CHAPTER 5 FUTURE SOCIQ-ECONOMIC FRAMEWORK
5.1 Population |
5.1.1 Population l’l’OjEChOl] per Rlvcr Basin

A population projection for the ycars of 2000, 2005 and 2015 with scparatcd figures for
urban and rural areas, was provided by IPARDES as a preliminary population projection per
River Basin (shown in Table-5.1). According to this projection, population of Parana State
in 2005 will réach 8,350,200 of urban inhabitants, 1,558,700 of rural inhabitants
performing a total of 9,908,900 inhabitants. For the year of 2015, urban population, rural
poputation and total population were estimated at 9,969,300, 1,161,100 and 11,130,400
people, respccuvcly

It means thal:

— Urban population will increase in approximately 3,500,000 inhabitants from
now to 2015. In other words, theré will be an increasce of urban area larger
than approximately two times the area equivalent to the preseat urban area of

- Curitiba. ' :

— Approximately one million inhabitants witl migrate from niral areas to urban
areas from now until the year of 20135.

In terms of projected population pe. river basin, Iguagu river basin, Tibagi river basin and
Ivaf river basin will occupy approxlmatcly 40%, 15 and 12% of the total population in
2015, respectively. '

'5.1.2 Population Projection per MRH

In addition to the results of the census of 1970, 1980 and 1991, projected population per
MRH for 1993, 1995 and 2000 was provided by IPARDES as preliminary projection. The
population projection for the target years 2005 and 2015 per MRH was made by JICA Team
based on the results of the census of 1970, 1980 and 1991 and on IPARDES’ projection for
the years of 1995 and 2(}00

Eshmated populatlon (urban rural and total) per MRH in the years of 1993, 2005 and 201 ‘i
is shown in Table-5.2. The results of graphic works for population projection per MRH
(urban, rurat and total) and the average annual growth rate per MRH (urban, rural and total)
for the periods of 1970-1980, 1980-1991, 1991-2005 and 2005-2015 are shown in
Section-1.2.1 of the Sectoral Report Vol. A.-

According to the estimated population by JICA Team, the urban population in MRH
268/Curitiba will reach approximately 3,113,000 inhabitants and will share about 31% of the
' total urban population of the State in 2015. This means that Curitiba region will bave an
~ increase of more than one million inhabitants in utban area from 1993 to 2015.

- In terms of urban population of the other four large MRH (MRH 273/Campos de Ponta
~ Grossa, MRH 281/N.N. Londrina, MRH 282/N.N. Maringa and MRH 288/Extr. Oeste
Parananese (Cascavel, Foz do Iguagu, etc.)) will increase not only in figures but also in
shar¢, The urban populauon of these four large MRH is estimated in approximately
3,608,000 inhabitants, sharing 36% of the urban population of Parana State in 2015,
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5.2 Gross Domestic Product (GDP)
5.2.1 GDP of Parani State

Based on lhe_ GDP’s past tendency during the years of 1980 to 1991, provided by

IPARDILS, GDP of Parani State for the years of 1993, 2005 and 2015 was estimated by

. JICA ‘Team as 27,111 million US$, 49,945 million US$ and 81,354 million USS$,
' respe’clively, with growth rate of 5 %fyear.

- '5 2.2 GDP of Parani State per Sector -

GDP of Parana per Sector Primary SeclorlAgncullurc, Lwestock and Fishery, Second
Scctorilndustry and Tertiary SectorfCommerce and Services, in 1993, was cslimated by
JICA Team based on the percentage of participation of each Sector in the total value added of
Parani State, prowded by SEFA and IPARDES - Municipalities' Participation Fund-
Preliminary Indexes-95 (Fundo de Parficipacdo dos Municipios- -Indices Preliminares-95-
SEFA). GDP of Parana per Sector for the target year, for the Primary Sector, Sccondary
Scctor and Tertiary Sector was estimated as shown in Table-5.3, with growth rate of
approximately 2.00%/year, 5.35%/year and 5. 25%/ycar, respectively. However, it should
be noted that the participation of the service sector in the Terliary Sector was considered, for
~“each year, the same portion of the year of 1989 (37.71% of the total value added of Parani
Shtc) because therc was not avallable data.

. Table-5.3 Estimated GDP- Parana by Sector - 1993, 2005 and 2015

Peimary Sector Secondary_Scc’l:or - Tertiary Sector GDP - Parand
Year | Miliion | % | Million | % | Million | . % Million %
‘ o) USs S U ‘ UsS$ ' - US$
1093 | 3ade | i3z 9295 | 3342 | 15367 | S5.26 | 27811 | 10000
2005 3,831 7 | 767 | 17,446 | 3493 28,668 5’1.'40_ 49,945 160.00
12015 4874 .| 599 ’29110 3598 | .. 42,370 58.23 81,354 100.00
> Souvsce : Fundo de Participagio dos Municipios-Indices Provisérios/95 (Mt_micipali!ies' Participation Fund-

Prehmmary Indexes/95)-SEFA _
- Remark: Values in US$ weré estimated by JICA Team

S 2. 3 Gross Reglonal l)omesilc Product (GRDP) per MRH

GRDP per MRH in 1993 was esumatcd by using the same method mentioned abovc and
GRDP per MRH in 2005 and 2015 was estimated based on the past trend of the GRDP of

. gach MRH from 1980 to 1993.

According to thm estimation, there are some remarkable points, as follows:

~ GRDP of MRH 268/Curitiba will increase from approximately 10,540.00 |
million US$ to 34,330.00 million US$ until the target year of 2015 (more than
three times the value of 1993) and will share almost 42% of GDP-ParanA.

- GRDP of the other four large MRH (MRH 273/Campos de Ponta Grossa,
- MRH 281/N.N. Londrina, MRH 282/N.N. Maringd and MRH 288/Extr.
. Oeste Paranaense (Cascavel, Foz do Iguagu, ctc.)) will increase approximately
 185% and will account for 32% of GDP-Parani in 2015.



However, it should be noted that:

1) the contribution, as energy production, of Hydrocleciric Power Stalions was
calculated as value added of the Secondary Sector to GDP-Parani and to
GRDP of some MRH that have municipalitics mﬂucnccd by this contnbuuon,
from 1989 on;

. 2) estimation of GRDP per MRH based on the past trend and estimation of the
expansion planning of the Electric Sector should be considered separately, and

3) Therefore, GDP-Parana and GDP-Parand by Sector were ‘estimated including

~ this contribution, but GRDP per MRH, GRDP of Sccondary Sector per MRH

" and GRDP per Capita per MRH (ment!oncd m next secuon) wete esllmatcd
cxcludmg ihls conmbuuon ‘

l‘lns csumated GRDP per MRH is shown in Table 5.9,
5.2.4 GRDP by Sector per MR_H

GRDP by Sector (Primary and Secondary) per MRH in 1993 was estimated in the same
manner mentioned before, and the GRDP by Sector per MRH in 2005 and 2015 was also
eslimated by using the same method of GRDP per MRH, while the Tertiary Scctor per MRH
could not be estimated because data conceming the participation of the service sector per
MRH, which composes the Tertiary Sector together with the commercial sector, was not
available. Estimated GRDP by Sector (Primary and Secondary) are shown in Table-5.10,

5.2.5 GDP per Capita and GRDP per Capita _

' Based on the estimated population {(shown in TabIc 5.2) and the csumated GDP—P'irané
(shown in Table-S.4), GDP per Capita of Parana State in 1993, 2005 and 2015 was
estimated in about 3,200 USS$, 5,000 USS$ and 7,300 US$, réspectively. In terms of GRDP
per Capita per MRH, it can be seen that there is a great difference, in terms of regional
productivity, betweein developed regions such as MRH 268/Curitiba’ and undeveloped
regions such as MRH 272/Alto Ivai and MRH 287/Pilanga and that this difference will
decrease in percentage (from approximately 1,200% to 900%) increasing ,however, in value
added (from about 4,500 US$ to 9,500 US$).

Estimated GDP per Capua of Parané Statc and cstlmated GRDP per Capna pcr MRH are also
shown in Table 59. '




$.2.6 Fulure Socio-Economic Framework
Froma general point of view, in 2015:

—  approximately ten' million pcoplc will live in urban areas and only one miltion
people will live in niral areas; :

- Primaxy Sccton Sccondary Sector and Tertiary Sector will share approximately
- 6%, 36% and 58% of GDP- Pfuané n,speclwely, -

oy 'GDP-Parané w;ll increase in about 200% and GDP per Caplta in Parand will
increase in approxnmately 125%.

The future socio-cconomic s{mcture of Parand State can be estimated by classsfymg the 24
MRH into four categories in terms of urban population, GRDP and GRDP per Capita, and
future socio-economic framework for the four categories in 2005 and 2015 can be drawn as
shown in Table-5.4 and Table- _5.5, respectively,

However, it should be noted that 1) the number of municipalities that compose each MRH
varies considerably. For example, MRH 273/Campos de Ponta Grossa is composed only of
five municipalities, while MRH 288/Extr. Oestc Paranacnse is composed of 49
municipalities, 2) the land area, the number of medium urban centers and the degree. of
concentration of popu]anon in urban areas, for example, are also variable for each MRH

.- Table-5.4 Socio-Economic Framework of Parand State in 2005

) Uiban Population GRODP GRDP
Cl_assiﬁcalion No. and Name . - per Capita
of MRH Population % milfion US$ % uss
1st MRH 263/Curitiba 2582200 | 3090 2021000 | 4250 7,500,00
Ind MRH 225C. fonta Grossa 441,200 530 2.870.00 600 5,780.00
: MRH 281NN, Londrina axs00 | 120 3,860.00 8.10 352000
MRH 282N.N. Maring4 548,500 6.60 2.930.00 620 5,180.00
MRH 288/Extr. Ocste | :
Paranasnse 1,069,000 | 1250 571000 | 12.00 5,130.00
Subtotal/Average - 2994400 | 3590 15372000 - | 3230 4.690,00
Ird MRH 279/28 472851286/ 1891290 1,678.500 | 20.10 7,20000 | 1530 3,250.00
4th MRH 2697270r271/272214
IS LIILINIBV _ _
28Y287/29)] 1,095,100 | 13.10 471000 2.90 2,750.00
TOTAL of MRH/ Average 8,350.200 | 100.00 4159000 | 100,00 4,500.00

Remark Total population per Ist, Qnd 3rd and 4ih Calegories are 2,695,900, 3,276,000, 2245,400 and

o 1,691,600, respectively.
: GRDP and GRDP per Capita per MRII do dot include contribution of H)drocleclnc Power Stations.



Table-5.5 Socio-Economic Framework of Parani Si_ate in 20135

Urban Population GRDP GRDP.
Classification . No. and Name o SR per Capita
- of MRH Population % | omionuss | % US$.
Ist MR 268/Curitiba 3,112,700 |3120 3433000 4430 10,700.00
2nd MRH 27¥C, de Ponta Grossa 519800 | 520 163000 | 600 8,200.00
: MRH 281/N.N. Londrina 1,103,700 [ 1010 590000 | 770 530000
MR 282NN, Maringd - | 664200 |. 670" 492000 | 630 7,310.00
MRH 288/Fxtr. Océle S N . '
" Paranacnse 1320500 1330 905000 | 11.70 6,370.00
: . Sublotal/Average - . - 3608200 |36.30 . 24,550.00 3170 6,49000
3rd MR 279/284285/236/289/290 1,964,200 | 1970 1,11000 {1430 © 473000
4h MRH 269270 21275274~ ' ' :
- | SNV . . o
o 283/287/291 B 1284200 |12.80 749000 | 970 4,190.00
TOTAL of MRH / Average 9,969,300 | 100.00 77,52000 | 100.00 6,960.00

Remark: Total population per Ist, 2ad, 3id and 4th Caiegones are 3, 209 400, 3,787, 700 2,346,100 and
1,787,200, respectively.
: GRDP and GRDP per Capna per MRH do nol include centnbunon of I{)droclecmc Power Stations.

