2.6 Water Development in Curifiba Mcetropolitan Area
2.6.1 Population and Water Requirement

Municipalities which are included in Curitiba metropolitan arca were assumed 10 be the
following 9 municipalities: Curitiba, Almirante Tamandaré, Colombo, Piraquara, Séo Jos¢
dos Pinhais, Arancéria, Campo Largo, Pinhais, Fazenda Rio Grande.

Urban popuhtion of Curitiba metropolitan arca was estimated based on population of
municipalitics in 2,000 which were the most up- to-date data projected by IPARDLS as
shown below:

Urban Populationin Curitibametropolitanarea in 2013

Total urban population of 3 Municipalitiesin 2000
Urban popuiation of MRI-268 in 2000

%i%%ﬁ%’g X 3.280 X 10° = 0.957x 3.280% 10° = 3,14 10° inhabitants

X Urban population of MRH—'ZIGS in 2015

Water requirement for urban arca is mamly composed of urban domestic waler and industrial
water. Required water supply in 2015 and in 1993 were calculated by the same method as
used in population estimalion as shown in Table-2.13. -

Table-2.13 Required Water Supply in Curitiba Metropolitan Area

{mYscc)
Year Yiban Domestic Waler ~ Industrial Water Total :
' Demand | Loss | Intake | Demand | Loss | Intake .
2013 6.898 | 2.298 3194} 5264} 0.585 5.849 15.043
1993 2808 1.872 4.679 2.785 1 0.491 321 7.956
Water to be asis| - 2572} 7.087
newly developed '

2.6.2 Surface Water l)cvclopmcnf by Dam

As studied in the section 2.4, there is no room for direct intake from river due to shm tage of
natural discharge in the upstream of Iguagu river, thercfore devclopmcnt of new water
resources has to depend on construction of dam-reservoirs.

Water development in proposcd 10 dams, planncd by SANEPA_R around Curitiba at the
upstream tributaries of Iguagu river (refer to Figure-2.4) was studicd. -

The water development calcnlation is made based on the fol!owmg conditions.

a)  Assuming (hat daily  discharge at proposed dam’ sites are mﬂow to the
reservoir, daily water balance in the reservoir is simutated for 20 years.

by Maintenance discharge froni the reservoir is assumed to be 50% of Q,, anud
daily discharge from the reservoir is 0 be more than the maintenance
discharge.

¢) i) Wheninflow is less than lhe sum of proposed dcvelopment water and
maintenance discharge, deference is supplied from reservoir water.

i) When inflow is more than the sum of proposed development water and
maintenance discharge, excess of inflow is recharged to the reservoir, If the
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reservoir is full at that time, excess water is discharged to the downstream of
dam.

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

¢) Seepage or infiltration from reservoir is neglected.
f) The maximum period of recovery is about 5 years.

Some cases of proposed water development volume range from 0.10 m”sec to 1.40 n'sec
were assunied at each proposed dam. Simulation of daily water balance in rescrvoir was
carried out for 20 years. The results of simulation are shown in Table-2.15. For example,
judging from required recovery period of reservoir capacily, an appropriate water
development volume by Pequeno dam {No.3) seems (o be 0.9 m/sec.

(1) Condition of Computation
1} Dam Inflow

Design discharge for dam inflow is based on the available data at Fazendinha station
(Pequeno river, St. No. 65010000), because observation period at other existing
hydrological stations is too short to be obtained. The computation of dam inflow using
Fazendinha station are given as the following equation. '

A, Gora
Q. = 0 x o x Tord
4 r Ar s

;where

Q, : Discharge at A dam site

Qe: Diécharge at Fazendinha station

A,: Catchmcnt.area at A dam site

A, : Catchment arca at Fazendinha station (110.0 km?)

Q1074+ G 107 81 A dam site

qQ 1020 * 4 107 2t Pequeno dam site (0.465 m¥/s/100km?)

Pequeno dam site locates at downstream of Fazendinha station in Pequeno river.

