7.9  Iustitutional Improvement

After the analysis of the curtent relevant authorities and legislation, the following programs
are rccommcnded to be implemented by 2005, covering the whole State.

1) Re-allocation of staff and enhancement of instruction and lrammg durmg the course -
of the current re- orgamzauon of SEMA, SUCBAM and TAP.

2) - Strengthened groundwatcr nnnagement th(ough
a) Potential assessment
b) Slren‘glhc;ndd inspection of water l{se and promotion of registration :
c) Enhaﬁccd control of' groilndxvéter'dcvc]opment and use ..

d) Expans;on of waler source preservation regulanon to 'zquers

3) Enhanced enforcemenl of environmental rcgulatlons by;

a) hstabhshment_and enforcement of reporting obllgauoil of operation, efflucnt
discharging and accidents by water user to the competent enltity '

" b) Efftuent standards by type and scale of industry

¢} Phased enhancement of detecting capablhly of problcms and nonconfomuty to -
the effluent and water quality standards :

d) Effluent standards for infiltration to the ground

e) Enhanced conirol of agrotdxic use
4) Legal mrangement for the control of soil, sand and stone taking in river areas

5) Cosl recovery of water environmenl managenient regarding;
a) Cost recovery of resources assessment and environmental monitoring

b) Cosl recovery of water supply and sanitation ' ‘ ' %

6) Promotion of residents participation lhrbu'gh information publication
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7.10 Project Costs

Costs for the 1mp!emcnht|0n of the Siralegy are roughly estimated by major sector and arc
given in Table-7.6. Prices in August, 1994 and the exchange rate of US$1HR$O 89 were
applicd for the estimation.

Table-7.6 Costs for the Implementation of the Strategy

Sector Amount Project Costs | Remark
. L . (US$ million)
Domestic Water Supply | 1,183,000 m¥day 1294 © | ot urban acea, excluding ruial areas
Indusirial Wa'l_er Supply ' 495,000 ril’!day 1. 502 | dino
Agriculural Water Supply 88,000 m¥%day 12 for tivestock and fish culture
Seweiage Developin'ent 920,000 m/day 704 for the major 6 river basins
Flood Control s 20 *; structural measures for 4 urban aréas
Soit  |Temacing . | 6,021,000 ha 241
Lrosion. |NonTillage |3,147000ha | 202
Control _ |sub-totat | 9,168,000 ha 443

. Tofal | _ : 3,155
Hydropower Development 3,095 MW 3,381
Grand Total ' - 6,536

(Note) * estimated roughly with the result of the Master Plan Study

7.11  Evaluation of the Strategy
(1) Technical Evaluation

“The Strategy in cach of the sectors of the Stady was formulated with suf] ﬁment Icchnlcal
examinations and precision required. Each Strategy was the result of the studies, taking
account of the following: :

1) analysis of all available basic data and information

2) elaborated comparison and cxamination of altematives for both technical and
economic aspects

3) . technical assessment on safety of proposed phns
4 technical asscssment on reliability of proposed plans .
" 5) technical assessment on practicabi_lity'of proposed plans

(2) Econcmic and Financial Evaluation

_ The total cost of US$ 3,155 million is required by 2015 for the mplemenlatlon of the
Steategy for water environment improvement, when the costs for hydropower development,
which is financed through different channel, are excluded. At the same time, the cumulative
- amount of public investment by the State Government will reach US$ 4,400 million. The
 total cost corresponds to 72 % of the cumulative public investment. The comparison of the
total cost might show some feasibitily, even though the public investment includes that for
development of housing establishments, transpostation and telecommunication networks,
etc., and subslantial parts of he total cost except those for flood contro! or ecology
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conservalion, will be invcstcd by relevant State or private companies or cntilics

Another comparison of past average annual investment of water supply (for domestic and
mdustnal use) sector and hydropower sector with the costs for the 1mplementauon of the
relevant projects proposed in the Strategy is made in Table-7.7. Atnual investment for the
proposed water supply projects of US$ 90 million/year is 58 % higher than the past
investment for the sector of US$ 57 million/ycar, Considering that the past investment for
~the sector was mainly destined for domestic water supply, the required investment for
domestic water of US$ 65 million will be almost same as the average of the past investmient
for domestic water suppty. As for sewerage development, the proposed investment of US$
35 million/year is 84 % higher than the past average investment of US$ 19 million. The
reasons of the gap can be: that the past investment was suppressed to lower level than that
required, and that the target to meet the Class 2 of the CONAMA's water quality standard as
set the Strategy would be consnderably high in the current cnrcumstances

Planned mveslmenl amount for hydropower development is judged to be within a
reasonable range. In the past external fund has been mobilized for hydropower
development in Parand to cope with the situation that nearly a half of the electricity produced
in Paran is transmittcd to neighboring states. The deviation of 80 % as shown below (US$
169 million per year vs. US$ 94 million per year) is expected to be met by external sourccs

Table-7.7 Companson of the Planncd Investment and Past Investment

(unit: US$109)

Sector Planned Investment Past Investment | Remark
Total Annual Average | Annual Average

Water Supply ' '

- domeslic water 1,309 65

- industrial water 502 - 25 -

sub-tolal 1,811 90 57 | data from the SANEPAR

| Sewerage 704 35 19 | data froni the SANEPAR ..

Hydropower 3,381 169 94 | data from the COPEL

{3) Social and }"nwronmentai Evaluation

Strategy is aiming at improvément of water cnvironment such as to supply domesl:c
industrial and agricullural water, to improve water quallty by development of sewerage
system, to mitigate flood disaster, to control soil .erosion, (o conserve ecology etc.
Therefore, the positive impacts will be much larger than the negatwe impacis on the society
and the environment. The negauve impacis are to be discussed in the section 8.11.
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7.12  Sclection of the Pilot River Basins

After the formulation of the Strategy for water environment improvement, Pilot River
Basins were selected as target basins for the Master Plan Study.

In order to determine the Pilot River Basin(s), six factors were studied: 1) Socio-Economy
(Population and Gross Domestic Product), 2) Water Demand, 3) Flood Damage, 4) Water
Quality, 5) Soil Erosion, 6) Ecology. '

. After examination of each of the above factors by each major basin, significance of the
factor in each basin was evalvated and classificd into five classes from A (Serious
Significance) to B (Negligible Significance) in accordance with the degree of significance.

The result of the examination and the classification is shown in Table-7.8. The river basin’
of the most significance is the Iguagu River Basin, followed by the Tibagi River Basin.
These two river basing were selected as the Pilot River Basins.

Table-7.8 Selection of Pilot River Basins

River Basin Cinzas Tguay Btararg. fvai . |Litorsnca | Piquiri { - Pirepo ] Ribelra | Tibagi

Socio Economy D A E C E [} [3) D B ]

Water Demand D A E c E C D E B
Faclor JRlood Damage E A E ) B E E E D

Water Quality C A D D E C D D B

S«il Eresion A 8 8 A D 8 C B C

Ecology E A E [ E C c E A

Priocity Order for Selection 1 2
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" CHAPTER 8 WATER ENVIRONMENT MASTER PLAN FOR THE PILOT
- RIVER BASINS '

8.1 Watér Supply

(1) Classification of Arca

As the purposes and forms of water use are different by areas, the Master Plan was prepared
by classified areas. The area was, at first, classified into urban or rural area, The water use
in urban area is composed of uses for domestic and industrial purposes. The water use in -
rural arca comprises of uses for domestic and agricultural purposes. According to the
projected population in 2015, urban areas are classified as follows: S

A) largeurbanarea . {population more than 100,0600)

B) mediumurbanarea  {population more than 50,000)

C) other urban area

Other urban areas (C) are further classified as follows, considering the topographical .
conditions: '
a) urban area located near a main river
b) urban arca located near second or third tributary of a main river
¢) urban area located on plateau or mountain top '

In the Iguagu River Basin, 17 townships belong to large urban areas (14 townships are
located in the Curitiba Metropolitan Region), 6 townships to medium urban areas (B), and
76 townships to other urban areas (C). - In the Tibagi River Basin, there are three large
urban areas (A), 7 medium urban arcas and 26 other urban areas.

