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PREFACE

In response to a request from the Government of the Fedcrative Republic of

~ Brazil, the Government of Japan decided to conduct a study on the Master Plan for

the Utitization of Water Resources in Paran State and entrusted the study to the
Japan International Cooperation Agency (JICA). -

JICA .sent to Brazil a study team headed by Mr. Yoshio Nakagawa, Yachiyo
Engineering Co., Ltd., and composed of staff members of Yachiyo Engincering
Co., Ltd. and Nippon Koci Co., Ltd. (5 times between March 1934 and October
1995).

The teani held discussions with the officials concerned of the Gov_emmént of
Brazil, and conducted field surveys at the study area. After the team retumned to

| Japan, further studies were made and the present report was prepared.

T hope that this report will contribute to the promotion of the project and to the
enhancement of friendly relations between our two countries.

I wish to express my sincere appreciation to the officials concemed of the
Government of the Federative Republic of Brazil for their close cooperation
extended to the team.

December, 1995

Kimio Fujita
_ President
Japan Intemational Cooperation Agency
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December, 1995

M. Kimio Fujita
President
Japan Intemational Cooperation Agency

" Tokyo, Japan

Letter of Transmittal
Dear Mr. Fujita,

We are pleased to submit to you the Master Plan report on the Utitization of Water
Resources in Parand State in the Federative Republic of Brazil. This report presents a
strategy over the state on water environment, which includes not only comprehensive
surface and underground resources development for various types of water use but also

“eavironmental facets of water, such as flood, quality of river water, soil erosion, eco-

system, forest, etc., as well as a Master Plan for improvement of water environment in
selected two pilot river basins.

In the Master Plan for the pilot river basins, projects and recommendations are
embodied towards the year of 2015 for sectors of water supply, hydro-electric generation,
flood conltrol, water quality control and sewerage development, soil erosion conlrol, eco-
system conservation, forest preservation, water environment management, and institutional
improvement. ' Urgent imiplementation of studies to follow this Master Plan Study is also
proposed in the report.

It would be a great honor for us that the result of the study would contribute to
socio-economic development of Parang State and to closer friendship belween Japan and the
Federative Republic of Brazil.

We wish to take this opportunity to express our sincerest gratitude to your Agency,
the Ministry of Forcign Affairs, the Ministry of Construction, the Hokkaido Development
Agency, the Embassy of Japan in Brazil and the General Consulate of Japan at Curitiba.
We also wish to express our deepest gratitude to the State Sccretariat of Planning and -
General Coordination and other authorities concerned of Paran State as well as those of the
Federative Republic of Brazil for close cooperation and assistance extended to us.

Very _truly yours,

// o piiven
C;?ﬁio Narézjg'/aéa
am Leader

The Master Plan Study on
the Utitization of Water Resources in

Parani State in the Federalive Republic of Brazil
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CHAPTER 1 INTRODUCTION
1.1 Background of Study

The state of Parand is localed in the _soulli of Brazil and has an arca of approximéte!y 200

~“thousand km? , equivalent to 87% of Japan’s main istand, Honshw, dnd a population of
- about 8.5 million inhabitants. Regarding economy, sorth and north-castern Brazil are not

well developed, while about 80% of the economy, including the agricultural and industrial
sectors, is concentrated in castem and southern Brazil, The state of Paran& is one of the

~wealthiest states in Bfazil together with Rio De Janeiro and Sao Paulo.

Agriculture was the main sector in the state of Parans; however agro-industry, chemical
industcy, paper industry etc. have been expanding around utban areas in line with the
industrialization policy of the state government. This expansion of industry has promoted a

concentration of population around large cities, such as Curitiba, Londrina, Maringa, '
Cascavel and Ponta Grossa causing shortages of domestic and industrial water. In addition,

“water poliution due to sewage and waste water from factories has become an imporiant issue

and the turbidity cf river water has been increased by soil erosion on the large plateau.

 The topography of Parand is mainly plateau and most cilies and agncultura! lauds are located

on the plateav. Since the major rivers flow in vallcys eroding the plateaw, it is popular to
utilize the smaller tributary rivers which flow on the plateau, or groundwater, for city and
agnculture use. As aresult, it has tended to be difficult to distribute enough waler to each

“ sector, despite the fact that rainfall is quite pIenuful

To account for the suuahon descnbed above, the state of Parana urgently needs to formulate
a Master Plan for the utilization of water resources with a target year of 2015, including
countermeasures for envlronmental issues such as water pollution, soil erosion, flood
mitigation, ¢ic,

With this situations as a background, the Government of the Federative Republic of Brazil
requested technical cooperation related to the Master Plan Study on the Utilization of Water
Resources in Parang State (heremaﬂer referred to as the “Study™) from the Govemnment of
Japan in August, 1993. The importance of the Study had been realized through the
eavironmentat Joint-Programming (JP) camied out as a part of JP between the two
governmenis to find and establish a project which is nccessary and worthwhile. In
compliance with the request, the Japan International Cooperation Agency (hereinafter
referced to as “JICA”) dispatched a Preparatory Study Team headed by Mr. Koichi UZUKA
in October, 1993, and the Scope of Work and Minutes of Meeting were agreed among the
Governor of Parang state, Secretary of State Secrctariat of Urban Development (SEDU),

‘Executive Director of Brazilian Cooperation Agency, Secrelary of State Secretariat of

Planning and General Coordination (SEPL), Secretary of State Secretariat of Environment
(SEMA) and the leader of the Preparatory Study Team. With these agreements, a study team
headed by Mr. Yoshio NAKAGAWA (Study Team) commenced the Study at the middle of
March 1994,



1.2 Implémentﬁtion of the Study -
The objeciwes of the Study are as follows:

l) To formulate a Master Plan for the ut:hzahon of waler resources, whlch
- contributes to urban, industrial, agrlcultural hydropower development and
environment conservation, in Parana state aiming at the target year of 2015,

- 2) "l‘o promote 'techﬁology teansfer to the Brazilian coumezp'aﬂs during the Study.