2) Evaporation from Reservoir

Although observation of evaporation using evaporation pan is carried out by related
“agencies in Parana, number of observation stations and observation period are not
enough. In this study, evaporation data by using Peninan’s equation were employed.
According to the determined the relation between evaporation pan data after converting
by using a mean of pan cocfficient 0.7 and evaporation data by Penman’s cquation at
several stations. Using both annual evaporation data, the ratio of E, / By ranges from
0.7 to 0.9, with a mean of 0.8. The mean value of 0.8 will be employed to estimate the
cvaporation value for planncd dam reservoirs in surfacce water development study (refer
to the section 1.2.4 in Sectoral Report Val.B). '

Thus, a telation between evaporation from reservoir and Penman’s evaporation data is
expressed as follows; :

B, =08E,

where



E, : evaporation from reservoir
E, : evaporation data by using Penman’s equation

Monthly evaporauon data (1974 - 1993) by usmg Penman's equation at Piraquara
station is cmployed in this study. (cefer to Table-2.14)

Table-2,14 Evaporation data at Piraquara station

Penman’s Evaporation fronv Reservoir
Month . Evaporation (Employed Evaporation)
' (mm/month) {mm/nionth)
Jan.~ ' ~146.1 .1z
Feb. 123.4 - - 29
— Mar, 116 -89
Apr. . §5.3 : 68
May. 62.7 - 50
un, 48.7 39
Jul. 56.4. 45
Aug, 72.9 8 -
Sep. £4.2 67
| QOct. 116.6 93 -
Nov. = 134.7 ‘ 108
Dee. .. 1383 | LAY,

3) Computation Method for Storage Capacity
The computation of storage capacily is given as the following procedure.
a)  Dam Inflow (Q in)
b) Maintenance Discharge (Q maint)
Qmaint=0.5xQ ,,
(Refer to the section 3.1.2 in Sectoral Report B)
¢} Possible Water Development Volume (Q pos)
Q pos =Q in - Q maint |
d) Developed Water Development Volume (Q dev)
5 altemnative cases are employed. |
¢} Evaporation (Qevp)
Q evp = E; x reservoir area

f) Required Replenishment Volume / Pos&ble Recovery Volume (dQ) Outflow
(Qout) and Required Storage Volume (Vres)

dQ = Min. {(Q pos - Q dev), (Qevp + Vres, t-1 186.4)}
g} Qutflow (Qout) |
Qout=Qin-Qdev 4Q
h}) Required Storage Volume (Vres)
V res, t =V res, -1 - {dQ - Q evp) x 86.4
swhere'
V res,  storage volume at t d‘ay (10° x )

Vres, I-1 : storage volume the previous day (10° x m )
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4) Results of Computation

Some cases of proposed water development volume range from 0.10 mYsec to 1,40
mYsec were assumed at each proposed dam. Simulation of daily water balance in
resetvoir was carried out for 20 years. The results of simulation are shown in Table-
2.15 and Figure- 2.5(1)-(10).

For example, judging from required recovery period of reservoir capacity, an

appropriate water d

mYsec.

evelopment volume by Pequeno dam  (No.3) seems to be 0.9

The water dcvelobment volume by dams around Curitiba is as shown in Table-2.16. .

Table-2.15 Developcd Water and Required Reservoir Ca'pacily by Planned Dam

Name of Dam Development Water (m3/sec) Reservoir Capacity (& Period of Recovery (Year)
1 {EY]
2 Piraquara Il
3 Pequeno 0.90
4 Alto Miringuava 1.0
1.
5 Cotia Despique }
L
0, A
0. 3
6 Alte Mauricio . R
0. &
0.
0. 1.7 3
0.1 35 0
7 Das Ongas S0.20 0 5.8 o X TP
Mandicituba) 0.25 97 -
0.30 -
0.30) 5.2 1.5
0.40 98 s .20
-4 Farinal i 0.50 149 i85
0.50 0 -
0.70 : -
0.40 7.2 20
...050 11.8 . 25
9 Das Ongas 2060 cn NGB T #5000
{Contenda) 0,70 253 -
0.80 -
0.10 1.8 135
: 0.15 LA 20
10 Piunduva C 020 HER Y R 55
03T -
0,30 -




