|

l:il / E Iﬁ‘i

11
Aﬂr

ISﬁi

}*a K
¥ .'}‘

AR T YA SRR AT

fIll\ll'IllHlHlllliilP il

J 1125397 (8)







JAPAN INTERNATIONAL COOPERATION AGENCY (JICA)

STATE SECRETARIAT OF PLANNING AND GENERAL COORDINATION,
PARANA STATE, THE FEDERATIVE REPUBLIC OF BRAZIL

THE MASTER PLAN STUDY ON
THE UTILIZATION OF WATER RESOURCES IN PARANA STATE
IN

- THE FEDERATIVE REPUBLIC OF BRAZIL
FINAL: REPORT

SECTORAL REPORT VOLUME G

WATER UTILIZATION PLAN

December, 1995

Yachiyo Engineering Co., Ltd,
Tokyo, Japan

and

~ Nippon Koei Co., Ltd.
Tokyo, Japan



Hr;l//’IWIHHI(M!HM |

3971(8)

Cost Estimate is Based _
on The Price Level of August, 1994,
According to The Following Exchange Ralte.

US$ 1.00 = ¥ 98.87
(as of August, 1994)




COMPOSITION OF FINAL REPORT
EXECUTIVE SUMMARY

MAIN REPORT

1. Strategy for Parand State

11.  Master Plan for Iguagu River Basin
11I. Master Plan for Tibagi River Basin

SECTORAL REPORT
Socio-economy
Meteorology, Hydrology and Surface Water Resources
Hydrogeology and Groundwater Resources
Domestic and Industrial Water
Agriculture
Hydroelectric Power Generation
Water Ulitization Plan
- Flood Control
Water Quality and Sewerage
Soit Erosion and Forest
Ecology
Water Environment Management
Instilution
Cost Estimate, and Economic and Financial Assessment

ZEFARCCOZORETOP >

DATA BOOK






| THE MASTER PLAN STUDY ON
THE UTILIZATION OF WATER RESOURCES IN PARANA STATE
IN THE FEDERATIVE REPUBLIC OF BRAZIL
SECTORAL REPORT VOL. G
WATER UTILIZATION PLAN

TABLE OF CONTENTS
Composition of Final Report
Table of Conients
List of Tables
List of Figures
List of Abbreviation
CHAPTER 1 INTRODUCTION .. ccoiiiiiiiiiinii s s i 1-1
| T ) LU I-1
1.2 Methodology ....covviiinininiinnis eeresraneneriiaas et eereresaieinieaniraainaaaa 1-1
"CHAPTER 2 STRATEGY FOR WATER UTILIZATION PLAN ............. 2-1
7 T € 1 1 ) e 2-1
2.1.t Water Demands and SOUrces.....ocovvvniiiimninivinnniin i 2-1
2.1.2 Process of Water Development Study ..o, 2-1
2.2 WaterDemand .....oiiiiiiiiiiii e e 22
2.3 ~ Required Water Supply Amount........oociviiiiniiiiniii e 2-12
2.3.1 Water LOSSES..ciuvriviiciiiiineiiiiiiii e saneas cevarees 2-12
2.3.2 Required Water SUPPIY...ocvureir it ieircer e eas ..2-12
2.4 Surface Water DevelOpmenl. .. uueveerrererervrrersersseressasisessrnnessesnasees 222
2.4.1 Required Water Supply by Block of River Basin .......ocoooviiiiininnnn, 2-22
2.4.2 Method of AsSessment......cooivvviiiriieeniinaireariinena, [ 2-22
2.4.3 Possibility of Surface Water Bevelopment ..., 2-32
2.5  Groundwater Development......uviuveievuriricreienieinin it 2-38
2.6  Water Development in Curitiba Métropolitan Area .......ovvvveieniiiniiiiennias 2-41
2.6.1 Population and Water Requirenient c.voevvninveninriiniiiiieininn, 2-41
2.6.2 Surface Water Development by Dam.......coovevvievnvnininens, TP 2-4]
2.6.3 Groundwater Development in Curitiba Metropolitan Area......ooovvivnen 2-57
2.6.4 Optimization of Water SUPply SYSIeil.....uvviveeriereeriirernmireensreeenes 2-57
2.6.5 Balance of Demand and SUPPLY .....ccviierierniieeiirermnencinn JOTT. 2-58
2.7  Water Development in Other AreaS....erveerevessermereerisreiieenenrnrmrecseaess 2-58
2.7.1 Large UrDan AreaS ..cuveieiuiiveecraenianrnseneirenetniormasiosisiainsanesoenas 2-28
2.7.2 Other Urban ATCas ....oiveiuiiinernaiiieniinrieriansire e 2-71
2.8 Water Development in Rural Ateas.....ovvvviienieiiniiiniiiinnineieai e 2-74
2.9 Water Development for Agricultural Water...oocoivvvnniviiiincniiiecene, 2-74

2.10 Rough Cost ESHMAHON +.uvvvreviririnesniciirinieiiiiiiarsiiestinracniiressiinsas 2-74



CHAPTER 3 MASTI&R PLAN FOR WATFR U[‘ILILATION PLAN ........ 3-1

3.1 Genetali.coeeierirnnens beereransrereaieenreans Y P PRI 3-1
3.1.1 Water Demaid arid Sources...‘ ..... eeieeseee st ide b ee s 3-1
3. 1.2 WALCE LOSSES. cersiivernsssbin e ioneii et siaasiosiunnsieessennartensennsscssasronn 3-1
3.1.3 Process of Water Developmcm SWAY ..o 3-1
1.1.4 Classification and Zonipg of RegIon....ccovviiiviiiiiiniiiiinen. 32
3.2 Existing Infake Facilities....ccooiiiiiiiiininiennn e 3-7
3.3 WaterDemand ...oooooiiiiiiiiiiiiniiinnnn P PR 3-9
3.4 Reauired Water SUPPIY vovevervveniniiiaieiiennennns SO PSPPI 5
3.5  Surface Water Developmient....ccovevivviiiiiiiininninrencenss ererivererasnens s 3526
3.5.1 - Zoning for Surface Water Potential .......ooveiiinieciiiinn. 3-26
3.5.2 Surface Water POleBlAl..ceevvereereiviereniniiinnriisiinassssnnninserissennize 3-20
3.6  Groundwater Potential ......oooovniiiiiiiiiinn rreeeres veveenne 3445
3.6.1 Definition of Boundary of Area for Groundwater Study ......ocovvneeenenne 3-45
3.6.2 Assessment of Groundwater Potential in Iguagu River Basin .............. 345
3.7 Water Development in Curitiba Metropolitan Area ................................ 3-51
3.7.1 Water REQUITEMENL. .. ovvvreniveiieerunesnsineines e frieennsn 3551
3.7.2 Process of Water Resources Devclopmem Study ..ooevnrine eeriessaeraneers 3-51
3.7.3 Surface Water Development by Dam.....coevviiveniiinnneennnne Vieereesreies . 3-52
3.7.4 Groundwater Development by Wells ....o.oiviiiiiiiiinnninn 3-60
3.7.5 Optimization of the Water Supply Systemt......cooooeriviinnenens e 3-62
3.7.6 TImplementation Schedule of Water Development..... e eernerrseaaees .3-65
3.8  Water Development in Large Urban Areas (Type-A)..ovoverrererienniiauiine.. 3-68
3.8.1 Water ReGUItement.ceu. v ieiiiivuvietiineiiniice s sasas 3-68
3.8.2 Process of Water Resources Development Stdy ...coeevteorvensinieenine 3-68
3.8.3 Water Resources Development Policies ........o.uiee, rreeedrensteesesrasnens 3-69
3.8.4 Water Supply System in Large Urban Areas....... rereeeneens brevesenieeens 3-7
3.8.5 Implementation Schedule of Water Development.....,... e rresensinaenrnnin 3-74
3.9 Water Development in Medium Urban Areas (Type-B)...veoviovvierene aaenanns 3-84
3.9.1 Water Requirement.....ooveeeeeeeerererenninns reeerrereen rrereereraeeraens 3-84
3.9.2 Process of Water Resources Dcvclopmenl Study .oieeienns EPTRRPRT 3-85 %
3.9.3 Water Resources Development Policies ..o.vveernees ceerrrereserenserecenes 3-85 '
3.9.4 Water Supply System in Medium Urban Areas........,;..; .................. 3-88
3.9.5 Implementation Schedule of Water Development......oovviiriisnnninanann. 3-92
3.10 Water Development in Other Urban Areas (Type- C) ............. ceerrenes PR 3-97
3.10.1 Water Requitement .. c.ouvsienvanmnerniinininersinerns treeeeeeranrencresnees 3-97
3.10.2 Process of Watcr Resources Development Study ...ovennes reaerrgreerieates 3.97
3.10.3 Water Resources Development Policies cuvuinieenn.e. erereraens PP 3.98
3.10.4 Waler Supply System in Other Urban Areas.......... erererrrareeeerrra——as 3-99
3.10.5 Tmiplementation Schedule of Water Development.......ooveeerviiininan. ..3-103
3.11 Water Development for Rural Domestic Watet......ooieeiiniiennsn. ORI 3-106
3.12 Water Developmient for Agricultural Water........oocenennn. ferrasieaaes Cerraeaan 3-106
3.13 Total Cost for Water Development ......... vrvens ireeeeereriaerneeeraeeraprianas 3-106



List of Tables

<Chapter-2>

Table-2.1
Table-2.2
Table-2.3 (1)

Table-23(2)

Table-2.3 (3)
Table-2.3 (4)°

Table-2.4 (1)
“Table-2.4 (2)
Table-2.4 (3)

Table-2.4 (4)

Table-2.5
Table-2.6
Table-2.7 (1)
Table-2.7 (2)

- Table-2.7(3)

Table-2.7 (4)
Table-2.8 (1)
Table-2.8 (2)
Table-2.8 (3)
Table-2.8 (4)
Table-2.9

Table-2.10 (1)
Table-2.10 (2)
Table-2.10 (3) -

. Table-2.10 (4)

Table-2.11 (1)

Table-2.11 (2)

Table-2.11 (3)

‘Walter Demands and SOUICES cviuiaiiiienirioieriaiairiiiiissiernrisanreanas 2-1

Water Demand by Sector, by MRH and by Basinin 1993 .........cceeniiiins 2-3
Water Demand by Sector, by MRH and by Basin in 2005 (Base Case) ...... 2-4

~ Water Demand by Sector, by MRH and by Basin in 2005-1993

(BASE CASEYerrerererrrrreniieraiesiesansins eeeessesnssintersressasronsenaneeereneens 223
Water Demand by Sector, by MRH and by in 2015 (Base CASC)....uvvreernns 2-6

“Water Demand by Sector by MRH and by Basm in 2015-1993 '
(BASE CA8CY: v herenerneessirnesiviivenreranssnnsrernnsserassnincnaransnrasassnsise o7
Water Demand by Sector, by MRH and by Basin in 2005 -

C{ANEINALVE CaSE) . trniieirirreernserenesacresnnessrarsressrsesassonnssrronisasrarase 2°8
Water Demand by Sector, by MRH and by Basin in 2005- 1993 .
(ANCMALIVE CaSE) . eriniiieiiiiraierioreriaraiorssissatorisstarsssensassscessarene 2-9
Water Demand by Sector, by MR}I and by Basm in 2015 o
(AICIIALIVE CASE). 1 veverevrnerreenssnersssnesessessrnneoresnsissenseeneencserinss 2-10
Water Demand by Scctor by MRH and by Basin in 2015-1993

