5.4  Water Demand Projection by Sector and by Region

5.4.1 Demand Dismbution of Munlcipalitles Located m the Basm
Boundary

o) Urban Areas (Domeslrc aind Industrial W'rler)

5 _There ane some urban areas which slraddle boundaries of several basms such as Cascavel -
and olhers Watcr demand for these urban arcas are to belong to Iguagu river basm ﬁ

@) Rural Arcas (Domestrc and A grrculturai Water)

' Water demand for rural areas whrch straddle boundaries of several basms are distributed
* from municipality unit to Iguagu river basin in accordance with the following equation:

DP=DM_X£ -

where: S , A
" D, rural water demand of Iguagu river basin
. Dy tural water demand of municipality
Ay; area of municipality in Iguacu river basin
AM. area of mumcrpahty

"S 4 2 Water Demand Pro;ection in !guagu Rwer Basin

Thc water dcmand prorecuon by secror and by reglon in Iguagu rrvcr basin was’ calculated
for bolh basc and altematwe cases as shown in Table 5. 13 -

'5.!5 anrronmental Sanitation Program for Curitiba Metmpohtan Region
(PROSAM) -

PROSAM is an cnvrronmcmal sanltanon pro_;ecl for Curmba Metropohtan region mc!udmg
 water supply, flood control and urban drainage, sewerage system, enviconment conservation
“ete. It includes construction of Irai dam for water supply of 2.0 m¥sec, drainage channel
~ gxcavation with a length of 15 km along left bank of the Iguagu River, development river
park;. sewer pipe line with a length of 1,300 km, 8 sewerage treatment plants, solid wasle
'drsposal bridges, and enivironmental education, etc. The total project cost amounts to US$
233 X 10°, 52% of which is to be financed by the World Bank. The project is scheduled to
‘be rmplementcd from 1992 1o 1997. However the progress rate as of June 1995 is
‘esumated lcss than 20% : T _
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CHAPTER 6 WATER RESOURCES DEVELOPMENT
6.1 Surface Water Potential |
6.1.1 Zoning for Surface Water Potential

In order to compare required water supply with surface water potential, Iguagu river basin
was divided into 22 blocks as shown in Figure-6.1.

- Discharge reference point was determined downstream of each block. Bach teference point
is the same as the pomt of water quality study. Surface water potential was calculated at each
discharge reference point,

' 6.1.2. Surface Water Potential '

Surface water potential was calculated by deducting maintenance diséharge (50%Q,,,) from
the low water flow (Q,,) at each reference point. Low water flow was applied as follows:

(1) Curitiba metropolitan area ----- - HG64 (CEHPAR,1990)
(2) catchment area < 5,000km* ----- HGS2 (CEHPAR,1982)

(3) catchiment area > 5,000km* ----- MINIMUM DISCHARGE VALUES FOR
THE STATIONS STUDIED BY JCA IN
PARANA STATE (COPEL,1995)

The result are showﬁ in Table-6.1.
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_ Table-6.1 Surface Water Potential and Quality

Catchment | Surface Water | Surface Water Required Water Supply fm3/sec) ¢
Reference|  River Name Location Arza | Qualityin 1993 Poteatial 1993 1003 2015
Peint (km3) BOD{me ) {m3sec) Usban Urban Urban
1 - |RioIguacy Guajuvira T 2,830 137 - 33 B04 112 15.01
(downstream Curitiba 4.7 <185 1174
. otropolitan Area) 0.4} 0.29 0.22
2 Rio Ipuacu south of Porlo Amazonas BRERR ¥1 1 1.37 4181 831 1t.53 15.56
: : . -4.13 -1.38 <1138
- . o 0.50 036 8.37
"3 Rio Iguacu upstream confluence 5552 .39 688 840 1165 §5.92
’ of Rio Negro ' : -1.52 W -8.84
- 0.82 0.59 0.44
4 Riofguacy  fdovirstream confluence 18,465 030 20.57 B7% 212 1633
: of Rio Polinga’ : o : I 845 424
- . s . : o 23] . 1) 126
3 |RieTguace  |upstream Uniao 24,414 0.06 3331 894 1232 16.54
- |da Vitoria 24.37 W53 1677
3.7 270 101
[ Rio Tguacu Foz do Arcia Dam <. 30,033 0.00 S4272 903 12.56 16.84
' - ; o 3359 3016|° 2588
. . 4.68 3.40 2.54
7 |Riolguacu downstream confluente wnm -~ 0.00 57691 561 13.20 17.66
of Rio Joedao ' 48.08 44.49 40.03
6.00 437 ENE)
- 8 - JRiolguaca Szlto Santiago Dam 43,421 0.00 65,75 982 1344 12.59
. i 5593 52.23] . 47.76
. 6.70 4.89 38
9 Rio Iguacu downstream conflucnce 52,244 © 000 - B02%| 1084 1480 19.74
: of Rio Chopim 69.45 65.4% 6055
. . . : ) 7.41 . 5.4 4.07
10 |Riolgdacu downstream confluence 60,245 0.18 92201 © 11L77 16.04 21.32
N of Rie Capanema - : - ' 80.43 7616 70.88
. . 183 5.75 432
T H |Riolguacu’ roule 163 62,656 - 5.05 25.46 11.87 16.16 21.46
‘3 L e B389 - 79.30 74.00
. . 8.04 591 4.43
12 Rio lguzcu river mauth 68,700 . 0.10 102.76] 1271 1758 | 2348
' (Foz do Tguacy) ' 90,05 8518 79.28
.. . 8.08 585 438
13- JRio Negio' upsiream confluence 4,472 G.18 5.63 017 022 0.29
of Rio da Varzea 5.4¢ 54 535
: {include Rio Negro) : 3 25.5% 19.41
14 Rioda Varzea river mouth 2,289 O.8S 288 313 0.13 . 019
' : ] ' 275 27 149
. . ; : 2215 19.20 15.16
[} Rio Negro - downstream confluence 6,761 - 041 8.50 0.30 0.37 " 048
of Rio da Varzea ¥ AL 302
. ' . B ) . 283 2291 17.74
16 - |RioNegro river mouth 10,639 0.07 1265 031 038 0.49
| : : : 1234 “n 1218
L . L 40,81 33.29 25.82
- 47 |RioPolinga - [rivesr mouth 1,834 261 1.05] 008 0.10 0.12
D : 097 095 0.93
: N - L : 13.13 10.50 878
[} Rio Jerdao river mouth ;4,446 0,00 6.10 044 {£.58 0.76
(inctude Guarapuava) . 565 552 534
: I . 13.26 10.52 3.0
19 Rio Chopim 810 Luiz 2,005 0.87 435 0.19 0.24 029
o |(inctude Palmas) 4.1 41 406
N T . 2289 _ 1883 15.00
0 Rio Chopim river mouth (include S 7076 0.00 8.16] 093 1.25 1.62
| B |Fate Branco. Francisco D ' ‘ 1.23) £9 6.54
¥ i |Betrac and Pois Vizinhos) 897 653 504
4! Rio Andrade ' [Jriver mowth : 01,267 114 1.2y 0.56 0.8l 1.i0
< |(includz Cascavely : 063 0.40 0.11
: . . 216 1.49 110
22 [RioCapanema  [river mouth LM 238 22 0.11 0.13 014
' 210 208 267
. 2009 17.00 15.79
*Remark
first ine :
© Required Water Supply (calcutated in section 6.3)
sevond line ) _
Surface Watet Polential - Required Water Supply
thisd lin2
Possible Development Water / Required Water Supply