Table-2.16 Water Development Volume by Dams around Curitiba -

Catchment | Development | Effective

. ; . : o e Correction
Name of Dam (River) (:A(‘f:), Rc::er;\amr Qrot Q0 Q. Volome %x;s;ar:i(‘);r Coefficient
' so : o o
(kmy [ oD | (e (msec) | (10°m’)
. km?) SO :
1 Irat 112.6 13.8¢ 1 0.355] 0.40 | 0.200 1,10 35.0 0,781
2 | Piraquara Il 58.0 5.54 0.397 ] 0.23 { 0.113 0.70 19.8 1 0.450
3 | Pequeno 62.3 6.17 0.465 | 0.29 | 0.145 0.90 - 31,3 0.566
4 1 Alto 71.9 - 5.78 0.417 | 0.30 | 0.150 1.00 28.7 0.586
Miringuava ) : ) : :
5 | Cotia Despique 154.7 14,17 | 0.271 ] 0.42 } 0.210 1.20 18.9 0.820
6 | Alto Mauricio 356.0 176 0.277 1 0.10 | 0.650| -~ 0.25 7.8 0.i95
7 | DasOngas 29.0 2.79 0.276 | 0.08 ] 0.040| 0.20 5.8 0.156
(Mandicituba) ‘ .
8 | Faxinal 63.3 4.86 0.269 | 0.17 | 0.085 0.50 14.9 0.333
9 1 Das Ongas 75.6 4.86 0.265] 0.206 | 0.100 0.60 16.8 0.392 %
(Conleada) )
10 | Piunduva 25.4 2.50 0.276 | 0.07 { 0,035 0.20 6.7 0.137
Total 688.8 - - 6.55 205.7 -
[Note]  Daily discharge at each dam site is calculated by mwliiplying daily discharge at Fazendinha station
by correction coefficient, '

Correction Coefflicient: ¢ = C.AJS110,0 X q 10,/0.465
110.0: C.A. of Fazendinha

0.465 : q10,7 of Pequeno

Q ,n2 value was calculated by the HG64,
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2.6.3 Groundwater Development in Curitiba Metropolitan Avea

There is the Karst aquifer about 10 to 50 km north of Curitiba which has large potential to be
developed.

The Karst aquifer has large potential, therefore, groundwater development might cover
theoretically all required water. However, more economical well field near Curitiba in the
Karst aquifer should be developed in early stage.

The stage development with 1.0 'm’lsec_ ‘of groundwater development was considered.
Number of required botcholes per cach stage was catculated as follows.

Number of Borcholes pef Slage = 1.0 (m*/sec) / 0.044 (m*/sec/well) = 23 wells

The optimization of waler supply system between surface water and groundwater should be
studied. ' - '

2.6.4 Optimization of Water Supply System

‘The combination of 10 dams mentioned above and wells was optimized for the water supply.
Construction cost of each dam and well ficld was estimated as shown in Table-2.17.

Table-2,17 Construction Cost of Dams and Wells

Name of Dam (River} Development | Construction | Unit Cost

Well Ficld Volume Cost {10° USY/
(mYsec) (10° US$) mY/s)

Surface Water iz iinnon syl IR Ny e T e e
1| Irad 1.10 39.8 36.2
2 | Piraquarall ' 0.70 18.0 25.7
3 | Pequeno 0.9 306 34.0
4 | Alto Miringuava 1.00 305 300
5 | Cotia Bespique 1.20 36.0 300
6 | Alto Mauricio - 0.25 12.5 50.0
7 | Das Ongas (Mandirituba) 0.20 19.4 97.0
8 | Faxinal 0.5¢ 215 43.0
9 | Das Ongas (Contenda) - 0.60 18.6 31.0
10 ) Piunduva 0.20 16,7 83.5
Total 6.55 243.6 372.2

Grotindwater "1 T BT EAE TN PATRT. Sl v
-1 | Wells (Stage 1}, 23 wells 1.00 30.0 300
2 | Wells (Stage 1), 23 wells 1.00 43.8 43.8
3. | Wells (Stage I1I), 23 wells 1.00 62.7 62.7
Total 3.00 136.5 45.5

Since surface water development was more than groundwater development for the
precedence of the large scale water resources development, the ratio of surface water
development and groundwater development are assumed 7 : 3 at the Strategy Study.
Detailed optimization will be carried out in the Master Plan Study. The requiced water
supply in Curitiba metropolitan area is 7.09 m®/s, therefore surface water development
amount is 5.00 m¥/s and groundwater development amount is 2.09 m%s. The construction
cost is estimated by the multiplication of water development amount and average unit cost by
water source wise. '
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The cost for dam construction and well ficld is shown in Table-2.24 and 2.23. -

2.6.5 DBalance of DCI.I.NIH(‘.HII(I Supply | )

{(5) Balance of Demand and Supply

Balance of demand and supply in Curitiba mclropohlan area is- cstimated to be as shown

below:
: - Q (mYs)
— Required Supply Water 7.09
— Possible Supply Water - B 1
by dams 5.00
by wells . 2.09
Total 7.09

2.7 Water Development in Other Arvcas
2.7.1 Large Urban Areas

As studied in the section 2.4, generally speaking, there is no water shortage area, except for
block [G-1, upstream of lIgnagu river. However, large urban areas located at extremely
upstream of main siream or tributaries will be sometimes problematic arcas for water
development. Generally, they are suffering from large amount of water demand, shortage of
surface water, long distance and high head for water conveyance, low productivity of well,
cte. :

Studied urban areas arc follows considering the above conditions;
1}  Cascavel ‘
2} Ponta Grossa
3} Londrina
4)  Apucarana
5) Maringa
©)  Umuarama
Water development for cach urban arca were considered by the following itenm, and

determing  the most  suilable  development  method - by using posmblc groundwater
development volume, development cost and other nECessary items.