(2) Curitiba Metropolitan Region

Water volume to be developed newly for the Curitiba Metropolitan Region by 2015 is
estimated at 7.24 m¥/second {625,000 m¥day). Waler sources to meet this requirement are
surface water of the tributaries of the Iguagu River by dam/reservoir development, and
groundwater in the Karst aquifer located 10-50 km notth of Curitiba. Ten dam sites around
Curitiba and 4 stages of the Karst aquifer development were investigated. Bases on the
investigation results, the optimum development plans, comprising of dam construction and
borehole dritling, were proposed as shown in Table-8.1. The locations of these project sites
are shown in Figure-8.1. The water balance between the estimated demand and the supply
with these projects for Curitiba Metropolitan Region is illustrated in Figure-8.2.

Table-8.1 Water Resources Development Plan for Curitiba Metropolitan Region

Type of Development Project Development Volume | Construction Cost
L {m¥second) (US$ million)

(1) Irai Dam 1.400 - 493
(2) Piraguara H Dam ' 0.750 . 22.0
{3) Pequeno Dam 0800 8.6
{4} Alto Miringuava Dam : 0.600 : 353 .
(5) Colio Despique 1.200 © 438 -
(6) Groundwater Dcve!opmém (Stage-1), 29 wells i 1.290 _ 40.3
(7) Groundwater Development (Stage-!), 27 wells 1.195 ' 5715

< Total > 7.235 - 27638

Note: 'The construction costs include water development and conveyance costs and exclude water treatment
and distribution costs. ' ' '
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Figure-8.2 Water Demand and Supply Plan for Curitiba Mciropolilan Region

(3) Large Urban and Medium Urban Areas

In the Tguagu River Basin, there are three large urban areas other than Curitiba Metropolitan
Region; Cascavel, Foz do Iguacu and Guarapuava, and six medium urban areas; Francisco
Beliefio, Pato Branco, Medianeira, Dois Vizinhos, Palmas and Unifio da Vitoria. In the
Tibagi river basin, there are three large urban areas; Ponta Grossa, Londrina-Cambe, and
Apucarana, and six medium urban areas; Castro, Telemaco Borba, Comelip Procopio,
Arapongas, Ibipora and Irati. To meet the estimated demands in these urban areas,
formulation of source development plans, rough facility planning and cost estimation were
carried out as shown in Table-8.2 and 8.3.

(4 Other Urban Arcas

% -~ The water supply plans for the other urban arecas (C) are prepared according to the
- topographical situations of the area. For the areas of Ciass-a, the required water was
planned to be taken directly from the river. For the areas of Class-b and Class-c, the
optimum plan was decided comparing groundwater development and direct intake from
river, from technical and econoniic points of view. As construction cost for each wrban area
‘was difficult to cstimate, the cstimation was carricd out by an analysis of correlation
~ between the volume of water developed and projects cost in typical models. The results are
shown in Table-8.2 and 8.3.

() Ru;al Areas -

Water demands for domestic use in rural areas will not increase except in some areas. As
the future demands will be met by the improvement or rehabilitation of the existing facilities
and by improved operation and maintenance, new development plan scems not 1o be
necessary. ' :
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(6) Agricultural Water

Water for livestock and aqua-cu!tun, is obtained directly from small rivers to meet the
demands, The cost was estimated based on utit cost for domestic water supply in other
urban areas.

Table-8.2 Waler Resources Development Plan for Iguagu River Basin

- . | Development Project
Ara | Project Water Resource * Volume Cost
: (Miday) | (US$ million)
<Cur1hba Metropolitan_Area> o .
29 Wells (Stage I) ' £11,000 1106
27 Wells {Stage 1) 103,000 - 1579
Irai Dam ' 121,000 1354
Piraquara 1 Dany 65,000 60.4
Pequeno Dam - o ' 69.000 18.5
Allo Miringuava Dam 52,000 969
i . Cotia Despique Dam | 104,000 1203
Sub-total . 625,000] 760.0
<Large Urban Areas> . _ _ ]
Cascavel 8d0 Jose River () : 13,000 7.1
Sio Jose River (1) 13,000] 7.1
9 Wells (Stage I} . 16000 o 177
1 Well (Stage 11} 10,000 .10
Foz do Iguagu Parana River (I) - 30,000 L N
' Parana River (D) 30,000 s .37
. Parana River (1) ' L 30,0000 3.7
Guarapuava Bananas River () 13,000 .46
i Bananas River (1l) L 120000 . 45
Sub-total - T 167,000 . s9
<Medium_ Urban Arcas> - '
Francisco Beltrda | Marrecas River {1) 10,000 -~ - 24
Marrecas River (Il) _ 10,000 2.3
Pato Branco ' Choplm River 1000000 0 9.1
Mediancira 1 Well (Stage 31} 11,000 43
| Dois Vizinhos Chopim River b 20000 9.
Palmas Caldeiras River - 60000 49
Unido da Viteria Tquacu River 3000 0 37
| Sub-total ' ' 62000 358]
<Other Urban Areas> | Surface Water & Wells § e
[ sub-totat | 1000l sl
<Agricultural Waler>1 Surface Water : : _
{Subtotal I T
Tofal . - ~ 1 959000 - 962.4] 0
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Table-2.3 Water Resources Development Plan for Tibagi River Basin -

_ _ _ Development Project
Area Project Water Resource Volume Cost
‘  (mi/day) | (USS$ million)
<Large Urban Arcas>
Ponta Grossa Tibagi River (I) 18,000 0.7
Tibagi River (I1) 19,000 6.8
| Londrina. Tibagi River () 135,000 15.5
& Cambe = { Tibagi River (I} 35,000 15.5
' | Tibagi River (iI) 36,000] 15.5
Apucarana - 4 Wells (Stage I) 22000 7.3
' | 4 Wells (Stage 1) 23,000 7.6
Sub-total -~ - 188,000 749
<Medium_Urban Areas> .
-| Castro lapo River (1) o 11,000 2.8
Tapo River (1D 11,000 2.7
'ife!emacb Borba Tibagi River (I) 9,000 34
' - Tibagi River (I) 9,000 3.4
Cornelio Procopio | Congonhas River 6,000 1.4
| Arapongas 1 Well (Stagc I) 11,000 7.2
: Pitapo River ' 9,000 8.7
Thipora Tibagi River 9,000 14
Irati Imbituvinha River 6,000 2.0
Sub-total 81,000 52.0
<Other_Urban Areas> I Surface Water & Wells . -
| Sub-total 30,000 32.9
<Agricultural Waters { Surface Wateér
| sub-total 8,000 1.0
Total 307,000 160.8
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8.2 llydropowcr Development

Planncd hydropower stations in the lguagu and the Tibagi River Basins arc llstcd in Table-
8.4, and their locations arc shown in Figure-7.2. Planned capacity installed at 3 stations in
the Iguacu River Basins is 1,400 MW and 1,096 MW at the § stations in Tibagi River
Basin.