6.2 Groundwater Potential

6.2.1 Definition of Boundary of Area for Groundwater Study

The major municipal urban areas located in the Iguagu river basin straddles over the:
boundary of other river basins. Therefore, the Iguagu river basin for the study of the -
groundwater resources is composed of such arcas as Iguagu river basin, Karst basin on the
right bank of Ribeira river, a part of the left bank of Piquiri river, and a part of Parand 111

river basin including a part of the ne;ghbonng groundwater basins related to the major urban -
demand centers '

6.2.2 Assessment of Groundwater Potential in Igpaéﬁ River Basin
‘The Iguagu River Basin is composed of the following aquifers in order of older age:

Karst, Crystalline Rocks (inctuding Granitic Rocks), Fumas Formation, Upper-Middle .
Pateozoic, Upper Paleozoic, Botucatu Formiation, Serra Geral Formation north Serra Gcrat
Fomranon soulh Guabirotuba Formation.

The spcciﬁc‘mean discharge which is deﬂne_d as the specific mean of the annual minimum of
average discharge of continuous 7 days (mQ;) is used for the key data for the assessment of
groundwater potenlial in this study. The résult of the assessment of aquifers in the lguagu
River Basin is shown in Table-6.2. Assessment of Furnas Formation and Guablrotuba

: I‘ormat'on are not able to be done by timitation of the data condmons

‘ Table-6.2 Spatial Groundwater Pote_nlial of Iguagu River Basin Eslimated_ by Water Circul_alio_ﬁ_

B @ 51 16) m i8)

) : {2}
Aquifer Location in River Basin | Study | Spatial mQ7]  Permissive Yiel Requited Total | Prodictivity
. Area Recharge | Permissive | of Borebole
. - - Yield )
ken? x 10? % 1 m? | km¥vm® | om¥s | a107 s
mkm? Iskm? - C . ) :
Karst mainly Ribeira nad 3,500 839 30 245 400 "sas0 | 4440
| Vpper Tguagu . ‘ : : N
Cristalline Rocks - | Upper Iguagu 4,500 637 19 064 1600 ' 2.880 5.56
Furnas Formation | Upper Tguagu 350 - 15 - - TR
Mnddle'Uppet : Upper Iguago 3900 469 10 0.47 2,100 1.830 2.78
Paleozoic : . . § e
Upper Paleozoac "{ Upper 10 Middle Tguagu| 3,100 490 10 049 2,000 1,520 278
Botucatu Formation | Middle 1o Lower Tguagu| 32,000 ' . ' 12400
Serra Genal Lower Iguagu 1,900 532 0 1.10 - 610 3120 19.20
Formation north _ o : . _ : o o :
Serra Gersl | Middleto Lower Iguagu] 32000 | 526 15 079 | 1,300 11.500 333
Formation SOUL.h ¢ : o B . . :
Guabitotuba Upper Iguage 920 353 20 - 076 1,300 0699 333
Formation . o : - S -
Note’

{4}: Spatial and specific mQ,

{6): Required Rechargeing Area by lm’!s of groundwate; yield

71 Tolal Permissive Yield of Aquifer in Study Atca




The characteristics of each aquifer are described as follows:
N Karst

Groundwatcr potenua] of Karbt is eva!uatcd to bc hlgh ’lhc Karst area mcluded in the
fguagu River basin has a drainage area of about 3,500 km’, and about 8.75m’/s can be
developed within the permissible yield. This groundwater resource is appropriate for large
scale development since its borehole produchvnty (bonhole yield) is extremely large as 44
- Vs/borehole.

- The water quality of this aquifer is adequate for drinking water such as mincral water for
“Curitiba City, but not adequate for hydro-thermal and steam resources of industrial water
resotirces because of its chemical characteristics. ' : - :

2) Botucatu Formauon

The pern11531b]e yield of Botucatu Formation can not be estimated in thns sludy, and it is
difficult to apply the concept of - permissible yield to this formation at present. It's
permissible yield can be technically estimated by use of the drawdown data of groundwater
table, but the drawdown data are not available. The specific mean discharge also cannot be
applied to this formation because of the nature of its geologic structure.

‘However, the amount of its groundwater is assessed to be very large based on its
extraordinarily large boreliole productivity (124 Vs; in average of 9 boreholes) and storage
volume. It’s storage volume is assessed to be more than 20 times targer than that of Karst
and a little less than 10 times of that of Serra Geral Formation.

This aquifer forms layering, and its water temperature becomes 40-70 °C at the depth of
decper than 800 m. This groundwater resource, therefore, is assessed to have high potential
of industrial water use with appropriate control of pH and Na by mixing with other fresh
water resources in consideration of confined water pressure, pH level and content of
natrium.

(3) Sema Gcral Formation north

This aquifer is broadly distributed from near Cascavel to the north, but the study area within
the Iguagu River basin is limited to the area of 1,900 km® near Cascavel. Though the spatial
~ permissive yield and mean productivity of borehote of this formation is less than a half of

those of Karst, its potential is relatively large and is assessed to be an adequate groundwater
. fesource for medium scale development. :

The water quatity of this aquer is appropriate for both domeslic and industrial water
supply.

© (4) Seyra Geral Formation south

The aquifer of Serra Geral Formation is broadly distributed with a basin arca of 32,000 knY’
in the area middle reach to downstream of the Iguagu River Basin. The groundwater '
~ resource of this aquifer is asscssed to be appropriate for small to medium scale development
“based on its spatial permissive yield and productivity, '



(5) Guabirotuba Formation

This aquifer is distributed in Curitiba metropolitan arca (CMA) with a basin acea of 900 km?,
and its groundwater resource is widely used for the domestic and industrial water in CMA.
Monitoring of groundwater of this formation is required with high maneuverability because
it is distributed in the urban area. It will be required to measure promptly chemical contents -
in responsc to necessity not limiting to the standard observation items for drmkmg water
becausc thete is a possibility of contamination of groundwater, -

‘The total permissive yield of the whole aqulfer is esnmated to be about 0.7 m’.r’s (avcragc of
-~ CMA). Various kind of advcrse effects on the use of wells will be expccted in the central -

urban area of Curitiba city in the near future. because present groundwater use for industrics
is eaumalcd to be very high in this arca. :

: (6) Fumas Fonnauon

The aqulfer of Fumas Fom}anon is assessed to be appropnatc for qmall scale dcvelopment _
based on its producllvuy of borehole S : S

