discussed. :

| _.USI:Eiscxpress_c_d in equation-1, . | |

A %R:-K-LS{ o wersiesess s s 1)
where  A: annual gross erosion (ton/ha), R: rainfall factor (MJ-mmvhahr), K: soil
erodibility (ton-ha-hr/ha-MJ-mm), LS: slope length and steepness factor (dimensionless), C:

cover and management factor (dimensionless), P: support practice factor (dimensionless)

'Si'néc:i.ﬁe above factors in USLE are local dependent variables, the impfo?ement of modet
-requires careful examinations of local data. Therefore, the model was applied close

o ‘cooperation with Roloff Federal University of Parané, especially the determination of K and

Cfactors o _
l) Rfactor S

:_Ruﬁno et a! (1993) derwed the’ followmg correlauon cquation of rainfall
“factor, R, with average momhly and annual zainfall. Their equation was-
‘ app]zed to compute rainfall factor of each Mumc; pality. '

R=a+b-Re
| Re=p?/p
" where R; rainfall factor, a and bt cocfficient, Re: fainfall-coefficiént, p: average
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monthly rainfall (mm), P: average annual rainfall (mm)
2) K factor

Rolofl arid Denardin (1994) dcnved the regréssion equahon to estimate K wslh silt
fraction, fractions of iron and aluminium- oxides, amount of fine sand and
permieability. Assuming no seasonal variation of K, their equauon was adopted to
determine K factor of soils in Iguagu river basm

3) LS factor o
The followhg equations in RUSLE were applied.
L=_(l122.1)m R [3;(1+B)

5=108 .sin [9) +0.03 sreepness < 9""

§=168sin(0)=0.50  steepness 9%_
where A : slope length (m), B a ratio of rilt and i_n:erﬁll_.eroéion, 0: Slop&:_ angle
4 Cfactor : e
* Compared to USLE, the major advantage of RUSLE is the determination of C for
‘crop land as a function of the effect of prior tand use, canopy cover, surface cover
and surface roughness. Since C determination with RUSLE réquires crop and

tillage databases, agricultural data from EMATER and RolofPs database Wére tjscd

C factors for perennial crops, reforestation and fallow were estimated with the
surface method developed by Dlssmeyer and Foster (1981), while C factors for
forest and permanent pasture were estimated with the original USLE Agncultural k
handbook No. 537 (Wlshmeler and Smith 19?8) ' i

5) P factor

It was obtained from the ongmal USLE, Agncultural handbook No 537
(Wishmeier and Smith, 1978) '

{2) Result of Sintulation

Quirent gross soil loss estimated for each landuse classification is shown in Table-7.14 with
Municipality wise. The soil loss from crop land ranges between 1.9 (o 146.0 ton/ha-year
“depending on the spatial variation of croppmg pattern, tilage, soil conservation and so on.
The average soil loss from Iguagn river basin is 28 ton/ha-year at the Stratcgy study, while
“one at the Master Plan study is 13 tonlha year Th:s duscrepzmcy is mainly due to:

1) d;ﬂ‘ercnce in scate of data

The Strategy sludy adopled agricultural dala with bMA’IER division wise, which
splits Paran& in 20 regions, while the Master Plan study adOpted agricultural data
with Municipality wise in order to specify the crop tand (the land use classification)
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with cropping patter, tillage and cultivation - methods, extension of soil
conservation and so on,

2) difference fn scale of analysis

The data analysis for the determination of USLE factors was conducted by
~ EMATER division wise at the Steategy study, while USLE factors were determined
for the specific land use in each Municipality at the Master Plan study. '

The accuracy of the modet should be examined through the comparison between the result
computed and real data; however, in Parand neither USLE nor RUSLE has been tested
enough. Since the USLE mode} at the Master Plan study was involved in the detail analysis
of data to compute factors of USLE, the result i in Table-7.14 was adopted to propose the
- Master Plan. The result of USLE at the Strategy sludy is considered to have at least encugh
accuracy (o compare the magmtudc of soil loss from river basms

The average soit loss of Municipalities was classified from low to high. Low means soil
loss less than 10 torvha-year, Medium is between 10 and 20 ton/ha-year and ngh is more
than 20 tontha.year. As shown in Figure-7.9, The most of area with high soil erosion is
located on the left side in the downstream of Iguagu river basin due to high rainfall erosivily'
and large crop arca, while soil loss on the right side in lhe downstream of Iguagu is low
because of the large area of forest preserved
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Legend
N Boundary of River Basin