Table- 8.4 Planned Hydropower Stations in the Iguagu and Tibagi River Basins

Location Name of River Installed || Firm Planned
No. |.  Power Station Basin | System | Capacity | Encrgy |Start-up
- o - : ] o | W | Year

1 |Jord#o Divession Iguagy  Mondao 6.8 499} Mar. 96
2 |salte Caxias - Iguacu  liguagy 1,240 4,853] Dec. 98|
4 {Jataizinho Tibagi _ [Tibagi 156 758! Sep, 02
5 Ceboldo Tibagi  [Tibagi . 156 357 Sep. 03
Sub-total {up to 2005) 1,559 6,867
S&o Jeronimo Tibagi  (Tibagi 284 1,386) 2006
6 |Maua Tibagi _(Tibagi 389 1,617] 2007
7 |TelemacoBotba - |Tibagi (Tibagi 112 541 2008
12 |Fundio e llguacy llordao 154 640} 2005-09
Sub-total (2005 to 2015) - 038 4184]
Total |Iguagu River Basin 16 stations 1,400 5,992
7 stations 1,096 5,059
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8.3 Flood Control
(1) General

Flood damage is concentrated in the Iguagu River Basin. Even though floods in frati and
Ipiranga were reported, the flood damage was small. To prevent or minimize flood damage,
two types of countermeasures, non-structural mcasures and structural measures, were

proposed for the areas as shown in Table-8.6 and 8.7.

(2) Flood Control for Unidio da Vitoria

" As flood control measure for Umao da Vitoria, a combination of reseitlement and dike
- construction is recomniendable. The contents of both measures are as follows:

<Resctlfemem>

-" Prohibition of pubhc and pnvale buildings and houses in zones lower than
elevation 746.5 m and transfer and resettlement of them to safe zones

- Prohibition of censiruction of public and private new buildings and houses in
the zones with elevation between 746.5 m and 748.5 m excluding buildings
~and houses heightened for ﬂood resistance

<D:ke Construction>
- design flood discharge - : 4,980 m¥/second (actuai flood in 1983, 1120
- year probability)
- design water level - : 750.0 m (actual flood water level in 1983)
-. designdike toplevel ~  : 7552 m (freeboard allowance : 1.2 m)
- total length of dike 1 17km
- design max, height 1 5 m (dike bottom level > 746.5 m)
- Sluices including pumping : 8 sets
facilities

(3) Flood Water Level at Unific da Vitoria

The flood backwater from the Foz do Areia reservoir to Sdo Mateus do Sul through Unifo

da Vitoria was studied by non-uniform flow calculation based on various assumptions,
“employing floods in 1983 and 1992, The staiting water levels of reservoir are 744.0 m,
742.0 m and 739.0 m." The employed river cross scctions are the survey result camied out
- by JICA Study Team and COPEL. The calculation results ar¢ shown in Table-8.5 and
- Figure-8.3. The river waler level fluctuation corresponding to the reservoir water level

seems to be very small at Unifioda VllOna mlhcr than water level flactuation corresponding
to flood dlschargc

Table-8,5 Flood Backwater from Foz do Arcia Reservoir

Case [FIood Foz do Areia - | © Porto Vitoria | Unido da Vitoria Fluviepolis | S Mdas b Sul
Al f1983f  7440m 7467 m 750.1 i 759.0 m 764.3 m
A2 | 1983 7420 m S 7463m | 7500m 759.0 m 764.3 m
A3 [ 1983l - 739.0m 7461 m 7499m | 759.0m 764.3 m
A4 1992 7420m 7454 m 7487 m 7570 m 763.4 m
As 119928 . 7390m - |0 7453 m 87w | STIm 763.3 m

Note: (1) Flood discharges are 4,980 m/sec and 3,810 m¥/scc for 1983 flood and 1992 flood respectively.
 (2) HW.L. of the Foz do Ama reservoir is 742.0,
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- {Note)

Table-8.6 Proposed Non-structural Flood Control Measures

River Basin

Region

Municipalities

Non-stmct_ura} i
Flood Control

Measures

_Implementat

lon Schedule

1st. Stage
present-2005

2nd. Stage
2006 - 2015

Iguagu River

Curitiba Metropolitan

T Zoning

FFWS .
Evacualion
Proofing

Opcration Rule

Sﬁo Mateus do Sul

Zoning -
FFWS
Evacuation
Proofing -

A .

Porto Amazonas

Zoning
‘FFWS§
Evacuation
Proofing

Rcboucas Guampuava

Zoning
FFWS
Evacuation

Uniao da Vitoria

Zoning
FFWS
Evacuiation
Proofing

Operation Rule. |

Rio Negro

Zoning
FFWS
Evacuation
Proofing

Foz do lguagu

Zoning
FFWS
Evacuation
Proofing -
QOperation Rule

Capanema

Zoning
FFWS
Evacuation

Tibégi River

frati

Ipiranga

“

Zoning
FFWS
Zoning
FEWS

DO#O#&DCO@OOO@O#OODOO?ODO$Q?0505©OOO

0000|0>>©00®0/000>0000000>000>00e> @006

. {1) Non-structural Measures

Zoning Zoning for land usé control with rcseﬂlemenl and parks

FI'WS Flood forecasting and warning systems

Evacuation Evacuation and rescue activities .

Pioofing Raising of ground level and building, ctc _

Operation Rule : Operation rules for reservmr, ﬁood conlrol facﬂmes etc.
(2) [mplemenlauon Methods . : :

A Extension of present mcthod

O ;- improveinent of presént method

@ - : . Employni¢nt of new method
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Table 8-7 Proposed Structural Flood Control Measures

. . " Structural | Project | Implementation Schedule
Region | Municipalities Flood Control Cost | Ist. Stage | 2nd. Stage
Measures (USSmilkica) oot 2005 2006 - 2015
1 Curitiba Metropolitan || <Continuation of PROSAM>
: ‘ - Channel Excavation Total O -
{15 km, 1.3 million.m’) 343
- Landscape restoration and ('I’,‘:j'c‘{ff,;“f
park development of river

bank arca _

- Irai dam for fiood control and
fo guarantee 1.8 m¥s to Curitiba

- Relocation and resetilement of
1,400 houses located in risky
areas including occupying
niver flood plain _

- Expropriation of 7,000 plots of
tands and rights requireg for

" environment protection along
river and environmentally

sensitive arcas -

<Extension of PROSAM>

- Channel Excavation by : O
Curitiba municipality
- Piraquara II, Pequeno, Alto _ A . O

Miringuava dams for water
supply with flood control

. function . )
2 }S#0 Mateus go Sul - dikes . ‘ 11t . o
4 Unilo da Viloria - Dike systen in UniZo daVitoria, £5.9 0_
17 km : '

(Note) A : Partial operation QO : Full operation
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8.4 Water Quality Fmprovement -and Scwcrége Development
(N Lftrgc Usban Areas

Main causes of contaminated water are assumed to be domestic waste efflueat from large

“urban arcas. Curitiba Metropolitan Arca and Cascavel for the Iguagu River Basin, Ponta
Grossa and Londrina for Tibagi River Basin were selected as target areas for the estimation
~of current and future water contamination, as well as for formulation of seweragc
" development plans to improve water quahly

- Target water quality for target areas is set as Class-3 (BOD: 5-10 mg/liter) except for

~Cascavel to Class-2 (BOD: 3-5 mg/liter) considering reasonably attainable water quality
target. Current contamination in these aréas is substantially worse than the target, being at
Class-4 or worse, and BOD is csnmatcd to reach 30 myg/liter or higher.

Based on the estinates of lhc current volume of pollutant loads from domestic and industrial
‘effluent, amount of diluting water (base flow of the river-Q,,+domestic sewage
discharge+industrial waste water (hscharge) and present water quality {BOD), purification-
residual ratio was analyzed assuming run-off ratio. Applying these ratios, and the water
- quality target, targeted volume of pollutant load reduction and required sewerage treatment,
and the costs for sewerage development by 2005 and 2015 were estimated as shown in
Table-8.8.