(Alemative Case)...oovviviiimmeneeriiiei e e rereans 2-11
Percentage Of WAter LLOSSES «veverrverruriviereeerserrrersrassasesranssemsnsessanns 2-12
Demand Water by Sector, by MRH and by Basin.........cccccoeeiinninin 2-13
Demand Water by Sector, by MRH and by Basin in 1993 (Base Case) ..... 2-14
Demand Water by Sector, by MRH and by Basin (Base Case).....c.c.eeveis 2-15
Demand Water by Sector, by MRH and by Basin (Base Case}............... 2-16
Demand Water by Seclor, by MRH and by Basin (Base Case}............... 2-17
Demand Water by Sector, by MRH and by Basin (Alternative Case)........ 2-18
Demand Water by Sector, by MRH and by Basin (Altemative Case)........2-19
Demand Water by Sector, by MRH and by Basin (Altemative Case)........ 2-20
Demand Water by Sector, by MRH and by Basin (Alternative Case)........ 2-21
Required Water Supply by Sector, by MRH and by Basinin 1993..........2-23
Required Water Supply by Sector, by MRH and by Basin in 2005
(Base Case) . uiiivieiiieiiiiiiinraiiiasnnriirsraisrsarmserrnmrarmeiannssiaasascesans 2-24

" Required Water Supply by Sector, by MRH and by Basin in 2015
(Base Case)....... P 2-25
Required Water Supply by Sector, by MRH and by Basin in 2005-1993
(BaSE CASE) . e ivrneniecenrnererarasrarerecesaasassseneaeensonnaraeersesnnsnsssiorson 2-26
Required Water Supply by Sector, by MRH and by Basin in 2015-1993

(BASE CASE Y.y crnenreeneiaereerreenrenraranreerttastrearanirataaesiorstirasntastiras 2-27
‘Required Water Supply by Sector, by MRH and by Basin in 2005
(ANEMalive CASE) . e o et iiiiir ittt iiaraeesssnrstorsarsreiransrensvasasins 2-28
Required Water Supply by Sector, by MRH and hy Basinin 2015
(ANeMAliVe CaSE). .. iiiiiviierirericsiiriererioriassranisivonenminianserrainsienins 2-29
Required Water Supply by Sector, by MRH and by Basin in 2005-1993
02X 0 1T R 0T 2-30



Table-2.11 (4)

Table-2.12

Table-2.13
Tabte-2.14
Table-2.15
Table-2.16
Table-2.17
Tablc-2.18
Table-2.19
Table-2.20
Table-2.21
Table-2.22
Table-2.23
Table-2.24
Table-2,25
Table-2.26

Table-2.27
Table-2.28

Table-2.29

<Chapter-3>

Table-3.1
Table-3.2

Table-3.3 (1)
Table-3.3 (2)

Table-3.4
Table-3.5

Table-3.6
Table-3.7
Table-3.8
Table-3.9

Table-3.10

Required Water Supply by Sector, by MRH and by Basin in 2015-1993

{AIEENANVE CASE) 0 euireriiiiniesisnicernesacreniansrseasnernssssssissossssrrenasans 2-3t
Parameters to Make Development Plan of Groundwatcr Resources for -

Bach AQUIET...cvivriiivniiiiniiin it s s an e 2-40
Required Water Supply in Curitiba Metropolitan Atea ......................... 2-41
Evaporation Data at Pitaquara Station c.....oovevviinnnninns [T e 2-43
Devetoped Water and Required Reservoir Capacity by Planned Dam........ 2-45
Water Development Volume by Dams around Curitiba ....ovvvenviinenenaaenn. 2-46
Construction Cost of Dams and Wells ...vecvviiiviiviniiisiannieiann 2-57
Correlated Monthly Evaporation by Urban Area {20 years, 1974-1993) ....2-59
Developed Water and Reguired Reservoir Capacity by Planned Dam........ 2-60
Required Water Supply Amount in Urban Areas ........cvvveevinciiincinnnens 2-63
Specifications of Dam and Reservoir........ S VRO . 2-64
Pipeline and Pumping Head Capacity ....oovvviii i i 2-65
Groundwater Development Cost by Development Volume...........c........ 2-67
Estimated Construction Cost of Planned Dams and Pipeline........oeuvnnn. . 2-69
Alternative Solutions for Water Development in Particular Area............ .:2-70
Specifications and Cost of Desirable Water Development Facilities

for Large Urbamn......ccicviiviiiiiiiiiiiiiii e iisenisisn oo 2-71
Required Water Supply Amount in Amount in Each Municipality

UITDAI ATBA 1o\ vvvensiennnunsenneeernsaeseranesinnaressstnnnaasernnaasersssnreennsns 2-72
‘The Cost Water Development in MRH [Suiface Watcr] / B
Domestic & Inustriial ....ovveenniieieciiinneireieeinennenenn 2 K
Total Cost for Water Development.............. PP ST, 2-74
Water Demand and Source.....oieiienian ererrenes e .31
Percentage of Water LOSSES cvvenvereens e e —————————— 341
Classification and Zoning of Urban Areas in lguagu Rwer Basin....eeenen... 3-3
Classification and Zoning of Urban Area in Tibagi River Basin.............., 3-4
Existing Intake Faclilies cooovviviriniiiiiiriiciiie v 3.8
Water Demand by Sector and by chlon in Iguagn River Basin _
(BaSE CASBY. .. eierrvrmerieeeeriisienrartranseeeronstatiorestsseitsrtrmnrersronsnnans 3-10
Water Demand by Sector and by Region in lguagu River Basin - o
(Alternative CASEY 1 ertnnernrreisrinneitncmtaeessrbnsstbniessnenssisssnsensnsenneeens 3-12
Water Demand by Sector and by Region in leagt River Basin . o

LB 2T 5 T S S S S 3-13
Water Demand by Sector and by Region in Tibagi River Basin =~
(ANEINAVE CRSEY. v vvevveerreerereeeoneesorenteneesentsanseeraresnsseseesesanes 3-14
Required Water Supply of Urban Area by Sector and by Region in

Iguacu River Basin ..o i e 3-15
Required Water Supply by of Urban Area hy Sector and Reglon in

Iguacu River Basin (Base Case) cvvvvveiiiiiiiiiiciininiiesininenee, — 3-16



Table-3.11
Table-3.12
Table-3.13
_ Table 3.14
‘Table-3.15
Table-3.16
Fable-3.17
Table-3.18

Table-3.19
Table-3.20
Table-3.21
Table-3.22

Table-3,23
Table-3,24

Table-3.25

Table-3.26
“Table-3.27
Table-3.28
Table-3.29
Table-3.30

Table-3.31
Table-3.32
Table-3.33
Table-3.34 (1)

Table-3.34 (2)

Table-3.35 (1)
Table-3.35(2)
Table-3.36
Table-3.37
Table-3.38 (1)

-Required Water Supply by of Urban Area by Sector and Region in

Tguacgu River Basin (Altemative €ase) ..ooiiiiiiinniniinne.. 3-18
~ Requircd Water Supply of Rural Area by Sector and by Region in

Tguagu River Basin ..ol e 3-19

Required Waler Supply of Utban Area by Sector and by Region in

Tibagi River Basin.....c.. oo 3-22

Required Water Supply of Urban Area by Scctor and by Region in

Tibagi River Basin (Base Case)....coovvivivmiieeiiimenminnicne, 3-23

Required Water Supply of Urban' Area by Sector and by Region in

Tibagi River Basin (ANCINAVE CASEY.1vreerereressiveerenrecerressareaseransenes 3-24

Required Water Supply of Rural Area by Sector and by region in

Tibagi River Basin..i.uusvivieeeriiieiiinciiism e, 3-25
- Resulis of Draught Discharge Computation by Reference Point in

Tguagu River Basin ..o 3-29

Results of Draught Discharge Compulaiion by Reference Point in

Tibagi RIVEr BaSiN...veeeeiuvrreeeiossnerneseesitisssiianeisrensssassssenasnnces 3-30

Surface Water Potential and Qualily in Iguagu River Basin.............oeeein. 3-31

Surface Water Potential and Quality in Tibagi River Basin............. e 3-32

Coefficients of equation for Qpg; «ovvvveriiaiiviiniiieii 3-34

Value of G {DIA™) cevveiivereinerrren s eerernreiiseii s eeitiieere s ernn s arananss 335

Value Of K {00 vereeniniiiaiisiniiinseiieaiinieinsaniinerenrsscsassrsesssissasns 3-36

Spatial Groundwater Potential of Iguagu River Basin Estimated by

Water Circulation in Iguagu River Basin.........occoiiiiinnnninen 3-46

Spatial Groundwater Potential of Tibagi River Basin Estimated by

Water Circulation in Tibagi River Basin ......cocoviiiaiiiiiininin 3-48

Required Water Supply in Curitiba Metropolitan Area (MY8) crrereriniennne 3-51

Proposed 10 Dams Planned by SANEPAR ...t 3-53

Developed Water and Required Reservoir Capacity by Planned Dam........ 3-55

Productivity of Karst AqQUifer .......ccovvveriinicniininnnn 3-60

Comparison of Surface Water Development by Dam and Groundwater

DI (V111 )1 | OO OO UONPPPOTPPPITVR PP VPSPPI PP 3-62

Development Cosl .vovnvinrieninnnns eeaetiresaeeeteeetererneenternrrrrnraniaaes 3-63

Optimization Water SUpply ....oovveiiiii 3-65

Required Water Supply in Large Urban Areas........oviieiiciiniiiiniina, 3-68

Walter Resources Development Policies for Large Urban Arcas

(Iguagt River Basin) .....ieieiiivinnnrcenniiisssiinnince e 3-69

Water Resources Development Policics for Large Urban Areas

(Tibagi River Basin).......ccvirivviarerirneriiii e 3-70

Proposed Water Supply System in Iguagu River Basin (Type-A}...ocenenn 3-72

Proposed Water Supply System in Tibagi River Basin (Type-A).civininnns 3-13

Water Supply System Recommended in Large Urban Area...........ooueie. 3-14

Required Water Supply in Medium Urban Areas UL PRI 3-84

Water Resources Development Policies for Medium Urban Arcas

(Tguagu RIVEr Basin) «.c.eveeetrerenceiiininieniiiriiae e 3-86



Table-3.38 (2)

Table-3.39 (1)
Table-3.39 (2)

. Table-3.40
Table-3.41
Table-3.42 (1)

" Table-3.42 (2)

Table-3.43 (1)
Table-3.43 (2)
Table-3.44
~ Table-3.45

Table-3.46

Water Resources Developnent Policies for Medmm Urban Areas . 0 ¢
(Tibagi River Basm)......;.;..........- ......... Viareserens resesis [P 3.87
Proposed Water Supply System in Iguaqu Rivér Basin (Type-B)...oviniinn 3-89
Proposed Water Supply System in lguagu Rlver Basm ('I‘ype—B) ............ 3-90
Proposcd Water Supply System PO POTORURRPPRPPPRPING Lo } |
- Required Water Supply in Other Urban Areas ] (UK £ [P 3-97
Water Resources Development Policies for Other Urban Areas ' '
(Tguagu River Basin) .......... PRI ST RTRSPIRRPRN. 1)
Waler Resources Development Pol l(:les for Other Urban Areas -
- (Tibagi River Basin)...cooioveeneins et aetaerirensrerrrerasearareeettatranereran .3-99
Water Supply System in Gther Urban Areas (Iguagu ancr Basm) ......... 3-100
- Water Supply System in Other Urban Areas (Tibagi River Basm) ......... 3-100
Total Cost for Water Development....o.oooiiiiiiiiinn.. avereraeneerenaes 3-107
Implementation Schedule of Water Supply Pro;cct for - —
Tguag River Basin ... v i 3-108
Imiplementation Schedute of Water Supply Project for - : :
Tibagi River Basin.......ccociiiriiiiininioniennsnn i, 3-109

vi



- List of Figures

L' <Chapter-1>
Figure-1.1

<Chapter-2>
Figure-2.1
Figure-2.2 (1).