'(7) Other Aqulfers

“Groundwater development of other aquifers not aforementioned is assessed 1o be infeasible
except for the rurat areas facing shortage or lack of olher fresh water sources because of its
low permissive yicld and produciivity. :




6.3  Required Water Supply Amount

6.3.1  Water Deménd and Sources

Water deniands are estimated for urban domestic water, roral domestic water, industrial
water and agriculiural water. Water sourcé which is 'tppropriate for each water demand
seems 1o be basically as shown in Tablc 6.3, from thc view po:nl of developcd amount,
'tcchnology, realization, etc :

Table-6.3 Water Demand and Source

:Wat'e-r Demarnds - “Region Main Water Sub Water
e - ' _ Sources Sources
Dom_eSlic Utban Surface Water Groundwaler _
' Rural Groundwater Surface Waler
Industrial Urban Surface Waler Groundwaler
‘Ag‘n'c'uiiuré} " Rural Silffaée Water _Groundwaler

Water source of urban domestic water and mduslnal water will be cstabhshed by considering
the charactenshcs of the region, surface water potential, groundwater potential, etc.

6.3, 2 Wa!er Losses

Requlred water supply amount is calculated by adding various losses to cach water demand.

- Percentage of total water loss which includes losses for intake, conveyance, treatment,
distribution of water, etc., is assumed as shown in Table-6.4 taking into consideration
present loss percentage, future improvement and type of water development.

. Table-6.4 Percentage of Water Losses

 Purpose ofWater Use | Region | 1993(%) 2005( %) | 2015(%)
Doinestic:  Utban - | 40 30 25
~Rural 15 10 10
Industry Urban 15 10 10
Agriculture Rural_ 20 20 20




6.3.3 Classification and Toning of Region

The wrban areas were classified mto lhc followmg categories by considering characteristics
of each area: _

R¢) l‘ype-A Large urban areas

Thc large urban areas were defined that thclr populauon w;ll be more than approxnmalc!y :
100,000 in 2015.

{2) Typc -B: Medlum urban areas

‘The medivm urban arcas were dcﬁned thiat their populanon wnll be more than approx;malely
50,000 in 2015. _

(3) Type-C: Other urBan areas

The other urban areas were c]assnﬁed mto lhc fo]lowmg zoning by comxdcnng topograph:c
conditions: :
l) Zone—a U:ban areas located nearhy mam s{reams

These areas located nearby main stream or downstream of lnbutanes, thcreforc
problems of the shortage of intake rate and water quality are few.

2) Zone-b: Urban areas located upstreaim of sccond or third tributaries -

- Although there are problems of possible water dcvclopment volume and intake
- method, water quality problemsareqmte few. SRS

3)  Zone-c: Urban areas located at top or zidge of'moii:ntain's' L

These areas require to mtake ihe water from the downslream of urban town, and
water volumc watcr quahly and mlake melhod havc many problems

A hundred and one mumcxpahhes belong to Iguagu river basm out of whrch 17 urban areas
were classificd into Type-A and other 6 urban areas weie classified mto Typc B 76 belong
to Type- C and 2 mumc:palmes belong to enly rural areas.

Type-C urban areas were class1ficd into _3 zones by considering. t(?pbgréplllic conditions.
Urban classification and zoning of Type-C urban areas are shown in Table-6.5.

6.3.4 chuiréd Walter Supply

Assuming water loss percentage as shown in Table -6.4, based on water demand estimated in
the Section-5.4, required water supply by sector and by reglon was calculated for both base
and altemative cases as shown in Table-6.6.
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6.4  Water Pevelopment in Curitiba Met"ropoli-tém Area

The large urban areas included in Curitiba Melropohtan Area are as shown bclow
: 1) Curitiba
2) Almirante Tamandare
3) Colombo
4) Piraquara _
5) Sao Jose dos Pinhais
6) Araucaria '
7). Campo Largo
-.8)  Pinhais o
9) Fazenda Rio Grande
"~ 10) Quatro Bavas
~'11) Campina Grande do Sul
'12) BalsaNova -~
13) Contenda
'14) Mandirituba

6.4.1 Wate_f | Re(jnii‘émeilf |

Water requirement for urban area is mainly composed of urban domestic water and industrial
water. Required water supply in Curitiba Metropolitan Area is shown in Table-6.7.

Table-6.7 Required Water Supply in Curitiba Metropolitan Area (m¥s)

Case o ReQuired.Water i I Year
3 1993 2005 2015
BaseCase | Required WaterSupply | 8.190 | 11401 | 15.425
| Watrobenewlydeveloped | . | 3211 | 72235

- 6.4. Zi-Proc'ess of ther ReSoufcc’S' Development Sludy

As studied in the Sccllon 6.1, lhere is no room for direct mtake from river due to shortage of
“natural dlscharge in the upslream of Iguagu river until confluence of Negro river. Therefore,
;development of new water resources has (o depcnd on the combination of surface water by
-dam-reservoir and groundwater

- Proccss of water't resources deve!opment in Curitiba Metropotitan Area was as shown below:

i(l) Water supply in Curitiba Metropoman Areas was studied for su:face water devc!opmem
' by dams. Waler development in proposcd 10 dams, planned by SANEPAR around
Cuuuba at lhc upslream of Iguagu river was studied,

(2) Water’ supply in Curitiba Melropohtan Area was studied for groundwatcr development
' by wells : S _ _

3 Thc Combination of dams and wells was Opllmlzed for the water supply. -
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6.4.3 Surface Water Developmeut by Dam

'Ihe water devclopment calculallon was made based on the followmg condluons

2

b)

C)

d)

e)
3]

Assummg the daxly dlscharge at proposed dam sncs are mflow to the reservolr,_
daily water balance in the reservoir is simulated for 20 years.

Maintenance discharge from the reservoir and doxvnsfrc'ain"of' intake point is
assumed to be 50% of Q,,; and the daily dlscharge is to be more than the
mamtenancc discharge.

i}

When inflow is less than the sum of proposed development water and

maintenaice discharge, deference is supplied from reservoir water.

it)

When inflow is more than the sum of proposed development water and

maintenance discharge, excess of inflow is recharged to the reservoir. If
the reservoir is full at that time, excess water is discharge to the
downstream of dam. -

Evaporation from reservoir is also counted by applying average monthly
evaporation data for 20 years at Piraquara observation station.

Seepage or inﬁlt_ration from rese_rvojr_ is neglected,

The maximum penod of recovery is about 5 ycars.

The proposcd 10 dams planned by SANEPAR are shown in Table 6.8 and Flgure 6.2.