(2) River Basins

The Iguagn and the Tibagi River Basins were divided into 20 and 17 blocks, respectively.
Pollutant loads from sources such as domestic sewage, industrial and livestock waste water,
~and natural pollutant loads, as well as future water quality were eslimated by each block,

assuming required sewerage development estimated abovc and applying Streeter-Phelps
formula _

" The résult of the estiniation shows that the water qualily in immediate downstream of the
Curitiba Metropolitan Region will meet the target of Class-3, its BOD being 6 mg/liter, and
: ihat in all other rivers of the two basms will rem'un wnhm Class-2, clearmg that target. -

. With |mplemenlauon of pmposed sewerage development in Curitiba Metropolitan Region,

Cascavel, Ponta Grossa, and Londrina, water quality in both the Iguagu and the Tibagi
Rivers will meet the target standards, Sewerage development in other urban areas may be
‘required in response to future pollutant loads in ordcr to conlro! the water quahty in thu area
and immediate downstream of the rivers.
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Tablo-8.8 Sew erage Development in Large Urban Areas (2015)

Tibagi River Basin

Iguagu R ver Basin
Curiliba Cascavel | Poata Grossa | - Londrina

Population in Urban Area (thousand persons) 3,040 303 306 | 580
Diluting Water (thousand ni’/day) ] 1,143 144 163 255
BOD Laads Discharged (kg/day) . ' _

- Domestic S¢wage 164,200 16,400 16,500 31,300

- Industrial Waste Water 23,200 400 2,900 11,800
Flow-out BOD Loads (kg/day) 45,000 4,300 4,500 9,800
Target Water Quality {BOD, ig/liter) . -5 10 .10
Permissible Runoff BOD (kg/day) 11,400} 720 1600 - 2,500
Target BOD Reduction (kg/day) 122,700} = . 11,400 8,900 20,800
Targeted Population (thotisand persons) 2,392 2640 . . 206 270
Treated Sewerage (mday) 420,000 450001 30,000 70,000
Project Cost (million US$) 294.0 - 50.0 29.2 - 59.4

8.5.' Soil Lrosion Control
In the Strategy study (Secnon 1, 5) gross soil loss was calculated by ‘the EMATER's
division. For the Master Plan study, gross soil loss was computed by municipality. .

Average soil loss from the Iguagu River Basin is 18 ton/ha-year, and the maximum loss is
found along the left side in (he downstream of the river. Municipalities with high rates of
soil Toss in that area are Nova Esperanga do Sudoeste, Boa Esperanga do Iguagu, Barracao
and Itapejara D’oeste and the losses reach 57 - 86 ton/ha.year. -From the Tibagi River
Basin, the average soil loss is 10.9 ton/ha-year. The highest figure was found along the
right side in the downstream of the river. Municipalities with high rates in that area are, S#o
Jeronimo da Serra, Sapopema, Jataizinho and Santa Cecilia do Pavao, and the losses range
32-93 ton/ha-year. These figures are significantly higher than the target, 11 ton/ha.year.

For soil erosion control, two main measures, 1) complete implementation of terracing in all
crop land and 2) 50% implementation of non lillage to beans, maize and s,cy_bc_:an fields,
were proposed with complementary measures, such as improvement of farm roads,
agronomic measures and soil management. Through the implementation of these measures,
the average soil loss from the Iguagu and the Tibagi River B'tsms wm decreasc to 4
ton/ha-year and 2.4 ton/ha-year, respectively. - .

Costs estimated by proposcd measure are shown in Table-8.9. Sufficient benefits, such as
cost saving of fertilizer application, can be expected for the total cost of US$ 197 million.
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Table-8.9 Soil Conservation Measures

8.6 Ecological Counservation

TIguagu River Basin Tibagi River Basin .
Soil Conservation Measures Amount | Cost Amount Cost
_ o ' Covered | (US$milliony | Covered | (US$ million)
Temace for Crop Land 10,781 Km? C 43| 3344 Knd? 13.4
Improvement of Farm Road 21,560 Km 32.3] 6,690 Km 10.0
Maintenance of Terrace and Farm Road - ' 330 - 10.7
Non Tillage 7,520 Knt? 35.5] 2,530 Km! 18.7
Agronomic Measures 30,700 Km? -} 14300 Km? -
Soit Managcment 30,700 Km? -| 14,300 Km? .
: ~ Totat 143.9 52.8

Ecology consérvation measures, lheit objectives and the costs, for the Iguagu and the Tibagi
~ River Basins are summarized in Table-8.10

- Table-8.10 Ecology Conscrvation Measures

| Objectives "I Cost (Usthousand)
Conscrvation Measures Conser | Eco- | Sani- | Moni- Iguagu Tibagi
-vation | nomic | tation | toring | River Basin | River Basin
<Presecvation Programs> ~ -
fish population inventory survey * 881 664
| fish population dynamics survey * * . 4871 487
__endemic fish réproduction survey * LLEL 493 493
reservoir fish assessment * * ) 2,620 -
conservation unit management program * * 3l 51
Serra Baitaca preservation * * * 58S :
Eng. Bley preservalion * o 241 -
Bitamuri River lowland program o * . - 245
Biodiversity Institute * * not determined
| <Bavironmental Education Programs . o
-|__water environment education * I * [ 860 -
| <Monitoring Programs> ' N :
bioindicator monitoring + 1,286 1,006
- river maigin vegetation monitoring * ¥ 670 670
sandfly moniloring * 414
Totat 8,568 3,706
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8.7  Forest Preservation and Afforestation

The natural forest and reforestation in the Iguagu River Basin cover 14.3 % (7,900 km?) and

1.7 % (900 km?} of its area, respectively. The total area of natural forest in the Stal¢ is

approximately 17,800 km® and its 44.4 % is in the Iguagu River Basin. The natural forest in

the Iguagu River Basin is well preserved compared (o other river basins. In the Tibagi River

Basin, the natural forest and reforestation cover 3.8 % (900 km?) and 9.4 % (2,300 km?) of

its arca, respectively. The rcforcstallon of lhe Tibagi River Basin accounls ”&6 5 % of the
' State total.

The nieasures o be taken initially are prbscwanon in the area designated by the existing

laws. Further, expansion of preservation area should be encouraged not only for ecosystem
and environment conservation but also for scenic and recreational purposes. In Iguacu River
Basin, there are several plans for the establishment of new preservation areas, such as Irai
reservoir area and Palmital River Basin. These plans should be implemented, with
government assistance by means of finance, law enforcement and technical su pport

Besides, afforestation should be promoted posmvely by means of commercial purposes.
The land suitable for afforestation i is; 1) the arcas not suvitable for agriculture and pasture
and 2) the area of river margins in agricultural fields and so on. Afforestation plan in the
Iguagu and the Tibagi River Basins are given in Table-8.11.