The arca covered by the Study is the whole of the state of Parang as shown in Flgure at
frontispicce and consists of 11 main river basms

The Study was divided into ihrc'e phases as follows'

“Phases I: _ © To determine the melhodology to formulate a Master Plan cons:denng not only

-7 atilization of water resources but also environmental conservation in tiver

basins, such as flood conirol, “water qnalnty 1mprovement ecosystem
preservanon smlerosuon control, etc. '

Phase II: Based on the above mentioned mclhodology, to formulate the Strategy
' regardmg utilization of water resources and envitonimental conservation in
river basins in Parani stale and select p;lot river basin(s) for the Master Plan
cons:denng importance and urgency of Water uulnzauon and environmental

issues. :

Phase II:  To formulatc the Master Plan for the sclccled pllot river basm(s)

After Phase I1, two pilot basins, Iguagu river basin and Tnbagl river basm, were sclected for
~ the Master Plan Study in Phase Ill :

This report, Main Report 1, dcals with the Master Plan Sludy for Ihe Iguaqu river basin.
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CHAPTER 2 SUMMARY OF MATER PLAN
_ Thé sumﬁi'ary of the Master Plan for the Igu agu river basin is as showat in Table-2.1.

Table-2.l (1) Summary of Master Plan for Iguagu River Basin

Cost Implementation Schedale
. ) S Present.| 2001 - | 2006- | 2011-
Contents of Master Plan 1FUSS | 2000 |- 2005 | 2010 | 2015
5 I A LI B L
1.Water Supply S . o ' 962,40
m Domesuc and Industrial Water : . 957.80
_ Developmenl  pyeyelopment
1) Large Usban Arezs: Population morg than 100,000 in 2015 819,10
(a) Curitiba Metropolitan Arca . 625,000 760.00
Well Stagz [ : S000 29 wells 210607
Well Stage I} 103000 27 wells 157.90|
Trai Dam : - 121,000 Dam | 1540 fosaisnncaca
- Piraquara |l Bam - . 65,000 Dam 60.40 i aid
Pequeno Dam E oo 69,000 Dam .- 18.50 et
Alio Miringuava Dam 52,000 Dam 96.90 i
Cotia Despique Dam : 104,000 Dam 120.30, s i
“(b) Cascavel 38.90
San Jose River i j 13,000 Direct Intake 71
San Jose Riverit ©= - 13,000 Direct Intake 7.10
Well Stagel : 16,000 9 wells 1,70
Well Stage H . ) 10,000 I well 1.00
(cyFoz dolgeacy _ 1.0
Parana River[ - ’ 30,000  Direct Intake a7
Parana River I} 30,000 Direct Intake 370
- ParanaRiver 1l . - 30,000 Direct Intake 3.70
(d) Guarapuava ‘ 910
Bananas River ] : i 13,000 Direct Tntake 4.60
Bananas Rivee il - : 12,000 Direct intzke 4.50 e
2) Medivm Urban Areas: Population more Lha.n 50,000 in 2035 ’ 2580 : .
(a) Franciseo Beitrao 4,70
Marrecas River] 10,000 Direct Intake 2.40 :
Marrecas River Il 10,000 . Direct Intake 2.30 i
(b) Pato Branco .
"+ Chopim River 10,000 * Direct Intake 9.10
(cy Mediancira _
©Wetl - C ' 1000 1well 430
(d) Dois Yirinhos :
Chopim River 12,000 Direct Intake 9.1
(e)Palmas . . -
Caldairas River 6,000 Direct Intake 4,
(D Uniaoda Vitoria h .
Iguace River 3,000 Direct Intake 3.70
o . Direct {ntake &
3} Other 76 Uiban Areas i 72,000 Wells 102.90
{2) Agricultaral Water Supply ' _
" Whole River Basin 33000 Direct Intake 460