Tab]e-6 3 Proposed 10 dams planined by SANEPAR

correction cocfficient, -
Correction Coeffivient :

110.0 : C.A. of Fazendinha

Quay value was calkculated by HG64

@ =C.AS110.0 X q,,,/0.465

1 6-.12

. DamSi:e . Intake Point N L
Narme of Dam [ Caich G0z Quna  |Cortec Catch Qo Qo | Correc | - Treat Supply
(River) -ment |[m¥s 50% dion] cment- {im¥Ye! | . 30% -fion -meat | Reser
Area | 100km?] [mYs] |Coeffi ~ | Area | 100km%j] [m¥s] | Coerri Suation -yoir
gmd § o] cient] Gm) | | cie]
i Irai 112.6 0.355 0.200) 0,781 225.4 0.408 0.460] - 1.807 'E_TA )
2 Piraquara 2 ssol 039 . o - 04sc] e ey < leai Cajura
1 poqueno 620 o046 014  oses]. 1o . o046s] 0255 - 1.000]ETA lzwace | . '
4 Alto “nd 0dT o350 0s26] - on 002 0495 0783 ETABARRO|
Miringuava - : RS RN s e R R PRETO . .. | Xaxim:
5 Cotia Despique 1549 0271 021 0.820 same as dam site |ETA L
RS COCHOENE
6 Alto Mavricio 36.0 0.277 0.050 0,195 ditto ) .
7 Das Onges 2900 0218 o0 0.156 e Ceasa’
(Mandirituba) . T
8 Faxinal 633 - 0269 . 008§ -- 0333 dio - )
% Das Onces - 754 0268 - 0400 - 0392 (_filio. Ataucarid
(Coutenda) : [ i
10 Piunduva 25. 4 ond oo oaw o )
[Note] :  daily discharge at each dam site is calculaled by muluptymg dan!y dnscbargc at Fazendmha s{auon by
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Several cases of proposcd water development volume range from 0.10 m¥sec to 1.40 mYsec
were assumed at each proposed dam. Simulation of daily water balance in reservoir was
carried out for 20 years, The rcsult of snmulauon are shown in Table-6,9, '

For exaniple, judging from requircd recovery period of reservoir capacily, an appropriate
waler development volume by Pequeno dam{No. 3) seems 1o be 0.8m'sec.

The water development volume by dams around Cunuba isas shown in Tablc-6 2.

: Table 6.9 m\-elopedWaler and Requ ired Roscn'onr Capac:ty by Planned Dam

Namc of Dam =~ - Dcve!o‘ -menl Water" Reservolr Capacuy Period of Rccovery

m’/sec) {x_10'm’) ' {Year)

2.0

] Irai 5.5
9.0

- 4,5

:2 Piraquara I 5.5
: oo "10.0
2.0

- ) L : 4.0
3 Pegueno 5.5
2.0

; 3.0
4 Alto Miringuava 5.5
_ 3.0

: o 4.5
3 - Cotia Despique - 5.5
1.5

P : ' 2.0
6 Alto Mauricio 5.0
_ 1.5
! 2,0
7 - Das Ongas 4.5

: (Mandmtuba) _

1.5

: ) i 2.0
8 Faxinal 5.5
: : 2.0
v : . 2.5
g. Das Ongas 5.0

- (Contenda) -

1.5

) - 2.0

10 Piunduva " Wéomw% 5.5

: Q.25
0.30 .
Fotal : 6.50 210.0

(Note] =™ [t means that capacity is nol recovery.



Several cases of proposed water development volume range from 0.10 m¥see to 140 m¥see
were assumed at cach proposed dam. Simulation of daly water balance w reservoir was
carried out Tor 20 years. The result of simulation are shown in "Table-6.9.

For example, judging from required recovery period of rescrvoir capacity, an appropriate
water development volume by Pequeno dam(No.3) seems to be 0.8mYsec,

The water development volume by dams around Curitiba is as shown in Table-6.9.

Table-6.9 DevelopedWater and Required Reserveir Capacily by Planned Dam

Name of Tam Develop-ment Water Reservoir Capacity Period of Recovery
{ny/sec) (x 16" m’) (Ycar)
2.0
] frai 3.5
2.0
4.5
2 Piraquara It 5.5
10.0
1 - |
1 2.0
). 2 1.0
3 Pegueno .8 4 5.5
0.90 KRR -
1.00 48.2 - ]
0.40 5.2 2.0
4.4 1.0
4 Alto Miringuava L 1 5.5
1.6 -
6.4 -
7.6 3.0
c 4.5
5 Cuolia Despigque § )
bs
2.0
6 Alto Mauricio 5.0
T 1.5
2.0
? Das Onyas 4.5
{Mandirituba} -
3. 1.5
9. 2.0
hi Faxinal 14 N5
T2 2.0
b8 2.5
9 as Ongas LR 5.0
(Contenda) 5.3 -
o s
2.0
10 Prumnduva 5.5
Total 210.0

[Note] =

It scans that capacily is Aot ieCovery.



6.4.4 Gloundwater Development by Wells

The aqunfers in and around the Curitiba Metropol:tan Area are Crystallme Rock; Guablrotuba '
Formation and Karst. The aquifer being targeted for groundwater devclopment is the Karst
aqulfcr, which is the most pn)duclwc of the lhree

. The Karst aqulfer is localed some 10 to 50 km to the north of Cunuba, its mflucncc area is
. 400 km’!m /s and its penmsswe yield per well is 0.044 m’ls!well :

The survey for lhc groundwater dcve!opmem of the Karst aquer was camcd out over four.
stages using the development of approximately 1-m¥s as one unit. ~The four stages have
been numbered 1 to 4 in order staiting from the easiest onc to develop. Table-6.10 and
Figure-6.3 provide produchou data and indicate the locations of the wells in the aquifer
reqpecmcly : -

Table-6.10 Productivity of Karst aquifer

"No. _ Number of Productivity Stage | Number of Produclivify !nﬂuen&eérea'
Productive 3 s Productive | - 3 : :
Boreheles - (vs) Borcheles _(m ) (km'):

] 9. | ‘040 '

2 5 0.20 . : _ -
3 5 0.20 1 2 1.20 480
4 3 010 | : e

5 7 0.30

6 6 - 025 \ :

7 6 025 | 2| 24 100 | 400
8 6 025 .

9 6 . 0.25

10 6 025 : 3 : ,
i 6 0.25 3 24 100 400
12 6 0.25 : :
13 - 6 0.25

14 6 0.25 . |

15 6 0.25 4 24 | 100 © 400
16 6 0.25 ' : S
17. 6 0.25 _ _ :
Total . : 101 . 4.20 1680

{Note] borehile depth is 60 m
pérmissive yield is 0.044m’s
infruecce area is 400 km¥m¥s
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6.4.5 Oplimization-of.the Water Supply System

As was mentioned carlier, whereas the required water supply in the Curitiba Metropolitan
Area is 7.235 m™s, the maximum available amount that can be developed from the ten dams
is just 6.50 m’/s, meaning that it will be difficult to mect the demand through surface water
alone. Morcover, as the amounts of water developed from the groundwater of the Karst
aquifer increase, the feeding of water over long distances will lead to an increase in the unit
waler costs (rates) of development. For these reasons, it is necessary to ensure the water
supply in the Curitiba Metropolitan Area through a combination of both surface water
development by dams and groundwater developmcnt by lhc Karst aquifer.