Table-8.11 .Aﬂ'orestation Phan

. Sy Annual Area | Cost (USS
River Basin | Purposc Type Area(Km%) - thalyear) .mill?on)
Iguagu River. | Commercial | land not suitable for 1,500 £9,500 - 135

| agriculture ‘
Water river margin in S00 4,500 33
Environment | agricoltural fand ' o
Conscrvation :
sub-total 2,800 - 168
Tibagi River | Commercial | land not suitable for 2,000 10,000 S 42
- agriculture . o
Water river nargin in 400 2,000 : 15
Environment | agriculiural land -
Conscrvation ' o
sub-total 2,400 - - 157
Total 5,200 325
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8.8 Water Envivonment Management

The Master Plan for the improvement of monitoring system. has been studied, since
monitoring is a fundamental and most important component in water environment
management. Measures to be taken for the improvement of the monitoring systems in the
Iguagu and the Tibagi River Basins, with their facilily components and the costs are listed in

Table-8:12. - :
" . Table-8.12 Master Plan for the Improvement of the Monitoring System
Description Facility - | Amount Cost (US$ thousand)
_ o Teuacu | Tibagi Iguacu Tibagi
1) Completion of ~ - weather radar 3
SIMEPAR’s System - satellite image reception ' 1
- weather slations 116 ' (35,000)*
(telemetric)
- hydrological stations 44
(telemetnic} . _
- civironmental stations | . 3
- others B . ) _ ,
2) Strengthening of - meteorological b 4 S 30 -
Meteorological obscrvatory ' .
Observation - rainfall gauge 103 1s) 155 29
3) Provision of Streamy - | - stream gauge 11 7 110 70
Gauges - .
4) Establishment of - sediment ohservatory - 3 - 30
Sediment Observatory ‘ ' N
5) Groundwater Monitoring | - monitoring well - 16 - 231
6) Establishment of I - stream gauge . 5 - 50
Integrated Monitoring | - monitoring well 8t . 1,381 -
System in Curitiba
Metropolitan and
surrounding areas e
7) Aquatic Ecology 1 1 332 292
Monitoring . o B o : e
8) Establishment of - computer system and 7 7 70 70
Integrated Palabase telephone line network ' o .
“System .
Total o ' - 1 2,120 722

(Note) * Since the installation of the SIMEPAR's system has already been included in funding by the
Government and relevant entities, covering the whole State, the cost is not included in the above
total.
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8.9 Institutionat lmprovcmcht

In addition to the programs 1-6 déscribcd in the Section 7.6 on the Strategy for institutional
improvement,- the implementation of following programs from 7 to 12) by 20!5 is
rccommended as thc mshtunom! Masler Plan.

(7) Introduction of River Basin Managcmcnl and Establishment of Competent Entitics -

Opuon A)  cstablishment of a river basin committee with functions to coordma[e basin
plannmg, operation and regulatory activities of the political jllﬂSdlCllO]lS. orto
issue guidelines or recommendations; or :

Option B) | estabhshment of a river basin commiltee for rcguiatory funcuons and a river
basin agency with operatlonal functions for integrated water. atlocation and
development, as well as the conservation of resources.

‘For the Iguagu River Basin management, where main siream of the river is the domain of
the Federal Republic, Option A is recommendable under the current legal frame. In the long
term, however, the target should be set towards Option B, especially in the Upper Iguagu
River Basin. For the Tibagi River Basin management, Option B can be recommendable,
emphasizing preventive natural resources conservation. :

(8) Promotion of Coordination l'or Coralpfellensive Management

1) Establishment of an “Inter-sectoral Committee”

2) Futther Close Coordination with Land Use Management |
) Establi_shmcnt of Public Hearing System into the Water Right Granting P_r_ocedilre '
(10) Comprchcnsivc Water Quality Management by River Basin |

i} Effluent Standards by River B‘xsm

2) Introduction of Sewerage Schgme and Managemcnt by River Basm

(11) Enhanced Administration of Watcr Resources Development -
1) Strengthened Management of Water Resources Development

2) Cost Allocation for Construction, Operation and Mainienance

(12) Water Pricing and Charging for Oplimal Water Allocation and Demand Cbnlro!
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8.10 Costs and Implementation Schedule of ¢the Master Plan

Cost estimated roughly and implementation schedule of the projects proposed in the Master
Plan for (he Iguagu and the Tibagi River Basins are shown in Table-8.13 and 8.14,
respectively. The total cost excluding hydropower projects for the Iguagu and the Tibagi
River Basins amount to US$ 1,726 million and US$ 464 million, respectively.

© Table-8.13 Cost and Implementation Schedule of the Master Plan for the Iguagu River Basin (1)

Cost Implementation Schoduls
' . . Present | 2000 - | 2006 - | 2018 -
Contents of Master Flan’ PP USS] 2000 | 2005 2010 | 2015
|||I|||'l(]l ¥FTF
1.Waiter Supply Co : . 962,40
(1) Domestic and fndustrial Water : 957.80
. . Pevelopimenl  payel opment
Area of Projest © Water {m¥day) Method
1) Large Urban Areas: Population mare then 100,000 in 2013 819,10
(2) Curitiba Metropotitan Area S 625000 760.00
Well Stage 1 1E1,000 29 wells 110,60 psmee
Well Sugell 03,000 27 wells 157.90 Lo
Irai Dam ) 121,000 Dam 135.40 i
Piraquara H Dam 65,000 Dam - 60.40 Lt i
: Pequeno Dam 69,000 Dam 7850 Pronnssrincon
Alto Miringuava Dam. 52,000 Dam 9650 e 1]
Cotia Despique Dam 104000 Dam 120.30 L R
(b) Cascavel 3390 )
© 8an Jose River | 13,000 Direct [ntake 7.1
San Jose River I 13,000 Direct Intake 7.1
Well Suge ) : : 16,000 P wells 17,70 . rosr e med
. Weil Sagell 10,000 t well 7.00!
{¢) Foz dolguacy 11,60
~ Parana River | 30,000  Direct Inteke 3¢
Parana River I§ 30,000 Direct Intake A1
) Parana River Il _— 10,000 Direct Intake 0
(d) Guarapuava . : 9,50
Bananas River 1 ) 13,000 Direct Intake 4.60
Bananas River It 12,000 Direct intake 4,50 P N
2y Medivm Urban Areas: Population more than 56,000in 2015 ) 35.80
{a) Francisco Beltrao . 4.70
Marrecas River © 10000 Direct Intake 240
Marrecas River 11 © 10000 Direct Intake 2.30 S
{b) Pato Branco )
- Chopim River : 10,000 Dicect Entake ot
{c) Mediancira ) :
Well 1,000 Pwell 43
{d) Dis Vizinhos
~+ Chopim River 12,006 Direct Intake .l
(e} Palmas S ‘
Caldeiras River G000 Direct Intake 4,90
(1) Uniao da Viwria '
Igoacw River 3000 Direct Intake a0
i : Diirect Intake & ‘
3) Other 76 Urhan Areas Lo 72000 Wells . 102.90
(2) Agricoliural Water Supply
Whole River Basin 33,000 Direct Intake 4.60:



‘Table-8.t3 Cost and lmplemenlation Schedule of the Master Plan for the Tguagu River Basin (2)