Figure-2.2 (2)
- Figure-2.3 (1}
Figure-2.3 (2)

Figure-2.4
Figure-2.5 (1)
Figure-2.5 (2)
Figure-2.5 (3)
Figure-2.5 {4)
Figure-2.5 (5)
Figure-2.5 (6)
2-52
Figure-2.5 (8)
Figure-2.5 (9)
Figure—2.5 (10}
Figure-2.7
Figure-2.8

<Chapter-3>
Figure-3.1
Figure-3.2
“Figure-3.3
Figure-3.4
Figure-3.5
Figure-3.6
Figure-3.7
Figure-3.8
Figure-3.9
Figure-3.10
Figure-3.11
Figure:3.12

Flowchart of Surface Watcr Development SIEAY 1vvvivirrrrereerenienerannecens I-1
Possibility of Sutface Water Development by Direct Intake in 1993 ......... 2-33
Possibility of Surface Water Development by Direct Intake in 2005
{Basc Case)........ b eaeea b hatanth bbbt anresehaatbeerarareb e aranares ST 2-34
Possibitity of Surface Water Dcvclopmcm by Direct Intake in 2015 o
(BASE CASE)reneeeerrieniernneerrreesresiereennsenserrnsteesrernasssesecansernerinssncs 2-35
Possibility of Suiface Water Development by Direct Intake in 2005
(ANCTOALIVE CASE). - ceereerenie v riceeernr e s eiaanraraessssnnnssansnrrnns 2-36
Possibilily of Surface Water Dwelopment by Dircct Intake in 2015
(ACIMAIVE CaSC) . . e iveiiiiiiiiieii e iciraaiirt sttt ts s atena s s rnrnaraens 2-37
Ten Dams Planned by SANEPAR around Curitiba.......cocvveiiiiiiiiinan, 2-44
Simulation of Water Balance of Proposed Damis....c...o.cvviiiieiiiiiinnenns. 2-417
Simulation of Water Balance of Proposed Dams...........c.cceuuerrienennnnnn. .2-48
Simulation of Water Balance of Proposed Dams.......ovvvveienivneiiincnnnnn. 2-49
Simulation of Water Balance of Proposed Damis......c..ooevvieiiniininin, 2-50
Simulation of Water Balance of Proposed Dams......coovvevviennininnnn. ... 2-51
Simulation of Water Balance of Proposed Danmis........ccoeviviniiiiiinvennans 2-52
Simulation of Water Balance of Proposed Dams...........c.ociinn. 2-53
Simulation of Water Balance of Proposed Dams.....co.oiviveviiaiiiiniranenn, 2-54
Simulation of Water Balance of Proposed Dams........cooovviiiiiiiiiiiiinn, 2-55
Simulation of Water Balance of Proposed Dams,ueeeciiriaiicn, 2-56
Intake Point and Development Point in Paticular Area ......icoovivienivinnen, 2-66
Well Field for Large Urban Area.....c.ocoiiiiioiiiiininiiiiniiinnsnasianenee, 2-68
Classification and Zoning of Urban Areas in Iguagu River Basin ............. 3-5
Classification and Zoning of Urban Arcas in Tibagi River Basin.............. 3-6
- Division of Iguagu River Basin and Discharge Reference Points............. 3-27
Division of Tibagi River Basin and Discharge Reference Points.............. 3-28
Value of L {(DTA™) eniiieiiieie e, erer i veerererrn e raranrannye 3-36
O valtue DistribUHON oooveeiiniiicisiinittinn e e eanaens 3-37
Medium Discharge for Long Period ..ooooviniiiiiiiiiin 3-38
Iso-coefficient map [A) ..coooviniiiii e 3-39
Iso-coelficient Map [b) vuvvviiiiiii i e 3-40
Iso-coefficient map {c] e eeeteetteeteatiebeeseeaeeatee aranreeeneeareereneens 3-41
Iso-coefficicnt MAP [()ivueeririviiiiiniiiiis e, 3-42

Iso-coeficient map [B)...covrvmeniii 3-43

vii



Figure-3.13
Figure-3.14
Figure-3.15
Figure-3.16
Figure-3.17 (1)
Figure-3.17 (2)
- Figure-3.17(3)
Figure-3.17 (4)
Figure-3.18
Figure-3.19
Figure-3.20
Figure-3.21
Figure-3.22 (1)
Figure-3.22 (2)

Figure-3.23
Figure-3.24
Figure-3.25
Figure-3.26
Figure-3.27
Figure-3.28
Figure-3.29
Figure-3.30 (1)
Figure-3.30 (2)
Figure-3.31 (1)
Figure-3.31 (2}
Figure-3.32 (1}

Figure-3.32 (2)

Figure-3.33 (1)
Figure-3.33 (2}

Iso-coefficient map [Y] ..cvveiriiniiniriiiiimieriniece s cerveens 3-44
Aquifer in Tguagu River Basin...uuioviveniiniein e 4-49
Aquifer in Tibagi River Basin ......cooiiiiiii i, 3-50
Ten Dams Planiied by SANEPAR....c..cviiiiieriiririneseiveesreeessmvesenns 3-54
Result of Simulation of Irai Danm.........c.oovieiiiiiiiniiiininninieernniccnina 3-56
Result of Simulation of Piraquara Il Dam....c.ocvoviiveiniiniinincciini, 3-57
Result of Simutation of Pequeno Dam ...ovveivivviviciiiiiiiiiniine. 3-58
Result of Simulation of Alto Miringuava Dam ....o.ccceevinns verrerreen 359
Development Plan by Wells in Curitiba Meiropohlan AR 3-61
Retation between Development Volume and Cost ...vveevivverneinvencinriinns 3-64
Water Supply System in Curitiba Metropolitan AT .riivurerrnnsenns eeeees 3-66
Implementation Schedule of Curitiba Metropolilan Atea......ocovvvininiiannes 3-67
Water Supply System by Surface Water in Cascavel....iveeeiiienicniniannn, 3-75
Water Supply System by Groundwater in Cascavel _

(using stage Tand 1) ....oovvnnnnnnninins PR PP & [
Water Supply System in Foz do Iguagu............. PP PP PPPIS 377
Water Supply System I GUATAPUAVA 1evvvvssinrnnrreeerereeeeranerirassenssseins 3-78
Water Supply System in Ponta Grossa............coeeis rresrrartisraaeraeanaas 3-719
Water Supply System in Londrinaand Cambe......cocooiinin, 3-80
Water Supply System in APUCATANA v..iviveiriiiireiniearniacnasaeiain 3-81
Implementation Schedule of Large Urban Areain Iguaqu River Basin....... 3-32
Implementation Schedule of Large Urban Area in Tibagi River Basin....... 3-83

Implementation Schedule of Medium Urban Arca in Iguagu River Basin....3-93
Implementation Schedule of Medium Urban Arca in Iguagu River Basin.,...3-94

Implementation Schedule of Medium Urban Area in Tibagi River Basin....3-95
Implementation Schedule of Medium Urbari Area in Tibagi River Basin....3-96
Relationship between Development Volume and Cost ’

{Iguagu River Basing ..o.oeveiiiiiiiiiiiiiiniiinse e 3-101
Relationship between Development Volume and Cosl o
(Tibagi River Basil)....ooviieiruviaininciniiinninineiencieieassnienienes 3-102
Implementation Schedule of Other Urban Area in Iguagu River Basin..... 3-104
Implementation Schedule of Other Urban Area in Tibagi River Basin ..... 3-105

viii



CEPA

COMEC

CONAMA

COPATI

COPEL

CORPRERI

DAGRI

DEPEC

DERAL

DNAEE

ELETROBRAS

ELETROSUL

EMATER

EMBRAPA

List of Abbreviation

State Commission for Agricultural Planning
Comissdo Estadual de Planejamento Agricola

Coordination of the Metropolitan Area of Curiliba
Coordenagdo da Regidio Metropolitana de Curitiba

National Council of Environment
Conselho Nacional do Meio Ambiente

Inter Municipal Concessionaire for the Environmental Protection of the
Tibagi River Basin -

Consdrcio Intermunicipal para a Protegdo Ambiental de Bacia do Rio
Tibagi

Energy Company of the State of Parana
Conpanhia Pananaense de Energia

Permanent Regional Commission Against Floods in the Iguagu River
Comissdo Regional Permanente Conira as Cheias do Rio Iguag

Agricultural Operation Department
Departamento Operacional da Agricultura

Livestock Department
Departamento de Pecudria

Economy Department
Departamento de Economia

National Department of Water and Electric Energy
Departamento Nacional de Aguas e Energia Elétrica

Brazilian Central Electric Joint-stock Company
Centrais Elétricas Brasileiras S.A.

Electric Center of the South
Centrais Elétricas do Sul do Brasil S.A.

Paran4 State Technical Assistance and Rural Extension Company
Empresa Paranaense de Assisténcia Técnica e Extensdo Rural

Brazilian Agriculture and Livestock Research Company
Empresa Brasileira de Pesquisa Agropecudria



FAMEPAR
FAO
IAP

IAPAR

IBAMA

IBDF

IRGE
IPARDES
JICA
MERCOSUL
MINEROPAR
PROSAM
SANEPAR
SEAB |

SEDU

Institute for Munici ipal Assistance of Parané State
Instituto de Assisténcia aos M. mncfp:os do Estado do Parand

Food and Agriculture Orgamzatlon
Fundo das Nagées Unidas para Ahmenmfao e Agriculiura

Environmental Institute of Parang

Instituto Ambiental do Parand

Agricultural Research Institute of Parané
Instituto Agrononuco do Parand

: Brazilian Institute of Environment and Renewable Natural Resources

Instituto Brasileiro a'o Meio Ambwnfe e de Recursos Naturais
Renoviveis

Brazilian Forest Development Institute (current IBAMA)
Instituto Brasileiro de Desenvolvimento Florestal

Brazilian Institute of Geography and Statistic
Instituto Brasileiro de Geografia e Estalistica

Economic and Social Development Institute of the State of Parana
Instituto Paranaense de Desenvelvimento Econdmico Social

Japan Intemational Cooperation Agency
Agéncia de Cooperagdo Internacional do Japdo

South Common Market in Brazil, Argentina, Uruguay and Paraguay
Merca do Cone Sul '

Parand State Mineral Company
Minerais do Parand SIA

Environmental Sanitation Program for Curitiba Metropolitan Reglon
Programa de Saneanento de Regidio Metropolitan de Curitiba .