Table-2.1 (2) Summary of Master Plan for Iguagu River Basin

Telephone Line Network

Cost Implementation Schadule
: ;oo |Presentl 2000 12006 | 2001
Contcn(s of Master Plan 1russ | 2000 | 2005 | 2010 | 2015
EE L e L R BB B
2. Flood Control ¢ : ALY
- |(1) Non-stractural Measures (Zoning, FFWS‘" E\awauon Proor‘ng :
Operation Rule) for Curitiba Metropolitan Area, Sao Mateus do Sul, NA
Porto Amazonas, Reboucds, Guarapiava, Unizo da Vi tona. Rio hegro. '
Foz do Tguacu, Capanema :
(2} Structural Measures 97.00]
* 1y Curitiba Metropolitan Aréa
- {8) Continuation of PROSAM {Channel, undscapu Restoration, - { (34.30)
Park Resetlement et} - :
B Ex tension of FROSAM- NA
Channel Excavation
Dams with Flood Control Funcum
2) 820 Mateus do Sul .
Dike System with 2 Sluu‘e 1.1¢
- 3y Uniag da Vitoria Co -
Dike System {L=17km, H-sSm) with S!mces £5.90]
LN Sew.etagc Treatment - 344.00
o (1) Development of Sevserage System -
Adea . Ss:zugil&am;__ojmmim@aﬂ
(2) Curitiba Meiropotitan Area 420,000 294
{B)Cascavel 45,000 50.00
4. Soil Erosion Control : 14390
© (1) Yerrace for Crop Land 10,781 o . 43,10
- (2)Non Tiltage 7,520 k' - 35.50
(3) Improvement of Farm Rcad 21.560 km 32,30
~ (4) Maintenance of Farm Road 33,
" (5) Agronomic Measures and Soil Mana;emem N.A
S. Ecosystem Conservation . 8.63
(1) Presersation Program 533
1) Fish Population Inventory 0.90
2) Fish Population Dynamics 0.5
3) Endemic Fish Population Q.50
4) Reservoir Fish Assessment 2.60
5) Management Plan for Conservation 0.03
£) Seira Baitaca Preservation . 060
7) Eng. Bley Preservation 0.2
8) Biadiversity Institute NA.
{2) Environmental Education Program C 050
1) Water Enviroament Education | 090
(3) Monitoring Program 240
1) Bioindicator Monitoring - 1.30,
1 River Margin Vegetation 0.7
3) Sand Fly Monitoring 0,408
6. Afforestation . : 163.00
(1) Afforestation for Conservation of the Water Environment: 900 km! - 33.00
{2) Commercial Afforestation: 1,900 km* 135.00
7. Establishment of Moniloring System 213
{t} Completion of SIMEPAR's System {35.00)
' (2) Suengthening of Monitoring Systen 0.194=
T 1) 4 Mereorological Qbservations 0.03
2) 103 rainfall gavges 0.16
. (3) Frovision of 11 Styeam Gauges : 0.1
" {4) Integrated Mom:onng System for Surface and Subrsurface “- nte 143
Resources in Curitiba Area
1) 3 Stream Gauges 005
2) 17 Boreholes in the Karst 0.4)
-3) 20 Borcholes in the Guabiroutuba 0.4
4) 44 Boreholes in the Other Urban Areas 0.63
(5) Aquatic Ecological Monitoring 0.33
(6) Integrated Data System with 7 sets of Computer S) stems and Q.07+

Nate 1) FFWS: Flood Forecasting and Waming S)s!ems




Table-2.1 (3) Summnary of Master Plan for Iguagu River Basin

Cost lmplementation Schedule
. . |Peesent-] 200k | 2006- | 20i1-
Contents of Master Plan 100 UsSS | 2000 | 2005 2010 2015
TI VI Fri11l TrTrjporryry
8. Institational Irnpto‘-emenl Program
(1) Organizational Strengthening through !mpkmcnlahon of the Current
Re-Ciganization
(2) Suergihening Groundwater Management
"{3) Enhancement ia the Enfotcement of Environmental Regulations N.A.
{4) Legat Aangement for the Control of So:) Sand and Stone Taking " 10 be continued

in river areas
{5) Cost Recovery of Water Environment Management
{6) Promotion of Residents Participation through Information Publication
(7) Introduction of River Basin Management and Establishment of
"+ Competent Entities '
(8) Promotion of Coordination for Comprehensive: Mana gament
(9) Establishment of Public Hearlng System into the Water Granting
Proceduré ) ’ NA,
(10) Compechensive Water Quality Management by River Basin
{11) Enhanced Administration of Water Resources Dovelopment
(12) Water Pricing and Charging for Optimal Water Allocation and

Demand Contzol
Sub Total . 1,706]
9. Hydropower
_ X-stations, Total Installanon Capeclty 1,400 MW . 1,194y
Grand Tolal 2,920]

Note (1) Price Jevel in August 1994 is applied with lhc exchange rate ! US$ - 0.59RS..
- (2) Costs for wntmuah_on of PROSAM and SIMEPAR's System are not included in the totat,






CHAPTER 3 NATURAL AND SOCIO-ECONOMIC BACKGROUND
3.1 Topography

The area of Fguagu River Basin is bordered by the Coastal Mountains in the east, the Parand

River in the wesl, the ridges passing through Cascavel and Guarapuiava in the north, and the
Branches of Santa Catarina State in the south. The topographic features of it are gcnerally '

' charactenzed by the following three areas from east to northwest (Flgurc-3 1):

- the First Plateau )
- the Second Plateau __ _
- the Third Plate’au
The First Plateau consists of the upland planes such as Curitiba City and hills with gcntle
gradients, and it is restricted to the Coastal Mountains in the east and the cuesta ntountains in

the west and/or northwest. The upland planes ar ranging in altitude from 800 to 1,000 m
and the cuesta mountains show the inclination of the geological formations trending to the

- west, The river system in this area which is composed of the Iguagu River, the Negro River

and the tributataries are mamly flowing into the Parana River from the east to the west.

The Second Plateau consists of the planes and hills with gentle gradients ranging in altitude

- from 600 to 1,000 m. It is restricted to two cuesta mountains in the east and the west. In

this Plateau the river system is mainly composed of the Iguagu River and the Negro River.

‘The Third Plateau consists of the planes and hills ranging in altitude from 300 to 800 m. It
is restricted to the cuesta mountains in the east and the Paran River in the west, The hills in
this Plateau are generally steeper than the hills of the other plateaus
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3.2 Metcorology

'3.2.1 Rainfall

The rainfalt data in Iguagu river basin has been measured with different agencies and
different observation periods by stations. Using the last 20 years annual mean rainfall data,
an Iso-hyetal map was developed as shown in Figure-3. 2 In Iguagu river basm, the
following rain characten stics can be observed _

a) The region mcludmg Curiliba at the western srde of the coast moumams range
has the lowest annual rainfall -

b) - The middle Iguagu river basin mc!udmg Palmas has second highest annual

~ rainfall volume in Paran4 because of high altitude between 1100 m and 1200

m, and aniual rainfall volume has a tendency to decrease from the mldd!e
Iguagu river basin toward the lower Iguag:u river basin, :

3.2.2 'Tomperature

Annual mean temperature in Paran State has generally range between 16°C and 22°C
thronghout the year. Figure-3.3 shows Iso-thermal map of annual mean femperature, and
annual temperatuce in both upper and middle Iguagu river basins with a mean of 1,000 m
altitude is an constant annual mean temperature between 17°C and 18°C. Annual temperature
increase toward the lower Iguagu river basin.