Cost Implementation Schedute
’ . o . Prescat -] 20001+ | 2006 | 2011 -
Contents of Master Plan ) P 1PUSE] 2000 | 2005 2010 | 2015
. FrTTTIYT T[T YT I rTY
2. Flood Conteol : oy 9200 '
{ 1) Non-strucieeal Measures (Zoning, FFWS™, Evacuation, Froofing . .
.Operation Rule) for Curitiba Metropolitan Area, Sao Mateus do Sul, N.A
Porto Amazonas, Reboucas, Guarapuava, Uniao da Vitoria, Rio Negro,
Foz dolguace, Capaneaia 1. :
(2} Structural Measures . 97.00
1) Curitibg Metropolitan Arca ’
(a} Continustion of PROSAM (Channet Land-;capc Restoration, - (34.30)
Purk, Resettlement ete. ) 7
(b) Entension of PROSAM NA
Channel Excavation ) '
Dars with Flood Control Fusiclior
2) 830 Mateys do Sul
Dxke System with a Sfyice ’ : CELID
3) Uniao da Viloria
Dike System (L=1Tkm, ll-im) with Stuices 85.00
3. Sewerage Treaimend ) 34400
(1} Development of Sewcrage System .
Area Sewerage Treatment Voleme (rréday)
(3) Curitiba Metropolitan Area 420,000 294.004
{b¥Cascavel 45,000 50.00
4. Sotl Erosion Control ) : 143.90
(1) Terracé for Crop Land 10,781 km? 43,10
{2) Non Titlage 1.520%m! 3550
(3} Improvement of Farm Road 21,560 km 32,30
{4) Maintenance of Farm Rooad 2100
(5) Agronomic Measures and Soil Manageawnt NA
5. Ecosystem Conservation 863
(1) Preseryation Program 5.1
1) Fish Population Inveatory Q.90
1) Fish Popetation Dynamics ) 0.50
3} Endemic Fish Pegulation 0.50
4} Resenvoir Fish Assessment 2.
5)Management Plan for Conservation ) 003
6} Serra Bataca Preservation 0.60
7} Eng. Bley Proservation 0.20
B} Biodiversity Institute N.A.
(2} Enviconmental Education Program ‘ 0.90
1} Water Environment Educalion 0.90
(3) Monitoring Program - ) ' 240
1} Bioindicalor Monttoring ' §.30
2)River Margin Vegetation ‘ 0.70
3} Sand Fly Mooitoring . : 0.40
[6. Afforestation 162.00
(1) Afforestation for Conservation of the Water Environment: 900 km' 33.00
(2) Commercial Afforestation: § 900 km? 13500
7. Establishment of Monitoring System . 2.1
{1} Completion of SIMEPAR's System (35.00;
(2) Sueagthening of Monitoring System 0.1%
1) 4 Mewcorologics] Observations . 0.0}
2) 103 rainfatl gauges - 0.16
(3} Provision of 11 Stream Gauges 0.1l
{4) bntegrated Monitoring System for Surface and Subsurface Waler F.43
Resovrces in Curitiba Ared '
1) 5 Stream Gauges 0.05
2) 17 Borchotzs in the Karst 0.4)
3) 20 Borchotes In the Guabirouteba i 0.34
4) 44 Borcholes in the Onther Urbun Areas 0.63
{5) Aquatic Ecological Moaitoning 0.33
(6) Integratod Drata Sy stem with 7 sets of Compoter Systems and 007
Telephone Line Network ) }

Note }) FFWS: Flood Forecasting and Wamning Systems



Table-8.13 Cost and Implementation Schedule of the Master Plan for lﬁe Tguagu Rivér Basin (3)

Cost Imgplementation Schodule
: Present-| 2001 - | 2006- | 204k -
Contents of Master Plan 1°USS| 2000 | 2005 | 2010 | 2015
. . FTT P Tr{rrrryrTTT
8. Institutional Improvement Program
{1} Organizational Strengthening throegh Implementation of ihe Cusrent
. Re-Organization . )
(1) Sweagthening Groundwater Managément
(3) Enhancement in the Enforeement of Envirenmienial Regulations N.A. p——

(4) Legat Amangement for the Control of Soil, Sand dnd Stone Taking to be continged
in river areas : )

{5) Cost Recovery of Water Environment Management

(6) Promotion of Residents Participation through I nformation Publication

(7) Introduction of River Basin Managemend and Establishment of
Competent Entities :

(8) Promotion of Coordination for Comprehensive Management

{9) Establishment of Public Hearing System into the Water Grantirig

) Procedure . N.A.

{10) Comprehensive Water Quality Management by River Basin

(V1) Enhanced Administration of Water Resources Development

(12) Water Pricing and Charging for Optimal Water Allocation and

Denrand Control
Sub Total : 1,726
9, Hydropower :
-stations, Total Installation Capacity: 1,400 MW 1,194
Grand Tolal 2,920,

Note (1) Price level in August 9345 applied with the exchange rate | US$ =089 R§.
{2) Costs for continaation of PROSAM and SIMEPAR's Systens are not included in the total,
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Table-8.14 Cost and Implementation Schedule of the Master Plan for the Tibagi Rivec Basin (n

Cost Implementation Schedule
) Present»] 2001 - | 2006- | 2011 -
Coatents of Master Plan . ¢ l1oruss| 2000 1 2005 | 2010 | 20)5
: . R FITTrTfYTTT I vy s T v 7
. Water Supply 160.80,
() Domestic and Industrial Water . 159.80
. Development  peyelopment
Area of Project Watee {m¥day) ~ Method
1} Large Urhan Areas: Population more than 100,000 in 2018 7490
{a) Ponta Grossa ) _ o - 1350
Tibagi River [ 18,000 Dircct Intake 6.7
Tibagi River 1l o 19,000 Direct Intake 6.80
() Londrina & Cambe 46.50
Tibagi River { 35,000 Direct Intzke 15.50
Tibagi River § 35000 Direct fntake | 15.50
Tibagi River [1} ' 36,000 Direcd Intake 15.50
{c) Apucarana ) 14.90
Well Stage | 22000 4AWells 1.30
Welt Stage 1l S 23000 4Wells 7.60
2)Medium Urban Areas: Population more than 50,000 in 2015 - 52.00
{a) Castro 5.50
© lapoRivert ) 10,000 Direct lntake 2
lapo River 11 11,000 Direct Intake 270
{b) Telemaco Borba : . 6,80
Tibagi River ] 2,000 Direct Intake 3.4
_ Tivag River I 9,000 Direct Intake 3,40
{¢) Cornelio Procopio .
Congonhas River 6,000 DirectIntake 7.40
{d) Arapongas . . 15.90] .
Wells Stage | 11,000 1 Wwell i v
Pirapo River 9,000 Direct Intake 870 e e
(23 Ioipora ) '
Tibagi River 9,000 Direct Intuke 7.40
() Erati
Imbituvinha River 6,000 Dbiroct Intake 9.00
Dicect Intake &
3y nber 26-Urban Aceas ) 20,000 Wells 32.90
(2) Agricultural Water Supply
Whole River Basin 3,000  Direch Intake 1.0
2. Food Control .
{3} Noa-structural Measures (Zoning and Evacuation for Trati & Ipiranga) MNA.
3. Sewerage Treatment 83.60
(1) Development of Sewerage Trealment
Ared Sewerage Treatrmest Yolune: {er'iday)
fa) Ponta Grossa 30,000 2920
(b} Londrina 70.000 5540
4. Soil Erosion Control 52.80
{1} Terrace for Crop Land 3344km' 13,40
(1) Noa Titkage 2,530km’ 1870
(3) Improvement of Farm Road 6,690 kun 10,
{43 Maintenance of Farm Road & Terrace [0, T
{5) Agronomic Measures and Soif Management N.A
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- Table-8.14 Cost and Implementation Schedule of the Master Plan for the Tibagl River Basin (2)