The features of surface water devclopment by dam in conlrast o groundwater development
are as descrlbcd in Table 6.1 l R _

: Table-6.1 l Companson of Surface Water Dcvelopment by Dam and Groundwater Dcve]opment

ftem

Surface Water Devel opment by Dam

Groundwater Development

® Stable water intake
(certainly of available
waler)

As the development plan has beeri
formulated based on the results of
statistically processing materials
relating to water, which have been
collected over a long period, and
performing simulations uslag actual
daily flow rates, the degree of
certainty ‘regarding the desngn water
intake is hlgh

The monitoring of groundwater has been
implemented In récent times, however, compared
to the data on surface water, that relating to
groundwater is lacking in terms of the length of
period and size of area. Moreover, it cannot be said
that a full understanding has been gained of the
potentially available groundwater quantities and of
the effects of developmient on surropnding ground
and surface water quantities. {1 is therefore less
certain that the design water intake can be secured,
compared to the casé of surface water development,

@D Water quélily

In order to preserve the quatity of the
waler in the dam reservoirs,
development and improvément of
the sewerage systenis in upsiream
towns and the 1aking of measurés to
counter eutrophicdtion in the -
reservoirs will be necessary.

As the Karst aquifer contains hard water, careful
thought will need to be given to its specific uses in
the case where it is used as industrial water.

@ Construction period

As lzrge-scale works will be
necéssary, the construction period
will be celatively long.

The boring of wells will not take such a long time,
however, the Iaying of pipe lines will be slightly
more tine consuming than the conslmcnon of
dams.

® Environmental
impact

As réservoirs will be construcled
artificially, it will be necessary lo
formulate a detailed plan upon first
uaderstanding the effects on

" fecological systems, the surrounding

residents and water quality, etc.

Little direct effect on the surface environment can
be expected, however, planning will have fo lake
inlo consideration ground subsidence and the
effects on other wells. As groundwater also acts as
a source of surface waler, it will also be necessary
to amply consider the effects the development will
have on the flows of downstream rivers.

® Development cost

In the case of dam development, the cost will vary depending on the topogeaphical
conditions of the dam sites and the flow conditions of the rivers. Similarly, in the case of
grovndwater development, cast will vary depcndmg on the distances between the
development sites and supply areas, and also on the topographical conditions in the
surrounding areas. It §s therefore difficult to make sweeping statements about which form

of development is the cheaper
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Regarding the optimal combination of surface water developmem hy dams and groundwa!cr
development in order to fulfill the water requiternent of Curitiba Metropolitan Area, selting
will be done wpon conducting the following exammallons based on the cha:actenst;cs
described in Table 6. i : = :

- (1) Development costs will be calculated for each stage of both the dam. development and
the geoundwater development, and the cheapest combmatzon in the case where both are
combmed wull be adoptcd :

(2) The order of pnomy of the developmem will be dccnded in conmderatmn of lhe rcqmrcd
conshuctnon penods and the explouable water quammes, ete.

The costs mvolved in the development of each dam and wclls in each slage dre as mdlcatcd
in Table-6.11. The relationship between development costs when dam development and
groundwater development are combined in order to develop the reqmrcd water supply of
7.235 m¥/s is as shown in Figure-6.4.

 Table-6.12 Development Cost

Supply | Name of Dam - ‘
Water Reservoir | Develpment | Cost " Unit Cost
Source | Well Field| Numberof |Volume (m¥s) (10°US$) { (16°US$/m’s)
Zone Wells . ) s
o ai 1.400 | 49 S 35.2
Cajura Piraguara 2 0.750 22.0 29,3
Pegueno - 0,800 28.6 © .35.8
- Alio. 0.600 35.3 . 58.8
Xaxim . [Mirinquava : o
Cotia | . - 1,200 43.8 -~ 36.5
. _ " |Despiguz | ¢ e o
Surface o Alio . 0,250 . 20.0 © 80.0
Water  {Ceasa Mauricio s T :
Das Oncas - 0200 | 254 |} . 127.0 "
(Mandiriteba)| . ... |- F b . '
Faxinal : 0500 . | 25,5 . 510
Araucaria  |Dos Oncas 0.600 231 | O 3835
(Contenda) S
. Piunoluva 10,200 | 17.4 .+ 810
Groundwater {Stage | - 29 1.290 - 40.3 i 31.2
Stage 2 24 | 1.066 513 | . 481
Stage 3 24 1.066 53.7 i 504

Stage 4 74 T 1066 54,9 i 5.5
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Based on Table-6.12 and Figure-6.4, the optimum use of dams and groundwater in terms of
development cost is shown in Table-6.13. The water supply system in Curitiba metropohlan
area is shown in Figure-6.5. :

‘Table-6.13 Optimization of Water Supply

Name of Water Resource . Constractions Development Cost

' : - Volume (m’fs) | (10°LJS$)
. flrai Dam - ' dam, pipeline (B 1,200 x 15,000 m) 1,400 49,3
* FPiraquara I{ Dam dam, pipeline (do.) : 0750 22,0
PeguenoDam - ¢ |dam, plpelin (3 800 x 8,000 m} ' 0.800¢ 28,6
Alto Miringvava Dam dam, pipeline (@ $00 x 23,500 m} 0.600 35,3
Cotio Despique dam, piptline (@ 900 x 17,000 m) 1,200 43.8
wells (stage 1} - . |29 wells, pipeling - 1,290 40,3
wells (stage 2) 27 wells, pipeline ~1.195 57.5
Total : 7.235 . 276.8

6.4.6 Implemexifa’lion Schedule of Watcr Development

- The development schedule in the case of the combination of dam development and
gtoundwatcr dcvelopment shown i in Table-6.13 i is as illustrated beiow

Dam cons[mclion will take a relatively long time until completion, however, once completed
it will be possible to obtain large amounis of water. The development of groundwater will
- take less time compared to dam. As 5 dams wilt be constructed over 20 years, one dam will
be built every 4 years. Groundwater development will be implemented in the period during
dam construction in order to supplement the water supply. - Figure-6.6 gives a detailed
reprcsentatlon of the implementation schedulc of the developmcm
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Figure-6.6 Implementation Schedule of Critiba Metropolitan Area



6.5 Watcr Development in Large Urban Areas (Type-A)

The urban areas were defined that their population will be more than approximately 100,060
in 2015. The foltowing urban areas belong to Type-A as large urban areas in Iguagu river
-~ basin except for Curitiba Metropolitan Area.

— Cascavel

~ Foz do Jguagu

--Guarapuava :

6.5.1 Water Requirement
- Required water supply in large urban areas is shown in Table-6.14.

Table-6.14 Reguired Water Supply in Lérgc Urban Aréas (m's)

Municipality _ Year_

2005 .- . 20315
Cascavel - 0,268 0.542
Foz do Iguagu 0.504 © 1,043
Guarapuava | 0.127 0.292

" [Note] Water requirerent for urban area is ainly oompoéed of urban domestic water snd industrial watef,:
6.5.2° Proccss of Water Resources Development Study
The process of waler resources development in large urban areas 1s as shown below

(1} In cities where main rivers are nearby and chrecl intake is easy, water supply shall be
secured through su;face water development _

{2) Incases where devclopmcnt by mcans of dlrect mtakc is dlfﬁcult careful consxderanon
shall be given 10 the ease of development to the development capacity and the
development cost, ete. for both surface water and groundwater.