1) Direct surface intake
2) Surface development by dam

3)  Groundwaler development

An adapted method was employed as same method described in. the section 2.6, The
development volume by using direct surface intake method was cmploycd for an maximuim
volume {50 % of Q o at development points).

The swiface water development volume by dam was delermined as same method applied in
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* The surface water development volume by dam was determined as same method applied in
* the section 2.6.2.

The volume of dam inflow is usually employed long period discharge at the ncarest
hydrological station, but it was not available sich a long term period discharge. Therefore,
discharge data for 20 years (1974 - 1993) at Fazendinha station in Pequeno river was
employed in this study. Necessary discharge is correlated as ration between q o, and

- catchment area as follows;

Q= er”gﬁ'x'@“zﬂ‘"‘.
. F T
, where
Q, : Discharge at A dam site
Q; : Discharge at Fazendinha station
A, : Caichment area at A dam site
A, : Catchment area at Fazendinha station (110.0 km®)
q 014t 9 10,7 at A dam site
q 10.7.95 q 10,7 at Pequcno dam site (0.465 m*/s/100km?)
Pequeno dam site locates at downstream of Fazendinha station in Pequeno river.

~ Evaporation from reservoir is applied the following equation.
E,=08E, '
, Where
E, : Evaporation from reservoir (mm)
E, : Evaporation by using Penman’s equation {mm)
- Correlated monthly evaporation by selected urban area by using the above equation is shown
in Table-2.18.

Table-2.18 Correlated Monthly Evaporation by Urban Area (20 years, 1974 - 1993)
Unit (mm/month)

Urban Area Cascavel Ponta Grossa Londrina : Apucarana Maringa Umuarama

Station Cascavel Ponta Grossa Londrina Apucarana Apucarana Umuarama
Jan. 140 130 140 131 131 148
Feb. - 118 19 121 - It 111 127
© Mar. SIS 106 117 111 111 126
CApr. - 83 81 95 59 89 06
May - 59 61 68 63 63 63
Jun, 45 50 53 47 47 53
Jul. 52 . ' 58 : 61 56 56 0
Aug. S 69 ¢ 74 82 74 74 79
Sep. 84 85 9 85 85 91
Oct. 116 114 . 128 121 121 126
Now, 129 127 140 - 132 132 143
Dec, 140 128 136 133 133 148
Annital 1150 1125 1235 - 1153 1153 1256

. Developed water volume by dam is shown in Table-2.19, and variation of storage volume
. with development water volume ratio are shown in Dala Book.



Table-2.19 Developed Waler and Required Reservoir Capacity by Planned Dam

Municipality Wamg of Dam Devetopment Water Reservoir Capacity Period of Recovery
(s {million m3) (Year}
Cascavel D-C1 0.40 12 20
DC2
DC3
D-C4
273 .
D-C5 113 20
1.00 320 -
1.10 51.8 -
D-Cé
Ponta Grossa D-Pi . !
121 4.5
0.50 20.4 -
0.70 52.6 -
D-F2
0.30 10.9 .
Londrina D-L1
D12
Apucirana D-Al
D-A2
Maringa D-M1
D-AM2 0.40 3.0 20
Uruarama AT 0.50 -10.4 20
P 0.20 35 L3

{Nete] *-*: It mecns that eapacaty is not recovery.
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Required water supplies for large urban arcas in bolh base and altemative cases were
summarized in Table-2.20.

Water supply systems for large urban areas were also determined in terms of the lowest cost,
The specifications and locations of dams and conveyance pipes are shown in Table-2.21,
2.22, 2.24 and Figure-2.7 respectively, and ones of wells are shown in Table-2.23 and
Figure-2.8, Table-2.25 denotes the construction ¢ost from intake to purification of water.

This study was executed depending on mainly topographical maps and available hydrological
data, therefore, they are on very rough basis and will require further detailed studies for
realization.

1} Cascavel

% Construction of a dam at D-C5 is enough to salisfy the required suppty, 0.690 m3/s, and
' its cost, US$ 29.0 million (US$ 42.0 million/m3/s), is the lowest among alternatives.
Groundwater development to meet the required supply costs US$ 35.1 million and it is

approximately twice as much as the dam construction.