'5 3 Altcrnatwe
5.3.1 Fuiure Socio-EconOinic Framework in _Cliritiba Mctropo!itén Area__

Based on the study, concerning the water development in the Metropolilan Area of Curitiba,
the balance between water denmand and water supply will be very tight. In addition to that,
problems in water qualily, solid waste and other environmental issues will be enlarged to lhe
extent of threatening human life. -

As mentioned in the previous Sechon, it is esumated lhat in the year of 2015 MRH
268/Curitiba will nced a great amount of additionat social infrastructure on which more than
one million people live. It is also foresceable that large areas of useful:land and basic
infrastructure will be reqmrcd to enable this MRH to cope with the several problems that will
be caused by lhc increase in economic activities, by three times, up to 2015 B

5.3.2 Altematwe Regional Developmcnt Plfm

To solve the problcms above, or to avoid the foresecablc problems mentioned above, JICA
Team proposes an altemnative regional development plan, as a Strategy, with a concept of
decentralization of socio-economic activities. It will be necessary to restrict the number of
emigrants to Curitiba metropolitan area and to distribute them (o the big MRI which have
medium local urban centers, such as MRH 281/N. N. Londrina, MRH 288/Extr. Ocste
Paranaense, MRH 282/N. N. Maring4, MRH 273/Campos de Ponta Grossa and others,
which have the capacity and possibility to accept these immigrants.

{1) Outling of the Altemative Plan

Considering the concept mentioned above as well as the present regional economic acﬁViiies,
an outline of the altemative plan is composed as follows: '

Composition of Three Urban Compléxes'




- a)  MRH 281/Londrina and MRH 282/Maring4

“To compose the urban axis fLondrina - Masing#/ widi the neighboring municipdiies,
incduding part of MRH 284!Apucarana, as center of the north region in the Stae of
Parani;

B MRH 288/Exir, Ocste Paranacnse {Cascavel)

To compose the urban axis IToledo-Cascavel- F07 do Iguagu/ as the center of the
west region in Parané State.

©  MRH273/Ponta Grossa

- To compbse the urban axis /Ponta Grossa-Castro/ as a new development region
near the metropolitan area of Curitiba. .

Itis needless to say, however, that this plan is still in a level of strategy and it is necessary to
study this plan further on from the political and administrative point of view.

5.3.3 " Alternative Saclo-Economic Framework
(D Reé_tri'cl_ion and Distribution of the Number of Emigrants

According to Table-5.2, the increase of urban population in MRH 268/Curitiba is estimated
in approximately 1,163,000 people, with an annual growth rate of 2.15% from the year of
1993 to the year of 2015. In order to find the reasonable ratio of restriction, the ratios of
30%, 40% and 50% were studied, respeciively, relating to the growlh rate of the four main
MRH and the State of Parana.

" Asa result of 1hls study. lhe ratio of 40%, whlch is cquwa!ent to 253,000 engrams in
2005, and 465,000 emigeants in 2015, and to about 15% of the estimated urban population
“of each year, is considered reasonable to be distributed to the four large MRH (MRH
273/Campos de Ponta Grossa, MRH 281/N. N. Londrina, MRH 282/N. N. Maring4 and
MRH 288/Ex(r. Oeste Paranaense - Cascavel, Foz do Iguagu, elc) accordmg to the
proportion of cach urban population in 2005 and 2015.

: (2) Dlslnbunon of GRDPISecondary Sector and Tertiary Sector in MRH 268/Curitiba

C‘onscquently, 15 ‘of the amount of the GRDP by Secondary Sector and Temary Sector in
'MRI 268, equivalent to 1,950 million US$ and 750,000 million US$ in 2005 and 5,100
million US$ and 1,900 million US$ in 2015, would be distributed to the same four largc
MRH, accordmg to the same miethod menlloned above. -

- The restriction of MRH 268 and dlslnbuuon for the four large MRH in 2005 and 2045 an:
. shown bclow in Table-S. 6.

. {3) Altematwc Soc:o—Economlc Ffaméwork '

According to the restriction of the emigrants and economic activities (GRDP of Secondary
- Sector and Tertiary Sector) in MRH 268, and the distribution of these matters to the four
large MRH, the alternative socio-coonomic framework in 2005 and 2015 can be estimated as
- shown in Table-5.7 and Table-5.8, respectively.

3-7



Table-5.6 Urban population, GRDP (2nd & 3rd Sector) and GRDP (2nd Sectos) (2005 & 2015)

2008 1015
L ) Grop | GRDPof | - . GRDP . GRDP of
No.and Name of MRH]| # Urban - | (2od and 38 | 2nd Sector | % Urban | (2nd end 36d | 20d Sector
Population Sector) " miltion Population Sector) million
mitlion US$ Us$ million US$ uss
MRH 268:Curitiba 10000 | (253.000) | ¢1,950.00) 25000 | 100.00 | 465,000y | (5000000 | €1,900.00)
MRH 271/C. Penta B _
- Grossa 1420 37,200 285.00 110.00 40 | 67000 - 135.00 23500
MRH 28NN, o o
Londrina 3130 79,200 £10.00 735,00 aneso | 142,200 5,560.00 $80.00
MRH 285N N. ) _ :
Maringd 18.30 46,300 355.00 140.00 15.40 85600 | . 93500 350.00
MRH 288/Etr. Ocste . '
" Paranaense 3530 90,300 700.00 265.00 16.60 no.boo' 1,870.00 695.00
Remark: % is percentage of distribution per MRH. ‘
: ‘The values of GRDP of Secondary Sector and Teruary Scctor are in mnlhon Uss.
Table-5.7 Socio-Economic framework of Parané Stale in 2005/A1 ternative Case
Classification No. and Name of MRH Urhan Fopulation GRDP GRDP
' " 2nd and d Secters 20d sector
Population % milinUss | % miltion LSS %
151 MRH 268/Curitita 2,329,200 | 2260 18,260.00 | 3540 697000 46,30
2ad MR 274C. Poota Grossa 478,400 570 2,150.00 5.50 1,i90.00 7.90
MRH 281/N.N. Londring" 1018900 | 1220 4,470,00 9.40 " 1,470.00 9.80
MRH 285NN, Maring4 594800 | .o 3,290.00 6.50 1,270.00 8.40
MRH 263 Extr. Ocste Farsnaense 1159300 13.90 5,41000 13.50 89000 5.90
SubtotelAverage 3,247,400 | 3850 17,320.00 36,40 482000 32.00
d MRH 279r784/285/286/289/290 1,678,500 | 2010 7,300.00 15,30 1,890.00 12,50
4th MRH 269/220/27 14202/ 01452751276 ' o B
ATV BN 1.095,100 1310 4,710.00 9,90 1,390,00 9.20
TOTAYL of MRH / Averspe 8,350.200 | 160.00 41,590.00 100.00 - | 15,000.00 160.00

Remark ; GRDP and GRDP per Capita per MRH do not include contribution of Hydroelectric Power Stations.

Table-5.8 Socio-Economic Framework of Parani Stale in 20] SlAlternative ,Case

Urban Population

GRDP

GROP . -

Classification o, and Name of MRH )
. Ind and 3rd Seclocs 2nd Sector
Population % mitlicoaUs$ | - % million US$ %
Ist MRH 268.Curitiba 2,647,700 | 2660 |  29,230.00 32.70 10,940.00 43.30
20d MRH 273:C. d¢ Poata Grossa 526,800 550 5,360.00 £90 - 2,030.00 8.00
MRH 28UN.N, Londrina 1,245,900 | 12350 7.550.00 9.0 " 2,640.00 10.50
MRH 282N N. Maringh 749800 '7.50 $.860.00 160 | o 2410000 | 980
MRH 288 Farr. Ocste Paranaense 1,490.700 | 15.00 10,920,00 14,10 " 1,540.00 6.10
Subtatal/Average 4,073,300 | 40.90 29,690.00 38.30 862000 ] 3410
3d MRH 279/284/298/286/289/290 1964200 . F 19.70 11,110.00 14.30 3,370.00 £3.30
&th MR 269/270:2711272/27 4275276/ _ ' . -
 RmYISIIRYISTI 1,989,200 ) 1280 g0 | w0 234000 | 930
| TOTAL of MRHf Average 9,969,300 ]100.00 77,520.00 - | oo |° 25.270.00 | 100.00

“Remark: GRDP and GRDP per Capita per MRH do not include conlnbuuon of Hyd roeleclnc Pov»er Stahons
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CHAPTER 6 'PRESENT SITUATION AND WATER DEMAND
- PROJECTION FOR 2005 AND 2015

6.1 Domestic Water

6.1.1 Present Situation of Domestic Water Consumption

The domestic waler supply service (including sewage services in Parand State} is provided
- by three (3) undertakers; SANEPAR-Sanitation Company of the State of Parana (Companhia
 de Sancamento do Parand), F. N. S.-Nationa! Health Foundation (Fundagio Nacional de
Satide) and Other Organs-Autonomous Municipalities, (Municipios Autdnomos).

:Accordmg lo a report by the Pan-American Health Organization and World Health
: 'Orgamzahon “Sector Analysis of Water Supply and Sanitary Sewage”, the number of
* municipalities served by SANEPAR was gradually increasing. The number of
municipalities served by SANLPAR reached 316 in 1993, It means that SANEPAR has
_ nowadays a predoininant partlmpauon in water supply service. In termis of number of
municipatities and target service population, the share of SANEPAR is approximately 85%
.- of the State’s total number of municipalitics and 92% of the State’s total population,
- respectively. Therefore, information and data related to water supply service, prowded by
- SANEPAR, were uscd for the Study.

- 6.1.2 Present Water C_onsﬂmptmn Volume
(1) Average Water ansump(ion Volume

_ " Present Wwater consumphon volume is one of the most fundamental information for water
demand studies. The main information and data related to water consumption in Paran4
State was provided by SANEPAR’s Commercial Division and APC/SANEPAR (Section of
Planning and Coordination Assistance - Sanepar). :

According to the information and data mentioned above, an essential item conccming present
unit consumption volume was arranged, by dividing the consumption in two categories: 1)
residential water and 2) non-residential water (commercial use and publlc use), as presented
in 'I‘able 6.1.



Table-6.1 Present Situation of Water Su pply of SANFPAR, Eélimaté,d,l.);ni:t Cohsuinpﬁon f
Volume per MRH and GRDP per Capita per MRH - 1993 *

GROP

Target Waler Water Service Unit Consumption Volume K
. ervice Service Percentage © (Vperson . day) - per Capita

No. and Name of MRH Fopulation Population y - Us

. by by - | SANEPAR Residential . Nom-+ C

SANEPAR | SANEPAR % Water Residential

: - Water -

01. MRH 268'Curitiba 2,047,710 - 1,869,347 9129 95.91 2343 5080.00
02 MRH 269/L. Paranaense 52,240 35,598 63.14 36.42 . 2,47000F
03. MRH 270V Alte Ritcira 24,873 6,930 2186 66,18 17.24 1,480.00
04. MRH 2717A. Rio Negro 39,818 10,245 2699 15.18 8!0.00
05, MRH 272C. Lapa 106,660 63,203 5935 63.22 14.05 3,400.00
06, MRH 273C. Ponta Grossa 414,555 - 342204 81ss 79.47 1659 - . 3,730.00
07. MRH 274'C. Jaguariafva, C 37188 © 20640 55.50 7881 16.40 4,560.00
08. MRH 2755 Mateus do Sut 54674 20,240 - 3102 76.86 2144 1,570.00
09, MRH 276'Col. Irati 175,418 73856 TR 619} 1137 1,140.00
10. MRH 277/Alt0 Ivaf 96,116 24870 2587 61.07 12.03 450,00
11.MRH 213/N.V. Wencesiaw Braz 167,834 9614 5316 7299 31.30 $90.00
12. MRH 279N.V. Jacarezinho 223,932 182,576 81.51 9499 24,06 2,160.00
13, MRH 280Alg. Assaf 45,839 27,790 60631 e a8 1,740.00
14, MRH 28N N. Londrina 717,311 675642 94.19 101.83 2143 281000
15. MRH 282NN, Maringi 357,982 © 356,347 99.54 103.49 41,46 3.430.00
16. MRH 28¥N, Novis. Paranavat 237,684 199,165 8379 9467 . --e- - 3,390.00
17. MRH 2B4/N.N. Apucarana 301,705 254,080 8257 7018 13.01 " 1,750.00
8. MRH 285/N. Novis. Umuarara 384374] - 258688 67.30 8478 e - §,4%0.00
19. MRH 286:Campo Mourio 305677 226599 14,03 8109 - eee- 2,210.00
20. MRH 287%/Fitangz 119,572 29,832 2495 65.96 16.15 810,00
2). MRH 28%/Exir, Ovste Paranacnse 974,453 693,071 7164 88.57 27,45 3,140.00
22 MRH 28%/Sudoeste Paranaense 450,505 216,683 52.54 71.20 16.35 2,130.00
23, MRH 290 Guarapuava 337,191 162,579 48,22 71.92 14.81 3,030.00
24. MRH 291/Médio Tgusgu 181,011 121,235 - 67.00 76.93 15.4) 2,500.00
TOTAL of the S1atc 7,860,402] . 5591665 o I L eeees
Averige of MRH ] S 76.26 89.44 Al 3,100.00
Source : APC/SANEPAR - Water Service Populanon and Consumphon Vohime per MRH, Table-5.9 - GRDP per

Capita per MRH
Remark :

1 Water service pol

per residence eshimated by SANEPAR;

; Unit Consumption Volume was calculated b
ater Service Population per M

divided by

&) d\:)?nde rtakers;

s pot include floating porulanon.