(3) Regarding the dev'e]opmeni of surface water, more detailed éxamination shall be made
on the promising altematives stated in the Strategy (Main Report 1) upon consideration
of the local survey results and the state of existing facilities.

{4) Examination shall be given to the case where the whole water supply is provided by :
groundwater development.

{5) Based upon the examination resulls of (3) and (4), the optimal developmem plan shall
- be formulated upon first giving carelul consideration to the conditions stated in (2).




'6.5.3_ Water Resdurces Development Policles ' :

‘Based upon consideration of the Iopographical conditions in Type-A cities and the surface
water and groundwater conditions in the target arcas, the water resources development

policies as shown in 'I‘able 6.15 were dec1ded upon.

Table-G.lS Wa ter Resources Development Policies for Large Urban Areas

City _ Topographical - State of Water Resources . Waler Resource
Condition " Surface Water Groundwater Development

Cascavel Cascavel is As the water jesources | The town is As the city has a large

: siteated in the are the rivers that surrounded by the water requirement and
mountains within | flow down from the Serra Geral Formation | the developmeni of
the basins of the mountains, the water | north aquifer and surface water is not
Tguagu, Piquiri and | intake points must bé | below that the easy, the
Parani3.’ placed downstream in | Botucatu Formation | development plan

order to expand thelr | aquifer, and the shall be formulated

catchment area, productivily levels in | bpon first examining

meaning that the pipe | both of these are the potential of both

lines will become - | high. ‘ surface waler

very long. development and
o . groundwater

As the catchment area development.

is small, the

construction of a dam

will be necessary.

Foz de Iquacu This city is The city currently Same as above Development will
situated at the obtains its water from | (however, change involve improving
mouth of the the reservoir of Itaipu | north to south) the intake facilities
fguacu river next to | Dam. Compared to from ltaipu DPam
thé reservoir of the | the water quantity of and the pipe line
Haipu Dam. Parand river, the facilities for taking

necessary water water from Paran4
requirement is very river.
small.

Guarapuava ‘This city is A river with a The Serra Geral In view of the fact
situated in the catchment area of 700 | Formation south that direct intake
upper reaches of km! runs nearby the aquiler is located development is easy
the Jardao river, city and direct intake | around the town, and the groundwater
which is a right development is however, the productivity is low,
tributary of the feasible. productivity of the the development will
[guagu river. Itis existing wells is low. | be performed on the
situated 20-30 km surface waler
from the mountain resources.
tops.




6.5.4 Water Supply System in Large Urban Areas

The water supply systems that should be promoted in large urban arcas are as shown in

Table-6.16 below,

Table6-.16 Water Supply System Recommended in Large Urban Area

Catchment | Deselopment Cost
City Water Supply Syslem Constructions Area or Well Volume
- . Number {ms) (10°US$)
direct intake from Sso0 Jose river [pumps, pipeline 145.0km! 0.300 14.2
(3300 x 13,000 m x 2) )
Cascavel wells {Serra Geral F. aquifer) . pwells, pipeline 9 boreholes 0.180
(B 400 x 11,000 m)
and (Botucatu F. aquifer) wells, pipeline I boreholes 0.120 247
(3 300 x 8,000 m)
Foz do Iguagu  [directintake Teom Paranf fiver | pamps, pipeline - 1.043 1.}
(F500x 1,900m x 3) .
Guarapuava  [direClintake From Bznanas nver [ puops, pipeline. 704.0km? 0392 3.1
) {B300x 4800 mx2) .

The intake points and pipe lines for each cily are as illustrated in Figure-6.7 - 6.9.

6.5.5

Implementation Schedule of Water Development

The implementation schedules for each cily are as shown in Figure-6.10.
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Figure-6.7 (1) Water Supply System by Surface Water in Cascavel
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Scale : 1/ 350,000

No. S-Fli
{lLocation} X =746 Y =7185

Basin River Municipality Others
Tewacu Itaipu Reser. |Foz do Iguacu

3
%

Legend (Scale : 1750,000)
Existing Suiface Intake
Existing Well ntake
Planned Surface Intake Poiat

Existing Sewage Planl
Plannedfeonstructed Sewage Plant

Figure-6.8 Water Supply System in Foz do Igvacu
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6.6 Water Devclopment in Mcdium Urban Areas (Type-B)

The urban areas were defined that their population will be more than ap‘proximate!y 50,000
in 2015. The following urban areas belong to Type-B as medium urban areas in Iguagu
river basin.

— Francisco Beltrao

— Pato Branco

— Medianeira

- Dois Vizinhos

-- Palmas

— Uniao da Vitoria .

6.6.1 Water Requirement

Requnrcd watcr supply in medium urban areas was shown in Table-6. I’i

Table-6.17 Required Water Supply in Medium Urban Areas fm’s) °

Municipality Year

' 2003 2015
Francisco Bertrao 0.093 ' 0.231
Pato Brauco 0.053 0.112
Mediuneira 0038 ~ 0.066
Dois Vizinhos 0.061 0.164
Palmas 0.028 - 0.065
Uniao da Vitoria . 0.025 0.035

[(Note] Water réquiremem for urban area is m'ainly composed of urban domestic water and industrial water.
6.6.2 Process of Water Resources [_)gvclopnﬁént Study

The process of water resources developmeﬁt in medium urban areas is as shown below. : %
(1) In citics where main rivers are nea:by and direct intake i is easy, water supply shall bc'
secured through surface water deve!opmcnt

(2) Incases where development by means of direct intake is difficult, careful cons:clcrauon
shall be given to the ease of development, the development  capacily and the
development cost, elc. for both surface water and groundwater ‘

(3) Regarding the development of surface water, examination shall be made bascd on lhe
{topographical conditions and water resource materials.

(4) Examination shall be given to lhe case where the whole water supply is prowded by
groundwater dcve!opmem : L

(5) ‘Based upon the examination rcsuhs of (3) and (4), lhe optimat dcvelopmcnt plan shall
be formulated upon fitst giving careful consrderallon to the conditions stated in (2).



6.6.3 Water Resources Dcvelopmcnt Policics

Based upon consideration of the topographlcal condmons in Type B cmcs and the surface
water and groundwater conditions in the target arca, the water resources developmem

policies as shown in Table-6,18 were decided upon.