~ According to collected data i in Parand State, minimum temperature -6.83°C at Palmas and
Guarapuava was recorded during the recent 20 years. '
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3.3 Hydrology

3.3.1 Runoff ‘Analysis

Based on the river flow data for the fast 20 years perlod (1974-1993), daily discharge at each
discharge reference point were determined, and the missing daily discharge were determined
by imonthly discharge correlation analysis among lhe_statlons.

“The ﬂdw'rc_gime shows the zinnual.condilion using ihc calculated dai!y discharge at a certain
- hydrological station and shall be indicated by the daily discharge and number of exceeded
days. The annual flow reglme of each selected stations in the Study area shows as follows;

Hi gh Dischargc (95th daily discharge from the greatest)

" Normal Discharge (_lSSlh daily discharge fram the greatest)
| Low Discharge (275th daily discharge from the greatest)

Drought Discharge (355th dally discharge from the greatest)

The ﬂow regime is commonly used to find the fluctuation in the daily discharge, and utilized
for determining the potential water characleristics in Japan,

The flow tegime computed by station was adapted for 20 years period (1974-1993), and
“mean value of the 95th, 185th, 275th and 355th daily discharge for the last 20 years period
‘were calculated, The results of mean flow regime for the last 20 years period are

summanzed in Table 3.1.

Table—3.l Flow Re sglmc (mean values for the Iast 20 cars penod {1974 - 1993))
Basing . T fiver - |No. EiNEms Dalfy Dlscharge (m¥sec)
- L : (kmg)_ S5 day | 185 . day | 215 day | 355 day
Itarare Jaguarialva 1 34-242-000 Tamandua 1,822 33.88 23.56] 8.13 13.04
Clnzas _ [Cinzas . 2] 64-360-000|Tomaeazina 2,015 3819 25.11] 18. 12.20
- 3| 84-370-000 [Andira 5,622 8,28 50.63] 341 22.32
Tibagi Tibagt _.A} 684-424-000|Uvala 4.450 118.02 - 64.81 0.5 24.83
_5] 84-465-Q00|Tibagl 8.048] _220.39 132.92 87.0 51.89
_ 6} 64-491-900|Barma a5 Anta : 1 00] __ 381.96 230.94 153.34 95.24
7] 684-507-0t1]Jataizinho (Extendido) 21,955 502.08 312.46 211.73 128.70
irapo Pirapo 8| 04- - Vila_Siya Jardim K:¥si 79.54 . 4943 37.74
Val Tval | 64-625-000|Tereza Cristna [ _3,613f _ 80.71 36.29 2057 10.95
_10] _64-6845-000|Porlo Espanhol 600 220041 __115.48 67.89 37.24
11} 54-876-002|Pcdo Bananelr. 24,2008 __561.65{_ _31%.65] _109.13] _120.84
_ “12| '84-685.000]Porto Paraiso do Norle |~ 28,427)  650.69| "38%.95] " "262,71] 173,64
: 13] 61-693-000|Nova Porto Taquara 34,432)  777.78 494%.69 355.97 246 35
BIault  feiqutrt 4 556 |Porfo Guaran 4.2% 120.53 60.30] 3388|186
15 5-000Q|Ponie_do_Pigulrl 11,303 345.65 188.73 111.87 §5.20
16] .54-820-000}Porto Formosa, .| J_Z.QQQ .. 498851  315.78] 2165.41] 143.27
. i 17] 854-830-000Balsa do Santa Marla - 982 551.77 A6/ .49 252.97 172.25
lguacu = [iguacu 18] 85.010-000[Fazendinha | _. ,._.110 _.3A3) e8] 1291 085
4 RERRE 16| 65-:026-000]Guajuviva T Vs R0 68.20 35.78 22.03 1253
20| $5-035- DOO Porlo Amazonas ___3,662§  8496) - 49.48] A0.73F.___17.17
sEL | 24 LSAQQQQO Sao_Matous do §ul 065 136,44 78.47 50.85 30.30]
2216 .. 24,211 656.671 365.42] . 232.03] 13134
123 45 824]_1310.22] s20.86]  532.37] __=262.67]
: .24 67,317) 1690.20[ 1128.20| 792.05] = 436.7%
Negro. 25 7,870 185.67 112.64 76.21]__ 45.50
Timbd 26 693}  22.50| 12471 792 | 4.52
Jordao 3,813 12847 .- 77.18] _ 49.67] __ 28.19
Choplm 6,626 224.80 135.11 78.13 40.14
Ribelra ﬁd:?eira i ibalra T.262 130.83 103%.75 86.837 72.80
Dioranss Nhundiaquaia | 30 i B 297y . 1443 O 8.0y A.8h 2.5%
- Marombl 31| 82- 195 002 Morreles 53 5.02 2.77 1.614 0.7r7
v T A R § g B
3.3.2 Runeff Ratio

Using the annual rainfall depth and annual surface runoffover the same catchment area,
surface runoff volume and surface runioff ralio by stations were shown in Table-3.2 and
Figure-3.4. The runoff ralio of main stream and main tributarics are 43 % and 47 %
 respectively with a mean of 44 %, . ' - :



Table-3.2 Summary of Mean Annual Surface Runofi Ratio

*(Simulation Period: 1974 - 1993, 28 Years)