Cost Impiementation Schedule
. Fresent-] 2001~ | 2006- 1 2011-
Contents of Master Plan i St UsE] 2000 | 2005 2010 | 20i5
. LI BRI TTTF TYr T1T{TTrT7d
$. Ecosystem Conservation to kX |
(1) Peeservation Program 194
1) Fish Population Inventory ‘ 0.66
2) Fish Population Dynamics ' 0.49
3) Enderic Fish Reproduction Q.49
4) Management Plans for Conservation Units S 005
5) Inundated Lowlands Study ) . 025
{2) Morstoring Programs 137
1} Bioindicator Monjtofing . 110
2) River Margin Vegetatica 0.67
6. Afforestation . : 152.00
H Afforestation for Corservation of the Water Environment: 400 knw 15.00,
() Commercial Afforestation: 2 O0km! . 142,00
2. Establishmént of Monitoring System o 0.70
(1) Completion of SIMEPAR's System (35.00)
() Strenghening Monitoring System 3 19 rain gau g5 0.03
(3} Provision of 7 Sueam Gauges ) Q.07
{4 Provision of 3 Stream Gauges for Sediment Obszrvation : 0.03
{5) Groundwater Monitoring 0.23
1) 4 Boreholes in Londriaa 0.06
2) 2 Boreholes in Apocarana ‘ : 0.03
33 10 Boteholes in Other Urban Arca ’ 0.4
(6) Aquatic Ecology Monitoting ' 0.29
(73 Integrated Data Base System with 7 Sets of Computer System Q.07
and Tetephone Line Nelwork |
18, Institational Improvement Program
(1) Organizational Suengthening through Imph.meauuon of the Current
Re-organization
(2) Strengthened Groundwaler Managemant '
(3) Enhancement in the Enforcement of Environmental Regulations WA : : — —— |
(4) Legal Arangement for the Control of Soil, Sand and Stone Taking to be continuod
inRiver Areas :
{5) Cost Recovéry of Waier Environment Management
{6) Promation of Residents Participation through Information Publication
(1) tntroduction of River Basin Management and Establishment of
Compeient Eadities -
{8) Promotion of Coordination for Comprehensive Management
{9) Establishment of Public Heanng System mto the Water Granting
_ Protedure NA.
{10) Compeehensive Water Quahly Managemenl by River Basin
(k1) Enhanced Administration of Water Resources Development
(12) Water Pricing and Chargmg for Opumal Water Allocation and
Dx:mand Control :
Sub Total : 453,60
9. Hydropowér
S-slations: Tokal lns!allahon Capa\ nty. 1,006 MW 1,147.30
Grand Total ) 1,610.%0

Noie - (L) Price levelin August 1994 i apphed with lhe exchange rate or 1 388 -~ 0.8IRE,
() Cost for SIMEPAR's System is notincluded in the total.

8.11 Evaluation of the Master_Pian
1) Economic Evaluation

The followings are assumed in the economic analysis:
1) Consirucuon COsts shown in 'l‘able 8.13 and 8.14 are applied.

2) Assumpnon for the. operalxon and maintenance (O&M) costs, construction
periods, and evaluation periods are shown in Table-8.15.
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3) - A conversion factor of 0,35 is applicd to adjust the investment ad O&M costs
to correct price distortion. The cost shown in Table-8.13 and 8.14 and O&M
cost cstimated above (financial costs) are mwultiplied by this factor for the
economic evaluation (into cconomic cost).

4) A discount raic of 10 % is applied to caiculatc present: value of costs fmd
benefits,

5} The foreign exch'angc rate applicd is R$ 0.89 - US$ | .0.

Table-8.15 Conditions Applicd in Economic Evaluation by Each Sector '

Sector © Annual Benefit _ Construction | Evaludtion

- O&M : . Period (years) [ Period (ycars)
: | Costs*l o - -
Water Supply - 9% Domestic Water; Uss$093m® 4 30
' Industrial Water; ~ US$0.56m* |
| Flood Control 0.5% US$ 9.8 million/year *2 5 50
Sewerage estimated ' S US$0.58 m® o 4 30
_ | separately | . ‘ o : -
Soil Brosion |- 3% - .| saving in fertilizing - : b 30
Control e . ' o
Hydropower 05% US$ 72/MWh 5. 50

{Note) *]  percentage to construction costs _
%2 The benefhit is assumed o grow 5% annually.

Various informalion in Parana and Brazil indicates the opportunily cost of capital (OCC),
which is a criterion against which an economic intemal rate of return (EIRR) can be
compared, is around 10 %~12 %. EIRR’s of the projects are given in Table-8.16.

EIRR’s of the projects for most of the water supply in large and medium ucban arcas, flood
control, sewerage development, and hydropower development surpass 10 %. Out of water
supply projects in medium urban areas, E¥RR’s of such prejecls for Irali in the Tibagi River-
Basin and for other areas than large or medium urban areas in the Iguagu River Basin are
derived under 10%. The reason can be that unit prices of water supplicd in these area are
high due to small scale of the development. Water supply projects gencrate various types of
benefits other than economic ones, such as belter public health with raised sanitation level,
stable livelihood of the people and enhanced welfare, which cannot be qmnhﬁed and taken
into account in the economic evaluation. The water supply projects should not be judged
only from lhe ¢ConoInic cvwlual;on

The projects of soil crosion control have also lower EIRR than the OCC (10 %). Bencﬁls of
these projects include not only savings in femhzlng as accounted in the evalvation of the
Master Plan, but also increased agricultural productivity, saving in water purification for the -

supply, or other benefits resulted from better water quahly or less Scd|mem wlnch canno
or are difficult to be quantified. : : ‘ -

(2) Financial Evaluation

Out of the projects analyzed in the above economic evaluation, water supply and sewerage
projects and hydropower projects will generate revenue to managing entily, such as the
SANEPAR and the COPEL. A financial evaluation was carried out for water supply and
sewerage sector, whose services are ]umtcd w;lhm thc S:ale S
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Assumptlons for the financial evaluation are same as those used for the cconomic evaluation
in terms of cstimates of construction, and O&M costs and the exchange rates. The
following revenue rates were applied 1o the evaluation.

- domestic water:  US$ 0.62/m’

-+ industrial water:  US$ 1.10/m’

- sewage:  USS$ 0.58/n’

‘Financial internal rates of rcturn (FIRR) of each of the water supply projects are shown in
“Table-8.17.  Since water supply projects include water supply for domestic uses and
“industrial ones, the figures for domestic water supply only arc also indicated in the table.
'FIRR’s of industrial water supply are considerably higher than those of domestic water
supply because of the higher tariff imposed on industrial users.  Even though the current
pottion of industrial water supply to the total SANEPAR'’s is low and industries dcvc!op
their own supply, the portion of industrial water will increase in the future because the
“regulations of groundwater abstraction will become stricter and uses of surface water will
- grow and more industrics will rely on SANEPAR for their water supply. Sewerage projects
show higher FIRR’s compared to those for water supply. The results of the evaluation can
“be used in 1) procurement of finances of the projects, 2) revision or correction of tariff by
“area, 3) determination of priorities. :

: (3) Social and Environmental Assessment

. The prolecls included in the Master Plan are I} surface water use for water supply and
‘power generation by dam development, 2) water supply by direct intake of surface water,
3) groundwater development by borehole drilling, 4) flood control by dike construction or
channel improvement, 5) sewerage development, 6) soil erosion control by terracing or
-non lillage cultivation, 7} eco-system conservation, and 8) afforestation, aiming al
“improvement of water environment. The positive impacts will be much 1argcr ihan the
negative impacts on the socxcty and the environment.

- Since this Study is at a Master Plan level, delailed examinations of the negative impacts
- would be difficult at the moment. According to a preview over the negative impacts, the
following issues should be examined in detail in feasibility studies.
1) lands acquisition, compensation or reseltlement
'2) - water allocation between existing water right holders and prospective users
3) scdimentation in reservoirs and degradation of downstream river beds by dam
: construction
4) changes in reservoir water qualily and effects on downstream river channel by
: dam construction :
~5) change in landscapc and submergencc of historical ruins, cultural heritage or
 conservation areas by reservoir development
6) groundwater levcl lowering or effects on water quality or dlschafge of surface
. water by groundwater development :
7) affects on surrounding habitats of fauna or on aquanc or terrestrial flora by
* construction of dams or dikes, or channel excavation
8) effects on downsiream river due to intake or outlet of water
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Table-8.16 Result of Economic Evaluation