/\/ Boundary of Municipality

Scil Erosion Degree
D Low (< 10ton/hasyear)

D Medium (10 - 20 tonfhasyear)

I:] High (> 20 ton‘hasyear)

Scale 1:2,150,000

Figure-7.9 Local Variation of Soil Erosion in lguagu River Basin
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7.3.2 Master Plan |

“The soil conservation is to conirol the erosion below a threshold level depending on a
specific object. The theoretical threshold is a state of equilibrium between the amounts of
erosion and soil formation, On the other hand, the practical threshold generally applicd is a
fess severe level to maintain soil fertility in the medium term (20 and 25 years) allowing soil
amendment with fertilizer, green manure, lime elc.

- To determine criteria and thrcshoid. the specific object i required. Since no crileria are
available in Paran4 to establish a threshold of erosion control for the water environment, the
widely acceptable figures in tenns of area of river basin were adopted at the Strategy. These
figures were applied to Iguagu river basin also as a goal of soil conservation. ‘Therefore, the
threshold of soil loss to propose a soil conservation plan (Master Plan) by the year of 2015,
is 11 ton/ha.year. After the suppression of soil loss below the threshold, 2 tonfha-year
which is widely acceptable values for a large river basin will be achieved successively.

The soil conservation plan have to integrate the agronomic measures, soil management and
mechanical measures because they have different effect on soil erosion and are the most
effective when integrated rather than individual implementation.

Specific countermeasures depend on crop, size of farmers, farming system and so on.
Considering the agricultural characteristics in Iguagu river basin, the soil conservation plan
was fornulated as a Master Plan and shown in Table-7.15. For the application of the soil
conservation plan at field, the suitable measures should be selected from the table examining
local variation of agriculture. '

The main target of the Master Plan in Jguagu river basm is to suppress the sonl loss from
crop lands. “Since terracing and non tillage are the most effective measures, their
implementation is esseatial. Terracing with contouring should cover 100 % of the crop area
and non tillage is expected to be practiced in 50 % of beans, maize and soybean fields by the
year of 2015. ~ Application of other measures depend on the local characteristics of

- agriculture. -

" The effectweness of soil conservation plan was examined applymg USLE. For the
computanon sake, lhe foHowmg assumptions were made

: l) 1100 % implementation of terracing wnh comourmg to crop land

2y 50 % imp!ementation of non tillage to beans, maize and soybean field where
the current application of non tillage is less than 50 %

3) no consideration of other measures , such as agronomic measures and soil
management

As shown in Table-7.16, the average soil loss would be reduced to 4 tovha-year with the

“Master Plan,  Since no other measures than temracing and non fillage are counted in
estimation of future soil loss, the result is considered as underestimation. If the Master Plan
was implemented fully, less soil loss would be expected.



Table-7.15 Soil Conservation Plan (Master Plan) in Iguagu River Basin

ML

Crop Es,senﬂal . o fgeat S o
. TY | ’ - Measures CEffect] TY . - Measures Effect
Merop . | — | M7 Il'ﬂp(o‘-t‘méﬂl of Farm rood T2 M divension ditches ' 2
" [fictd and M drainage along roud side " M terrace channels - 2
Pasture A proper spating of crops (&2 M grass water ways : o2
A proper crop calendar 1 &2 M. energy dissipater at outlet of drafnage -2
S maintenance of sofb fertility 1&2 ) :
A proper plant selection 1 &2
Soyhean | 1 M terracing with contour ¢ropping ) H M contour stripeTopping 2
Wheat M buffer stripcropping 2 A nontillage 1&2
Maize §  avoid excess operation of machinery -2 :
Beans § . subseiling to stir hard pain of soil - 2.
§ proper plowing or harrowing 2
A mulching by crop residue | &2
A seading of winter green manuig t:rops 1 &2
Maize ] M tesracing with conour cro;:-pmg 2| A ‘rontillagé with animal 1&2
Beans M baffer stsips with stooes - .2 o
M buffer striperopping 2
A mulching by orop residue b &2
“A- seading of winter green munare crops I &7
‘M contour stripcropping | 2
A intercropping with greea manure crops b&2q.
M stripcropping with spring & sumimer crop o
[Petato i M tarracing with coniour cropping - ' 2
§  proper plowing of horrewing §
§ avoid excess operation of machinery i
- [Cotton . i | M Tlecracing with contour cropping 2[ M contour stripciopping 2
Sugarcane ' M. buffer siripcropping ' 2 R R
Cussavd §  avoid excess operation of machingry 2
S subsoiling to stir hard pan of soit 2
8§  proper plowing or harrowing 2].
$ 'weading of winter gm‘n manise Crops I &2
JCoion |11 M termcmg with cmlourcroppmg i 2| M contopr stripcropping 2
Sygarcand M buffer strips with stonés . i C . :
Cassava M buffer siripcropping 2
A seeding of winler green manure Crops 1&2
Olericulore | 1 | M 'ttrracing with conlour ¢ropping 2
Pasture &l M mracmg i 2| A crop rotation [
M viter supply \y»lem for cattle &2 A pefenmal forage 2