From the economical point of view, water supply by the D-C5 is optimum; however, it
takes time to complete its construction and thus water is not available untit the
completion.  Therefore, it is necessary to consider the groundwater development
depending on the actual trend of water demand, Besides D-CS, construction of a dam at
D-C3 (USS$ 31.4 million) is also worth to be considered as an alternative.

) Ponta Grossa

- The most cconomical way to satisfy the required water supply, 0.602 m3/s, is the direct
intake from Tibagi river at S-P1 by nicans of weir and it costs US$ 7.4 million (US$
12.3 million/m3/s). If dam was applied, it would require two dams and the total cost
would be approximately US$ S0 million. Since there is no suitable aquifer for water
supply around Ponta Grossa, its development would cost comparatively high, US$ 70
mitlion. Consequently, the direct intake from Tibagi river is optimum.

3) Londrina

The optimum water supply 1o Londrina is the direct intake from Tibagi river at S-L1 by
means of weir to satisfy the requirement, 0.874 m3/s, and its cost is US$ 11.6 miltion
- (US$ 13.3 million/fm%¥s). There are only two siles suitable for dam construction around
Londrina; however, the water supply from two dams would not meet the reguirement

and further it would cost US$ 120 million/m3/s. Groundwater development would cost
approximately five times as much as the cost of the direct intake, US$ 53.2 million,
Therefore, neither dam nor groundwater is suitable for the water supply.



4)  Apucarana

There are only two sites for dam development and the water supply from the two dams
would be 0.030 m¥/s, which is much less than the requirement, 0.192 m3s.  And
further, it would cost high, US$ 400 million/m¥/s. On the other hand, groundwater is
available to meet the requirement and its cost of development is US$ 8.9 million (US$
46.4 million/m¥s), which is much less than dam development. I conclusion, the
required water supply in Apucarana should be satisfied by the groundwater. - There is
one alternative thal water is conducted from Londnm to Apuc‘aram because of the low
cost of surface water development in Londrina,

5) Mainga

The optimum water supply to Maringa is the direct intake from Pirapo river at S-MI and
its cost to meet the water requirement, ©.737 m3/s, is US$ 8.9 million (US$ 12.1

million/m3/s). It needs two dams to satisfy the water requirtement and it would cost
more than US$ 60 million. Groundwater is not suitable due to its high cost (US$ 323
mlllson) four times more than the cost of lhe dtrect mtake

6) Umuarama

Compared to other large urban areas, the unit cost of water devclopnient in Umuarama is
high. The cost of dam to satisfy the water requirement, 0.10 m¥/s, is US$ 11.3 million
(US$ 94.2 million/m?/s) at D-U1 and US$ 11.5 million (US$ 95.8 million/m¥s) at D-
U2, while the cost of groundwater development to meet the requirement is US$ 19.6
million (US$ 163.3 million/m3/s). From the economical point of view, the water supply
by a dam, either D-U1 or D-U2, is appropriate; however, the combination of dam and
groundwater might be an alicrative because of smaii difference in their cOst.

In conclusion, the most dcswable water development fac:imes for each Iargc urban area
is tentatively assumed as shown in T'iblc-’l 26.
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Table-2.24 Estimated Con