Sanitation Company of the State of Parani
Companhia de Saneamento do Parand

State Seceetariat of Agricultvre and Supply
Secretaria de Estado da Agricultira e do Abastecimento

State Secretariat of Urban Developnient
Secretaria de Estado do Desenvolvimento Urbano




SEFA 1 State Secretariat for Treasury
Secretaria de Estado da Fazenda

SEID E 1 State Secretarial for Industry, Commerce and Economic Development

Secretaria de Estade da Indisiria, Coméreio e do Desenvolvinmento
Econdmico

SEMA . State Sccretariat of Environment
Secretaria de Estado do Meio Ambiente

SEPL : State Secretariat of Planning and General Coordination
Secretaria de Estado do Planejamento e Coordenagio Geral

SETR : State Sccretariat of Transport
Secretaria de Estado dos Transportes

SIMEPAR - :  Meteorological System of Parana
Sistema Meteorelogico do Parand

SETI :  State Secrctariat of Science, Technology and Higher Education
Secretaria de Fstado da Ciéncia, Technologia e Ensino Superior

SUCEAM : Superintendency of Erosion Contro! and Environmental Sanitation
Superintendéncia do Controle de Erosdo e Saneamento Ambienial

SUREBMA :  Superintendency of Water Resources and Environment
Superintendéncia dos Recursos Hidricos € Méio Ambriente

UEL : State Univessity of Londrina
Universidade Estadual de Londrina

UNDP ¢ United Nation Development Program
Programa das Nagdes Unidas para o Desenvolvimento

xi






CHAPTER 1 INTRODUCTION
1.1 Objectives
Water cycle in hydrological view poinf are generally described as follows;

Water in the sea evaporates under solar radiation, and clouds of water vapour move over
land areas. Precipitation occurs as rain, snow and hail over the lands, and water begins to
flow back to the sea. Some of infiltrates into the soil and moves down or percolates into the
saturated ground zone beneath the water table, or phreatic surface. The water in this zone
flows slowly through aquifers to river channels or sometimes directly to the sea.

The water remaining on the surface partially evaporates back to vapour, but the bulk of it
coalesces into streanilets and runs as surface runoff to the river channels. The river and lake
surfaces also ¢vaporate, and becones sources of rainfall. :

Generally, water development is atilizing before the section reaches to sca. The hydrological
cycle time is subject to wide fluctuations due to amount of rainfalt and scasonat variations. In
spite of the mentioned concepts, it is important to keep a certain amount of water for human
life and other ecological environment.

1.2 Mecthodology

Basecd on the results of sectoral reporis such as water demand, surface water resources and
ground water studies, water wtilization plan in Parana shall be considered in this report. The
main contents of surface water development study can be described in Figure-1.1.(It was
mentioned in Plan of Operation by JICA Study Team May, 1994),

[Rc view snd Collection of Hydrological Data ] --------------

Runofi Analysis }———‘@cr Balance Sau@

[ Developrivnt Point Sun‘e)L_] (&mmww Use S&m-ey}

Watcr Development Study

———— —_—

v

Development Water Volume Devebopment Water Yolume § |
with No-Facilites ) with Facilitics -

Y
[ Rough Cost Estimation ]

Figore-1.1 Flowchart of Surface Water Development Study






CHAPTER 2 STRATEGY FOR WATER UTILIZATION PLAN
2.1 General
2.1.1 1-Water' Démands and Sources

Water demands are estimated for domeslic urban water, domestic rural water, industrial
water and agricultural water (refer to Sectoral Report D and B). Watcr source appropriate for
cach water demand seems to be basically as shown in Table-2.1, from the view point of
developed amount, economy, technotogy, realization, ctc.

. Table-2.1 Water Demands and Sources

Water Demands Region Main Water Sources Sub Water Sources
Domestic Urban Surface Water Groundwater
| Rural Groundwater Surface Waler
Industrial ‘ Urban Surface Water Groundwater
Agricultural Rural Surface Water Groundwater

Surface water is better to be developed than groundwater for such concentrated and large
amount of water demands as urban domestic water and industrial water. On the other hand,
ground water is better for scattered water demand of rural domestic water. Agricultural
water demand, composed of live stock and aquacultural water, is also scattered in rural area,
can be developed by surface water from small tributaries nearby. However, as the actual
water development method depends on topographical, hydrological and hydrogeological
conditions of the place, the use of combined surface and g:oundwatcr is also 1o be
considered in some cases.

2.1.2 Process of Water Development Study

Process of water development study is as shown below:

1) Required supply amount is caleulated by adding various water losses to each
water demand.

2) Possibility of water development by direct intake of surface water is exammed
for required supply amount in several block of cach river basin. And water
shortage areas are identificd. For such water shoriage areas, dev elopment by
dam or groundwater is studied in the latter sections. ‘

3) Demand and supply in Curitiba metropolitan area are studied for surface water
development by dams and groundwater development.

4) Demand and supply in the large urban arcas such as Ponta Gross'u Londrina,
Maring4, Cascavel, etc arc studied.

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



2.2 Water Demand

Water demand volume in Parana by MRH and river basin arc computed for present {(as of
Dec.,1993), base and alternative cascs as shown in Table-2.2, Table-2.3 (1) - (4) and Table-
2.4 (1) - (4) respectively, The water demand volume were estimated for the following
categories. |

- Domestic water in Urban Area (D-u)

- Domestic water in Rural Area (D-r)

- industrial Water (Ind.)

- Agricultural Water (Agr.)



Table-2.2 Water Demand by Sector, by MRH and by Basin in 1993
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Table-2.3 (1) Water Demdnd by Sector, by MRH and by Basin in 2005 {Base Case) -

2005] : :
S 1G] (6] 8] 9] Y 1] . 8] 1] (E I T [ T 2 T L I
o MRH Tad | Cizas | Tgoacw | Maraw dal | Liornes [Paranal {Purara 2 [Paramad |Peras  {Pwame  [Peang  [Pamina | Biquin | Paeape | Rbein | Tibagd
. - 5 - Panema] | Pyncmald | Panemal | Panemad :
Gy [ wrds | mydw | WEGy | madyy | T | od Gy | al i RN [ elEy | omTday [ Tmidey | 3 Zey [Ty | omidey : vy
BEf 118 of T [] [ [ [] [ [} [] [] [ [ ) o] 116% 3
04 5% b 589) ] b hat) 0 o [ [} 0 # © [} 0 3183 ]
WMRH- 8] wd | 371680 of i [} [ [ 1 9 ¢ [} 9 b ¢ ] ‘o 1048 .0
Ags M0 0 2267, [} [) Lot ] 4 ] [ 9 o ° [} 0 1342 ]
(2] T [] ° [] o] D) o R [ [} ] ) 0| [] [ [ C
Dt 2% 0 [ o [} Fil0) [) o 0 0 Y ] ° [ 6 b1 ¢
MRH- 263] lnd 320 [ b [} [ 0 ¢ y [ ] ¥ ] 0 [} [ [ L}
Agr Mo 0 9 [ 4 330 0 [) 0 ] # ] [) ] ® 10 ¢
Dz m] [ [ [ [} i [ ) [ [} ) ] 9 i1 C 950 0
psf n? 0 0 ° b v el - ® ¢ ) o ¢ o o 160 9
MRH- 130] Ind lm) 3 [ [} ] ] ° 0 # 0 [ o 0 3 0 105 o
Ay §19%] [} i ¢ [} ) o 0 L ] [} o 9 ] ) 1190 : 4
Do 60, [} 80| @ [] [ [] [ ) [ [} 3 [ 3 [ [] []
or]  w o a N 0 1 o 4 o ¢ o 8 o of ¢ of oo
MRH- 271} Ind (54 [ 3. » ] [ 9 [} 9 3 [} 0 b 0 B [} [
Ay Sy [] |11 ® b 3] 9 I3 9 0 [ 0 [ ¢ 4 [} o
Do ES30 [ i [] [} [ ] [) [ [ i’ [] [ K] El []
D1 M1 [} 2498 o 1 ) 9 0 4 [} [} [} [} [} [i 7
MRH- 272] nd 1% [ 9383 o [ ] H o 0 1 ) [} [ o B
i [ 1533 0! 0 [] 3 [} o [} ] 0 ) 0 [
- ¥i3e 0 ] 3 [ ] nl [] [J [ [] [ C ] ni
D+ 4160 ws 0 5 (3 [} b [} o [ e [ [ [} [
ARH- 173 md S1690 €1 [ [) 0 [} [; [ 0 ¢ [ o o 9 ]
Agr 530 163, [ ] tol [} - 0 ] 0 [ ¢ ) [ 9 0
Do 610 1373 [ Te [ [] [} [ T o [] [) [ [] Q|
3 nu H [} [ o [ [ [ [] 3 [} ) [ 9 0
MRH- 274] Ind. 1733 3 [ IR EITH [ 0 [} . [ [ b 1 ] L] 0
A FLR W) 3 3L ] 0 [ 3 0 9 b [} [} R [
Do LCF [l HH B O [ ] 3 [] [ ] [ [ ?
[©E) P a 3 [} [ o o [ o 0 b, [} [} [} 4
MRE- 18] Ind 25 ] 2350 ny 0 ) [ o B [ [} [ [} [} o
Al 1o [y 1150 [} 9 [ 5 0 i ] [} [ ] [} 0
("% TSE B 751 [} LI o [1 o ] [ [ © [] [ [
Dt 2150 J o] 0 3604 [} 0 ® [} ? 0 5 0 [} [}
MR- 276) tnd. s v L0 [} i [} 0 o 1 [} [ L) [ [ [
Agt 425 ) [HE) [ 1573 [} [} [ ¢ [ [] o] . t [ [
D 36¢] ] [] [] 1061 o [] ¢ [] [ [ [ [ T []
g 4150 [} 0 1 %3 ¢ [} [} [} ] [ 0 [ [ [}
MRH- 277 Ind i [} 0 [} 129 [ [} o) [ ° [ 0 [ e [
Agr 454 0 9 3 ¥ [ [} 0 ] 0 » o 0 [} [
Do 1T (15304 [ (g [ [ 3 0 [] [} [ 8 [ [ T
1% 33349 1945 4 ner ? 0 [ 9 ] 0 [ o [1 0 [
Mo 2] 1nd IR 762 [ 56, [ [ [ k] [} ] ] o 1 ) ]
Ayt TeHy 4278 3 433 [ 8 [ [ [} o B 9 [ N 1}
XY RS R 3 0 ] 0 [ ¥ G W53 3 [] D [
Dt 3 Ty 4 1 o [ 3 9 [ 204 230 ! [ [} [
BMRH- 27| In X [L3E3 9 ® o ? [} [ [ 1434 by ) [ ] [
A FUN: £215 [} 2t i J;J 0 L o N3 440 ) ¢ [} [}
(X T [} 3 0 Ey 9 ) B 0 D) [ 0] o [] v,
Dt 1134 0 L [ 3 & [ [ ] ) o ] @ [} [
MRH- 280 Ind 1540 v ! [ [} i} [ ] 0 [} o) t ! [} ©
g 18 ) [} 0 [} 6, o] [} 0 o o [ [ 1 0
Bo i [] [} [ S) o) [3 [ ] [} B FAZE:] [ t
Dt 30 v [} ] 0 ] [ o ° [} o 1285 . [}
LRH- 231] tnd 15300 ¢ [) ? [} [} o [} 0 o o 1058y [ 3
: AZ 13930 [} o [} ] [} [ o [} [} 4651 o 3
XY 57760 [} [ [ 385% 0 o [ [ ] [J [ [ 3
¥ ¥260) [} o [ 2 [} [ o i [} [] 1 5 [
swb- 20 bnd 30 2 [ o] 16 0 [} [ 0 [ ) I} [ [}
Ayr 21y [ [ [ 300 0 o, o ) [} ] [ 7 [
Bef Niv Y 4 of iser S ) P L 0 3 %
b 2630 [ 8 9 I t 33| ] [} [ 0 ) 549 [
R 28y Ind $330) [ ) 4 504 ] m ] 0 [} ] [} 768 [
Ay 13830 [} 3 £383 b 137 [} 9 v [ ) 5741 [
X7 RS 0 [] G ] [ ] [ ] [ [ ¥ ]
by andr] [ [} [} 351 [ b [] 9 v [ ] i [
MRH- 269] Ind [ 0 0 o] 11388 t b ¢ 9 -8 L o D, [
Apx k30 | % { - b 6355 [ 0) $ L o & [ [
Do =6 o ¢ o #3550 [ b [EX] L o T ] B [ |
D1 Siaf; o 3 0 2389 3 ) 1153 [} ¢ ) [} [) 4
LRH- 285] tnd Hste 0 1 [ 547§ [ ° 6% [ [ ) [ G 9
. I 9| [ 0 81 o k] 458 4 ° [J [} ) 9
(oY TS [ 0 O EEES o [ [ [} B [ [ T ]
o9 5400 o 4 [} 2081 [ 8 [ [ ° [ [ o [
wrA- 286 ng 1780 [ [ [} 58 ¢ i [ o o 4 [ ° []
At 11020 o ] [} 4244 [ [ 0 o . 0 ® o ]
v <S10] [ [ [] 3530 [ [ [ ] [) ] [ [ T
s S0 0| [ [ 8 o [ [ [} 0 ] 3 [ [
sH- 287 Ind S [ [} [} [l o [ [ [} [ [} 1 [ &
A W o [} T 1347 [ [} of o [} [ 2 % b
Do TR [ BBEE 3 B [] [) [ IEEEEEL [ [ ¥ [] r
D 12066 b pEF: [ [ [i ] [ S8 [} [ ] ¥ 2
NRH- 223 Ind MHE 0 3744, 3 [y [ [} L L 4 [ 2 ] [ [:
Ay 314 0 BYE [ [} [) [} o ams ) L B [l 8
GE] T [ T [ [ [] [} [} ¢ [ [ ) o o}
] (ML o] 1216 0 [ [ [} [ [} [ [ 6 [} 4
AEA- 289) e 3220 o] 191 [ 0 [} [ [ [} 9 3 . 1) o
Agr U o] b ] [ [} [} ] 9 b © [} o
D ) [} IEH [] (5 0 [ © [ [] [ ) [} 6]
2] L1960 0 8417 3 951 [} 1 0 ) 9 v © [ [§
Mo Ipef ind (BT of K8 [ 8| 0 [} ] 0 9 3 [ [} 1
Ay TR ¢ 134 0, £ 0 t 9 ] 9 ] [ [} ]
Da [0 F D [ 8| [ B o [ [ [} [] [] [
¥} 1A 1 320 [ B 0 [} ] ) 4 ¢ 0 [} o
MRI- 291 ind 135 of  1sm [ ) L1 0 o ] 9 ] © [} [
[ of Mok ] I 4 ] ] ] L] 0 o [} .
XY IR B FPRC) M F 815 ) I o] R T St R T ITE) [EIE 2475 P2 RT3 ERtTE
53 ETTY asis ] e 1sest 28 L 118% 5646 Ty 50 1258 s 11934
Total ta] vzeze] b7y a28ss] asEss see 3391 31 e8] TR 413 toor]  whes bt LT
Agt ] wen seas)  str] o ] e L% 2% el 10 1 450 4G5t 1134 i 18235
ERSIE IR RLECRY R L s n I L) cmf—m?l—mm 177 ] AR R ! —mm]
Do Domedic Watet Pemand i Urhan Azea b g