Abbreviation: ML: Mansgement Level, I: Mechanized Farming System, 11: Farming Systeen with Man of Amm.:l Power

TY: Type of Measures, M: Mechanical Meawres, Ar Agronomic Measures, S: Soit M anagemeni

I Effect on Rainsplash, 2: Runofl
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7.3.3 Implementation Schedule, Cost and Benefit
(1) Implementation Schedule

As curreit soil foss from the most of crop land exceeds the permissible level, 11 ton/ha.year,
the implementation of soit conservation is urgently required. -Thus, 100 % implementation
of terracing inclusive of the improvement of farm roads should be achicved by the year of
2005. Since the total crop arca which is not conserved currently — is estimated 1,078

thousand ha, the 1mplemcnlat10n rate would be 110 thousand ha per year to achieve 100.%

coverage of terracing.

. The pnonty of location  where lerracmg wnll be implemented depends on the magmmde of
-~ the current soil loss. The larger the soil loss is, the higher the pnonty is. In Table-7. 17 the
pnomy of Mummpalily is shown with the arca to be terraced. :

50 % implementation of non tillage is expected to be achieved by the year of 2015. Non
tillage is currently practiced in 325 thousand ha of beans, maize and soybean field, With the '
' Masler Plan, 1l would i increase evenly in the next twenly years 1o 1,077 lhousand ha. ~

Othér measures, such as agronomic measures and sml management would be: pr*acnced
- continuously in the next twenty years.

(2)Cost

Main measures which should be considered for the cost estimation are terracing,
improvement of farm roads and non tillage.. ‘The cosls of other measures are considered as
small compared 1o ones of main measures. For the computation sake, the “assumptions
made are: ) Cost of terracing is 40 US$/ha., 2) Cost of improvement of farm roads is 1,500
US%/km and average length of farm roads per ha is 0.02 km., 3) Maintenance costs .of
terraces and farm roads are 3 % of their construction costs., 4) The difference between
machinery costs for non tillage and for traditional tillage is 4,000 US$. Thus, 4,000 USS is
the cost for application of non tillage and its maintenance cost is negligible., 5) Machincty.
for non-tillage lasts ten years., 6) One machmery for non t:llage covers 200 ha '?) The cost
for herbicide for non tillage is not considered,

The result of cost eshmatlon is shown in Table-7.18. The total cost would be 144 mllllon
USS$. |

(3) Benefil

Paran Rural Program (SEAB, 1989) has estimated nutrient loss compensated by fertilizers
‘assuming the average soil loss of 20 ton‘ha-year and enrichment ratio of 1.0. Consequently,
the fertilizer applications of nitcogen and potassium are 20 kg/ha and 2.3 kg/ha, respectively. -
The cost of fettilizer is approxmlatcly 20{] US$lt0n for ca!cmm mlrate and 220 US$lton for
potassium chloride, : _ _

The rcducuon of fettilizer apphcahon with the Master Plan is consndered as oné of beneﬁls
Assuming that terraces and farm roads tast 30 years with (he proper maintenance, above rate
of nutrient loss and cost of fertilizer were applied to estimate the benefit by the year of 2025.
‘The total cost would be 188 million US$, while the benefit would be 272.5 million USS$.
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" TFable-7.17 Priority of MUnicipaliiy for Master Plan
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Table-7.18 Cost and Implementation Schedule of Soil Conservation