struction Cost of Planned Dams and Pipeline

site . Constructicn | Convenyance Developoen
Name Location Cost of Dan {Facility Cost Yolume ﬁ
30, (X10%S8) | (x10°US$) | (XI108SY  (ad/s) | (x10'LSS
T |1t neac Curitita 3.1 6.1 20.8 110 3.2
2 |Picequacall & 13.7 4.3 18.0 0.70 25.1
3 | Pequeno do 2t 3.5 30.6 0. 90 .0
1 | Alto Hiringuava do 24.4 6.1 30.5 L 00 30.5
5 | cotia Despiaue do 2.1 1.3 3.0 120 30.0
"6 | alto Yauricio do 1.0 1.5 12.5 0.25 50.0
77 | bes Oocasiandiritute) do 1.9 1.5 19.4 0.25 .6
8 | Faxinal do 18.4 2.1 21.5 0.50 43.0
9 | Das Oncas(Contenda) do 14.9 3.1 1.6 0.60 | 30
10 | Ppiwnduva do 15.5 L2 16.1 0.20 8.5
@ |Yell Field do 30.0 100 30.0
@ |¥ell Field do 728 | 200 36.9
@ |¥ell Field do 136.5 3.00 45.5
C: | Baneiro(1) near Cascavel 35.0 8.2 4.2 0.55 80.4
| Cy | Tesovro do 2.8 1.5 3. 0.5 | 100.9
C, |Bameiro(D) do 1.5 13.9 31.4 0,69 45.5
C. |Arocira do 45.1 8.2 53.3 0.60 88.8
Cs |Antos do 23.4 5.6 29.0 0.89 42.0
¢, [c.s satvaror do 2.1 2.0 24.1 020 | 120.5
@ |Yell Field do 3.1 0.68 50,9
P.-s| near Fonta Grossa 7.4 7.4 0. 602 j2.3
P, | Pitengui do 41.0 4.1 45.7 0.53 83.1
P, |Yerde do 7.1 3.3 30.4 0.25 121.6
@® |71ell Field do 69,6 0.602 | 115.6
L:-S . near Londrina _ 11.6 1.6 0.874 13.3
L. |Catezai do 451 3.3 48.4 0.40 1210
Ls |Jacutinga do 5.1 3.5 18.6 0.25 .4
© |Tell Field do 53.2 0.874 80.9
A | Pirago Apucarara 1.3 0.8 81 0.02 405.0
[ As | Bara Nova do 6.3 0.9 12 0.01 7200
@ | Tell Field | o 8.9 0.2 | 46.4
M-S Varinga 8.9 16.3 0,731 12.0
M. | Bibeiras Sarandi - do .6 4.6 46.2 0.50 92.4
M |Ribeirao Pinguln do 39.1 4.6 4.3 0.55 £0.5
® | 1e11 Field do 32.3 9.731 42.8
U, | Conegio Pinaizinho {suarans 7.3 ) 1.3 012 012
U: |Ribeirao Verde “do 1.5 4.0 IL.5 0.12 95.8
® |rell Field do 19.6 0.120 163.3
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Table-2.26 Specifications and Cost of Desirable Water Development Facilities for Large Utban Arca

Urban Name Locat:on Development] Embankment | Pumping | Well Well Pipetine Cost
of Construction Volume Volume Head | Numbers | Depth .
Name {m's) {1000m’) (m) (m) ()t {m) | (million uss)

Curitiba Dams 5.000 1860
Metropolitan | Wells 2020 95.1
Cascavel D-C5 Dam 0611 473 200 500* 2,000 290
Ponta Grossa | S-P1 Direct Intake 0615 200 700¢11,000 74
Londrina §-L1 Dircel Intake 1.045 310 80O* 15,000 11.6
Apucarana Wells 0.202 18 120 ]300* 2,000 8.9
Maringa’ S-M1 Direct Intake 0.906 260 7004 13,000 8.9
Umuarama D-{{1 Dam 0.044 5 140 400* 6,000 113
2.7.2 Other Urbau Areas

There are 356 municipalities except for above large uban areas in Parand State. The
required water for both domestic and industrial uses was described in Table-2.27. An
amount of required water by each urban area depends on the scale of municipality, and
required water volume at the target year of 2015 ranges from 0.001 in minimum to 0.795
m¥sec in maximum at Foz do Iguagu, with a mean of 0.024 msec.

Although a recommendable method of water development in this scale of urban areas is
applied for a direct intake method, such as using a pipeline or an open channel which is led
water from weir reservoir, an area located on the top of mountain ridge is necessary to apply
pumping the water from river,

The cost estimation of the water supply system for other urban areas follows the procedure
below.

1) Identification of the relationship between the water requirement and its
development cost at the range of 0.01 mYs to 6.90 m’s based on the cost
estimation of 24 municipalitics sclected

Cost estimation of all municipalities applying the above relationship to the
water requirement of each municipality, except ones selected in (1).

2)

The cost of water development of each municipality was summarized in MRH wise as
shown below.

The total cost of water development of urban areas, except Curitiba metropolitan arca and
targe urban areas, is US$ 306.3 million as shwon Table-2.28.



Table-2.27 Required Water Supply Amount in Each Municipality Urban Area

2-72

Municipality Name 1993 | IS 201590 Municipality Name 1993 2015 | 201593 Municipality Name 1993 | 2015 |2015-93) Municipality Name 1993 1 015 201593 M unicipatity Name 193 | 215 | 20593
mis | wds | mls m}'s m3s | mds ml's mis | mis ml}'s mis | mls ml’s m}'s mls
Mandirituba _ 0R38] 0ONF 0034 lacarezirho Q01| 0132]  0DS4]Presidente Castero Branco Q003 0011 0004 Cempo Mourso 015% 0373 0 1H]Chopinznhe 0021 G012 o6
Ric Blance do Sul 2091 0.112f  0.081|Ridirao Claro ao0ls] 0027 o011 Neva Esperanca Q041 0470] 0025 Arablna 9014] 0027 §0¥3|Coronal Q030 Q08 00N
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Table-2.28 The Cost of Water Development in MRH