Dt Domesic Waa Demind in Rucd Area
Tnd Indusztd Wies Pemand
Agr :Agfcaliurd Water Demand 2 -4



Table-2.3 (2) Water Demand by Sector, by MRH and by Basin in 2005 - 1993 (Basc Casc)
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Table-2.3 (3) Water Demand by Sccter, by MRH and by Basin in 2015 (Base Case)
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Table-2.3 (4) Wa!er Demand by Sector, by MRH and by Basin in 2015 - 1993 (Basc Case)
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Table-2.4 (1) Water Demand by Sector, by MRH and by Basin in 2005 (Alternative Case)
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Table-2.4 (2) Water Demand by Scclor, by MRH and by Basin in 2005 - 1993 (Alemative Case) .
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Table-2.4 (3) Water Demand by Sector, by MRH and by Basin in 2015 {Aliernative Case)
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Table-2.4 (4) Water Demand by Sector, by MRH and by Basin in 2015 - 1993 (Altemat ive Case)
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2.3 Requircd Water Supply Amount
2.3.1 Water Losses

Required water supply amount is calculated by adding various losses to cach water demand.
Percentage of total water loss which includes losses for intake, conveyance , treatment,
distribution of water, ectc, is assumed as shown in Table-2.5 taking into consideration
present loss pereentage, future nnprovcmcnt and type of water development. '

Table-2.5 Percentage of Water Losses

___ Purpose of Water Use Region 1993 (%) 2005 (%) 2005 (%)
Domeslic _ Urban 40 30 25
. Rural 15 10 10
Industry ' Urban 15 - 10 10
Agricultute Rural - 20 20 20
2.3.2 Required Water Supply

Assuming water loss percentage as shown in Table-2.5, based on water demand estimated in
the section 2.1, required water supply by sector, by MRH and by basin is calculated for
present (as of Dec 1993), base and alternative cases as shown in Table-2.6, Table-2.7 (l)
(4) and Table-2.8 (1} - (4) respectively.

Symbols in Table-2.6, 2.7 and 2.8 are using the following abbreviations;
Q.. : Domestic water demand '
Q.. : [Industrial water demand
Q.. @ Agricultural water demand

Loss :  Watcr losses between intake point and water supply point (Loss
volume / Intake volume)

Q. *  Required water supply volume
ann! + Qr'mf + ) QGS"
1 - Loss(dom) 11— Loss(ind) 1— Loss(agr)
U Domestic and industrial required supply amount

R-a @ Agricultural required supply amount
R-d : Domestic required supply amount
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2.4 Surface YWater Development

2.4.1 Required Water Supply by Block of River 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 cach river basin by applying
the same method as distributing water demand of MRH to each river basin. The required
water supply by block of river basin is calculated for present (as of Dec.,1993), base and

altemative cases as shown in Table-2.9, Table-2.10 (1) - (4) and Table-2.11 (1 -
n,speclweb

2.4.2 Method of Assessment

The followmg equations are applied to assess the potenual water dcvelopment by direct
intake of surface water.

Qe,_N = Qp,N = QS,N . ]
QP,N = 0'5Q10.7N - ii.] (Qs.i : whchs_i S'Qp,.i -Oer_i : th"Qp.i < Qs,i)

R, - e
) Qs.N
- Where

Q. - Excess water after intake at N-point.

Q,n : Possible development water at N-point.

Q.x @ Required supply water at N-point.

Quoan : Low water flow once in 10-years and last 7 days at N-point
Ry = : Ratioof Q 1o Q. at N-point.

The possibility of surface water developnient by direct intake is judged as follows:
Q.x20,0r Ry 2 1.O: Surface water development by direct intake is possible.

Q.o <0o0rR,<1.0: Surface water development by direct intake is impossible
eN N P y po

and other facilities such as dam, weir cte, are required for

regulating discharge.



Table-2.9 Required Water Supply by Sector, by MRH and by Basin in 1993

[1993] |
Name of BASIN [ BLOCK | Domestic | Domestic Industrial | Agricult. | Totat
| Urban Rural '
m3/s -mifs m3/fs - m3/s m3/s
Cinzas CZ-1 0.017 0.013 0.005 0.015 (0.050
CZ-2 0312 0.086 0.005 0.098 0.501
Iguacu 1G-1 4,540 - 0,081 2.866 0.078 - 7.566
1G-2 0.207 0.138 0.131 - 0.133 0.608
1G-3 0.481 0.103 0304 0.099 0.986
1G-4 0.574] - 0214 0.363 0.205 1355
IG-5 0.363 0.140 0.229 0.135 0.868
Itarare 1T-1 0.135 0.037 0.103 0.048 0.323
Ivai 1V-1 0032t 0063 0009 0074  0.178
V-2 0.074 0.069 0.021 6.031 0.244
1V-3 0.361 0.136 0.101 0.159 0.757
1V-4 0.984 0.078 0.277 0.092 1.432
V-5 - 0.154 0.035 0.043 0.041 0273
Litoranea LT-1 0.296 0.039 0.034 0.607 0376
Parana-1 PA-] 0.014 0.009] - 0003 0.029 0.054
Parana-2 PA-2 0.035 0.030]  0.007 0.055 0. 1_2-3
Parana-3 PA-3 1.017 0.106 -0,223 0148y - 1.494
P.Panema-1 PP-1 0.142 0.015 0.038 g.o15)  0.210
P.Panema-2 PP-2 0.032 0.005 0.009 0.005 0.052
P.Panema-3 PP-3 0.343 0.031 0.097 0.054 0 0.526
P.Panema-4 . PP-4 0.121 0.023 0.023 0.069 0.236
Piquiri PQ-1 0.085 0.110 0.019 0.129 0.343
PQ-2 0.543 0.101] . 0.119 0.119 0.881
PQ-3 0.195] 0.055 0.043 0.064 0.}56
Pirapo PR-1 0.895 0.046 0.330 0.085 1.357
Ribeira RB-1 0.052 0.039 0.038 0.020 0.150
RB-2 0.097 0.076 0.097 0.076 0.344
Tibagi TB-1 0.627 0.054 0.240 0.056 0.978
TB-2 0.324 0.073 0.124 0.075 0.597
TB-3 1.396 0.077 0.534 0.080 2.087
Total 14.450 2.081 - 6.434 2.343 25308
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Table-2.10 (1) Required Water Supply by Sector, by MRH and by Basin in 2005 (Base Case)

{2005}
Name of BASIN| BLOCK | Domestic | Domestic | Industrial | Agricult. Total
Urban Urban

_ m3/s m3/s m3/fs m3/s m3/s
Cinzas CZ-1 0.022 0.008 0.007 0.019 0.056
' CZ-2 0.397| 0.054 6.007 0.121 - 0.580
fguacu . IG-1 6.368 0.070 4.024 0.100 10.563
' 1G-2 0.290 0.118 0.183 0.170 0.762
1G-3 0.675 0.088 0.426 0.127 1.315
1G-4 0805} 0.182] - 0.509 0.263 1.760
- IG-5 0.510 -0.120 0.322 0.173 1.125
Itarare . IT-1 0.200 0.025| - 0.201 0.0660 0.486
Ivai 1V-1 0.041 0.042 0.014 0.090 0.187
V-2 0.094 0.046 0.033 0.098 0.272
1V-3 0.462 0.090 - 0.163 0.194 - 0.909
1V-4 - 1.259 0.052 0.444 0.112 1.868
1V-5 0.197 0.023 0.070 0.050 0,340
Litoranea LT-1 0.388 0.038 0.011 0.008]] - 0.445
Parana-1 PA-1 0.017 0.005 0.004 0.034ff - 0.060
Parana-2 PA-2 0.032 “0.015 0.010 0.056 0.123
Parana-3 PA-3 1.855 0.065 0.254 0.188 2362
P.Panema-1 PP-1 0.179 0.009 0.057 0.019 B 0.264
P.Panema-2 PP-2 0.041 0.003 0.013 0.007 0.064
- [P.Panema-3 PP-3 0.458 0.016 0.141 0.067 0.683
% P.Panema-4 PP-4 - 0150 0012 0.036 0.083 - 0,281
Pi_quiri_ . PQ-1 0.122 0.072 0.025 0.160 0.378
' PQ-2 Q0.774| 0.066 0.156 0.147 I.144
PQ-3 0.278 0.036 0.056 0.0679 0.449
Pirapo PR-1 . 1.244 - 0.023 0.530] = 0.104 - 1.902
Ribeira RB-1 ~ 00731 0035 - 0.052 0.026 0.186
RB-2 0.135|  o10s] 0135|0106 0481
Tibagi - TB-1 0.835 0.041 0.359 ¢.070 1.305
| TB-2 0.431 0.055 - 0,185 0.094 0.766
TB-3 | - 1.8358 0.058 0.799 0.099 2814
Total - ' 20,191 1.573 9.227 2.938 33.929