— St
Conservation |  Amount 1o Cost I9'90s C 20008 . . .
Measures be covered | (million US$) 96’ 97 94!' 99, 00!01 i(}IZ’M [04 [osTo6 (07 103 1050 107 14] 120 13, 14,15

Terrace for
ctop Land 10,781 kv’
improvemeal

of Farm Rodid 21,560 km
Malntenance ]
of Temace .
and Farm
Road —

|
!
1
:
|-
]
{

Non Tillage 7,520k’

Agronomic

Management 30,700 kn¥’| not estimated ¥ e : U ey ¢
S Vear :

Measures - 30,700 kew'| not estimated
Soil -

ProgressRate| - 1439 % 8% B% ) 1B%

Since the dﬂermmaum of agronomuc measeres and soil management inv oh es the detail study, 1t was not estimated,
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7.4 Ecology
7.4. l Bio!ogical an;ronment
ME lora

1) Térreslrial Flora

-The total forest cover area as percentage of the basin area is estimated in 43.7%, most of
this area (27.42%) is considered under brush coverage (Capoeira), followed by 14.56%
of native forest coverage, and 1.72% of reforestation area. “The tolal consewauon area
|s csumatcd in 10.21% of the basm arca.

Main prob!ems associated with the existing conservation areas are related to the lack of
implementation of management plans, deficient infrastructure and maintenance, and
reduced number of personnel. :

Areas which are not under a specific conservation criteria have been detected by JAP
and the Botanical Museum in the localities of Serra da Baitaca and Corredeiras Eng.
Bley. Main issues associated to these areas include endemic and endangered birds,
‘orchids and other botanical species living in these habitats, as well as recreational,
cultural and scenic values associated to these areas.

2) Aquatic Flora

~Main issues related to aquatic mxcroalgac are reported by the SANEPAR, where
proliferation of undesirable species originiates bad flavor, offensive odors and oxygen
depletion in water supply reservoirs. Other problems associated to this condmon are
ﬁ!tcr cloggmg and hampering of the flocculation process.

A reduction of the orgamc load in the water sources through the implementation of
. industrial water and sewerage treatment would alleviate this problems. :
@ Aquatic Fauna

The most detailed fish inventorics in the slate have been carried out for the Iguagu river,
approximately 70% of the species reported are found only in this river throughout the world.
The distribution of eademic, introduced and rare specxes in lhc Iguagu river are follows:

Spécies 47 : ‘
Endemic 33 ' : - .
Introduced - 4

R 4

© Main impacts associated with this resource are related to hydroelectric dam construction and
' modification of the water environment, urban, industrial, agricultural and municipal
polluuon sediment runoff through deforeslalion and S’md exteaction, and reduction of the
river margin vegetation,



) chhos

Sampling and biodwcmly assessment by IAP has shown drastic diversity index reduction as
“consequence of pollution in the rivers associated with the Curitiba metropohtan and
industrial area.

(4) Aquatic B.irds

For the Iguagu Envnronmenlal Proleclzon Area (APA-lguat;u) !ocated adjacently’ to the
Curitiba metropolitan area, an important community of aquatic birds, including temporary
festing and migrant populations has béen ldennﬁed The followmg table summarizes the
reported bird groups in the area: - :

Table-7.19 Reported Bnrd Specues for the APA- lguagu

CATEGORY _ ___ NUMBER REPORTED PFRCENTAGE (%)

- Bird Species a7 o 100
Bird Famitics . . . EE
Aquatic Species - BRI B R 31.6
Migratory Species = S w88
Rare Species IR T R
Endangered Specics : 2 o o 1.7

Source: SMMA 1993, and Museuin of Natural History

Among the migratory species, populauons up to 600 individuals have been reponed Five
species are known o depend on wetland vegetauon ‘for shelter, nestmg, and t‘ood supply

7.4.2 Sociocconomic Environment

(1) Rural Migfalions Towards the Urban Arcas

From the 1970's onward, the exodus of farmers to the metropotitan area became the oﬁgin
of poverty belts. The settlement is more evident in the low lands along the river margins,

whete the value of the land is ess. A model area for this condition can be apprccnated at the
Palmital river shown in Figure-7.10, where 3 sectors can be identified:

1 Uppchalmital S

‘The area is considered rich in groundwater resources and lhe river margm vcgelauon is
still in 2 well preserved condition,