Table-6.18 Water Resources De\'eloﬁment Policies for Medium Urban Areas

Topographical

. State of Water Resources

City - Water Resources -

S “Condition. Surface Water - Groundwater Development

Francisco This city is situated in A river witha ~ | The Serra Geral In view of the fact that
Belirao the mid-stréam of a  [catchment area of 400 | Formation south direct intake

tributary to the Igwagu
river and 30-40 km
downstreani from the
mountain tops.

km? runs nearby the
city and direct intake
development is

fea s:ble

aquifer is localed
around the town,
however, the _
productivity of the’
existing wells is low,

development is easy, the
development will be
performed on the surfice
watetr 1esources, {

Pato Branco

This city is situated in
the upper reaches (near
the mountain tops) of
a tribulary to the
Tguagu river,

D_evclopm_ent through
the direct intake of
waler from the river
ninning nearby the
town is feasible.

The Serra Geral
Formation south
aquifer is located
around the town, and
the productivity of the
existing wells is high

As the development of
both surface watec and
groundwater is easy, the
development plan will be
fotmulated upon first
examining both

: ' . : : : ossibilitles.
Medianeira This city is situated on]As the city is situated [Same as above F‘he water supply plan
' the ridge that " Jon a ridge, it is that combines both
separates the Iguacu  |difficult to obtain surface waler
river and the Parand  |targe amounts of water development and
river. from just one intake groundwaler

point, so intake will

development will be

need to be performed . |formutated.
atanumberof
. . . locations. :
Dois Vizinhos [This city is situated in [The water demand Same as above If taking water from

|the miid-stream of a
tributary to the Iguagu
fiver. The catichment
area of the nearby
river is small at less
lthan 100 km®.

cannot be satisfied
solely through the
intake of water from
the cily’s surrounding
small rivers. I water
was taken from

- [Chopim river, the

demand for water
would be satisfied,
however, the pipe line
length would be 210
kn,

Chopim river is
elfective, the water
supply can be secured
through development of
surface water alone,
however, if this tumns out
to be unrealistic a supply
plan that combines both
surface waler
development and
groundwater
development

Pa_lmas

This city is situated in
the upper reaches (neas
the mountain tops) of
a tributary to the.
lguagu river.

Development through
the direct intake of
waler from the river
rurining nearby the
city is feasible.

Same as above

As the direct intake
development of surface
water is ¢asy, the river
running nearby the city
will be developed as the
water supply source.

Uniaoda Vitoria

This city is situated in
|ihe mid-stream of the
mainstream Iguagu
fiver,

The direct intake of
waler from the Iguagu’
river mainstream is

* lpossible. -

The Upper Paleozoic
aquifer is located
around the town,
however, the
productivity of
existing wells is low
and the permissive
yield is small,

As the direct intake of
surface water is casy and
the nearby aquifer is not
suited to grovndwater
development, surface
water will be developed
as the walter supply

SOUICE,




6. 6 4 Water Supply System in Medlum Urban Areas
Water supply systems proposed for mednum urban areas are shown in TabIe-G 19

Table-6.19 Proposed Waler Supply Syslem for Medium Utban Areas

, Catchment | Development] - Cost
City Water Supply System Constructions . |Areaor Welll  Volume o
: : : " Number (m'/s) | (10°USS)
. {Franccisco  Jdirect intake from Marrecas pumps, pipeline 437.0km’. 0.231 4.7.
¢ IBelitag Jriver . (@G300x706mxy | - o : -
[Pato Branco [direct intake from Choplm . |pump, plpetine 2817.0km*|  0.112° 9.1
N L @3ox1zscomy L]
(Alternative) Wells ~ .- Jwells, pipeline 1 borehole |-~ 0.124 CED
(Botucatu Faquifer) - {2 300 x 6,000 m ) ) ‘
Medianeira  |Wells(Botucatu Faquifer)  |well, pipeline - | | borehole | ©0.124 4.3
. \ ‘ ' - 1 300 x°4,000 m) _ ] :
direct intake {rom Chopim pump, pipcline 4050.0km? 0.134 90
Dois  ° river_ _ - . . ._ J@3ooxrsoemy |4 L]
Vizinhos (Alternative) Wells (Serra wells, plpetme ' 3 boleholes| . 0.012
Geral F.aquifer) {0 300 x 6,000 m) o
. Jand {Botucaty Faquxf‘er) B l boieho!es C 0,124 (10,3)
Palmas direct intake from Caldeiras [pump, pipeline 83, 7km’ . 0.065 4.9
: river: (B200x3,400m) |. . - iy
Uniao da direct infake from Iguagu pump, pipeline 24.414km? 0.035 3.7
Vitoria |river (a 200 x 200 m) -

6 6.5 Implementahon Schedule of Water Devclopment.

Implementation schedule of water development is shown in Fi gu re-6.11 (1)-(2).
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6. 7 Water Development in Other: Urban Areas (Type-C)

~ Water dévelopment study of other urban areas was done for zone-a, zone-b and zone-c.
| 6.7 .1 Water Requireme;ﬂ

Required water supply in other urban areas was shown in Table-6.20.

Taﬁie-ﬁ.?() Required Water Supply in Other Urban Areaé_(m’fs_)

Zonc Year .

: _ 2005 2015
CZonea - b 0143 | 0322
Zoneb | 0142 0326
Zonec 0091 0.180

[Note} Water requ:rement for usban area is mainly composed of urban domee.nc water and indusirial water.
6.7.2 Process of Water Reso_uljces Development Study
Process of water résﬁurces development in other urban arcas was as shown below:

(N Determination of water tesource for each zone evaluatmg sutface water potential and
groundwatcr potemlal

. (2) Identification of the re]alionship between the water requirement and its development cost
based on the cost estimation of scveral municipalilics selected from each zone.

' (3) Cost- estimation of all mumcnpallues applying the above rdatu)nshlp to the water
rcqmrement of cach municipalities.



6.7.3 Water Resources Development Pelicles |

The water resources development policies for Type-C citics, based upon consideration of the
topogeaphical conditions and sutface water and groundwatcr conditions in each zone, arc as
indicated in Table—6 21.

Table-6.21 Water Resources Development Policies for Other Urban Arcas

City | Topographical _ Stale of WaterResonrces Water Resources
Condition Surface Waler CGroundwaler . Development Policles

Zoné-a | These areas are As these areas are locsted | OF the aquifers located As the direct intake
situated nearby nearby rivers with ample within the Iquacu River - | development of surface
mainstream or catchment areas, dlrccl basin, those suited 1o - waler is easy, the nearby
downstream of intake development is groundwater development | rivers will be developed
{ributaries. casy 10 achicve, are the Karst, Famas as water supply sources.