St KMo, St Name Area Rainfall | Runoff | Bzalance Runoﬂ

Basin River No

: (o2 | nmdyean)(mmiyead| (mmAyedn] Ratio
itargce  lJaguariziva 1| 64-242-000; Tamandya X B 13354 . 6324 7630 0.47
Cinzas  [Cinzas 2| 64-360-000{Tomazina 2,015 14313 555.8 0254 028
3| 64-370-0001Andira ) 562 1440.3] . . 430.5) 9598 . 0.33,
Tz - [Vibagi 4| 61444000 Uvaia 44500 1550.2 §40.7 919.4 0.41
5| €4-465-000] Tibogl . - aoqe] 13657 6358 9159) . 041
6]  64-499-000[Barra Ribdas Anlas 56000 T 1569.7] 6223 947.4] - 0.40
~ o 64-507-011]Jataizinho (Extendido} 21,9550 - 15876 £04.9 9826) - 0.38
Pirapd Pirapo 8] . 84-550-000;Vila Sitva Jardim 4,627, 1615.2] 4927 11224 0.31
fval tyai 9] 84-625000|Vereza Cristing - 351 16%4.5] T15.8; - 978€] . 0.42
10| 64-845-000 Pordo Espanhal 8,6004 1659.9 729.7] . 9303 0.44
11| €4-575-002|Pado Bananewss C 243000 . 16651 6489 10182 0.39]
12| 64-585-000,Poro Paraiso do Norle ‘2p421] 1552.6] " 6459] 10307 0.39
: 13}  64-693-000|Navo Porfo Taquafa - H.432 1642.2] - . B45.1 971 0.39
Piguir Piquiri 14] 64.771-500{Porto Guaranl 4,223 19289] 8558 10732] - 044
15| £4-795-000{Ponte do Piquin - 11,303] 19369 9262] 101038 0.45
© 16 64-820-000{Pordo Formoss 17,500 1665.1 823.7 1041.4 0.44
11] - 64-830-000(B2'sa do Sanla Maria - T20982f . 18430 1636 10784 0.44
Iguacy Iguacy 18] 65-010-000;Fazendinha ) 110 1557.3| 7412 816.0 .48
: 19]  55025-000,Gusjuvira : i 2,3048 14165] . 6348] 7818 . 045
20] 65-035-000[Porto Amazonas _3.662 1445.9] 59138 8540 0.4
21| 65060-000]Sa0 Mateus do Sul 3 14836 . 5748] 9088 - 038
22 65-310-000Uniao da Vitoda 24,211 1584.2 6632 9104 0.42
23] 65-895-0021Szfio Osordo 45,824 17258 765.3] - 9603 0.44
' | . 24] 65593-000{Safio Cataratas . - 67,317 - 15029 7247} 1078.3] - 0.40]
Negro - 25| 65-175000|0tvisa : 79700 - 15159] - 6168} -~ 899.0 . .41
Timbo 26] 65260-000|For do Cachoeira 5633 .1738.7 8349; . 8537 0.5%
tordas 21 65-875-000l5ania Clata 3913} 15934 895.8] 9976 0.47
Chopim 28] 65-950-000|Aguas do Vere 6,696 . 20032 953.8 i044.4 . 0.45
Ribeira__[Ribeira 28] 81-200-000[Capela do Ribeira 7,252 1378.1) . 5438 8323 0.40)
Li#oranes [Nhundiaquara ] 30| 82-170-000{Macreles CCNR) eS31)  A74sS| 1822 0.69
Marumbi - | 31] 82.195-007[Morretes - - £35)  33000] 26469] . 6%31]. 080
Mean . ) All Basins S . Ry FEL] 787.9]  9360] - 46%

- : ) ] . 100% #$%] %
Basins excapl for Litoranea Area -] - 16415 650.8] - 950.7 42%
: . : ) o 100%)  42%| - 58% :
Hote ! 7 it vas delermingd by using 2n exisling iso-hyetal Map {COPEL) - B HEEIIERR

Runoff Raltio - Catchment Area o o T ‘ | %
0% B B tarare
o OCinzas
. A Tibagi
& 60% - '
£ L. APirapo
2 so% L Piquiri : I N ;
& tﬁ,&_ﬁ_ [ S = I | Tguaqu ohval .
Bk o N i i ]
& 0% | B Cingas | - Tibagi ~ o Ivai o lguscy
20% e : - I —— ORibeira’
0% 4 1. : S : _ Xlitoranea
0% +——|—— : - ]
0 -5 015 20 2% 30 35 40 4

Calchment Azea (x 1000 km2)
Figure-3.4 Ré}alions between Catchment Area and Runoff Ratio ;- -
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3.4 Geology and llydmgcology

Tguagu River Basin and the HCIgthF arcas of the basm are chicfly occupied by Precambrian
(composed of Archean and Proterozoic) metamorphic rocks intruded by granitic intrusive
rocks ranging Precambrian-Paleozoic age, and sedimentary rocks of PaTcozonc to Cenozoic
wuh Mesozoic volcanics as shown in Figure-3.5.

_Precambnan occupies the most. upper part of the Iguagu River consxstmg of Curitiba
Metropolitan Area which is almost the same area as the First Plateau in the Iguagu river
Basin. Paleozoic occupies the Second Plateau and the upper area of the Iguagu River Basin.,

- Mesozoic occupies the Third Plateau. . Cenozoic formations are overlying on the

Precambrian in Curitiba Metropolitan Area. The sequences of geology are overtapping from

the east to the west in order of age from Paleozoic to Mesozoic. The overlapping trends to

. incline genlly in monocllmc structure from the cast to the west.

There are seven aqulfers in the area of the Iguagu chr Basin as described below

(1) the “I(arst”

This aquifes consist of carbonatc rocks intercalated with non-carbonate semi-schists of
Precambrian intruded by dorelite dikes. It occurs in an arca of about 3,480 km’,

(2) Crystalline Rocks

This aquifer is composed of open fractures in granilic rocks and metamorphic rocks in the
age from Precambrian to Cambrian. It is exposed in about 7,540 km’ of the area.