2) Middle Palmital

The populated areas are some 30 Km from Curitiba center, where most of the people”
~work. Approximately 100,000-150,060 people are living in this area. -Main problems
associated with these settlements are raw sewerage and open air waste dlsposal “high
criminal, low income and low educahona] status of the population, - '

Habitation of flood prone areas, deficient mummpal services and deﬁcnent potable’ water
availability further deteriorate the living conditions. :
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Raw sewerage disposal, and open solid waste disposal are polluting the Patmital nvcr,
and affecnng water quality of SANEPAR water intake located at the BR-277
intersection with thc Palmital river, and eventually deteriorating the water quality of the
Iguagu river,

3)  Lower Palmital

Problems in this arca are not so critical, sewerage treatment is planned to be done at the
Atuba river sewerage treatment plant, and the area is closer to the Curitiba Metropolitan
area for sohd waste collecuon and disposal. Population density is considered low.

'(2) llydroelecmc Pro;ects g

~ Five major hydroeleclnc_p_rojecls operating and one under construction are the existing
projects in the Iguagu river. All of the projects are located in the main course of the Iguagu
river, damming approximately 50% of it's extension.

The main 1mpacls associated with these projects besides modilying the river hydrology from
“arapid to a slow flow are associated to psychological distress such as resettlement of about .
300 famities in Salto Segredo project, and disruption’ of fishing areas of the mdigcnous_
population in the Salto Santiago pro_;cct :

~ The 1mplementat|on cost for the cnvironmental programs of Salto Caxias is estimated in 150
“million US$ or 15% of the total value of the project. This cost reflects the concern and
commitment of COPEL in the present BIA studies performed, where the leaming experience

~of previous projects has generated a comprehenswe approach to the enwronmenlal isSues
~ involved, :

.'(3) Landfills

. ‘The total volume of solld waste per day generated in the Iguagu river basin is estimated by
1AP in 2,200 MT/day. Five urban centers generate 56% of the municipal solid waste of the
‘basin, the other municipalities are cstimated 1o generate some 970 MT (44%) of the total for
- the basm the system used for disposal goes from opcn air disposal to municipal landfill.

Major problems assoc:aied with the municipal solid waste disposal are lack of eqmpmcnl
- improper disposal sys!ems (open air), lack of environmental education in waste Sepamtlon_
and recycling, and 1mproper efflucnt treatment with consequent leachmg of pollutants.

_ (4) Water Imake Locallons

Main problems are assocnatcd with orgamc pollunon originating microalgae growth and
oxygen depletion cycles, ‘agrochemical runoff . from agricultural ficlds adjacent to the
Passauna reservoir, leachmg of the Lamenha Pequena abandoned landtill into the Passauna
reservoir; domcsue scweragc disposal in walerways and mduslml effluent chsposql without
proper lreaimem

7 4.3 Master Plan for lguagu Rwer Basm

Thc nnster plan is concewed as a series of specific programs to be implemented in the
conservation, rehablhtahon and monitoring context, hgureff 11 shows the relationship:
belween momlormg and preservanon programs '
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(1) Program for the Inventory of Fish Populélions.
Mainly oriented in the areas of the Iguagu Park and tributaries of the Iguagu river.
(2) Program for the Assessment of the Fish Population Dynamics.

Oriented to rare, endangered, migeatory, and/or commercially important species, the purpose
is to atlain knowledge in the way these species eal, reproduce and about the habitat they
occupy. : . -

(3) Program for the Adificial Reproduction of Endemic Fish with Bcologicﬁl and/or
. Economic Interest. '

For the massive production and “repopulation and/or production of endangered or
commercially viable species.

(4) Program for the Assessment of the Fish Fauna and Experimental Aquacuiiurc in the
Iguagu River Hydroelectric Reservoirs.

Oriented towards the inventory, population dynamics and limnology of the reservoirs, with
the objective of conservalion, mitigation, and eventually production of fish in the reservoirs.

(5) Program for the Assessment of the Aquatic Environment through the use of Bio-
Indicators.