Table-2.10 (2) Requiced Watcr Supply by Sector, by MRH and by Basin in 2015 (Base Case)

[2015]
Nanie of BASIN | BLOCK | Domestic | Domestic | Industriat | Agricult. | Total
Urban | Urban | |
m3/s mdfs | mdfs. m3/s m3/s
Cinzas CZ-1 - 0.028 0.006 0.010 0.022 0.066
Cz-2 0.514 0.036 0.010 0.141 0701
Tguacu IG-1 8.916 0.060] . 5,168 0.117 14.261}
1G-2 0.406] 0.102| 0235 0.198[  0.942
1G-3 0.944 0.076 0.547 0.148 - L715
1G-4 1.128 0.158 0.654 0.307 - 2.246
IG-S 0714 o104 0414 0202 1.433
ftarare IT-1 0272 0.018 4.299 0.069 - 0.659]
Ivai V-1 0.054 0.032 0,020 0,104 0210
IV-2 0.126 0.034 0.046 0.113 0319
1V-3 0.618 0.068 0.224 0.224 1,133
V-4 - 1.685 0.039 -0.610 0.129 - 2.463
V-5 0.264 0.017 -0.096 0.057 0.434
Litoranea LT-1 0.519 0.038 0.004 0.010ff - 0.570
Parana-1 PA-1 0.022 0.003 0.005 0.040 0.070
Parana-2 PA-2 0.038  0.008 0.013 0.0754 - 0.135
Parana-3 PA-3 2.673 0.043 0.265 0.218 3.199
P.Panema-1 - PPR-1 0.234 0.066 - 0.072 0.022 - 0.334
P.Panema-2 - PP-2 0.053 0.002 0.016 0.008 - 0.080
P.Panema-3 PP-3 0.631 - 0.009 0.182 0.078 0.899
P.Panema-4 PP-4 0.195 . 0.007 0.049] - 0.096] - 0.346
Piquiri PQ-1 0.167 0.052] - 0.030 0.184] . 0433
PQ-2 1.060 0.048 0.192 0.169]  1.469
PQ-3 0.381 0.026 0.069] . 0.091 - 0.567
Pirapo PR-1! 1.736 0.013 0.730 0.120 ©2.599
Ribeira RB-1 0.103 0.032 0.0606 0.031 - 0.231
RB-2 0.190 0.149 0.190 0.149 0.676
Tibagi TB-1 1135 . 0.033 0.456 - 0.082 1.706
TB-2 0.587 0.044 0.236 0.110 0.976
TB-3 2.527 0.047 1013 0115 0 3.705
Total 27.920 130 11922 - 3427 44.579

-25




Table-2.10 (3) Required Water Supply by Sector, by MRH and by Basin in 2005 - 1993 (Base Case)

{2005-1993}

Total

Name of BASIN | BLOCK | Domestic | Domestic | Industrial | Agricult.
Urban Urban
m3/s m3/s m3/s m¥s | mdhs

Cinzas Cz-1 0.005 0.016 0.003 0.004 0.006
CZ-2 0.085 0.064 0.003 0.023 0.07%
Iguacu IG-} 1.829 2.059 1.158 0.022 2.997
1G-2 0.083] - 0.056 0.053 0.038 0.153
IG-3 0.194 0.128 0.123 0.028 0.329
1G-4 0.231 0.138 0.146 0.058 0.405
- 1G-S 0.146 0.109 0.093 0.038 0.257
Itarare IT-1 0.065 0.105 0.098 0.012 0.162
Ivai IV-i 0.009 0.009 0.005 0.016 0,010
V-2 0.021 0.037 0.013 0.018 0.028
IV-3 - 0.101 0.067 0.061 0.035 0.152
V-4 0.275 0.240 0.167 0.029 0.436
IV-5 . 0.043 0.026 0.026 0.009 0.067
Litoranea LT-1 0.093 0.076 -0.024 0.002 0.070
Parana-1 PA-1 0.003 0.002 0.001 - 0.006 0.006
Parana-2 PA.2 -0.003 0.005 19.003 0.011 -0.003
Pal’éna-3 PA-3 0.837 0,407 0.030 0.041 - 0.868
P.Panema-1 PP-1 }  0.037 0.023 0.019 0.004 0.054
P.Pancma-2 PP-2 0.008 0.005 0.004 0.001§  0.012
- |P.Panema-3 PP-3 0.115 0.076 0.044 0.013 0.157
|P.Paneina-4 P4 0.029 0.018 0.013 0.014 0.045
Piquiri PQ-1 0.036 0.031 0.006 0.031 0.035
PQ-2 0.231 0.151 0.038 0.028 0262
PQ-3 0.083 0.059 0.014 0.015 0.093
Pirapo PR-| 0.349 0.241 0.200 0.019 0.545
~|Ribeira RB-1 - 0.021 0.028 0.014 0.006 0.037
RB-2 0.038 0.036 0.038 0.030 0.137
Tibagi TB-1 (.208 0.157 0.119 0014 0.327
= TB-2 0.107 0.081 _ 0.061 0.019 0.169
_ TB-3 - (0,462 0.325 0.264 0.020 0.727
Total S.741|  4.715] 2794 0594 8622




Table-2.10 (4) Required Water Supply by Sector, by MRH and by Basin in 2015 - 1992 {Basc Case)

[2015-1993]

Name of BASIN | BLOCK | Domestic | Domestic | Industriat | Agricult. || Total
) Urban Urban
m3/s m3/fs m3/s m3/s " m3/s

Cinzas CZ-1 0011 00s5] 0005 6007 0016
CZ-2 0.201 0.231]  0.005 0043 ' 0.200

Iguacu G} | 4377 5.181 2.301 0.039] ' 6.695
1G-2 0.199]  0.176 0.105 0.066§  0.334]

IG-3 0.464 0.392 0.244 0.049] . 0.729

1G-4 0.554]  0.441 0.291 0.102 0.890

IG-5 0.350 0.321 0.184 0.067]  0.565

ltarare IT-1 - 0.138] 0359 0.196 o.ozi| . 0.335
vai V-1 0023 o026 0011 0.030!. - 0.032
v-2 0.052 0.128].  0.025 0.033] . 0.076

CIV3 0257 0255  0.122 0064} 0376

V-4 0700 - ..0.759] 0333 0037  1.031

V-5 0.110 0.105 0.052 0.016]  0.161

Litoranea LT-1 0.223 0.237|  -0.030 0.004]  0.195
Parana-1 PA-1 0.008 0.008 0.003|  0.011 0.016
Parana-2 PA-2 0.003| - 0021  0.006 0.020{ . 0.009
Parana-3 PA-3 1.655] - 1.146 0.042 0.0701  1.705
P.Panema-1 PP-1 0.092 0.089 0.034 0.007) - 0.123
P Panema-2 PP-2 0.021 0.020 0.008 0002 - 0.028
P.Panema-3 - PP-3 0288 - 0.235 0.084 0.023 0.373
P.Panema-4 PP-4 0.074 0071  0.026 0.026]  0.111
Piquiri PQ-1 0.081 0.103 0.012] " 0.055] - 0.090
PQ-2 0.517 0.481 0.074 0.050  0.588]

PQ-3 0186}  0.182 0.027 0027 ~0.211

Pirapo PR-1 0.841 0.702 0.399 0.035] 1242
Ribeira RB-1 0.050|  0.072 0.028 0.010]  0.081
RB-2 0.093|  0.094 0.093 0073 0332

Tibagi TB-1 0508 0483 0216 0.025] :0.728
TB-2 0263] 0250 0.112] 0034] 0380

TB-3 1.131 1.026 0.481 0.036|  1.618

|rotal 13.470]  13.649 5.488 1.083]  19.271



Table-2.11 (1) Requircd Water Supply by Sector, by MRH and by Basin in 2005 (Altemative Case)

[2005]
Name of BASIN {BLOCK | Domestic | Domestic | Industrial Agricult. | Total
Urban Urban
m3/s m3/s m3/s m3/s m3/s
Cinzas Cz-1 0.022 0.008 0.007 0.019 0.056
CZ-2 0.398 0.054 0.007 0.12% 0.581
[guacu 1G-1 591t 0.070 3.708 0.100 9.789
1G-2 0.269 0.118 0.169 0.170]  0.726
1G-3 0.626 0.088 0.393 0.127] 1.233
1G4 0.748 0.182 0.469 0.263 1.662
1G-§ 0.473 0.120 0.297 0.173 1.063
Itarare IT-1 0.200 -0.025 0,201 0.0604 = 0.486
Ivai v 0042].  0042] 0015 0.09%] 0189
iv-2 0.097 0.046 0.035 0.098 0.276
Iv-3 0.474 0.080 0.1 0.194 0.930
V-4 1.292 - 0,052 0.467 0.112 1.924
V-5 (4.202 0.023 0.073 0.050 0.348
Litoranea LT-1 0.388 0.038 0.011 0008 ~ 0445
Parana-1 PA-1 0.017 -0.005 0.004 0.034 0.060
Parana-2 PA-2 0.032 0.015 0.610 0.066 0.123
Parana-3 PA-3 2.01t 0.065 0.361 0.188 2.620
P Panema-1 PP-1 0.179 0.009 0,057 0.019 0.264
P Panema-2 PP-2 0.041 0.003 0.013 0.007 0.064
P Panema-3 PP-3 0.497 0.016 0.168 0.067 0.749
P.Pancma-4 PP-4 0.150 0.012 0.036 0.083 0.281
Piquiri PQ-1 0.127 0.072 0.028 0.160 0.387
PQ-2 0.809 0.066 0.180 0.147 1.202
‘ PQ-3 0.291 0.036 0.065 0.0719 0.470
Pirapo PR-1 1.341 0.023 0.598 0.104 2.066
Ribeira RB-1 0.066 0.035 0.048 0.026 0.175
RB-2 0.123 0.096 0.123 0.096 0.438
Tibagi TB-1 0.894 0.041 0.403 0.070 1.408
THh-2 0.462 0.055 0.208 0.094 0.819
TB-3 1.990| -~ 0.058 0.898 0.099 3.044
Total 20.172 1.564 9223 2.928§ - 33.887




Table-2.11 {2) Required Water Supply by Sector, by MRH and by Basin in 2015 (Alternative Casc)