6.1.3 Present Unit Consumption Rate

ble;

(1) Average Unit Consumption Rate of Parana State

Based on Table-6.1,

residential water and non-residential water was estimated as shown in Table-6.2.

Target Water Service Population was estimated based on IPARDES’ estimation in 1933 but does not

include figures of other walter s
: Walter Service Population in MRH 2
¢ Unit Consumption Yolume without figures was collected but not reli
lation per MRH by SANEPAR was calculated as residential unit by SANEPAR X Axerage mhabzlam

é( Aveeage Consumption Volume per MRH, shown in Sectorial Reporl Vol. B,

average unit consumplion rate for urban population, divided in

For the residential water for a part of people who live in rural areas of Parana State, figures
for estimation of unit consumption rate, such as water consumpuon volume and water
service population, were not available.

Therefore, regarding the unit consumption rate for rural population, it was decnded to use the
following criteria for the Study:

—unit consumplion rate of residential water is the sanie ﬁgure of the MRH of the 3rd
category shown in Table-6.3.




~unit consumption rate of non- -residential water is zero.

" ‘The estimated average unit consumpuon rate for rural population is also shown in ’I‘ablc-6 2.

Table-6.2 Average Unit Consumption Volume and Avcragc .Unn Consumption Rate of Paran4 State - 1993

Urban Population Lo Rural Population
Residential Water Non-Residential Waler Rendennal Water Non-Residential Waler
Average Average Average Average Average Average Average Average
Consumpuon Consumption | Consumption | Consumption | Consumption | Consumption | Consumption | Consutnption
Yolume a Rate . _ b\'fols.u'ne w Rate xolume v Rate l\f’olunu. v Rate
{t'pesson . 'person . (Vperson . fperson . (Vperson , {I/person.. (Uperson | {Upcrson ,
day) _day) ©day) “day) day) day) day) day}
£9.44 _ 90.00 23.1 l 2500 no data 70.00 no data 0.00

: (2) Umt Consumphon Rate per Regxon (MR[{)

1)

2)

3).

Umt Consumptlon Rate per MRH of Resrdentlal Water for Urban Population

According to the arranged data of unit consumption volume per MRH, shown
in Table-6.1, considering service percentage of water supply by SANEPAR

" per MRH, GRDP per Capita per MRH and the degrees of concentration of
population for urban areas (shown in Table-5.2) the unit consumplion rate per
MRH was estimated by classifying 1hc 24 .MRH into three categories, as
presented in Table-ﬁ 3.

Unit Consumption Rate per MRH of Non-Residential Water for Urban
Population

‘This unit rale was estimated for each category mentioned above, approximately

in the same proportion of the average unit consumption rate of residential -
. water.

Unit Consu mption Rate of Residential W;:lter pér MRH for Rural Po’pu?alion

‘The unit rate was assuned as the same rate as the MRH classified in the 3rd
category for all MRH, as shown in Table-6.3.

:Tablé-6.3 Present Unit Water Consumption Rate per Region (MRH) - 1993

Unit Consumpnon Rate {1/ person . day}
Residential MNon-Residential Total Domestic
Water Water Water

Classification ‘Mo.of MRH

Urban
Population

MRH 268, MRH 281,
MRH 282

MRH 269, - MRH 270,
MRH 272 10 MRH 276,
MRH 279 1o MRH 286,
MEH 288 10 MRH 291
MRH 271, MRH 277,
MRH 278, MRH 287

Ist Category

100.00. 30.00 130,00

2nd Category

85.00 2000 105.00

3rd Category

70.00 15.00 £5.00

Average of

Parand State . i15.00

©0.00 25.00

Rural
Population -

ALMRH 70.00 0.00 70.00

Source

: APC/SANEPAR



6.1.4 Future Unit Consumpﬁdn Rate '
(1) Average Umt Consumptnon Rate of Parané State
| 1) Avcmge Unit Consumption Rate of ReSIdenual Water for Urban Populauon

It can be considered that th'e unit Water consumpiion rate of residential waler is
mainly influenced by the living standards and life style of the society such as,
the houschold_ income and the place where the people live.

In thls study, the recent trend of the householcl income, or personal income, in
the State of Parana could not be collected, therefore the GDP (or GRDP) per

Capita has been used as a parameter for the analyms of water demand
projection. -

GDP per Capita of Paran State was estimaled ai approximately 7,000.00 US$
in 2015, excluding the contribution of hydroelectric power stations (shown in
Table-5.9). As this value is very high, there ate no data at present in Parana
State to achieve a precise projection, therefore, data of unit consumption

volume and GRDP per Capita in developed counlncs were” also collected for
this study, as shown in Table-6.4. :

Table-6.4 Relation between the Unit Water Consumption Volumc of Rc51denual Water and GDP per Capita
of Developed Countries in 1985

Name of the Country Usa Consumption Vokime GOP per Capita (US%)
: {1/ person . day) AR

Japan ) E 199.00 - AL155.00
United Kingdom 132.00 821000
Germany 158.00 “10,237.00

Source : Present Sitvation of Major Water Utitities in the World/Tapan Water Works Assoc:auon and World

- Stafisties/Div. Statislics of Management & Coordination Agency Japan -
Remark :

Data of Japan is the Average Volume of the Country, data of UK is Ihe A\érage Volume of the Cities of .
_ Northwest, North - Umixian, Southwest, Thames Welsh and Yorkshm. and data of Germany is the same

Volume of ths cities of Frankfurt and Hamburg
00— 43Py
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T ow /.{
: Y00 ane 5472
f - e
g e g R
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g :
a_® .
% b G ,_/ - _
[ .
80 +
% + :' . 'Q
i |
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000 2.000.00 4000007 1 500000 BUNK0 12,000.00

- 10,004.00
GROP or GDP per Caplia (UST} .
JP; Japan, UK: United Hingdam, GR: Cermany Saurce! APC/SANEPAR

Figure-6.1 Trend of Comrelation between Unit Consumption Volume and GDP (or GRDP) per Capita



In order to estimale the trend of the future unit consumption rate, the
‘correlation between unit consumption volume and GDP (or GRDP) per Capita
was figured as Figure-6.1, using the unit consumption volume and GRDP per
Capita (Table-6.2) of 19 MRH, and the same data of three dcvcloped countries
mcnuoned above.

Based on Flgure-6.l (Trend of the Correlation Between Unit Consumption
Volume and GDP (or GRDP) per Capita), and estimated GDP per Capita of
Parand State in 2005 and 2015 (shown in Table-5.9) the average unit
consumption rate in Paran State for urban population in 2005 and 2015 was
estimated as shown in Table-6.5.

2y Avcragc Unit Consumpnon Rate of Non- Rcsudr'nual Water for Urban
' Populahon

This unit rate was considered 1o increase in the same propottion of non-
residential water to rcsuienttal water in 1993, and is also prescnted in Table-
6.5.

3) Average Unit Consumplion‘ Rale for Rural Popu]aﬁon

This unit rate was estimated according to the criterion for present average unit
consumption rate for rural population, and is shown i in Table-6.5.

Howeve’lr. it shall be pointed out that future administrative changes in the
policies of water supply and water charge were not considercd for this
csllmallcm '

Table-6. 5 Average Umt Consomphon Rate of Pa_rané State - 2005 and 2015

2003 o . 2015

Urban Poputation Rura) Population Urban Population . Rural Population
Residential “Non- Residential Non- “Residential Non- Residential . Noa-
Water. Residential Water Residential . Water Residential Water Residential
(Vperson . Water (Vpeeson . Water (L'person . Watey - (Vperson . . Water
day) (Vperson . day) - {(Vperson, day) (Vperson . day) {Uperson.,
. day) day) ) - day) day)
C IS © 30 . - 75 . 0 ‘ 140 40 80 0

(2) .Uni'l Conéumptidn Rate per Regioﬁ {MRH) - 2005 and 2015

: l) Unit Consumpllon Rate per MRH of Residential Water for Urban Population

This unit consumption rate was estimaled per category (shown in Table-6.3)
(not per each MRH) by using Figure-6.1. The it consumption rate of these
three categories was adjusted tentatively to the total water demand calculated by
inuliplying the averdge unit consumption rate (shown in Table-6.5) by the
total urban population.

2) Unit Consumpllon Rate per MRH of Non- Residential Water for Urban
Poputation

This unil consumption rate was estimated using the same method of estimation
of the present unit consumption rae of non-resi denual water (Section - 6.1.3

(2).2)).



3) Unit Conk_;umption Rate per MRH of Rcsidcni'ial Water for Rural Population

As in the casc of the prLsent unit consumption rate per MRH, this unit rate was
estimated considering the same figure of the MRH classified in thc 3rd
category for alt the MRH.

Unit consumption rate of residential water émd of non-residential water for
urban population and unit consumption rate of residential water for rural
population in 2005 and 20]5 are summarized i in Table-6.6.

Table-6.6 Unit Consumption Rate per Region, {MRH) 2005 and ’2015

‘2005 015

Resdeniial Non Total - JResidentia Non Tokal
Water Residential | Domestic | Water | Residential | Domestic
Water Water Waler Water
Unit Rale Unit Rate Unit Rate | Unit Rate | Unit Rate | Unit Rae
Classification| No. and Name of the MRH ’ lp.d {¥p-d) ilp.d} {p.d) ip.d) {t'p.d)
' . MRH 268/CURITIBA -
Clw MRH 25HN.N. LONDRINA , _ S
_ Category | MRM 282NN, MARINGA o . %
Uirban MRH 288Exir.Ocric PARANAENSE 125 3s 160 155 45 200
Populatioa] - MRH 26%L. PARANAENSE

MRH 2H¥ALTQ RIBEIRA
MRH 272C, LAPA
MRH 273C. PONTA GROSSA
MRH 274C. JAGUARIATVA
MRH 275/S. MATEUS do SUL
MRH 276Col. IRATI
2nd MRM 279:N. Y. JACAREZINHO

Category | MRH 280/Als. ASSAE _
MRH 283N, Novis. PARANAVATL
MRH 284N. N. APUCARANA
MRH 286CAMPO MOURAD
MRH 25%Sudoesic PARANAENSE
MRH 290:GUARAPUAVA - .
MRH 29U/MERIO IGUACU 100 - 30, F- i30 125 35 156
MRH 27MA. RIO NEGRO o

3rd |MRH 2TPALTO IVAD
Category - | MRH 278/N. V. WENCESLAU BRAZ
' MRH 285N, Novis. UMUARAMA _ ;
MRH 28%FITANGA . . 15 20 95" 8o 25 105

AVERAGE OF PARANA STATE - 145 30 145 140 49 180

RURAL POPULATION ) . 3 .0 75 30 . 80
Remark: (Up.d) = lite/person . day ’ i

6.1.5 Water Demand l’fojection i11'1993, 2005 and 20'15‘

The water demand for the target years was estimated by mu.!liplyin"g. the estimated urban and
-rural population per MRH of each year by the unit (:onsumption ratc per MRH of the
corrcspondmg year, and is presented in Section- 6. 6



6.2  Industrial Water

6.2.1 Present Situation of Industrial Water Consumption
(1) Basic Data Conceriing Industrial Water Consumption
The industrial demand is genera_lly to be estimated by using the following information:

= Present watcr consumption volume and watur rccovery rate of factories
by industrial type

— " Value added of factories by industrial type
~ GDP (GRDP) of Secondary Sector (Industrial Sector)

Unfoflimately, the Team obiained very little information about present industrial water
consumption except for the information shown below:

-SANEPAR: approximately 7,900 factorics with consumption volunie are listed
by consumption volume per month;

_1AP: 563 factories_ with application of cohéum_ption volume are listed
o as granted for water use by river basin and by municipality;

© 932 factories with present water consumption volume and effluent
volume were Isted by river basin and by municipality in the inventory of
waler resources in Paran4 State but the inventory is incomplete;

- SEIC: the number of factorics in Parand State in 1993 (approximately
- 25,600 units) are listed by MRH and by industrial type.