Integrated monitoring approach using benthic organisms, zooplankton toxicily tests, and
. correlation with chemical analysis is suggested to be implemented in water treatment plants,
as well as in industrially and agriculturally polluted areas to monitor water eavironment
quality. Sce Figure-7.12 and Figure-7.13. :

(6) Program for the Upgrading of Management Plans for Existing Conservation Units,

To steengthen and improve the existing conservation areas, the program is geared towards
eco-tourism and conservation.

('7). Program for the Identification and Monitoring of the River Margin Vegetation and
Lowlands Along Water Courses.

To define the existing area, and regularly monitor the resource degradation or improvement.

(8) Program for the conservation of the Serra da Baitaca and_ the propoéed Irai reservoir
area, ' :

Rare, endangered, and endemic species of plants and animals, genetic diversity typical and
unique for the region, and scenic, recreational and landscape values, are reasons to consider
the preservation of this area.

(9) Program for the Geographic Definition and establishment of the Corredeiras Eng. Bley
asa cc;'lservation unit, - '
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Figure-7.12 Indicative Location of Bioindicator Samplirig Stations in the Tguagu River Basin
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‘Important scenic, tousistic, and recreational values exist in this area. This river sector maybe
the last one resembling the original Iguagu river condition of !‘aplds

(10) Program for the Establishment of a Biodiversity Insmute.

Resources available in the terresirial vcgelatnon, inscets and other species not direclly rclaled
_ with the aquatic environment could be a natural resource capital from which, significant
*_developments .in biotechnology and pharmaceutical can be developed generating income to
- suppoit conservation projects refated for the water and lerrcstnal environment. :

(1 ])ngram for the Control of blackﬂy (Simulium sp) in the lguag:u River Basih.

“ Control of the fly popu]atlon adjacent to the water environment, the vector inflicts bites,
rashes and allergies to the adjacent populations, and i n s consndered a pest.

(12) Program for lhe Emnronmemal Educallon of the Water Scurces Developmcm.

The pre.sent program is onenled towards the integration of cultural, architectonic, historic,
sanitation, and water environment values and components for the education and training of
the population in the context and processes of potable water source development.

7.4.4 Su mmary of Program Objéétivés_ and Indicative Costs
Table-7.20 summdri_zcs the are_a of influence of each one of the proposed projects:

~ Table-7.20 Summary of Program Objec tives for Iguagu River Basin

PROGRAM NAME _ o ~ COSTUS $ OBJECTIVES
' X 1000 B @ 3 @
Preservation Programs '
. 1) - Fish Population Inventory = . - . 881 X, . X
'2) - Fish Populatioh_ Dynamics - . 487 . X X
-+ 3)  Eademic Fish Réproduction o . 493 X X o
. ._-f4).. Reservoir Fish Assessment A 2,620 X X X
6) Management Plans for Conservation Umts .3 X X
8) Serra Baitaca Preservation 585 X X X
9 - - Eng. Bley Preservation . ‘ 241 - X X .
10) Biodiversity Institute =~ - - ' Jeee X X X
* Environmental Education Program- . : :
12) - Water Environment Education : 860 X X
Monlloring' Programs
5y Bldmdlcator Monitoring + S 1,286 X - X X
) chr Margin Vegetalion Momtormg © 670 X X X
1) Blackﬂy Monitoring - © - . a4 X X

NOTES : (!)CO‘JSERVATIO\F (2) IICO\O\!IC ) SAMTA'!‘!O\! (4) \10ViTORl\'G



7.5 Forest
7.5.1 Existing Forest

As shown in Table-7.21, the natural forest and rcfoxcslauon in Iguagu river basm cover 14 3
% (7,900 km?) and 1.7 % (900 km”) of its area, rcspectwcly The total area of natural forest
in the sate is approximately 17,800 km? and 44.4 % of them belongs to Iguagu river basin. -
‘The natural forest is welt preservcd in Iguagu river basin compared to other river basins and
it is mainly achieved by means of parks and indigenous preserves of state and federal as
shown in Figure-7.14. In contrast to the preservallon of nalural foresl the 1mplementatlon
of reforestauon is low, -

 "Fable-17.21 Porest and Reforestation Coverage in Parand.