[2015]
Name of BASIN {BLOCK { Domestic | Domestic | Industeial | Agricult. “ Total
Urban | - Urban . :
m3/s m3/s m3/s m3/s m3/s
Cinzas CZ-1 0.028 0.006 0.010 0.022 0.066
CZ-2 0.516 0.036| 0010  o0.141f ‘ 0.703
Iguacu IG-1 7.937 0.060]  4.551 0.117)  12.665
1G-2 0.362 0.102}  0.207 0.198 0.869
1G-3 0.841 0.076]  0.482 0.148 1.546
1G-4 1.004 0.158  0.576 0.307“ 2,044
1G-5 0.635 0.104] 0364 0.202 1.305
Itarare IT-1 0.272 0.018] 0299 0069  0.659
Ivai V-1 0.057 0.032  0.021 0.104 0.213
V-2 0.131 0.034] 0049 0113} 0328
V-3 0.644 0.068 0240] 0224  1.176
V-4 1.756]  0.039]  0.655 0129 2579
V-5 0.275 0.017]  0.103 0.057 0.452
Litoranea LT-1 0.519 0.038]  0.004]  0.010f  0.570
Parana-t PA-1 0.022 0.003 0.005 0.040] 0070
Parana-2 PA-2 0.038 0.008! 0013 0075 - 0135
Parana-3 PA-3 3.017 0.043] ~ 0482 0.218]  3.761
P Panema-1 PP-1 0.234 0.006|  0.072 0.022] 0334
P.Panema-2  [PP-2 0.053 0002 0016f  0.008 0.080
P_Pancma-3 PP-3 0712 0009 0233 0.078 1.032
P_Panema-4 PP-4 0.195 0.007|  0.049]  0.096] - 0346
Piquiri PQ-t 01791 0052  ©c.038]  0.184 0.453
PQ-2 1.136] - 0.048 0.240 0.169 1.593|
PQ-3 0408 o026] 0086] o0091] 0612
Pirapo PR-1 1943 0013 -oseo| o.120] . 2.936
Ribeira iRB-1 0.088 0032 0057 0031 0208
| RB-2 0.163 0.128] 0.163 0.128 0.583
Tibagi TB-1 1.259}  0.033 0.541 0.082) - 1915
TB-2 0.650] - 0.044 0.280(  o0.110 1.084
TB-3 2.802]  0.047 1204 o015 4.169
Total 27.878 12000  11.911 3.406)  44.485




Table-2.11 (3) Required Water Supply by Sector, by MRH and by Basin in 2005 - 1993 (Alternative Case)

[2005-1993]

Name of BASIN |[BLOCK | Domestic | Domestic | Industrial | Ageicult. || Total
Urban ‘Urban

m3/s m3/s m3/s m3/s m3/s
Cinzas CZ-1 - 0.005 0.016 0.003 0.004 0.006
| C7-2 0085 0064 0003] 0023 0080
Iguacu 1G-1 1.371 2.059 0.841 0.022 . 2.223
: 1G-2 0.062 0.056 0.038 0.038 - 0118
1G-3 - 0.145 0.128 0.089 0028 0247
1G4 0.173] ~ 0.138 0.106 0.058 0.307
. - IG5 0.110 -0.109 0.067 0.038 0.195
Itarare - |IT-1 0.065 0.105 0.098 0.012 - 0.162
Ivai 1V-1 0.010 0.009 0.006 0.016 0.011
V-2 0.023 0.037 0.014 0.018 - 0.032
V-3 0113  0.067;  0.070 0_035" 0.173
1V-4 0.308 0.240 0.191 0.020 - 0.493
. IV-5 0.048 0.026 0.030 0.009 0.076
Litoranea LT-1 0.093 0.076 -0.024 0.002 0.070
Parana-1 PA-1 0.003 0.002 10.001 0.006 0.006
Parana-2 PA-2 =0.003 0.005 0.003 0.011 -(.003
Parana-3 PA-3 0.924 0.407 0.138 0.041 1.132
P.Panema-t PP-1 0.037 0.023 0.019 0.004 0.054
P Panema-2 PP-2 0.008 0.005 0.604 0.001 0.012
P.Panema-3 PP-3 0.154 0.076 0.071 0.013 0.223
P.Panema-4 PP-4 : 0.029 0018 0.013 0014 - 0.045
Piquiri - PQ-1 0.042 0.031 0.010 0.031 0.044
PQ-2 0.266 0.151 0.062 0.028 0321
. PQ-3 .0.095 0.059 0.022 0.015 0.114
Pirapo PR-1 0.446 0.241 0.267 0.019 0.709
- |Ribeira RB-i 0.014 0.028 0.010 0.006 0.026
RB-2 0.026 0.036 0.026 0.021 0.093
[ Tibagi TB-1 0.267 0.157 0.163 0.014 0.430
TB-2 .138 0.081 0.084 0.019 0.223
TR-3 0.594] 0325 0.363 0.020 0.958
Total ' 57221 4.775 2.789 0.585 3.579




[2015-1993]

Table-2.11 {4} Required Water Supply by Sector, by MRH and by Basin in 2015 - 1993 (Alternative Case)

Name of BASIN [BLOCK | Domestic | Domestic | Industrial | Agricult. | Total
Urban Urban '

m3/s m3d/s | m3/fs m3/s m3/s
Cinzas CZ-Y 0.011 0.055 0.005 0.007 0.016
CZ-2 0.203 0.23 l 0.005 0.043 0.202
Iguacu IG-1 ~3.398 5181  -1.684 0.039 5.099
1G-2 0.155| 0.176 0.077 0.066] = 0.261
1G-3 0.360] - 0.392 0.178 0.049 0.560
1G-4 0.430 0.441 0.213 0.1021  0.688
1G-5 0.272 0.321 0,135 0.067 - 0437
Itarare iT-1 0.138 0.359 0.196 0.021f - 0.335
Ivai Iv-1 0.025 10.026 0.012 0.G630 0.036
- IV-2 0.058 0.128 0.028 0.033]) _: (G.084
v-3 0.283 0.255 0.139 0.064 0.418
V-4 0.771 0.759 -0.378 10.037 1.148
V-5 0.121 0.105 0.059 0.016 G.l_’ﬁ
Litoranea LT-1 0.223 0.237 -0.030 0.004] ~ 0.195
Parana-1 PA-i 0.008 -0.008 0.003 0.011 0.016
Parana-2 PA-2 0.003 0.021 0.006 0.020 0.009
Parana-3 PA-3 2.000 _ 1.146 0.259 0.070 2267
P Pancma-1 PP-1 0.092 0.089 0.034 0007 . 0123
P Panema-2 PP-2 0.021 0.020 0.008] 0002 . 0028
P Panema-3 PP-3 0.369 0.235 0.135 0.023)1 = 0.506
P.Panema-4 PP-4 0.074 0.071 0.026 0.026]  0.111
Piquiri PQ-1 0.003 = 0.103 0.019 0.05s]l - 0.110
PQ-2 0.593 0.481 0.122 0.050 0.712
PQ-3 0.213 0.182 0.044 0.027 0.255
Pirapo PR-1 1.047 0.702 - 0.529 0.035 1.579
Ribeira RB-1 0.036]  0.072 0.019 0.010 0.058
RB-2 0.067 0.094 0.067 0.052 0.238
Tibagi TB-1 0.632 -(0.483 0.301 0.025 0.937
TB-2 0.326 0.250 0.155 0.034 0.487
TB-3 1.406 1.026 0.670 0.0360 - 2.082
Total 13.649 5.477 1.063 19.177

13.429

31



2.4.3 Possibility of Surface Water Development.

In accordance with the equations above, the possibility of surface water development by
direct intake was assessed for each block of cach river basin for present (as of Dec.,1993),
base and altemnative cases as shown in Figure-2.1, Figure-2.2 (1) - (2) and Figure-2.3 (1) -
(2) respectively.

Based on Figure-2.2, severe shortage of water is found at the upstream of Iguagu river,
block 1G-1 which includes Curitiba metropolitan area, and considerably tight condition of
water supply is found at the upsteeam of Tibagi river, block TB-1 which includes Ponta
Grossa area though the potential is more than the requirement. Iixcept 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 dam and by ground water are required
and as to other large urban arcas such as Cascavel, Ponta Grossa, Londrina, Maringa, etc.,
which ar¢ located at the extreme upstream of main stream or tributaries, sufficient study
should be carried out. :



Required Possibic Required Possitle Required 7 [Possitle Required Powsidle ) ~ Required ] [Possible -
1993 Supply Watcr [A) Develop- [B]-[4] {B1{A} Supphy Water [A] Develop- [B}-A] {B}AY Supply Water [A] Develop- [BHA) [BH{A) Supply Watce [A] Develop- IBHA) |BIEA] Supply Water {A} [evelop- [BHA (AHA)
T ment {B) ment {B} ment {B) ment [B] ment [B]
Ci- CZ-2
{Cinzas ] {Ciban 0.022 ) [Urban 0.317
Roral 6.028 Rural - [LE] . '
Total a0l [ 1) [ L96) [T383) [Tenl 0501 [ 4899 [ 1393 [ 93]
1G-1 1G-2 1G-3 1G-4 . 1G-5
[Tguacu | [Crben 7.406 ' Urhan 0.337 Urban 0.785 Urban 0.937 Lsban 0.593
Roral [T TG1€D Rural [33]] Rural 0.202 Rueat 0317 _ Riiral 6175
{Tohl 7368) [ 3mi6) [ A7s0) [ 0509] (Toud o608 [ 1rou] [ 16403 [ 28] [Tewl U586 [ 39a%5] [ Ean) [ 393} [Tow 1358 [ 5608 [ S33m] | #0d) [Tenl 0368) [ §5.463) [ 85550 576}
11-1
{harare ] fCiban 0.238
Rural 0.085 o :
Toul o3| {783 [ I33) [T 1)
V-1 V-2 : V-3 N w-3
[ai ] {Ctan 004 [Crlan 0.654) Urban 0.467] Uthan 1.261 Urban 0378
Rural 6137 Rurl |7 0149 Rural 0353 Rural 0.0} Rural 0673
Total 0.178] { 2102} | 1924] | 11.8] [Total 0.24% [ 3.6."-3} RN W3 [Tol 0757 | 9138} [ 8.‘)80] [ 12.9] [Total 1.432] { 7l.BIEJ[ 10380 | 50.27) |Total 0.213 [ 63.9¢68) [ 63.695] [ 231.4_’
LT} '
[[Horanea | [Crban 0.330
Rural 00451 |
Tolal 0376) [ o) [ 15668] [ 534
PA-S
[Parana-1 ] f[Urkan 0.516)
Rural 0.538
Total 0051 [ a5 {448 [ B9
PA-2
{Parana-2 | {Ciban 0.047
Rural 0084
T 012 [ 5415 {5389 [ 139
PA-3
[Parana-377]  fCikan 1241
Rural 0253
Total 1.499) [ "Tosen} {9087 | 2.1]
Fp-1
[P-Panema-1]  [Urban 0.1ED]
Rural 0.030
Toul o] [ 155 [ 1089 | 53 -
P2
{P.Faneema-J] [Ctban oo
Kural 0.011
Foal 0053 [ o3 [ o6 [ &7]
PP-3
[PFancma-3)  [Ciban 0.440
Rural 0016
Total os%6) [ wied] [ 3847 [ 79
Fp-4
rPTI-—'mcnuAﬂ [©r%an 0.141]
Rural 0.092
Toul 1% [ &) [ 63 [ 287
Q-1 PQ-2 Q-3
[Pquint J Urban 0.104 Leban 0.652 LCrban 0.235)
Ruraf - (239 ) Rural 01219 : Rural 0119
Total ¢33 [ ) [ mae) [ 429 [Ted B8] [ 3358E) [ s3em] [ e08) [Tend 03%8) {42318 [ Ai%el] [ iiEd)
PR-1 '
[Firape ] [Ciban 1.226
Roral 0131
Total 1351 [ 5] [ 1an) [ TE3)
RB-1 . . RB-2
[Fes  } [Ciban 090 Uvban GAEL
Rusal 0.059 Hural 0131}
Totl 0050 [ toaw) [ 9596 [ 678 {Toat 0341) [ B [ B0} [T
it 10-2 : Lo B ' Figure-2.1 Possibility of Surface Water Dev ite i
(&g ] (G ST T X ) - oI g I Possibility o ace Water Development by Direct Intake in 1993
Rural .11 Rural 0.148 Rural 0.156