(3) Lower to Middle Paleozoic_

This Aqunfer is composed of Castro Group and Parani Group and it is exposed in about
7,150 km? of the narrow area,

(4) Middle to Upper Paleozoic

This aquifer is composed of Ttarare Group and Guata Group and it is exposed in about
17,400 km? of the area.

(5) Late Pateozoic

This aqucr is composed of Passa Dois (xroup with partial porous media and it is exposed in
about 17,400 km? of the area,

(6) Mesozoic -
1) Botucaly F_ox'mation

This aquifer is overtain by Serra Geral Formation within the Third Plateau, and

" then the distribution of it expands to the neighbor states and countries. - Botucatu
Formation composed of high pem‘zeable sandstones (effective porosity ; 2 25 %)
and the high permeable sandstones form better and bigger reservoirs in the Parand
River Basin.



©2) . Serra Geral Formation south

The lithology of this aquifer is composed of basalt lavas 1ntercalated wilh sandstonc
~ lenses and the aqucr is exposed in about 32 000 km?,

3) Sena Geral Formation north

* The lithology of this aqurfer is same as Serra Geral Formation south, and lhe
aquifer is exposed in the surroundings of Cascavel and about 1,900 ki’ of the area
within this ])llOt basin : '

'(’i) (Lenozolc
~ Guabirotuba Fomaauon

The reservoirs of this aquifer is rcstnclcd to Cuntlba Mctropolltan Area (about 1, 130 km ).
and the reservoirs are composed of porous media of sandstones and conglomerates in the
lower horizon of Guabirotuba Fomlauon
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Figure-3.5 Aquifer Distribution in lguagu Pilot Basin
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3.5 Landuse

SANEPAR conducted the GIS computation based on IAP satellite imageéry analysis (1990 & |
1994) in crder to 1dental'y the !anduse m Iguagu nver basin. ‘The result is shown in Table-

.3 3,
" Table-3.3 Landuse in Iguagu River Basin
Total Atea Swmnp S Bak] d | Pasture | o
{ke) (%) (%) |rorest (%)) Vez (%} | Ref(®) | (%) | Crop (%) [ Others (%
lguacugiverbasin| 'ssa20f  — i -- 1430 270 1.7l 1761 3719 1.5
| Parana State o780l ol 02 90 260 32l 231l 316 0.8

20d Veg.: Sccondary Vegetation, Ref.: Refocestation
Area of Tguacy civer basin i3 only within Parana state.

Source: SANEPAR GIS Compotanon based on IAP Satellite lmagery Amlysns U520 & 1599

+37.9 % (21,000 km?) and 17.6 % (9,700 .kmz) of Tguagu river basin are curcently utilized as

crop land and pasture, while the state average is 37.6 % and 23.1. %, respectively. More
than half of the river basin area is used for agricullure sprcadmg all over the basin. 28 % of
crop land and 21 % of pastire in the state belongs to Iguagu river basin.

Natural forest and reforestation in Iguagu river basin cover 14.3 % (7,900 km?) and 1.7 %
(900 km?®) of its arca, rcspeclively The total area of natural forest in the state is
approximately 17,800 km® and 44.4 % of them belongs to Iguagu river basin. The natural
forest is mainly located in the coastal mountain range, the upstream end, and the downstream
of the basin. In contrast to the preservation of natural forest, the arca of reforestation is

limited.

Secondary vegetahon where the patural bush grows after some use, such as stash and burn

-farming, extends 27 % (14,900 km ) of the river basin area, The proper landuse of this arca
.18 reoommended for example conversion into reforestation, - preservation of  native
_vegelation and so on. It spreads over the basin; however it is more concentrated in the
upslream of Iguagu river basin, around Lapa and Palmeira regions.

"I'he satelhte 1magery analysss is based on the dataof 1989 and 1990. Since this is the most

recent landuse available, it was adoptcd throughout the sludy assummg that the current
landuse does not vary fromn the one in 1990. . : ‘ _



3.6  Socio-Economy
-3 6.1 Regional Unit and Zoning of the Sludy

Ac:cordmg to the reglonai unit of colleclcd dala concemmg the socio- oconomnc atca, n was
decided to use the municipalities as a regional unit. Therefore, the zoning lines for the Study
should be drawn following the boundary lines of the municipalities. However, as the Study
should be made by river basin, it was decided to use the following ctiteria for inclusion (or
' exclusron) of mu mc:pahncs that stmddle other river basins, in the zoning of the Study

- All municipalities that have their urban center located within the river basin,
regardless if only a part of the urban area is inside the river basm, were
incfuded in the zoning. :

—  If the urban center of the municipality is not mcluded in this basm. but there is
a chance that this municipality will stait to use a small river that belongs to this
river basin in the future, the municipality is included in the zoning.

= In the case of only a small part of the rural area of the mumcnpahty.
- approximately léss than 10% of total arca, be included in thls nver basm, the
_ mumc;pahtyls excluded of the zoning.- : P

~  Theé recommendation of the" Counterpan Team was considered as to the
~ inclusion of municipalities in the zoning, in accordance to the criteria, such as
water supply system of undertakers

‘The zoning for t}us river basm is composed of 101 mumc;palmes. and is presenled in
Figure-3.6. _

'3.6.2 Population per Municipalily

Baséd on the census of 1970, 1980 and 1991, issued by IBGE and provided by IPARDES,
the populaubh per Municipality, in cach year, of the 10} municipalities that compose the
Study's zoning area are shown in Table-3.4 (1), Table-3.4 (2) and Table-3.4 (3) divided per
MRH (Homogencous Mlcro-Reglons) - refer to Main Report ‘I for data ‘conceming
population per MRH. It is important to say that some municipalities have been created
recently and, therefore, these new municipalities do not have the number of mhab:lants_
included i in the table menuoued above ' :