River Basin] - Landuse (34)
. i Arcz (km®) | . Forest. . {Reforestatiors
State 197882.0 2.0 3.2
Cinzas T 9290.7 .29] - 62
Iguacu ~ 553130 o143 LY
Harare 1T 51977 S P 3 I 3 I )
o fwei o 3se7ssl s 18
M ]{Litoranea - 5766.0 68.9 - 39].
g Parana o 131563 . 78] L 00
12 |Paranapznema | — 9797.0 4.9 0.0
Piguiri -l 24707.9 _ 2.1 _ 031 .
Pirapo ' 5605.9 2.5 0.0]
Ribeira 9129.1 5.7 5.3
| Tibaghk. .- 24634.7]. 181 9.4
Source: SANEPAR GIS Computation

 IAP Sateflite fmagecy Analysis
7.5.2 Master Plan

Proper management of forest contributes to sustainable level of production of timber,
preservation of environment, erosion control, flood control, mainténance of soil fertility and
so on. Considering the development of society, it is not possible and not nccessary o go
back 19 century, when forest covered most of the land; however, afforestation is esscnual to
improve the water environment and is a part of the river basm management ' :

Benefits of afforestation consist of direct and indirect ones. 'l‘hc fomler is an income from
timber production, wood as fuel and perennial crops, such as fruit rees, The latter is the
conservation of the water environment, such as erosion control, ﬂood conlrol lmprovemcnt
of water quahty in a river basin and so on. : L

The main concem to formulate lhe Master Plan is the proper landuse ln oiher words the
land not suitable to agriculture and pasture should be converted to forest for direct and
indirect benefits. For the conservation and preservalion purposes only, direct benefit is not
expected; however, indirect benefit is much greater than income born from forest if the.
effect on the environment, such as suppression of soil erosion and flood, is counted
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Figure-7.14 Location of Forest and Reforestation in Tguagu River Basin
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The Master Plan for forest consists of three purposes, prescrvation of natural forest,
conservation of water ¢nvironment and commercial afforestation. Recommended species
and sites for each purpose are summarized in Table-7.22, The implementation of Master
Plan will involve the detail study site by site, such as identification of soi! and climate,
selection of forest species, plan of lhinning ete. For the selection of specific 'species,
recommendations of native and exotic species dividing the sate in 7 bw{:hmahc regions are
: available. from FMBRAPA (1985). B

- Table-7.22 _Rccommcndcd Species and Sites

.| Dicect | Indirect . co ) . o
Purpose Benefit | Benefit |Site Recommended Recommendod Specics

Proservation of No Yes | §) Currenl preservation arca - |Native forest, Wild Fruits
_ [ratiral forest ' : : Co

2) Promotion of preservation areato )
© protect ccosystem, landseape and]

. soon -
|Conscrvation of No Yes The 2rea shpuh!ed by law, such [Native Forest, Wild Fruu.s o
water | o P a5 along rivers Of ny water Araucara, Bracatinga
envirprment : . courses, steep [and, ete. : -
Agroforesiry - Yes Yes- ‘Farmland - . © [Bracatinga, Mate -
Encrgy Yes Yes The land whose slope slccpr\css Bracatinga, Eucalyplus
L - . i is Jess than 25 diegree, .
Commercial use “Yes Yes | 1) Brush ficds - Eucalyplus, Araucaria, Pine

for Bmber &

2} Theé land net suitable for beth
crop and pasture cultivation

Diroct Bencfit: to pencrale incone
lodirect Beazfit: 1o conserve the water envirooment

Considering the current conditions, the area expansion of forest for preservation and
“conservation of the water cnvironment purposes is expecied to be gradual.  Therefore,
afforestation should be promoted by means of commercial afforestation. Each purpose of
.. the Master Plan is described in the followings. |

) Présewati'on of Natural Forest

Currently preserved areas must not be exploiled as laws contro} (Forest Code, Law
4771/65). Besides, ‘the promotion of preservation area should be continued not only to
_ preserve the ccosystem and environment but also scenic and recreational purposcs. In
Iguac;u river basm there are several plans of the establishment of new preservallon areas,
such as Iral reservoir area and Palmital river basin. For the lmplememauon the goveriment
- assxstance by means of finance, law enforcement and technical support is essential.

' "(2) Afforeslalion for Conservation of Water Envifonment

Currently degraded areas despite the fact that Forest Code defines the preservation areas
have to be afforested for preservation of native flora and fauna, erosion control, stabilization
of hydrologic cycle and so on. ‘The recommended forest species for this purpose are native
ones because exotic species oflen alter the endemic ecosystem.