. s L Foimation, Guabirotuba :

Zoric-b | These areas are ~{ The catchment areas of (he | Formation, Botucatu Por those <ities, which
sitvated néar the | nedrby rivers are too smali Formation a"‘_i the Serra | 410 tocated on the Serra
second ot third for performing the direct - | Geral Format]on north | Geral Formation south
tributaries intake of watér. The and south aquifers. Of =~ | 5q,ifer and where the

development of surface these, the first three are | required water supply can
water would be possible if focated In the Curitiba be met by one well
the intake points are metropolitan area. (0.003 mYs or less),
placed further downstream, | Regarding the supply of groundwater will be
although the pipe tine = | Broundwaterto Type-C. { geveloped in order to
lengths would become cities, the Botucatu provide the water supply.
long. Formation and Serra For thos¢ citics requiring
Geral ‘Fonnation aquifers a bigger walef supply or
are sitvated in usable which are not located on
locations. The former of | ke said aquifer, direct
these possessés greater | jotake development of
productivity potential, I qurface water witl be
however, deep drilling implemented.
would be necessary, C '

Zone-c | These areas are Surface water resoutces are | AS the Type-C cities do | por those cities which are
situated on top of | not sufficient to provide | Not have such a high located on the Serra Geral
ridges of the required water in those | Waler requirement, Formation south aquifer
mountains, cities with a large water development of the latter | ;4 where the required

demand. (Serra Geral Formation) | water supply can be met

aquifer is more by three wells (0.010

appropriate. mYs or less), groundwater
will be developed in order
to provide the waler '
supply. For those cities
requiring a bigger water
supply, or which are not
located on the said
aquifer, direct intake
development of surface
water will be
implemented to meet the
supply reguirement.




6.7.4 Water Supply System in _OIher Urban Areas

Water sdpply system in other urban areas are shown in Table-6.22 by each zone.

Table-6.22 Water supply System in Other Urban Areas

6.7.5 Implementation Scheduic of Water Development

Implementation schedule of water development is shown in Figure-lﬁ. 12.

Number - Development Yolume Cost

Zone of Water Supply System | Surface Water | Groundwaler

Municipalities - {m¥s) {ms) (10°US$)

C-a 23 direct intake from river 0322 i 9.7
C-b 22 direct intake from river 0.298 < 42.5
16 wells ' - 0.028 14.8
Cc 9 direct intake from river 0.157 - 28.4
8 wells o 0,023 1.5
- Total 0.777 0.05% 102.9
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Figure-6.12 Implementation Schedule of Other Utban Area
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; 6.8 . Water Deve!opnient for Rural DOmcstic Water

" ln rural arcas, itis difficult to supply the water requnrement by surface water systematically,
 because demand of domestic water is scattered due to topographic condition, Thetefore,
supply for domestic water will be done by groundwater development.

- The demand of domestic water in rural areas tends to decrease from the point of view of the
~ whole Iguagh river basin. Although there is an increase in some municipalities if the demand
~ is examined with municipality wise, the volume of demand is very llule The maximum
: volume to be newly developmenl is about 0.004m/s.

CAs a resull the developmen! of rural domcsuc water wnll not be necessary and cmly
: lmprovement or mamlenance of ex;stmg wells is enough to satisfy the future water demand

: 6.9 - Water Development for Agricultural Water

_ Supply method of agricultural water at ruial areas is gcnerally a pipeline method with a direct
intake usmg a pnpelme and headworks, ‘

| Accordmg to hearmg and field reconnaissance, an average of intake volume was less than
0.001 m’is, and average length of pipeline was 3 km. :

- The total water requifemerit for agricultural sector is 0.381 m%s. The total cost of its
development as estimated applying the cost of unit water development determined during
the cost estimalion for large and medmm urban areas and thus the total cost is US$4.6

* million.
6.10 Tot’af Cost for Water Develobmeht

: ‘I‘he total cost for water development covermg from intake to water-service mstallatlon was
o summanzed in ’l‘able 6.23. :

-'i‘able-6.23 Totat Cost for Water Development

_Development Volume (m%s) 1 conqouss)
(1) Domestic and Industrial Water Development (Urban Area)
. i)Cunuba Me!ropohlan Area . 7.235 (2.638) 7600
 |2) Large Urban Areas | 1.877 (0.090) 59.1
| MegimUbanAress | 06430192 | 358
{4y Other Utban Areas l | 0.828 (0.243) 1029
Sub-total 110,583 (3.163) 957.8
{2 Agncullural Water Development (Rural Area)
0.381 - 4.6
A Tol | 10964 (3.163) 9624

Note: { Yshows industrial water

~ The implementation schedule of water supply project is shown in Table-6.24. -



Table-6.24 Implementation Schedule of Water Supgty Project for Iguagu River Basin

: . Developracnt _ Project o N ) . o
Ares Projest Water Resowrce Volume - Cost SR - Conilesction Schedule s
. ' (s} {million usS) [95] 57| o8] 29] 00 e1] o2 03] oa]es]os]b7foR[oonc] i 2] i3] T4[15
Wells (Stagel) 1,000 1106
Wells (StageH) S 103,0000 - 1528
Irai Dam : 121,000 135.4
N St T,
Piraquara lf Dam C 65,000 - 604 .
L i

Pequeno Dam . €9,000 i ELE
Aho Minnguava Dam | - 32,000 959 . 1 ) )
Cotiz Despique Dam 104,0601 120.3) 1 411 l | l Jd.1.

{5 ysar Progress Rate) - 628,000 760.0] 2159 . 2072 2224 1145

Sao Jose River (i)

S30 Jose River (i) 13,000 b 1.1 .
Wells (S1agely £ 6,600 1.3
L [ Wells(Sugemy oo 10
Fozdolguacu’  [Parana River (1) 30,000 3.7
Parana River () 30,000 3.3
Parans River (1) 30,0001 - EX] B
Guarapaiva Bananas River (I} 13,000 L 46 o . 1.
Bananas River (TN) 12,000 4.5 i
- 3 e .
(Sycar Progress Rate) ~ : < 167,000] Ssep e o 154 T13S - [ 1 Jr S R 2]
I i : f26%) [23%] [35%) [i2%] :
Francisco Belirao [Mamecas River (1) 10,000 2.4
- ey
~ [Marecas Rives (0) 10,600 13
Pato Branco Choplm River ) 10,000 - 9.1 .
e o
Medianeira Wells (Stage 1) 11,000 4.3
Bols Vizinhos | [Chopim River _ 12,000] . 9.1 : :
Palmas Caldeiray River 6,000 49
Uniao da Vitoria  |Tguaca River 3,000 . £
{5 year Progress Rate) .o 62000 . 358 i.4 0.5 1]

(5 year Frogsess Rate) - 12,000 1029 270

&

{$ year Dropress Rate) 33,000 L IR 1.1 I TR IR 1 R : 1.2




6,11 Hydropower Development

The hydropower development in the Iguagu river basin is planned as shown in Table-6.25
and in Figure-6.13. | _

Table-6.25 Plannéd Hydropower Stations in Iguagu River Basin

No. Name of Power Station Basin River Intalled Firm Planned
System  Capacity Energy Statt-up
MW Gwh Year
i Jordao Diversion C lguxe Jondwo 6.5 526 Mar. 96
2 - 8alto Caxias Tguasu {puacu 1,240 4,853 Dec. 98
Total {up to 2005) . 1247 5,379 ‘

12 Fundao Iguacu Jordao 154 640 200509
@ : Total (2005 t02015) . Iguacu . 154 640
Grard Fotal Iguacu : : 1,400 6,019

Remarks: * denotes increment of energy in the existing Segredo plant and Jordao small plant.
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