Therefore, in the Study the present industrial water consumption ¢an be roughly estimated.
{2) Water Consumption

For the time being, the following results could be obtained according to Lhe analysis of the
information mcntloncd above:

=~ 563 factories granted for water use: approximately 476 000 m’/day is
' eshmatcd as intake volume;

-~ 932 factories listed in the inventory of water resources in Parani State:
appraximately 900 factorics use 362,000 m*day, which is estimated by the
sewage discharge votume or 8 hours/day of average operating time of the
water pumps, and by adding drinking water (5%), the total volume was
estimated 401,000 m¥/day, approximately,;

—  data from water service undertakers (SANEPARY): 7,900 factories use 960,000
m/month (41,000 m’fday) Among these faclories, 216 factories (2.60%) use
more than 500 m*nionth (average consumption is 153 m’/day), other 7,680
factories {97.40%) have small consumpuon of 1,65 m’day in average.

Present water consumption volume - was estimated by clasmfymg the total number of
factorics (25,600 units-listed hy SE[C) into Ihree categories, as follows:



- Large Consumer:

~ Medium Consumer:

- Small Consumer:

‘900 faclories with total consumption volume of 401,000
m’/day, which are listed in the inventory of TAP.

8,800 factorics supplied by water service undertakers with
total consumption volurie of 46,000 m’/day (7,900 factories
supplied by SANEPAR + 900 factones supphed by other

waler service undertakers),

15,900 factories with total consumption volume of 27,000 .
n'/day (approximately 1.65 m*/day), . :

The present water consumption is summarized as shown in Table-6.‘?-.

Table-6.7 Present Industrial Water Consumption Volume - 1993 -

Large Mediom Small Total
" Congiimer Consuner * Consumet B
Nurmber of Establishments o 8800 15,900 25,600
Consumption Volume (mYday) 401,000 46, 000 27 000 474,000

6.2, 2 Present Average Unit Consumptlon Rate per Value Added (V A)

Based on the estimated present industrial consumption volume and on the esnmated value -
added of Secondary Secctor, excludmg the contribution of hydroclectric power stations
(shown in table-5.9), the present unit consumption rale was esumated below:

474,000 m*/day -+ 8,072.80 million US$ = 0.059 m*/day/1 _,000.00'US$ (V.A.) _
6.2.3 Futwre Average Unit Consumption Rate per Value Added (V.A))

For the estimation of future unit consumption rate, one of the most fundamenta! information
is the water recovery rate of industrial water. 1lowever, this information.is not available
presently. Therefore, this unit rate for the target year 2015 was estimated applying 50% of
the industrial water recovery rate (75%) of Japan in 1993, 'In other words, future average
water recovery rate of industrial water in Parana State was estimated by an increase of 19%
in 2005 and 37.5% in 2015, respectively. - The eshmated averagc unit consumpuon rate is
shown below in Table-6.8. : ‘ ‘

Table-6.8 Average Unil Consumption Rate per Value Added - 1993 2005 and 2015

Unii Rate - 1593, _ Unit Rate - 2003 . UnutRste - 2015
Unit Rate with Fresent lncreasc of Water Rccowery lncuase of water Recuvery
Recovery Rate " Rate: 19% Rate: 32.50%

mYday . USS 1,000.00 (V.A)

0.059

mfday . IS$ 1,000.00 (V.A.)

- Q048

“m¥%day . USS 100000 (V.A)

0.037

 6.2.4 Waler Demand Propctmn in 1993 2005 and 2015 ¢

Based on the GRDP by Secondary Sector per MRH (Shown in 'l‘able—S 10y and unit
consumption rate per Value Added of each year mcnuoned abovc. the eshmaled waler
demands for the !arget years are presenlcd in Secuon-6 6. -




6.3 Agricultural Water inclusive of Livestock and Fishery

Since the arca of Parand statc is quite large, approximately 200 thousand km’, agriculture in
Parand varies with region due to different climatic, topographic and market conditions,
EMATER divides Parand in 20 regions as shown in Figure-6.2 and has conducted
~ agriculture extension services. Based on agriculture statistics with EMATER division wise,
cwrrent agriculture and its water consumption were identified, and future agriculture and iis
water demand were projected.

6.3:1 Current Agriculture in Parana |
(1) Paran4 Participation in Brazilian Agriculture

According to the Cropping Calendar in Parand (DERAL, SEAB and CEPA, 1990), the
participation of Parand agriculture in Brazil is very high. As shown in Table-6.9, Parani is
one of the leading state in agriculture.

Table-6.9 Parand Participation in Brazil Agriculture

alicipalion 1n Biazl (%), |producuon Fipk

¥ [production - |in Brar

cotton
nge .
potato
coffee

sugarcane .
beans

cassava
maize .
soybean
wheat

calile (meat)
calile {milk)

chicken {meal)
chicken {egg)
Source: DERAL/SEAB, and CEPA (1990)

~ (2) Regional Variation of Agriculture

The j')rima:y crops in Parand are cotton, rice (paddy and upland), potato, sugarcane, beans,
cassava, coffee, maize, soybean and wheat. As shown in Table-6.10, there are clear
- regional distinctions of crop cultivation.

Regional characteristics of livestock 'raising and inland fish cullure are also shown in Table-
6.10. Pig raising is limited due to its low price, while cattle raising and poulry farming
(chicken) are the dominant livestock industry for Parana state.

‘One of the s_i'gniﬁcanl' features is that agriculture inclusive of livestock and inland fish culture
is not dominant in the Paranagua region (EM-1). '



* {EMATER Division]

EM-9 Paranagua 7]
EM-2 Curitiba
EM-3 Lapa
EM:4 Ponta Grossa
EM-§ Irati
EM-6 Uniao da Vitoria
EM-7 Guarapuava
EM-8 Pato Branco
EM-9 Francisco Beltrao
EM-10 Cascavel
EM-1t Toledo
EM-42 Umuarama
EM-13 Campe Mourao
EM-14 Ivaipora
EM-15 Paranavai
EM-16 Maringa
EM-17 Apucarana
EM-13 Londrina
EM-18 Cornelio Procepio
EM-20 Jacarezinho
o Legend
/ i ——— Boundary of River Basin

EM-1) '«-;) wmmezs Boundar
y of
T Yt EMATER Division

Scale 1:2,500,000

Source: GIS Digitization by SANEPAR (1594)

Figure-6.2 BMA’I‘ER Division
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6.3.2 Water Consumption

In general, agricultural water consists of irrigation, livestock and intand fish culture. Since
the data regarding irrigation is not available in Parana siate, the necessity of irrgalion was
examined by means of comparison between crop water requirement assessed and
precipitation data observed. 11 primary crops, cotton, rice (paddy and upland), potato,
coffee, sugarcane, beans, cassava, nize, soybean and wheat, were selected for this
examination. Considering the spatial variation of climate and crop cultivation, crop water
requirement was computed and comparcd with effective rainfall, 80 % of rainfall for upland
crops and 90 % of rainfall for paddy rice, as shown i in Table-6.11.

Table-6.11 Companson between FTcrop and FR for anary Crops :

Crop Wfeteorological %EI‘JRH!:!] Meoth . . Totat
Station (rm'mouth) i 2] 3 4 S| 6] 3 8t st w] nf 1z
Cotion Banddrantes EFcrop 137| 8% o 89 128 1n] 573
Cfa(h)* ER o] s8] 13| 159] 68
Difference o3| o e o 91, 0f 9o o] o 5] n
MNova Canru ETerop 146 B - (94 a8l 1s3] . 607
CFat £ B E N : 158] 48] 7] 952
[ Difference 3] 49 ool el ol o] o o ol e |l 2l
Rice (paddy) |Apucirina !ER.TUP . B31] 1o ee]. 138] 19| s1¢
Cfafh)* JER 171] 133] 136 o] se] 0
Enflerence 41 338 0 0 0 ¢ [ 3] 9 31 81
Palotina ETuaop 135 133 . Sanf 9] isy] see
(¥a® ER 138 a7 - 13 o] 16| 7
Difference 3 -3 o o -of of o o o] m o] 10
Rice (uptand) |Apucarana Efacp | 131} 10| ¢ | MO 139y 588
= F 0 ER 152] 1] . : 1 185] &3
Difference ) W o el o] el of o]l eof 33
Cascavcl ETerop | 4] o1 o - K137 16
Cfa* ER . 2] 13§ _ 1s4] 158} 142] 745
Cifference s ) o ol of e o o o se1] 2] -2
Guarapuava [Efaop | 1357 152| 98 : - ) B EE )
Cibe ER, s8] 132) 132 . 157 166 951
Onfference % 200 35 < ¢ Q 0 9 9 [ 56 n
Putaty Laja EToop : : 2 63 Wi 124f 4] 40
A guas Cfb ER B : o ss| avf w2| 4] ams
(summer} Difference O o 9 ool o o af m] ] Tml n )
Putaty Lapa ETerop I T I DT < 1 11 m
Scea cibe ER _ 3o, 37 69| 4] 7 ] 452
(wiater} DuTerence 0 H 13 3 63 45 - 0 D 0 0, [ IS -
Coffee Umuarima CEfaop f 128] nig| oz so]  ss|  a] ee] e7|  7e| Twos| 2| il 1o
Cathy* ER EEET T I T T S I ) TS ) S B Y
Difference 4 -8 8 w7l 4si sl sl 38l qa] aif
Suvgarcane  |Londring [ETerop a anp el 93] es] 49 s ael sol e 133 1w _1oog]
Cfa(h)s [ER sy o sy 9nf gel 72l - so] s3] ss] wes| 1a3] ase| s
Difference w10l ol 4] 30| aa] s T el el T
Beans Frandsco Buze  |ETaop | . O ) | - L 1 T
Aguas Cfa¥ ER : NS S T T ]
(summer) | . |fterence - of of e ol o o o o . v 3 3
Guarapusva ETcrop 49 . g - a3l 191 f s
CTte ER | & . 78 Mol - 147] ai8
Difference 13 o] o] o o o -of of o 2] 37| a7
Beans Jooquina Tevora Efaop | 96] 6] wn] : N B ) 304
Seca [y [£R Wil sl 1ap 369
(witter) o Difference a8 7 vy el of o o o o ol el o
Maize Cascavel EFaop | 14a] wis[ 74 . L e YT
“forar N 42| - 138] | f ] ee] Tiss| | eS|
: Diffesence A w3 o of o] o ol ol Té| ] o
Guarapua Efaop  § 138] 9] 70 gs] wos] 1] e
Oyt ER LI e _147] ta6; 143 807
waercncc tp- ol 4l of ol o] o ol o] e 35| i
Saybean Cascavel Eferop 137] . 84 e . R S TN BT 13 IS ) )
la P : = S D N _ R 158 142|351
. Difference $1 85| - 0 ¢ o [ ol ¢ 0 0] a2 ¢
Whest Cascavel ETaop : : 3] a1 47 % : o T
Clax ER i _fovest wsl saf es] ] L 435
: [Difference o0 "ol o) ma e 44 ] e o o} "o

ETaop: Crop Water Requircment
- ER: Effective Rainfalt Upland Crops=0 Bl raml'a!l Paidy R:ce 09 X r:m!all
* Kocppea Classification . .
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‘The result shows that the rain-fed agriculture is practically adequate in Parand state and
therefore there is no water consumplion in terms of imigation as long as the favorable
wealher and cropping pattern does not vary. If irigation was applied, high production
would be -secured even during the drought but it would depend on cost and benefit
evaluation.

Since the rain-fed agriculture is adequate in Parand state, water requirements for livestock
and fish pond were considered as agricultural water. Their rates were examined as follows.

(1) Livestock

Cattle, pig and chicken were sclecled as the primary livestock in Parand state. ,Wélcr
- -requirement per head of each kind of livestock was estimated and the total water requirement
“was determined by multiplying population with the rate per head.

In Parana statc it is said that an lwestock of 1060 kg hvc weight requucs 4-12 luer/d'ty For
thc calculation sake, 10 lites/day was adopled as the total water requirement,

‘ Natural paslure contains as much as 80 % of water during the growth period. Therefore,
amount of water ac{uai!y supplied to caitle is a part of total water requirement which cannot
be provided by moisture content of forage Tt was assumed that the actual water supply to
cattle is 33 % of total water requirement. :

Sin_ce pigs amgi_c}l:iqkens are not herbivores, it was assumed that there is no waler intake by
means of food. Therefore, their water requirements depend on an average live weighl
Conscquently, lhc rates of water requirement of each livestock were determined as shown in
Table-6.12.