3.6.3 Gross Regional Domestic Product (GRI)P) per Municipality

Based on the estimated GRDP per MRH (Table-5.10 of Main Reporl D), on the data of
Financial Economic Statistics - 74/85, 86/87, 88/89 issued by SEFA and on the
Municipalities’ Participation Fund - Preliminary Indexes - 95, issued by SEFA, the GRDP
of the 101 municipalities from the years of 1981 to 1991 was csumaled and is shown in
Table-3.5 (1), Table-3.5(2) and Table-3. 5(3) '

3.6.4 GRDP by Secondary Sector per Mumc:pahty .

GRDP by Secondary Sector per Municipality, during ‘the year of 1981 to 1991, was
estimated based on the same data mentioned above, while this esumahon was presented in
the Sectorial Report Vol A,
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CHAPTER 4 FUTURE SOCiO-ECONOMIC FRAMEWORK

4.1 Populatwn Projection Pcr Municipality

The populat;on projection per mumctpahty was carried out based on the preliminary
estimation by IPARDES for the years of 1993, 1995 and 2000 (estimated rural population,

~urban populalion and total population per municipatity). However, new figures provnded by

IPARDES in 1995 were applied to the urban population of Mandirituba - MRH -
268/Curitiba, Pién - MRI 271/A. Rio Negro and Cafelandia - MRH 288/Extr. Oeste
Paranaense, and to the rural populatlon of Foz do Iguaqu - MRH 288/Extr. Oeste

" Paranagnse;

The projection for the target years was carried out by JICA'Tcam, as folloivs: 1) the

- population of all municipalities of each MRH, which includes any of the municipalities

belonging to the zoning, was estimated based on the trend of increase (or decrease) of the

- municipalities” population in 1993, 1995 and 2000, divided into urban population and rural

population; 2) the total of urban and rura} population of these municipalities was adjusted
tentatively o the estimated urban and rural population of the MRH to which they belong; 3)
finally, the municipalities of each MRH that arc included by the zoning and, therefore,
belong to the river basin, were separated from those that are not included in the river basin.

" The estimated population per municipality in 1993 by IPARDES and 2005 and 2015 by

JICA Teaim are shown in Table-4.1 (1), Table-4.1 (2), Table-4.1 (3) and Table-4.3 (4).

4.2 Projection of Gross Regional Domestic Production (GRDP) per
Municipality and GRDP by Sccondary Sector per Municipality

4.2.1 GRDP per Municipality

GRDP per municipatity in 1993 was estimated by the same method mentioned in Section-
3.6.3, but by excluding the contribution of hydroclectric power stations of some
municipalities, And the GRDP per Municipality for the target years 2005 and 2015 was
estimated individually, based on the past trend of GRDP per municipality during the years of
1981 to 1991 (shown in Table-3.5 (1)/Table-3.5 (3)) also excluding the contribution of
hydroclectric power stations of some municipalities in 1989 and 1991, and on 1993, by
adjusting the estimated GRDP per MRH to the years to which they belong.

The eslimated GRDP per Municipality of the 101 municipalities in 1993, 2005 and 2015 are
shown in Table-4.2 (1) and Table-4.2 (2).

' 4.2;2 GRDP by Sccondary Sector per Municipality

GRDP by Secondary Sector per Municipality in 1993, 2005 and 2015 was estimated using
the same method mentioned in Section-4.2.1. This estimation, however, is presented in
Section-5.2. '

4.2.3 Fulore SocidQEconolnic Eramework

Based on the popiJlalion projection per municipality (shown in Table-4.1 (1Y Table-4.1 (4)),
and GRDP projection per muonicipality in 1993, 2005 and 2015 (shown in Table-4.2 (1) and

" Table-4.2 (2)), the future socio-economic framework of this river basin can be estimated and

410



“conceived through the classification of the 101 mummpamies into four categoncs Thcre are
thrcc remarkable points, as follows: o : L

1) 11 large size mumcnpalﬂneé (classified in ‘fsi and -2nd classes) will occupy
. approxnmately 80% of the total urban population and 81% of lhc GRDP of this
_ rwer baein in 2015, respectively.

S 2) 24 large and -medivm size municipalities witl occupy 9]% of the urban
- population and 90% of the GRDP of Ih!S river basm in 2015, reSpectivcly

. 3) 14 mumcnpalmcs in Curitiba Metropolitan Area will share aboul 62% of the
urban population and 68% of the GRDP of this river basin- in 2015,

respecm'ely
’[hé classification of these 101 municipélilie.s with their pariicip_a_tioh,- in percentage, in: this
river basin’s urban population and GRDP in 1993, 2005 and 2015, are shown in Table-4.3.
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Table 42(1) Lsumaled GRDP pet Mumclpallly in 1993, 2005 and 2015 - excludmg contribtition of
Hydroelectric Power Stauon ! lguagu Rn’cr Basin
Unit: USS mnlhon _

—No ERdNamsof MRIT | amé of Municipalily 1593 2005 2018

MR 268 : B TOTAL of MRH 10,5383 WIN313 3332641
- [Curitiba 1{Almirante Tamandaré 6617 12874 22889
2[Araucédria 2,291.79 . 23821 2,815.49
-3|BalsaNova - 93,81 199.23 355.53
_$]Campina Grande do Svl 564 79.66 150.19
§[Campo Lasgo 23392 573.15 963.60
1{Colombo 175.80 36545 650.79
§|Contenda 12.22 241 3339
9iCuritiba 6,542.87 13,980.55 24,458.37
. 12|Mandirituba 11.65 ©3163 11,65
- 14| Pisaquara 1242 93.68 170.78
- 15|Quatro Barras 5447 98.91 167.62
.. 10|Fazenda Rio Grande 14.13 $2.54 94.39
. 13| Pinhats T 16228 31434 683,10
_. 121840 José dos Pinhais 589.51 1,48828| 2,701.15
Sublolal of Municipalitics ol Basin 1079768 T3, 750.71 33,5449
o Subtotal of Municipatitics not of Basin - 24062 463.02 18147
MEIHZA — JTOTALoTMRH R 6137 105.60
Alto Rio Negro 28]Agudos do Sul P ] 402 6.49
o 29[Pien : 1469 2176 17.43
" 30]Quitandinka 662 8.61 11.87