 (3) Afforestation for Direct Benefits

Land with no aptness for agriculture and pasturc should be converted to forest to generate
more income instead of bearing the low productivity. Besides, this afforestation contributes
to conserve the water environment because the applicable land is steep and has a greal
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potcnllal cf soil cros;on and flood.

For the sus!amable producllon of wood and conservahon of thc watcr cnwronmcnt, it
requires the proper managemcm systen, such as space of seedlings, thinning plan and so
~on. The relalive institutions, for cxample IAP and EMATER, should supporl the
- formulation of forest managemenl systen. :

Since Jguagu river basm belongs to 1, 2 and 3 bio- cllmanc reglons (EMBRAPA 1985),
main species recommended for commercial afforestation are Araucaria, Mate, Bracatinga,
Bucalyptus and Pinus. The use of recommended species is shown in Table-7.23,

Table-7.23 Use of Recomimended Species for Commercial Afforestation

Spocies Biochmatie [Use A

) : Region ] paper & . ) ) : : firewood &

1] Y 3 cellulose Jeonstruction] — timber plywood charceal | nourishmoent

Araucaria angustifolia S : ' ) o
{Araucaria) X1X1X X X X
Tlex paraguaticnsis B : ' ' . : _ _
(Mate) L XEX X ) ) C : X
Mimasa seabrella 1 L ' S - N
(Bracalinga) X ) : X X : _X'_ X
Eucalyptuz - - - x| x| x X X ’ L X
Pinus (Pine} x| x]|x o X X

Souce: EMBRAPA (1985)
7.5.3 lmplementatioh Schedule and Cost.

The avcragc ‘cost and gross income from afforcstation of main species suilabte for lguar;u
river basin were estimated by Ferreira (1995) as shown in Table-7.24. Cost and income
depend on the use of wood products. For example, the pnce of Eucalyptus for fuel is
approximately 3.3 US$/m’, while one for sawmilt is 10 US$/m Assummg the spccnﬁc use
of wood, cost and gross income were csnmated '

Based on the agrlcuilurc aptncss map (Mimstly of Agnculture, 1981) and Landusc nap
C(IAP, 1990 &1994), ‘the area of exlstmg secondary vegetatlon spreadmg over ‘the land
“suitable for forest was estimated at approx:matcly 1,900 km?. " This land should: be
afforested for commercial use to generate income.  If Pmus was adopted the total cost and

net income would b¢ US$ 135 million and US$ 1157 nnlhon respechvc]y “The . .

jmplementation depénds on ability of aninual afforestation. Constdenn g ils annual average of
the state, 9,500 ha/year of implantation is feas:b!c Thercfore l 9(}0 km of the lancl should
be afforested evenly in next lwenly years.
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~ Net income of Mate is much greater than other species and the recent market seems to be
favor to Matc. However, its internal and external market is still lintited compared to onc of
Pinus or other species for timber. Since one of advantages of Mate is the harvest during the
winter, when the source of farmers’ income is limited. Therefore, Mate is recommended for
agroforestry, intercropping with maize and beans. Iis arca expansion depends on the future -
market and to avoid the risk of market crush, agroforestry is practical for Mate. '

In general, the lateral of each plot of agricultural land inclusive of pasture faces to the water
course and is deforested for the maximum cultivation despite the fact that Forest Code
defines the preserved area. Exact fi igures of these area is not colintable at this study level;
however the approximate ﬁgurcs were estimated with the followmg assumpt:ons

1} The river margin protected by Forcsl Code OCCllpleS 3% of each plot of
' agnculluralland

2) Al river margins belonged to agriculural land are currerilly déforested,

Since the total arca of agricultural fand in Iguagu river basin is approximately 30,000 km?,
the river margins deforested is 900 km?, This land should be afforested. with native forest
- specics for conservation of the water environment. The total cost would be US$ 33 million.

The implementation would be evenly in the next twenly years. Therefore, annual area of
afforestation would be 4,500 ha. - . E

Tab!e-‘?_.?_S In}pleniénlalioﬁ_Scﬁe’dule .

Areato be - Cost .' Year

Afforested | (miblion US$) 1996 005 - 2015
Afforestation for conservation : ; . I i
of the Water Environment 900 km? . D33
Commescial Afforestation 1,800 km? 138

5 Year Progress Rale : - 168| 5% i 25% I ‘25% | 5%
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