Table-0.12 Water Requirement of Livestock

Actual Water

. Total Water

"~ Averzge Live Requirement Supply
Livestock | Weight (kg} | (literthead/day) | (liter/bead/day)
| Pig . 44 4.0 4.0
Catile 300 30.0 10.0
Chicken 2 0.2 0.2

" Total water requirement includes water intake by forage.
Actual water supply is a supply in liquid phase.

{2) Inland Fish Culture

Main species of fish raising in Paran4 are mainly carp and tilapia. There are 3,756 ha of fish
~ ponds in 1993 with an average waler depth of I m according to DEPEC. The productivity is
apprommately 1.5 ton/haf)eqr

In general, water consumption from fish ponds consists of evaporation from frce water
surface, seepage and change of watér due to contamination. To estimate water consumption,
the following assumptions were made; 1) There is no change of water. 2} The bottom of a
pond is well coated with clay. Therefore, no secpage occurs or seepage ceases after a long
use. 3) 60 % of annual rainfall is stored in a pond and 40 % is overflowed.



An average rainfalt and evaporation in 33 selected metcorological stations are 1700 mim and
1300 mm, respectively. Applying these average values, annual water toss from a fish pond
is approximately 300 mm (= 1300 - 1700 x 0.6). ‘This water loss is compensated by the
water intake from either surface water or groundwater. 300 mnvyear is equivalent to 1 -
nnvday. Ignoring the spatial variation, this 1 mnvday was adopted to estimate waler
consumption. . _

6.3.3 Future Agﬁcullurc Plan and Water Demand

- Agricultural potential in Parana state was examined from the point of view of climate, soil

properiies and lopography -After the identification of agricultural potential, future

agriculture in Parand was projected in termis of food demand in Parané, cropping area and -
productivity of primary crops, livestock population and arca of fish ponds. Finally, water
demand of agncul!uml sector in the year of 2005 and 2015 were assessed.  Although the

details of the result is discussed in Sectoral Repoit E Agrlcullure the conclusion is that

futare agriculture in Parana will be promising and Paran4 state wnll keep a current posmon as
one of the leading sates of Brazitian agricullure.

Since the water demand of agnculture in Paran4 depends on the llvestock populahon and fish
pond area, the way of projection is explained briefly below. The future livestock population
and fish pond area projected arc shown in Table-6.13 with related wateér demand.

Livestock population in future, except pig raising, was estimated by means of linear
regression in the last 20 years, 1973 to 1993, using the data available from IBGE.
Regarding pig raising, this method could not apply dué to the recent sharp decline in ifs
population. Considering the past trend before the dectine, it was assumed that llS poputation
will be stabilized at 4 miilion by the year of 2000.

~ Catlle {1,000 head) = 174.256 x Year - 337839
Chicken (million head) = 1.83697 x Year - 3591.68

The gross income of intand fish culture is limited compared to crop'cu_ltivatioh, and livestock
raising. Considering the data availability, it was assumed that the inland fish culture in
Parané will expand proportional to the increase of agricultural gross income, 2 % per year.
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6.4 Hydropower
6.4.1 Existing Power Supply System
(1) Whole Brazil

Power. system in Brazil is composed of four major regional systems; north, northeast,
southeast and south systems, and other several small isolated systems in the north regions.
“The rcglonal systems are presently interconnected between the norih and northeast systems '

-and between the southeast and south systems.

DNAEE, which bclo_ngs to the Ministry' of Mines and Energy (MME), is a competent
‘authority on power sector in Brazil and is responsible for framing national electric power

policy. Eletrobras, which is a paitly govemnment-owned corporation under jurisdiction of

MME, is responsible for implementing the national electric power policy. Eletrobras

- operates the power systems in Brazil via four regional subsidiary companies; Eletronrte for

the north system, Chesf for the northeast system, Furnas for southeast system and Eletrosul

for thie south system. These companies operaie major power plants and trunk !ransmlssaon

lines in the rcspccnve regions.

In addilion'to lhe regional power companies, most of states have their own electric power
companies to distribute electricity in respective states.  Those staie companies also have the
right 1o develop and operate generating plants mainly for their own consumption. Further to
‘those federal and state power companies, there are many small power companies for local
power supply and other mdustrlal companies which possess generation plant for their own
use.

(2} State of Parana

The power syslcm in the state of Parané bclongs to the South System W]'HC]'I is under control
of Eletrosul and covers four states; Parand, Santa Catarina, Rio Grande do Sul and Mato
Grosso do Sul. - The south system is interconnecied with the adjoining Southeast System
which covers the five states and one federal dislnci such as Sao Paulo, Rio de Janeciro and
Braz:lua

‘Power supply/distribution in the Parand state is made mmnly by COPEL {Companhia
“Paranaense de Energia); stale-owned power company of the state. In addition, some small
- companies handle power distribution for local areas and also some mduslnal companies
generaie power for use by themselves. ' : :

On the western border of the slate formed by lhe Parana nver. Ilalpu hydropower station
(12.6 GW) is under operation from 1985 by the BrazllfParaguay binational company. On
the northemn border of the state formed by the Paranapariema river, four hydropower plants
- of CESP (Sao Paulo state’s power company) are in service. -Power generation within the
lerritory of the Parand state excepling on the state border rivérs is made mamly by the lwo
power companies; COPEL and l:ielrosul

Total installed capacity of generating plants in the Parand state (except lh'c border rivers) and

their energy production in 1993, according to COPEL's year book ]993 (ref.2), are 5,958
MW and 23,738 GWh, n,spcctwely as shown in Table-6.14,
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Table-6,14 Flcclnc Sources in Parand State (except border rivers) 1993

: Installed Capacny (MW) " Ene rgy Production (GWh)
Producers . . Hydrc * Thernal Total Hydro  Thermal - Total
COPEL 3,318 20 3,339 11,029 36 £1,065
Eletrosul 2,382 0 2,382 11,689 0 11,689
Self-producers & others 72 166 238 438 543 981
Totz! 5,773 187 5,959 23,136 579 23,735

(96.9%)  (3.1%) (100%) (97.6%) (2.4%)  (100%)

As seen in this hblé" hydropower shares about 97 % of total power generation in the Parand
state in both gcneranon capacuy and energy.

-On the other hand, electric energy consumed in the Parand state in 1993 was only 13,387

GWh. This corresponds to 56 % of tolal energy producuon in the state. The remaining
surplus, 44 % of energy generated, was suppllcd to neighboring states through the
Flctrosul s transmission network.

The Parané state is broadly divided into 5 river basins; i.e., 4 basins of lgua(;u Piquiri, Ivai
and Tibagi rivers which are primary or secondary tributaries of the Parané river and another
basin composed of Litoranea coastal rivers. At present, major source of ¢lectric power in the
Parand state is the Igudgu river. In view of the generation capacity in 1993, the Iguagu river
has 4 power stations with an aggregate capacity of 5,318 MW and it shares 89 % of the total
capacity in the state.

Major hydropower stations (> 5 MW) in service in 1993 in the state are listed in Table-6.15
and their locations are shown in Figure-6.3.

6.4.2 Power Demand Projection

In Brazil, official forecast of future growth of electric power demand as well as slralegic
planning of national power supply cxpansion is worked out by GCPS {Coordination Group
of Planning of Eleéiric System) formed under Eletrobras.- GCPS elaborates two forecasts
for different time ranges; short term (30 years) and long/medium term (20 to 30 years). The
short tenn forecast is worked out every year for a succeeding 10 years range and the long
term forecast i is renewed at an interval of about 5 years.

The latest shorl term forecast is given in "10-Year bxpansron Plan 1994-2003" {hercin
referred to as the 10-year plan) issued in December 1993. The latest format long term plan is
. "Plano 2010" which was issued in 1987 for the years up to 2010, However, a next new
plan "Plano 2015" is presently under preparation by GCPS and likely to be formalized in
1994 or 1995. Fundamental data for the new plan is presented in a COPEL's seminar
document prepared in July 1993. JICA's forecast refers to those GCPS's data; the 10-year
plan and the Plano 2015 seminar document.

According to the 10-year plan, population of Brazil increased to 1.6 times for the period
fromt 1970 to 1992 a1 an average annual rate of 2.1 %. In the samc period, the gross
domestic product {GDP) and electric energy consumption increased at an average rate of 4.2
% and 8.4 %, respectively. As for the future growth, the 10-year plan eavisions that GDP
increases at an annual rate of 4.4 % for the period of 1993-1998 and at a 5.0 % annual rate
for the period of 1998-2003, i.e. at the 10-year average rate of 4.7 %. This average rate is
close to the JICA team's estimate (5 %) of the GDP growth. '
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Table-6.15 Exisiing Major Hydropower Stations in Paran4 State

E - : Tnstalied _
Name of Station Basin Capacity - Owner Commis-
Mw) _ sioned in
G.B.M da Rocha Netto _ -~ '
(Foz do Areia) ... lguacu - 1,676 ‘'COPEL. - 1980
Segredo .. lguacu E 1,2_60 COPEL | 1992
~ Salo Sartiago  lguacu 1332 Elewosul 1980
Salio Osorio o [guacu 1,050 Eletrosul i975 -
1. de Mesquita Filho Igwacu 50 | : COPEL 1970
Salto.Cﬁdﬁaca Tguacu | . 74 .Sla. Mariﬁ | '198:2'
G.P.'d:c. S._ou.za .Li(omnea- .. : .252 o COPEL 1970
Guaricana ' Litoranea 36 COPEL 1957
| Chamine Litoranea B COPEL 1931__
Marumbi | Litoranea 9.6 - RFFSA e 1961
Apucaraninha Tibagi 95 | COPEL - - 1949
Pres. Vargas Tibagi 225 Klabin - - 1947
Mourao 1 | ' ivéi . 75 COPEL 1964
- Total | _ ' ‘5;731_ - |

Source: COPEL/GTIB/SIPOT






L5t of Hydeopower Sistfons

Tame of h Name of Mureol
Ma, Powee Staion Mo, | PowserSiatign | Mo | Power Siatign
g R BT ;08 Mda Rocha et ¢ 1 Hoodso Diversion | “31 " [8ars Uranda
.8 {Foz do Arcia) % & forlioCaniny ¥ 1BV dg Tl
- A EY Hepeda feomplend # 3 |Saleronime | I [Eadiadl
. . [ €Y e Snpo 4 |iniziehe #23 [Foede Alonta
Rio Paranspaneima Tahio Csorio ¥ [Cesang |28 |Foide Cobre
SAO PAULO Ei [T deMequiaTilo f# & tMaua _ {31 [Cusmpary
E4 [Saho Curwcaca [} Felemaco Borba [ [
BT [GPde Soura Aguado Vi 3|5l Anranka
Cuaritana 3 [Curucacs 130 e fesa I i
[ EY [Chamine 13 " [Erveira N fTraFigueinns |
BT {Marmyi Tl ifordo Chopim 1) 831 [Ubaom
ETT [Apcearninhi #11_(Fundio 3V [Voin Grande
EiY |Tres, Vareas [FINEET 34 " [Oudahes
2300 2300 EiY JMouna {4 [Piahso 3 i Basa
15 |33 ATcma 15 | Tibagl
16 {S:hoChopim | 3T [Nova Aurea
| 17 I5aheCr. Chopim ] 33 [Kio Bomito
13 B lore pEN LR
1% |32 Luiz 40 fhaoca
20 |Taged il [Cipanema
21 falominn 41 ks Grande

A Existing * Selected 13 sites
A Planned Planned until 2015

24700

; FOZ DO

W laoy
A

8500

(?O V| U 8 T T 2N ‘ : <3 : : - 2600

: . NERAL CARN
e\ e
"--.: ——e \
: o YA A
\_~__. —— 7 .
8 2 3 3 —mm—mn) g 3 5
* @ i @ R g @

Figure-6.3 Existing and {aventoried Hydropower Stations in Paran4 State
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In respect of power demand growth in Brazil, the JICA team considers that estimations in
the 10-year plan for the near future and the scenario II for the remote future give most
realistic figures, Accordingly, this JICA team's power demand study refers to the demand
projections in the 10-year plan for the period up to 2003 and in the scenario IT of the Plano
20135 for the period from 2005 to 2015. For the demand growth between 2003 and 2005, it
‘is estimated on the assumption that the demand increases lincarly from the vatue of 2003 in
the 10-year plan to the valuc of 2005 in the Plano 201 5 :

As lhc power system of the Panns’i state is interconnected to the soulh}soulhcast regional
- network, amount of electric energy to be produced in the Parané state depends not only on
the demand in the state but also on the whole demand of the interconnected system. [In the
'10-year plan and the Plano-2015, energy demands are projected region by region applying
various increasing rales different by regions. The demand increasing rates averaged for
Brazil and for the reglons covered by lhe soulh/southcast system are as shown in Table-
6.16.