Total O9nE) [ ams) [ 3w [ 44] [iol o] | 'n.m“ WA [ 197) [Tod 368T) [ 13} [ | 73} 2-33



Required Possible Rewuired Possitle Required Possitle Required Possible Required Possible
2003 Supply Water [A) Develop- {B]-{al [B}14] Supphy Water [A) Develop- IIZEY (B}1A) Supply Water [A] Develop- [B1-{A} {BY[A) Supply Water [A] Develop- [B} Al [B}1A) Supply Water [A] Devlop- [BI-{A) {BEIAL
ment (B] ment {B] ment {B) ment [B] |ment 18]
21 c22
[Cinzas ] [Ciban 0.029 Urhan 0.404
Rural 0027 Rural 0173 o
Totst 0.0%6] [ 1.788) [ 1.732) [ 7] |[Tod 0380 [ 44a8) [ O3] | |
1G-1 iG-2 1G-3 1G4 1G-3
{Tgeacu | {Urban 10353 Urbaa 047 Uiban 1.10} LUrban 1.315 Urhan 0.832
_ Rucat 6170 Rural 0.288 Roral 6213 : [Eoral 0446 Rural 0.253
[ Total 10.563] | gisl | 4n7 [ 0361) |Toud 076 [ U7an) [182%5 [ 23] [Toud 1388] [ 33505) [ 37660) [ 58] {Told i760) [ s (S48 Total 12s) [ Ess3s) [ #ds0) [ Ted)
-1
[harare ] [trban 0.401
Rural 0085
Total 0.456] | €8] [ 715y [ 157)
A -2 -3 -1 -3
ﬁ\m J {Crban 0.055 Uthan 0.128 Cthan 0.624 Urbaa 1.703 Urban 0.267
Rural 632 Rual 0141 : Rura] 0.285 Rural 0163 Rural 6.073
Tolal 0.187] | 107 [ 1355 [ 113 [Teul 0272 [ 3623 [ 3382 [ 133 |[Foul 0903 { 5.700) [ 8731} [ 109} [ield 1888) [ 1igHs) { &) [N [Teld o3| [TeaIn) [ &2003) [ 1853
LYl
[titocanea | [Urbaa 0.399]
Rural 0.017 ~ :
Totsl o433 [ 00u) {1555 6o
PA-1
[Params1 ] [Ciban 0021
Ruiral 0,033
Totd 06| {  asu) [ dasz} [ 734)
PA-2
Faana? | {Uban 0082
Rural 0.08C
[Toial” 33| [ 3A) [ SR [
PA3
[Perara-3 ] [Usban 2108
Rural 0.133
Total 23820 [ o8N] | 8219 | [X]|
PPl '
(PPanema-1]  [Crban 0336
Rurdl (X313
Totl 0.264] [ 12%) {1035 | 4.9)
BP2
[FPancma?} [Ciban b.0%%
Rural C010
[Total Gose] [ 034E) [ 07 | X ]
PP-3
[PPanemad] [Ciban 0.500]
Rurat 0083
Total 0653} | aiee] [ 3488 [ &)
)
{PPancwia-{] [Ciban 0186
Rural 0053
Totdl 02%1] | 718 [ 845 [ 2
-l Q-2 PQ-3
{Aguii ] [Crban OIS [Citan 053 Thban 033
Rural 0231 Rusad 0.213 Riral [A1E]
Total 0376 [ 1) [ 13359) [ 356] ([Totad T [ s3516) [ 52373) [T 468) [icia 0453 [ o] [ asH) [ 93]
PR-1
{Firapo | [Ciban 1.774
Rural 0128
T 1907 [ 383 [ 6350 | (|
RE-1 RB-2
[Ribcra ] [Crban 0133 Urban 0210
Kural 0.061 Rural 0312
Total oaes] [ 10.340] [ 9954] [T %sd] [Tomd 0481) [ 25781 [TIEEE) [ 83)
TB-1 1B-2 18- ) Fi 221 ibility of Surf: i i i
) (o %3 (U SETT T 85T igure-2.2 (1) Possibility of Surface Water Development by Direct Intake in 2005 {Base Casc)
[Rual 0111 |Frat At . Kural [XE]] : :
[Tetal 1308) {AHE) [TE9) [C73) [T D768) [ 1VASS) [ Toe%0) [ 1%W) [ic 730 53 2-34

o8 [ s |



T Required Possible Requircd Fossitle Required Possidble . ' Required Possitle | T Required Possitde
i 2015 f Supply Warer [A) Develop- {B}{A} [B} A} Supply Water [A) Develop- {8}{A] [B}{A] Supply Waier [A] Develop- [B}-fA) [B}{A]) Supply Watce [A) Davelop- [BJ{A} [B} LA} Supply Water [A] Denzlop- [Bl-A) {B}[A]
ment {B) - ment (8] ment {B} ] ment {B] ment [B)
CZ-1 CZ-2
[Cinzas } [Ciban 0.038 [Urban 0.52%
Rurat 0.027 Rural 0177
Totat 8.065] [ T788) [ 1323} [ 213] ([Tt 0.701 am  an 7.4]
1G-1 1G-2 1G-3 1G-4 1G-5
[Iewacu } {Crtan 14.084 Uthan 0.641 Urban 1.492 LUidan 1.781 [Cthan 1127
Rural 0177 Rural 0.300 Roral 0227 __ Rural 0.464 Rural 0.303
Tota! 133€T) [ 3G [ 1048 [ 0F8]  [Tod o543 (o) [ 16069 [ 181 [Totd VTS [ 3995 |30 [ 726]  fTotl 2248 33617) [ 513} { " 039) |Tord V433 [ EA505) [ 83076
-1
[Brarare } [Viban 0.572
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Total 0659 | 768 [ &34 [ 1ig
V-1 ' V-2 v V-4 Iv-$
{Ivad ] (Ciban 0.074 Ushan 0,172 Urban 0.841 Urban 2.294 {Urtan 0.360
Rural 0.135 Raal 0.148]. [Rural 0297 Rural 0.189 Rural 0.07% :
Toial 0210) [ 2002) [ 1853) [ 106} [Total 0.319 3e01} [ 3283 [ 013} el 133 | 9630) [ A4S [ B3] [Tewal 1463 71.335) [ 63372 [ %4) [Tod 0.1 [ 62453 [_6E0I) {1439
L1-1 '
Tiiorancs | [Urben 0533
Rusal 0.018
Total 0570 [ 004 [ wd4] [ 354
PA1
{Parana-} | [Uthan 0.027
Rural 0043
Tolal 60705 [ 303 [(TaAm) [ 639
PA-2
[Farana-2 ] [Crban 0.052
Rual 0083
Total 0033 [T 3a15) [T [ )
PA-3
[Parana-3 ] [Usban 2934
Rual 0.761
(Total ENE N DN AN 33)
FP-1
[PPancmal] [Uthen 0.306
Rusal 0.028
Total 0333 | 1355 8563 [ 19)
FP-2
{P.Panerns-2]  [Urhan 0.070
Rura] 0010
Total 0.080} § 0348 [ o2ed) | 14]
pr3
[FPancrma-3] [Urban 0817
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[Tolal 0855 [ wies) [T 3389 | 16
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[PPapcra-1]  [Urban 0.241
Fursl 0.i03
[Toiad 033 | 67751 [ EAB) {198
FQ-1 P2 PQ-3
[Fgarn ] [Citan 0197 Urban 1.257 Urbaa 0.450]
Rura) 0.738 : Rural 6.317 Rural 0.017
Total 0433 [ 7)) [ 1a3ed) {390 |Tew 453 3461) [ 31%00) [ 384) {Toid 0367 [ 26w} [ 107 [ 733
FR-A
[Frapo ] [Uiten 2468
Rural 0.134
Tota] 23559 [ 5807 [ 619 | EX}
RE-1 RB-2
fRitcra | [Citan 0.169 Crban 0373
Rural 0.062 Rural 0.297
Totl 08| [ TIbNa0) [ vows] [ 433 [Tent 0.678] 3706 [ 25050} | 3%0)
181 B2 ' B3 Figure-2.2(2) Possibility of Surface Water Development by Direet Intake in 2015 (Base Case)
fiwagi | [Urtan 1551 Urban 082l Urban LEIE \
Rusal o113 Rural [XEE Runil 0.162 2.135%
Torl 1706 [ 1355 [ 155 { 73] |Tod 0976 11653) [_too7e} | 11.3) {Toid T3T08

[THaes) [ 1045) [ 33)



Requyed Possitle . Reqiired Possible Requiced Possible Requirzd Possdle Required . Possivle '
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18-1 1B-2 T T8-3  Figure-2,3 (1) Possibility of Surface Waler Development by Direct Entake in 2003 (Allernative Case)
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Required Tosuble T Fequired Possibic equired Possible Required Possible Required Possible ]
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2,5  Groundwater Development
(1) Policy of Grou ndwater Development

The following three bases are to be considered for the groundwater development:
a) Sustainable development,
b} Good use in quantity and quatity,
¢) Alternative development between the surface water and groundwater by cost
performance. '

The concept of sustainable groundwater development is to use only a part of circulating
groundwater resources (=rechargeable groundwater resources) in consideration of both of
environmental and socioeconomic aspects.

The concept of permissive yield is introduced in Sectoral Report C to achieve sustainable
developnient.

Good use in guantity and quality is to make development plan of eftective 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 actually to be botiled
for mineral water for Curitiba Metropolitan Area.

—  High productivity of borehole and high potential of groundwater resources.

Guabirotuba Formation; - Low hardness and suitable for industry use in chemistry,
- Low productivity of borehole 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 Curitiba City.

Alternative development between the surface water and groundwater is described in Section-
2.6 and 2.7.

(2) Methodology of Groundwater Resources Development

The required area of development, borehole number and site selection were planned by the
following method. The assumed parameters to make a groundwater development plan for
cach aquifer are listed in Table-2.12.
a) Required Area of Development
The required area of development (Ar) is calculated by the following formula
Ar=Dr/Qpr or Ar=Dr/(Qrxk)
Dr ; Demand of required water supply (m¥s),

Qpr ; Permissive recharge of groundwater resSouIces (m’fsfkm’,
represented ; Qpr=Qr x k),
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Qr; Recharge of groundwater resources per spatial anit (m¥s/km?),

k ; Ratio of spatial permissive yicld (%).
b) Required Borchole Number ;

The required borehole number (N) is caleulated by the follovﬁing formula :
N=Dr/Yp ' |
Dr ; same as the above

Yp; Spatial Pernissive yicld of borehole (= Critiqai yield, m’h)
c) Site selection of boreholes -

Thie site selection of boreholes is studied based on the geology, topography
and pipeline design in respective sites of groundwater development.

The study results of the la:ge urban areas are presented in Section-2.6 and 2.7, Whlle the %
development for the rural domestic water is presented in the Section-2.8.
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