MRH Name| 1993 2015 2015-'93 I Cost
m3/s m3/s m3fs  Jmillion US$
MRH-268 0.357 0677  0.320§ 9.80
MRH-269 0.330 0.523 0.193][ 6.06
MRH-270 0.023 0.03% 0.016 1.77
MRH-271 0.016 0.029 0.013 2,22
MRH-272 0.238 0.430 0.192 5.68
MRH-273 0.426 0.795  0.369 8.05
MRH-274 0.207 0.556]  0.349 6.82
MRH-275 0.065 0.123 0.058 2.46
MR11-276 0.190 0.348 0.158 6.11
MR11-277 0.043 0.072 0.029 2.99
{MRII-278 0.166| . 0.266 0.100 10.65
MRII-279 0.566 0.960 0.394 16.50
MR-280 0.126 0.195 0.069 5.14
MRH-281 1.140 2.107 0.967 30.09
MRH-282 0.618 11302 0.684 17.75
MRH-283 - 0.497 0.837 0.340 20.60
MRH-284 0.321 0.597 0.276 15.07
MRH-285 0.444] 0.545 0.101 16.36
MRI-286 0.611 1.146 0.535 19,94
MRH-287 0.059 0.112 0053 490
MRH-288 1.441 3.418 1977 4939
MRH-289 0.613 1.255 0.642 27.30
MRH-290 0510  0.966 0.456 11.80
MRI-291 0.331 0.537 0.206 8.89
Total 91338 17.835 8497 306.34
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2.8 Water Development in Rural Areas

In rural areas, it is difficult to supply the water requirement by surface water systematically,
because demand of domestic waler is scattered due to topographic condition. Therefore,
supply for domestic water will be done by groundwater development.

The demand of domestic water in rural areas tends to decrease in Parand state. As a result,
the development of rural water will not be necessary and only improvement of maintenance
of existing wells is enough to satisfy the future water demand.

2.9 Water Development for Agricultural Water

Supply method of agricultural water at rural areas is generally a plpehne melhod with a direct
intake using a pipeline and head works.

According to bearing and ﬁeld reconnaissance, an average of intake volunie was less than
0.001 m¥s , and average length of pipeline was 3 km.

The total water requirement for agricultural sector is 1.02 m¥s. The total cost of its
developinent was estimated applying the cost of unil water development determined during
the cost estimation for large urban areas and thus the total cost is US$ 12.2 million.

2.10 Total Cost for Water Develbpment

The cost estimated in the previous scclions covers from intake 10 puriﬁcétiori of water. In
this section, the lotal cost including from intake to water supply to houschnduslry was
estimated and summarized in Table-2. 29

Table-2.29 Total Cost for Water Development

Q Cost Unit Cost Water Supply System

{m¥s) (10°US$) | {10°US$/m’/s) :
(1) Domestic and Indusirial Water Develo pment (Urban Asca)
1} Curiliba 7.088(2.572) 759.7 107.2 d.ams & groundwater
2) Cascavel 0.611(0.145) 78.4 128.3]| 1dam
3) Ponta Grossa 0.615(0.283) 20.0 32.5 | ditect intake
4) Londrina ~1.045(0.300) 31.4 30,0 | direct intake
5) Apucarana 0.202(0.058) 24.1 119.3 | groundwaler
6) Maringa 0.906(0.319) 24.1 : 26.6 | direct intake
7y Unvarama 0.044(0.010) 30.5 693.2] 1 dam
8) Other urban area 8.497(1.603) 827.9 - 97.4] direct intake
Sub-total 19.008(5.310) 1,796.1 94.5
{2) Agricultural Water Development (Rucal Area)

1.018 12.2 12.0] direct intake

Total 20.026 1,808.3 90.3

Note:  { )Yshows industrial water.



CHAPTER 3 MASTER PLAN FOR WATER UTILIZATION PLAN
3.1 General
3.1.1 Water Demand and Sources

Water demands are estimated for urban domestic water, rural domestic water, industrial
water and agricultural water. Water source which is appropriatc for each water demand
seenis (o be basically as shown in Table-3.1, from the view point of dcvcloped amount,
technology, realization, etc.