' ‘Table-6.16 Annual Increase Rate of Energy Demand (%)

. 1993-98  1998-03  2003-05  2005-10  2010-15
South/Southeast System 4.9 4.6 7.4 ‘3.5 .2
Whole Brazil 4.3 5.1 8.7 4.0 3.8

Yearly electric energy demands projected on the basis of the above increasing rates are
shown in Table-6.19. Actual energy consumption in 1992 and projected demands in 2005
and 2015 are surnmarized in Table-6.17.

Table-6.17 Energy Demand (Twh)

Actual Projected
1992 2005 2015
South/southeast system 176.5 319.0 444.3
Whole Brazil 224.0 430.6 631.3

On the other hand, in the GCPS's data, estimation of peak power demand growth is not
clearly indicated. Iis reason would be that majority of power sources in Brazil is
hydropower and most of major hydropower stations have large reservoirs suitable for
peaking operation. Installed capacities of those stations are determined at sufficiently high
level taking into account of extreme draught years and regional variation in availability of
river water.,

Load factors of Brazil's power system estimated in Plano-2015 were 0.69 for 1990 and 0.75
for the years after 2000. [In this JICA team's study, peak power demands are eslimated
applying the load factors of 0.7 for 1992 and 0.75 for 2005 and 2015. ‘the result is
tabulated below.

Table-6.18 Peak Power Demand (GW)

"Estimated -Projected
. 1992 2005 2015
South/southeast system 28.8 48.6 67.6
Whole Brazil _ 36.6 65.5 96.1




6.4.3 Watcr Dcman‘d Projecl[on for Hydro'powcr in Pa'rfmé Slate:

‘The water demand for hydropower plant is defined here as the rate of dlschargc requnred for
gencraling the firm encigy designated for lhc plant. :

Approxnnalc watcr demand of cach plant for continuous generation of power cqmvak:nl to
average hourly firm energy which is given by dividing the value of the firm energy (GWh)
by 8760 hours is calculated in the Secloral Reporl vol.F. l!ydrocleclnc Power Generation.

On the othcr hand, the DNAEE‘S regulation supulatcs thc minimum waler dlscharge o be
released downstrcam from the power station, i.c. 80 % of ‘monthly dverage minimum
discharge in the historical series of natural d:scharge Any hydropowcr plant is COmrollcd )
asto follow this regulat:on : :

The water demand for hydropowcr plants has dlffercnl characteristics to the other water
demands for such as domestic water, industrial water and agricultural water. The water used
for hydropower plants only p'{sscs through water tucbine for generation and is not
consumed, Therefore, the witer dcmand for hydmpower plams does not aIcht downstream
water consumption significantly. -
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6.5 Inland Navigation

Basically the inland navigation activily in Paran began in the Parand river in the region
between Foz do Iguagu (Paran State) and Tres Lagoas (Sao Paulo State} with the extraction
and transporlation of the wood in the west of the state of Parané in the fifties.

Although there were approximately 30 inland navigation companies at that time, these
companies were disappeared by expansion of other methods of (ransporiation such as
railway transportation and trucking. Based on a hearing from related agencies, only a few
navigation companies are operated o transport the agriculiure producis and vehicles at
present. Based on discussions with these companies and SETR, the following commercial
walerways are known to be operating; : ' :

1 6.5.1 Present Commercial Waterways

'Ihe following navigation companies are operating in Parand river for carrying either
agriculture products or vehicles. (Refer to Figure-6.4)

1) MECA Navigation Company .
- Between Hemandarias (Paraguai) and Presidente Epitacio (Sao Paulo State)
- 6.convoys (about 2,100 tonfume) or 7 convoys (about 2,400 ton/time)

- Frequency : 3 times/week

- Type of Cargo : Soybcans

2) F.Andreis Transportation Company
a) Between Guaira {(Parand) and Salto Guaira (Paraguai) (3 5 km)
2 Ferry Boats and 2 Tag Boats
Operation Time : 8:00 a.m. - 19; .00 p..
Type of Cargo : Vehicles and Tracks
b) Between itha Grande (Parana) and llaqunral (Mato Grosso do Sul)
2 Ferry Boats and 2 Tag Boats
Operation Time : 6:00 a.m. - 23:00 p.m.
Type of Cargo : Vehicles and Tracks _
¢} Between Guaira (Parand) and Mundo Novo (Mato Grosso do Sul) (6 km)
2 Ferry Boats, 3 Tag Boats
24 hours operation
Type of Cargo : Vehicles and Tracks _
d) Bcetween Sao Pedro do Paran (Parand) and Bataipora (Mato Grosso do Sul)
3 Ferry Boats and 3 Tag Boats | ' '
Operation Time : 6:00 a.m. - 19:00 p.m1.
Type of Cargo : Vehicles and Tracks _
¢) Between Guaratuba and Matinhos (Paran) (2 km), Coast Area
" 3 Ferry Boats and 3 Tag Boats |
24 hours operation '
Type of Cargo : Vehicles and Tracks
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3) Upper Parand Watcrway

 Upper Parana Waterway is composcd of the following rivers, and located among four
- states such as Paran, Sao Paulo, Mato Grosso do Sul and Minas Gerais. (Refcr to

Figure-6.5)
<Parani River>

From Itaipu dani to Sao Simao dam in Paranaiba river and Agua Vermatha dam
in Grande river of about 800 km distance. Today, the width of channel in
Paran4 river has already sufficient conditions, and locks are being projected
with 17.0 m width for future 16.0 m width convoys, but the draught is limited
to 1.70 m due to restrictive condition of depth in a few parts.

<Tic_lc River>

Tiete river mouth to an upstream point of Bonita Barra dam in Sao Paulo State
with an extension of 575 km. Tiete river is totally dammed with lock facilities.

<Ivinhema River>

Ivinhema river mouth to Nova Andradina city in Mato Grosso do Sul, with an
extension of 110 km. This waterway will be considered with the influence of
backwater level by the planned I{ha Grande dam at downstream.

6.5.2 Other Transportation Methods
b Exlcns:on of Motorway

At prescnt, a bndge with a span of about 3.5 km linking Paran4 State to Mato Grosso
do Sul State over the Parani river at Guaira to connect with existing BR-272 and BR-
1163 highways is being constructed since year of 1990, and the target of completion will
be December 1995. If the bridge has been operating, 2,000 vehicles shall be crossing
daily. It means that above existing mentioned waterways such as from Guaira to Salto
Guaira and from Gualra 10 ltaqulral may reduce/ or stop their ferry operation,

.2) Exlenmon of Rallway

At present a rallway with an extension of about 220 km has been constructing paralicl

- with existing roadway between Cascavel and Guarapuava, and also further extension
of between Guarapuava and Guaira with extension of about 130 km has beén planned.
If the extension of railway to Guaira has been completed, routes from Guaira to Ponta
Grossa, Curitiba and other stations will be connected in the future.
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6.6 Water Demand Projection by Sector and bj Region
6.6.1. Zoning for Demand Projection

" The stale of Parand, which is composed of 371 municipalitics as of 1993, is divided into
several regions based on the micro-zoning established by the state govemment. The zoning
number and boundary vary among the institutions on their purpose.

There are two kinds of micro-zoning adopted in the Study. Onc is Homogeneous Micro
Region (Micco Regides Homogeneas: MRH) and the other is EMATER's regional zoning,
both of which are composed of municipality units.

There are 24 MRHs, from MRH - 268 to MRH 291, in the Paran4 state and they are the
units for socio-economic statistics such as population, value added for each industrial
sectors, GDP, cte. The demand for domestic water and industrial water were projected
based on MRH. unit. '

Thete are 20 of EMATER's regional zonings, and they are the units for agricultural statistics
and policy making. The agricultural water demand was projected based on EMATER’s
units. "

6.6.2 Demand Distribution to River Basin

" In order to estimate the balance between demand and supply, demand is to be distributed to
each river basin.

Domestic and industrial water demand were distributed from MRH uiit to river basins.

~The agricultural water demand which is composed of livestock water and aquaculture water

was estimated based on the EMATER s regional unit. The EMATER’s zone is composed of

municipality units and the water demand is assumed to be homogeneous in each zone.

. ‘Therefore, the water demand is distributed to each municipatity at first and then summed up
by MRH unit and by river basin. The refation between MRH units and river basins are
shown in the Figure-06.6. '

6.6.3 Water Demand Projection by Scctor and by Region

The water demand projection by scctor and by region was calculated for the base case as
shown in Table-6.20 and 6.21.

6.7 hnvironmental Sanitation Program for Curitiba Metropolitan Region
(PROSAM)

- PROSAM is an environmental sanitation project for Curitiba Metropolitan region including
water supply, flood contro and urban drainage, sewerage system, environment conservation
etc.” It includes construction of Irai dam for water supply of 2.0 m¥/sec, drainage channel
excavation 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 waste
disposal, bridges, and environmental 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 implemented from 1992 to 1997. ‘However, the progress rate as of June 1995 is

' esumated less than 20%.
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CHAPTER 7 WATER RESOURCES DEVELOPMENT
7.1 Surface Water Potentlal |

7.1.1 Currcut_Watet Use

(1) Picsent Waler Supply in Parani State

Domestic water for urban area is supplied to 98% of urban population. SANEPAR supplies
water to 89% of urban population and other orgamzanons including mumcnpalmcs supply
the rest.

Water source depénds_bil surface water in 85%, and groundwater in 15%. The areas where
the percentage of surface water is high are Iguagu, Tibagi, Cinzas and Litoranea river basins,
and use of groundwater prevails in Parana residual basins and Paranapanema residual
basins. '

@ CUIT@;nt Water Use Sl.lli'_\"l(.':}"' | '

Information and data on water use are scaltered anong related organizations and types of
registration form are also different. To understand 1hc present situation of water use, the
following investigations were carried out.

a) Collection of Reglslered Data

IAP Water nght Registration : 1,680

. Agplication of Factory Construction - 1,299
SANEPAR =~ Water Use in Systems - | 1,820
COPEL "~ Hydroclectric Water Use ‘ 113
EMATER Agricultural Water Use ' 1,484

b) Questionnaire survey for branch ofﬁces of IAP, EMATER and SANFPAR
and municipalities.

"¢} Interview survey of branch offices of IAP, EMATER and municipalitics.

- After processing the collected data, the database system was prepared. |
7.1.2 Criteria for Surface Water Development
Main points of the Cri'teria in the Parand State are as follows:

l) ‘Allowable direct intake water should be less than 50% of Q,, ;.
Q;; Anmnl mmlmum of average d}schargc of continuous 7 days.
Qo Q7 dnschargc wnth occurrence probability of once in 10 years.

2) Minimum discharge to downstream of intake point should be more than 50%
of Q5 - .

.3) Allowable intake for public supply shall be more than 10% of Q,y, due to
imposed restrictions for potential pollutant above intake point (State Law
number : §935/89)



4)  Permission of water intake shiall be given, in the case that intended use will be
compatible to the water quality standard established in C(NAMA Resolution
number : 20/86 and State Law number 8935/89, '

In addition to the above, DNAEE snpulates that the dlsehqrge from dams for hydroclectric
power should be more than 80% of the monthly average minimum discharge in the historical
series of natural discharge of the river,

7.1.3 Surface Water"Poterilial for Each Basih

Applying the mentioned waler development and maintenance dlscharge cnterla, an amount of

surface water potenllal by discharge reference point was computed as follows, .
)] Discha:ge Reference Point

Each river basin was divided into maximum 5 blocks as shown in Figure 7.1 for

“convenience of surface water development study mentioned later in the Scction-7.4. The
boundary of each block crossing the river basin was determined atong the boundary of the
municipality as similar as possible to the natural boundary of tributary basins.

30 discharge refeicnce points were determined downstream of each block Surface water
potential is to be calculated at discharge reference points.