Cost Bénefit Ratio

Net Present Value
Scctor E(';f | -~ (USS$ miltion) (B/C)
<Iguagu River Basin>
1. Water Supply
» Large Urban Areas ' o _
- Curitiba Metropolitan Region 10.3 14.9 - 1.02
- Cascavel - ' 215 36.7 1.8t
- Foz do lguagu 71.8 129.1 1098
- Guarapuava . 38.2 1268 - 3.52
« Medium Urban Areas : : o :
- Francisco Belirdo 812 240 - 538
- Pato Branco 17.0 49 "1.46
- Mediancira 375 123 3.45
~ Dois Vizinhos S 18.4 - 6.0 1.56
- Palmas 183.8 3.4 1.59
- Unide da Vitoria 10.3 01 1,02 .
= Total of Other 76 Urban Areas 8.2 -11.7 0.50
2. Flood Control
- Unido da Vitoria 14.7 52.2 1.91
3, Scwerage Development : _
- Curitiba Metropotitan Region 24.3 359.2 2.65
| - Cascavel 16.6 24.6 1.66
4. Soil Erosien Control 8.6 N 0.93
5. Hydropower Development
- Fundao Project 19.7 - 188.4 2.31
<Tibagi River Basin> : '
1. Waler Supply
* Large Urban Arcas . .
- Ponta Grossa 37.6 38.6 3.45.
- Londrina & Canbe 34.1 110.9 3.05
- Apucarana - 40.9 49.9 3.37
» Medium Urban Arcas _ o
- Castro 46.7 236 4.68
- Telemaco Borba 35.6 . 11.5 © 321
- Cornelio Procopio 10.8 0.4 :1.05
- Arapongas 1.6 9.8 1.50
- Ibipora 19.1 53 - 1.6]
- Trati A -1.6 0.85
* Total of Other 26 Urban Arcas 12.9 6.7 1.18
2. Scwerage Development : : :
- Ponta Grossa 18.6 19.6 1.50
- Londrina 206 50.7 2.12.
3, Soil Erosion Control 8.4 2,0 - 0.92
1, Hydropower Development " _
- 5-Stations 25.9 - 1,853.8 .41

Note:

of which construction alrcady stasted.
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Excluding two hydropower stations {Jord3o Dwersaon and Salto Caxias) in the lguac;u River Basin,




Table-8.17 Result of Finan_cial Evaluation

Construction{ Annual Annval
-Cost O&M Cost FIRR
. . - Revenue
Seclor (US$ million)| (US$ WSS . (%) Remark
million} o
million}
<lguagu River Dasin>
Jl. Water Supply
» Large Urban Areas
- Curitiba Metropolitan Region 7600 68.4 | 1575 95 (40)
- Cascavel : 339 35 10.1 135 (1.6}
- Foz do Iguagu 1.1 1.0 17.4 62.2 (58.3)
- Guarapuava 9.1 0.8 5.7 333 (21.2)
» Medium Urban Areas :
- Francisco Beltrda 9.1 0.4 4.8 412 (39.0)
- Pato Branco ' 9.1 0.8 2.1 1.2 (8.3)
- Mediancira 4.3 0.4 2.2 27.6 (24.8)
- Dois Vizinhos 9.1 0.8 33 20.4 (12.8)
- Palmas : : 4.9 0.4 1.3 144  (10.5)
- Unido da Vitoria 3.7 0.3 0.7 87 (3.6
» Total of Other 76 Urban Arcas 102.9 9.3 16.2 48 ( -
2. Sewerage Development . :
- Curitiba Metropolitan Region 294.0 316 89.6 213
- Cascavel 50.0 0.7 9.6 14.3
<Tibagi River Basin>
|t. Water Supply
s Large Urban Areas
- Ponta Grossa 1351 1.2 8.9 346 (27.4)
- Londrina & Canbe 46.5 4,2 21.4 25.5 (223
- Apucarana 14.9 1.3 10.3 359 (29.6)
« Medium Urban Arcas
- Castro 5.5 0.5 6.3 51.1  (38.5)
- Telemaco Botba : 6.8 0.6 4.7 36.1  (27.1)
- Comelio Procopio 1.4 0.7 1.4 7.3 (33
- Arapongas 15.9 1.4 4.8 165 (113}
- Ihipora . 7.4 0.7 1.6 13.0 (10.1}
-lrati 9.0 08 1.4 47 ( -)
+ Total of Other 26 Urban Areas 329 3.0 6.8 9.4 (54)
2. Scwerage Development
- Ponta Grossa 29.2 0.4 6.3 16.0
- Londiina : 59.4 1.0 14.8 17.7

Note: { ) shows domestic water supply.
© { - ) shows negative valuve.
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CHAPTER ¢ RECOMMENDATIONS
9.1 Studies to be Tmplemented Urgently

Such studics as described below are recomniended to be urgently conducted, following this
: Study

(N Sludy of Comprchensive Reglonal Plan on Water Environment for the Curitiba
' Melrcpohlan Region

" The following prob!c_mahc issues regarding water environment were identified and clarified
throughout the Study in Curitiba Metropolitan Region.

1} water stpply by dam development |
.2} water supp.ly:by groundwater development .
- 3) water quality control and sewcragé developmgnt
4y flood control ..
A study of comprehehsive regiohal p.!an on ivalér env'irbnment should be ;‘.onducted in morc

detail, containing the above issues. Feasibility studies should follow, after selection of
programs or projects of priority rcgardmg the above four issues.

(2) FeaSIblhl)' Study on Flood Control in Unifio da Vitoria

A feasnblllly study on ﬂood control is recommendablc for Unindio da Vitoria, where the
- largest damage by flood occurs,

(3) Feasibi!ily Study on Water Supply and Sanitation in Londrina

Londrina has the second largest water demands, next to Curitiba. A feasibilily study on
water supply is necessary to be conducted, coupled with a study on sewerage development,
taking into account of prospective water contamination in downstream rivers due to the
location of the city on a mountain top.

(4) Feasibility Study on Water Supply and Sanitation in Cascavel

~Water demand in Cascavel will grow rapidly corresponding to the urban development.
Although the Study proposed the sources of water supply from surface and underground
water, a feasibility study for more precise plans is required. A feasibility study on sewerage
development to. prévent waler contamination in downstream rivers would be necessary
because of the similar geographical conditions to Londrina.

(5} Feasibility Study on Water Supply and Sanitation in Ponta Grossa

Ponta Grossa has sufficient potential to develop as a satellite area of Curitiba. The
- population and indusiries will grow in the near future, cavsing problems in water supply
and sanitation. Thcrefore. a feasibility sludy on these malters will be required.

9-



9.2 Master Plan Study for Other Rwer B‘xsins than Ihe Pllot Rlver
Basins of the Study

The Study forniulated the Strategy to cover the whol¢ state, and the Master Plan for Iguagu
and Tibagi River Basins, after the sclection of these two basins as the Pilot River Basins.
* For other seven (7) river basins, Master Plan studies should be conducted as scon as
possible by the Paran4 State. The Steering and the Technical Committees established for the
Study are expected to faahtale those Mastcr Plan s{udlcs : :

9.3 Review of Other Development Plans

" The Strategy and the Master Plan proposed in the Study were formulated from the viewpoint
of water environment applying various assumptions and estimates on socio-economic
conditions. In other development plans, such as those for socio- -economic development,
regional development, industrial development of various sectors, and transportation and
road network development, programs and projects should be planncd or reviewed taking
into account of the proposals made in the Study from the viewpoint of water environment.

For example, in order to restrain the population concentration to the Curitiba Metropolitan
Region and to distribute the population and industries to regional areas, definite schemes
should be examined and programmed in regional development plans.

9.4 Impleménl'aﬁoai and Rcview of the Proposcd Programs

In order to promote socio-economic development and to raise the living standards and to
enjoy conscrved or improved water énvironment, projects and programs proposed in the
Study should be implemcnled steadily. Since the projects and programs were planned based
on the estimated socio-economic framework in target years of 2005 and 2015, the plans
should be reviewed every five years or when necessary, according to the changes in socio-
economic conditions.
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