Table-3.1 Water Demand and Source

Water Demands Region Main Water Sub Water
. Sources Sources
Domestic Usban Surface Water Groundwater
Rural Groundwater Surface Water
Industrial Urban Swrface Water Groundwaler
Agricultural Rural Surface Water Groundwater

Water source of urban domestic water and industrial water will be established by considering
lhe characteristics of the region, surface water potential, groundwaler potential, etc.

.3.1 2 Water Losses

Required water supply amount is calculaled by adding various losses to each water demand.
Percentage of total water loss which includes losses for intake, conveyance, (reatment,
distribution of water, etc., is assumed as shown in Table-3.2 taking into consideration
present loss percentage, future improvement and type of water devetopment.

Table-3.2 Pcrcentage of Water Losses

Purpose of Water Use Regien 1993(%) 2005(%) | 2015(%)
Domestic Urban 40 30 25
Rural 15 10 10
Industry ) Urban 15 10 - 10
Agriculture Rural 20 20 20

3.1.3 Process of Water Development Study

Process of water development siudy is as shown below:

1) Require supply amount is calculated by adding various water losses to each water
. demand.

© 2) Urban areas are zoned by considering municipalily population and location.

3) Demang and supply in the large urban areas such as Curiliba metropolilan area,
Cascavel, Londrina, etc. are studied.

4) Demand and supply in the medium urban areas such as Francisco Beltrao, Castro,
Cambe, ete. are sludied.



5) Demand and supply in other urban areas are studicd.
6) 6) Demand and supply for the domestic waler in the nlral areas are stadicd.
7) Demand and supply for the agricultural water in the rural arcas are studied.

8) Total cost for water development are estimated by each section.
3.1.4 Classification and Zoning of Region

The urban areas were clasmﬁed into the following calegones by conmdermg charactens{lcs
‘of each area: _

(1) Type-A: Large urban areas

The large urban arcas were defined that their population wilt be more than approximately
100,000 in 2015. .

(2) Type-B: Medium urban areas

The medium urban areas were deﬁned lhat theu' popuhllon will be more than approxnmately
50,000 in 2015.

3 Type -C: Othier urban areas

The other urban areas were cIassnﬁed into the following zomng by consndcnng topographlc
conditions: :

1) Zone-a: Urban areas located neasby main sircams - '

These arcas located nearby main stream or downstream of lnbutancs lhercfore
problems of the shortage of intake rate and water quality are few. '

2) Zone-b: Urban areas located upstream of second or third tributaries |

Although there are problems of possible water development volume and intake
method, water quality problems are quite few.

3) Zone-c: Urban areas located at top or ridge of mountains

These areas requite to intake the water from the downstream of urban town, and
water volume, water quality and intake method have many problems.

A hundred and one municipalities belong to Iguagu river basin, out of which 17 yrban areas
were classified into Type-A and other 6 urban areas were classified into Type-B. Sevenly
six urban areas belong to Type-C and 2 municipalitics belong to only rural areas.

Forty-three municipalitics belong to Tibagi siver basin, out of which 3 urban areas were
classified into Type-A and other 7 urban areas were classified into Type-B.  Twenty six
urban areas belong to Type-C and 7 municipalities belong to only rural areas.

Type-C urban areas were classified into 3 zones by considering: topographic conditions.
Urban classification and zoning of Type-C urban areas are shown in Tablfe-3.3 (1} ~ (2) and
Figure-3.1 and Figure-3.2.
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3.2 Existing Imtake Facilities

Field reconnaissance was conducted in the following municipalities in order to identify the
existing intake facilities.

(1) Iguacu River Basin
— Foz do iguacu
— Cascavel
-- Guarapiacu
~ Nova Laranjeiras
— Laranjeiras do Sul
~ Guarapuava
— Pinhao
— Tbema

(2) Tibagi River Basin
— Londrina
— Apucarana
~ Ogtigueira
— Telemaco Borba
— Tibagi
- Castro

— Ponta Grossa

"The result of the field reconnaissance js summarized in Table-3.4 and the specifications of
the existing intake facilities in the above municipalities are given in Data Book.
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3.3 Water Demand

Water demand volume by municipality are compuled for present {as of Dec., 1993), base
and altemative cases as shown in Table-3.5 ~ Table-3.8 respectively.  The water demand
volume were estimated for the following categories.

Doimestic water in Urban Area

Domestic water in Rural Arca

Industrial Water

Agricultural Water
3.4 Reguired Water Supply

Assuming water loss percentage as shown in Table-3.2, based on water demand estimated
in the Section-3.3, required water supply by sector and by region was calculated for both
base and altemative cases as shown in Table-3.9 ~ Table-3.16.
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