'(2) Surface Water Potential

Surface water potential was calculated by deduclmg maintenance dlscharge (0 5 Q) from
the low water flow (Q ,.; obtained using the maps of HG52 from CEHPAR (1982)) at each
reference point. The water use of the upstream was not considered in the above calculation.
The results are shown in Table-7.1 and Figure-7.1. -
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‘Table-7.1 Surface Water Potential al Each Reference Point

Arca

No. Basin Block Potential
' fkm’] [m¥s]
113} Cinzas CZ-1 1,9703 1.789
[2) ‘ CZ-2 - 9.29] 4.943
(3} [guace 13-4 3,590 J.817
(4] 1G-2 18,300 20.82
{5] 1G- 38,670 43,554
(6} 164 - 570000 60.11Y
{7] ; 1G-5 68,700 23,229
(8) Ttatare IT-1 5,098  7.6431
2] Ivai V-1 3,170 2.102
{10} ' Iv-2 8,442 3.812
(| 1v-3 19,992 16,159
123 V-4 29,20 12,997
{13} L V-5 35,879 66.574
{14} Litoranea Li-3 5,766 20.845
{15} Parani-1 PA-1 1,332 4.543
{16} . Parani-2 PA-2 ‘3,15 -.5.416
{17} Parand-3 PA-3{ 866 10.582
{18} ] Parand Panema-i | FP-1 1,246 1,299
{19} | Parani Parema-2 | PP-2 695 .349
{20} ] Parani Panema-3 | PP-3 3,719 4.168
{21} | Parani Panema-4 PP4 4,144 6. 776
{22} Piquiri PQ-1 8,745 14.73%
(23] PQ-2 18,969 53,894
{24} PQ-3 24,708 43,542
{25} Pirago PR-1 5,006 8.833
12611 Ribeira RB-1 4,016 10.£41
(27} RB-2 2,129 25.937
{28) Tibagi TB-1 5,149 4,298
129} TB-2 16,479 12.7608
[30] TB-3 24,6351 -~ 16.844




7.2 Groundwater Potential
7.2.1 - Methodology

~ For sustainable development, assessment of groundwater potential is necessary (o be
carried out on the basis of water balance betweei surface water and groundwater in
addition to the borchole y:eld analysis by pumpmg test consldered with drawdown of
groundwatér table. .

The following thre¢e ways of assessmg ‘groundwater po!cntla] were adoplcd in
consideration of available data : o o

—  Borchole yield ana!ysns by pumping tcst cons;dcrcd with drawdown of
groundwatcr table :

—  Interference 'uca analys;s durmg pumpmg ies! _
—  Baseflow analy51s on the bas:s of water balance betwcen the river discharge
and Circulatmg groundwater such as transitional recharge

7.22  Estimation of Groundwater Polcnual on lhe Basis of Borehole Yield Analysns
by Pumping Test Data B ‘

The estimation of groundwater potenhal on the basis of pumpmg tcst data can be roughly
calculated by the following formula: _
GR = Ach / (314 xr wit)
GR.; Groundwa{cr Resources of ReSpectwe Aquifer, : A' Atca of .Aquifer
Qc; Crmcal chld of Respccuve Aqucr, fwi; Radlus of Well Interferencc
However, the above formula is presemed for a part of groundwaier resources which is a

"Critical Pumping Yield" and not total volume of groundwater resources. The calcu!ahon
results on the basis of the above formula are shown in Table-7.2.

In consequence of the above resuits, the high potential aquifers in Paraﬁﬁ State are as
follows :
1) Botucatu Formation and Sexra Geral Formation
-2) the "Karst"
3) Caiua Formation
The groundwater potential of Bolucatu Formation is assessed to be extremely large due to

large aquifer distribution and porosity. It’s producuvny is also high because thc aquer is
highly confined.

However, the above result doesn’t mean the 'groundv}atcr potcntial for the susléinabTe'
development, but it means productivily’s of boreholes in the yield.
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7.2.3  Estimation of Aquifer Potential on the Basis of Interference Area of
Pumping and Geological Setting of Aquifers

The total volume of aguifer’s groundwater potential is estimated on the basis of following
formula and data summarized by the well inventory database and geology as shown in
“Table-7.3. . :

GR=(AlAi)xSCx Dx(3.14x1r")
GR: Total Groundwater Potential of respective aqunfers
A: Arcaof aquifer, Ai: Area of pumping interference (Ai= 3. 14 X Ir h
D : Tickness of each aquifer (ass_umed by concep_tlonal aquifer model}, '
Se: Coefficient of storage (= effective permeability) Sc=Qt/(3.14xdsxIr?),

: Qt Total volume of dlscharge from pumpmg s(art time to being time of crmcal
- yield, : '

 ds: Drawdown of groundwater lable durmg pumpmg, ‘

Ir : Interference radius of groundwater table durmg pumpmg,

This table md:eates lhal large amount of groundwater resources is stored in the aqunfcr
areas in Parané State. The order of slored volumc is ranked as follows:

1) Botucatu Formation

2) Serra Geral FOrmanon north -
3) Caiua Formation '
4)“Karst®

5) Serfa Geral Form'atioﬁ south

However, this result does not necessarily mean lhat groundwater development potenllal of
these aquifers is extremely high from standpomt of the sustainable use.

7.24 Es(imalib’n of Groundwater _Potentia! on the_Ba,sis of Relatioﬁship between
Baseflow of River Discharge and Transitional Recharge of Groundwater

Generally, the groundwater resouices are composéd of circulating parts and stored pdrls.
Their circulating parts, in their turn, are composed of two parls: transitory recharge and -
deep recharge, but deep recharge is cons;dercd very small in the mean for long period such
as 20 years. :

Some of lhe cnrculalmg groundwater resourccs are utilized for domestic, mdustml and
agricultural water. Besides they supply baseflow as transitory recharge into river and
maintain the minimum discharge in drought seasons for preservation of water environment
in natural. Therefore, the suslainable develt:)pment can not allow totally the use of the
circulating groundwater for the above social and natural convenience. The part of jt is
defined as Permissive Yield. Thus concept of Permissive Yicld is very important for the
assessment of groundwater polentlal under consideration of sustainable development of
groundwaler TeSOUrCes. :
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In the determination of Permissive chld for respective aquera, the ratio of sustainable

dcvclopmcntﬁcsumated circulating groundwaler resources is assumed on the basis of

experimental presumptions and consideration of reservoir structures, Thc Perimissive
Yicld for respective aquifers is shown in Table- 74, :

In addition, the amount of groundwatcr polcn’tial was caléu!ated on the assumption that
amount of deep recharge is negligible, so that the data of meteorological and river
discharge are used in the average of about twcnly (17 ~20) years for the analysis.

The transitory recharge of groundwater FESOUTCEs. Can be estimated by the ana]ysns of
baseflow, because bascflow of rwer comcs from the d;schqrgc from groundwater

In the view of the above b‘tseﬂow, the parllal estimation of lransnory groundwater
resources for each aquifers and groundwater basing were studied using the low discharge
- data of Q, by IAP and the low discharge data of 355 day's discharge in "Flow Régime" by
JICA Team. The mean baseflow in respcctwe exposure units of aquifers were decided by
the relationship between the above mentioned low dlscharges (Q, and 355 day s discharge

data) and the catchment areas corresponding: to. the dlscharge shown in Flgurc -1.2.
Therefore, the average of Q, for long. years like as 17 years in a catchment areas was
assumed alntost same as baseflow anatyzed by hydrograph. Furthermore, the mean Q, and
355 day's discharges were adopted as the baseflow in this study. ‘The assessment result of
the groundwater potential on the basis of the water balance is shown in Table 74.

The baseflow of Mclropohtan Curmba in ’l‘able 7.4 is smaller lhan average. . This

evidences can' be explained to b¢ that the circulating parts of groundwater résources in
Metropolitan Curitiba arc not discharged to the Iguagu basin but they are discharged to the

Coastal range and the "Karst" area. In addition to the abcwe, the discharge mcchamsm can

be caused by the followmg two reasons : ®

1} The geographlcal siluation of Curmba Mclropohtan Area is’ much hlgher
than that of the Coastal Range and the “Karst" area. :

2) The fracture reservoirs developed m Pre-Cambrian are connectmg their
different geographical situation over the river basins (the Uppcr lguagu River
815111 the Coastal range and the"Karal arca) : : :

Therefore, Ihc baseﬂow analysis shows hl gh potcnua) of transnory grouudwaler fesources
for the following aquifers : :

1) the area of Caiva Fomiatibn -———-- 11,056 m’/d/km '
2) the "Karst" area e : '18'3 m’/d/km?
- 3) lhe northcm ar¢a of Botucatu and Scrm Gcrai Fbrnfations ——-- 672 nm /dfkm

F urihermore lhc esnmatcd rcsu]ts of cxrculatmg groundwaler resoun,es pn,sent lhe total
yields of a circulating gmundwater and the spatial pernissive y:c!d of appears to be about
" 10 % of the yield from cxpermlent'll estimation, However, the permissive percemages of
aquifers in the “Karst" and Serra Gera! Formation (consists two parts; the northern part and
the southern part) can be estimated much higher by apprommately 30 %. 20% and }5%.
That is because, their aquifers struclures are very suitable for (ranSposmon of groundwater
resources and the critical yield of boreholes in the above areas is bigger.
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7.3 Required Water Supply Amount
7.3.1 Water Demands fmd Sources

Water demands are estimated for urban domestic water, rural domestic water, industrial
waler and agricultural water (refer to Chapter 6). - Water source appropriate for each water
demand seems to be basically as shown in Table-7.5, from the view point of developed
amount, economy, technology, realization, etc,

Table-7.5 Water Demands and Sources

Water Demands Region Main Water Sources Sub Water Sources
‘Domestic - - Urban Surface Water Groundwater

' Rural . _Groundwater 7 Surface Water
Industrial : Urban Sutface Water ~_ Groundwaler
Agncu! tueal . 'Rura] | surfaceWater Groundwater

Surfacc water is beuer o be develc)ped then groundwater for such concentrated and large
amount of water demands as urban domestic water and industrial water. On the other hand,
groundwater is better for scattered water demand of rural domestic water, Agricultural water
demand, éoniposed of livestock and aquacultural water, is also scattered in rucal area, can be
developed by surface water from small tributaries nearby. - However, as the actual water
development - method depends on the topographical, hydrological and hydrogeological
conditions of the place, the use of oombmed surface and groundwater is also to be
consndered in some cases.

"7.3.2 Water Losses,

Required water supply amount is calculated by adding various losses to each water demand.
Percentage of total waler loss which includes losses for intake, conveyance , (reatment,
distribution of water, etc, is assumed as shown in Table-7.6 taking into consideration
present loss percentage, future 1mpr0vemen! and type of water devclopment

Table-7.6 Percentage 6! Waler Losses

PurposeofWaterUse Region _1993(%) 2005 (%) 2015 (%)
Domcsuc . Urban . 40 30 25

: ' ‘Rural 15 10 10
Indostsy .~ | Uthan 15 10 10
Agriculture | Rural . 0 - 20 20

7.3.3 Required Water. Suppiy '

_ ASSurhing watef loss percéntage as shown in Table-7.6, based on water demand estimated in
'__ihe Section-6.6, required water supply by sector, by MRH and by basm is calculated as
'shown in Table-7.7 and 7.8, rcspectwcly '

- 7-12
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7.4 Surface Water Development

7.4.1 Process of Water Dévélopmcnt*Sludy

Process of water development study is as shown below:

i)

Possibility of water dcvelopmcm by direct intake of surface water is examined
for required supply amount in several block of each river basin,  And water.

“shortage areas are identified. For such water shortage arcas, development by

2)
3)
4y

5)
6)

dam or groundwalcr is sfudied i in the latter sections.

Demand and supply i in Curitiba metropolitan arca are studicd for surfacc water

development by dams and groundwater developmen{

Demand and supply in 1he targe urban areas such as Ponta Grossa Londrma
Maringa, Cascavel, etc are studied.

Demand and supply in the other urban areas are studled
Demand and supply i in the rural domestic areas are slud;ed

Demand and supply for the agricultural water in lhe‘rural area ;éfé sltidied.

7.4.2 Surface Water Development

(1) Required Water Supply by Block of Ri\}cr Basin.

In order to compare required water supply with surface water potential in each block of
basin, the required water supply is distributed to each block of each river basin by applying
the same method as distributing watcr demand of MRH to each river basin. The required
water supply by block of river basin is calculaled as shown in Tablc-‘? 9

2) Mclhod of Assessment

The following equatmns are apphed to assess. the potcnhal water development by direct
intake of surface water. :

QC,NF_“QP,NFQ;,N. . ) : c
I : o
QP-N = O.SQN_,_N - iEI (le'_i : when Qs,i S Qp.i,or Qp_i ¢ when __Qp;i < Q"i)
- 9_& : : DU ;
N =
Qs,N
Where: . _ _

Q.n:  Excess water after intake at N-point,.

Q.n:  Possible dcvelopment waler at N-pmm

Q. Requ;red supply 1 water at N- pomt

Qo Low water flow once m lO-years and last 7 days at N pomt 3

Ratio of Q, ,; to Q at N-pomt.
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The possibility of surface water de_felopme_nl by direct intake is judgcd_as_ follows:
Q.5 0, or Ry > 1,0 Surface water development by direct intak'c“is possible.

Q. <0o0r Ry < 1.0: Surface watcr development by direct intake is impossible and
other fac:htles such as dam, weir ¢tc, are requnred for regulatmg discharge.

| (3) Possnb;lny of Surface Water Development

In accordancc wnh the eqmuons above, the posmbnhly of surface water dcvelopmcnt by
direct intake was assessed for each block of each river basin for the Base case as shown in
Flgurc 7 3.

Based on Figure-7.3, severe shortage of water is found al the upstream of Iguagu river,
block IG-1 which includes Curitiba metropolitan area, and considerable light condition of
water supply is found at the upstream of Tibagi river, block TB-1 which includes Ponta
Grossa area though the potential is more than the requirement. Except for those two blocks,
surface water development by direct intake seems to be generally possible for the other
blocks. This means that most of urban areas scattered in the river basins could develop their
urban domestic water by direct intake from nearby rivers. As to the Curitiba metropolitan
area, other water development methods such as by dari and by ground water are required
and as to other large urban areas such as Cascavel, Ponta Grossa, Londrina, Maringa, etc.,
which are located at lhe extreme upstream of main slream or tnbutanes, sufficient study
should be camed out, : :
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7.5 Grdumdv&ater Developme'nt o
| ) Policy of Groundwater Developmeni

The followmg three bases are to be considered for the groundwaler dcvclopment
a) Sustainable development,
b) Good use in quantity and guality, . ,
¢) Altemative devc!opment betwccn the surface water and groundwater by cost
performance. :

The concept of sustamable groundwater development is to use only a part of circulating
groundwater resources (=rechargeable groundwater resources) in consideration of both of
environmental and secioccononiic aspecls. '

~ The concept of permlsswc yield is introduced in Section-7.2 1o achieve suslainable
development.

Good usc in quantity and quality is to make development plan of effective use in quantity
and chemistry such as pH, hardness and temperature. For example the characteristics of the-
groundwater in Curitiba Metropolitan Area is summarized as follows :

“Karst”; —  High hardness in chemistry and not suitable for industry use such as boilers.

—  The other chemistry is very suitable for drinking water in aclually to be bottled
for mineral water for Curitiba Metropolitan Area.

~  High productivity of borchote and high potential of groundwater resources.

Guabirotuba Formation; - Low hardness and suitable for industry use in chemistry,
-~ Low productivity of borchole for big municipality, but suitable for local use.
- Development possibility at any places within the distribution area of lower
horizon of Guabirotuba Formation as same area as Cuntiba City.

Alternative development between the surface water and groundwater is described in Section-
7 6 and 1.7,

(2) Melhodoiogy of Groundwaier Resources Developmcnl

The reqmred area of dcveiopment borehole number and site selection were planned by the
followmg method. The assumed parameters to make a groundwater development plan for
each aqulfer are listed in Table-7.10.
a) - _chuired Areaof Dcvclopmem _
* The required area of development (Ar) is calculated by the follewing formula
- Ar=Dr/Qpr or Ar=Dr/(Qrxk)
Dr; . Demand of required water supply (ms),

Qpr ; Permissive recharge of groundwater resources (m3ls!km s
represented ; Qpr-mQr x k), :
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Qr; Rcclnrge of groundwater resources per spahal unit (m’lsfkm %
'k ; Ralio of spatial permissive yzeld (%). '

b) Required Borchole Number ;

The reqmred borehole number (N} is calcutated by the foltowmg fomm!a
N=Dr/Yp
Dr; same as the above
Yp Spaual Pcrnusswe y:eld of borehole (= Cntlcal ylcld Y )

¢) Site selection of boreholes

The sile selection of borehoIes is studied based on thc gcology, tapography
and pipeline design in respective sites of groundwatér development.

The study results of the large urban arcas are presented in Section-7.6 and 7.7, whllc the
development for the mral domestic water is presented in the Section-7.8. '
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7.6  Water Development in Curitiba Metropolitan Area
(1) Population arid Water Requirement

Municipalities whrch are included in Curitiba metropolitan area weére assumed (0 be the
following 9 municipalities: Curitiba, Almirante Tamandaré, Colombo, Piraquara, Sio José
dos Pinhais, Araucéaria, Campo Largo, Pinhais, Fazenda Rio Grande:

Urban populalion of Curiiiba metropolitan area was estimated based on population of
municipalities in 2,000 whlch were the most up- -to- date dala pro;ected by IPARDES as
shown below:

Urban Population in Curitiba meiropolitanareain ’20] 5

Total urban population of 9 Municipalitiesin 2000
Urban popu lation of MRH--268 in 2000

323?)76" ]'35 %3280 10° - 0.957 3.280 10°a 3, 14% 10° inhabitants

X Urban popufanon of MRH 268 in 2015

Water reqmremenl for urban area is mainly composed of urban domestic water and mduslrlal
water. Required water supply in 2015 and in 1993 .were calculated by the same method as
used in population estimation as shown in Table- 7. . T

" “Fable-7.1% Reqmred Water Suppiy m Cunnba Metmpohlan Arna

| (m¥sec)

Year Urban Domestic Water : lndusl.nal \‘-’ater : Total ‘|

: Demand | Loss | Intake Demand Loss | lntake it

2015 6898 | 2208 | 9194| 5264 osss| ss49| 15043

1993 2.808 | 1.872 4.679 2.785 0..491 3217 7.956 i

Water to be 4515 ' -} o2sm2| r087)
new]y developed : 3 '

(2) Surface Waler Development by Dam

As studied in lhe Section-7.4, there is no room for direct mlake from river due to shontage of
natural discharge in the upstream of Iguagu river, therefore development of new’ water
resources has to depend on construction of dam-reservoirs. S

Water development in proposed 10 dams planned by SANLPAR around Cuuuba at thc
upstream (ributaries of Iguagu river (refer to Figure-T 4) was studled

i
4
H

The water developmem calcutation is made based on the followmg conditions SR

i

a) Assuming the dally discharge at proposcd dam snes are mﬂow to lhe resewow, :
daily water balance i in the rescrvoir is simulated for 20 years :

b) Maintenance d:scharge from the reservoir is assumed to be 50% of Qm and dany
dlscharge from the reservoir is to be more than the maintenance discharge.

¢) i} When inflow is less than the sum of proposed deve]opment water and
niaintenace discharge deference is supphed from reservoxr water.

il) When inflow is niore than the sum of proposed development waler and
mamtenance discharge excess of mﬂow is recharged (o the reservoir. If the -

H
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reservoir is full at that time, excess water is discharged to the dowastream of
dam.

~d) Bvaporation - from reservoir is also counted by applying average monthly
cvaporation data for 20 years at Piraquara observation station.

¢) Scepage or infiltration from reservoir is neglected.

f} The maximum period of recovery is about 5 years.
Several cases of proposed water development volumie ranging from 0.10 m’/sec to 1.40
m’/sec were assumed at each proposed dam. Simulation of daily water balance in reservoir
was carried out for 20 years. * The results of simulation are shown in Table-7.12. For

example, judging from required recovery period of reservoir capacity, an appropriate watet
development volume by Pequeno dam (No.3) seems to be 0.9 mY/sec.

The water development volume by dams around Curitiba is as showa in Table-7.13.
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Table-7.12 Developed Water and Required Reservoir Capacity by Planned Dam

Name of Dam Development Water Reservoir  Capacity Period of Recovery
: ' {m’/sce) C(x 10'm) {Year)
0.90 24.3
. 1.00
| Irai B 1

2'_ Piraquéi'a I

3. Pe'q_uerio
4 Alto
Miringuava

5 | Cotia Despique

6 Alto Mauricio

7 Das.Ongas
(Mandirituba)

8 Faxinal

9 Das Ongas

(Contenda)

10 | Piunduva

{Note]*: It means that capacity is not recovery.




Table-7.13 Water Development Volume by Danis around Curitiba

Catchment o -] Developnwent | Effective | Comection
Nanme of Dam (River) Asca Reservoir Qor Qur | Qurs Volume Reservolr | Cocfficient
. C (CAX Area . 509 ) Capacity S (211
km?) km?b (m‘ggd (m'fséc) (A0%my |
klm’) o
| l1af 112.6 13,80 0.355 - | 040 0.200 i.10 35.0 - 0.781
2 Piraquara I - 58.0 5.54 0.397 g2 | 0115 0.70 19.8 0.450
3 Pequeno - 623 617 0.465 0.29 0.145 - 090 3.3 0.566
4 | Al Miringuava 715 578 0417 | 030 | 0150 .1.00 287 0.586
5 Cotia Despique 154.7 14.17 0.27] 0.42 0.210 1.20 © 389 . 0,820
6 Alto Mauricio 36.0 . 376 0217 0.10 0050 |- 02 | 78 0.195
7 Das Ongas T 290 279 0276 | 008 0040 1020 © 58 . 0,156
{Mzndicituba) L .. . : . . o
8 ‘Faxinal 63.3 . 486 - 0.269 0,17 | 0085 . 0.50 149 i 0333
9 Das Ongas 156 - 4.86 8265 | 020 0.100 1060 168 0.392
-] {Contenda) . o : : :
10 Phunduva © 254 250 0.276 0.07 0.025 1020 6.7 0.137
Total £88.8 - - - ' . 6.55 S 2057 -

[Note] : Daily discharge at each dam site is calculated by mumplymg dalty d:scbarge at Fazendmha station by
correction coelficient.
_ Correction Coefficient ; a =" C.AJL l0 0x Q 100 465
110.3: C.A. of Fazendinha
0.465 : ql0,7 of Pequeno
q 101 ¥alue was calcalated by the HGG4.

3) Groundwatcr Developmcnt in Cuntlba Mctropohtan Area.

There is the Karst aquifer about 10 to 50 km north of Cumlba whnch has large potenual to be
developed.

As mentioned abové, the Karst aquifer has large potential, therefore, - gtoilttdtvalcr
development nmight cover theoretically all required water. However, niore economtcal well
freld near Cunuba in the Karst aquifer should be developed in early stage. . .
The stage devclopment with 1.0 mYscc of groundwater development was cons:dered
Number of sequxrcd boreholes per each stagc was calculated as follows. _ P

%

Number of Boreholcs per Stage = l.O'm’lsec N 0.044 m’!secfwe]l =23 wé'lls

The optmuzat!on of water supply. system between surface water and groundwater should be |
stud:cd :

(4) Optimization of Water Supply System
The combination of 10 dams mentioned above and wells was oplimized for the water

supply. Constatction cost of each dain and well field was estimated as shown in Table-
7.14. ' - ' '




Table-7.14 Construction Cost of Dams and Wells

Namie of Dam (River) Development | Construction | Unit Cost
Well Field Volume - Cosl (16° USY/
. {m’/sec) (lO‘ US$) m/sec)
i | il . 39 3
“2 | :Piraguara H 0.70 18.0
3 | Pequeno - 0.90 30.6
4 | Alo Micinguava 1.00 30,5
5 | Cotia Despique 1.20 360
6 | Alto Mauricio _ 0.25 12,5
7 | DasOngas (Mandmtuba) 0.20 19.4
-8 | Faxinal 0.50 21.5
9 | Das Ongas (Contenda) 0.60 18.6
10 | Piunduva 0.20 16.7
"’ Total 2436
1. | Wells (Stage I), 23 wells 1,00 30,0 30,0
2 | Wells (Stage 11}, 23 wells 1.00 43.8 43.8
3 Wells (Stage 1), 23 wells 1.00 62.7- 62.7
g Total ' 3.00 . 136.5 45.5

" Since ‘surface water development is generally more economical than

groundwater

* development for the large scale water resources development, the ratio of surface water
development and groundwater development was assumed 7 : 3 at the Strategy study.
~ Detailed optimization will be carried out in the Master Plan study. The required water supply
© in Curitiba mclropolmn area is 7.09 m¥s, therefore surface waler development amount is to
'ibc 5.00 m¥s and groundwater development amount is to be 2.09 m*s. The construction
; ‘cost was estimated by thc muluphcauon of water development anount and average unit cost
by waler sourcé wxse _

‘,,The cost for-dam conslructlon and well field is shown in Table 7.18 and 7.17.

: ,:' '(5) Balance of Demand and Supply :

",Balance of demand and supp]y in Curmba metropoht'm area is estimated to be as shown
" below: '

(m’!s)‘
-~ Reqmred Supply Water 7.09
: - Posmble Supply Water
| - by dams 5.00
- by wells - 2.09
Total  7.09°
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