31 Tijucas do Sul 11.69 2698 49.81
Sublotal of Municipalifics of Basin 1272 6137 105.60
e Subloie.‘l of Municipalities not of Basin 0.00 0.00 0.00
[MRH 272 TOTAL of MRH 7% .5] 667.9% 116322
Campos da Lapa © 32|Campo do Teaents 6.44 1431 25.86
33|Lapa 65.04 12542 209.12
34|Palmeira 0.00 0.00 0.00
35{Porto Amazonas 3.08 820 14.53
36(Rio Negro L7 3 67259
Sobtotal of Municipalities of Basin 28533 721t . ¥ A U]
Subtotal of Municipalities ot of Basin 76.49 145.14 24112
MEH 275 TOTAL of MRH 854 16039 287733
Sap Mateus do Sul - 46| Antbnio Olinto 241 939 16.45
47(830 Jo3o do Trivnfo 563 140t 2337

. 481530 Mateus do Sul 71.70 13699 24251
) Svblofal of Municipalities of Dasin 8574 IR0 2873
_ : Subtotal of Municipalities not of Basin 0.00 0.00 0.00
.’ T\‘TRI: 276 . JTOTAL of MREH 20055 3833157 637.97
"~ |Colonial Irat © 501t 0.60 000 0.00
; SLtMallet 13.89 3409 57.62
'§3iRebougas 823 19.5¢4 3298
54|Rio Azul 9.80 i2.11 28.27

. Subtotal of Municigalities of Basin 3192 074 1183
R Subtotal of Musicipalities not of Basin 168.63 Mg 519.05
O MRH2EE TOTAL of MRH 323455 37190 “9;@8334
. {Extremo Oeste Paranaense ' 2659|Boa Vista da Aparecida 5.90 1332 2125
I o 273(Capittio Ledaidas Marques 14.24 1424 1424
* 274|Cascavel 11.9% 1,338.17 2,244.42
275 [Catanduvas 19.55 235 2740
276 Céu Arul 52.80 8718 121.09
282 |Foz do iguagu 929.14 2,27895 4,195.54
284 Guaraniagu 2185 96.08 171.66
" 285 Ibeéma A3 1565 18.97
290 |Lindoesle 351 690 11.02
- 293 |Matelindia 3297 3297 329
- 294 |Mediancira 86.01 14546 1931
- 305|Santa Licia A 298 278

‘ |- 306|Santa Tereza do Oeste 6.61 1306 20.85

: *-307|Santa Terezinha do Ttaipu - 1363 2397 2638

G . 309|520 Miguel do Iguagu 61.04 157.14 229.13

. . 313|Tels Barras do Parand - S 1310 246} 3644
_ . . [Subitar of Monicipalities of Basin : 159332 42M8TTT T8
N * |Subtotal of Municipatities not of Basin -~ - - - 1,240.13 143723 1,680.82
"~ [MRIE 239 ST TOTALSIMRH BOOBZI|™ LSS T 242874
Sudocste Paranaense 316 |Ampere . 2429] . 23499 © 8879
A 317 {Barracto 5.30 530 5.30

318 |Boa Esperanga do lguagu 4.12 - 128 . 12.0)

o - {®obé confinued)



Table - 4.2 (2) Estimated GRDP per Municipali tty in 1993, 2005 and 2015 - excluding contribution of
Hydroelectric Power Station / Iguagu Rwer Basin '

o _ _ - : ~ Unie Ussn'aimon {continuation)
[~ N6 and Name of MR ~No. ad Namé of Mulcipaliy 1593 003 W]

MRH 289 315 [Bom Sucessa 46 Sul T 637 10.85 18.02
Sudocste Paranaense {cont.) 320 [Capancma : 3r32 3232 Ry A}
321 [Chopinzinho 93.67 165.73 - 27831
322 [Coronel Vivida o 3400 46.36 62.41
323 [Cruzelro do fguagu . 10.53 18.53 30.76
324 |Dois Vizinhos ¥28.57 107.56 ' 345.24
325 |Encas Margues X 1191] . o
326 1Flot da Serra do Sul : 124 394 6.54
327 jFrancisco Beltrdo 20721 kxliiw) | 561.93
328 {Mapejara do Oeste s 15.78 15.78
329 (Maridpolis : 14331 16035 2003
330 [Marmeleiro : N {515 B 22.01 . 2960
331 |NovaEsperanga do Sudﬂeste ‘ 349 6.14 10.19
332 [Nova Prata do Ignaqu . _ 1838 3441 5650
333 [Pato Branco - : 132.78] - 223.69 371.86
334 [Pérola do Ocste 852 8.52 .. 852
335 |Pinhal de S20 Bento ) 0.72 1.27 e
336 |Planalto . 1391 1391 13.91
337 |Pranchita - LSt 2643 4326
338 (Realcza o 30.14 30.14 : 30.14
339 |Renascenga ) : - o214 16.63 : 190}
340 |Salgado Filho . 6599 9.50 1329
341 (Salto do Lontra : - 2006 35.29 i 3859
342 |Santa fzabe) do Oeste -1 - 1791 2567 37.60
343 (Santo Antdaio do Sudoeste : : 1 20.64 36.31 ) 60.28
344 (830 Joldo . : 30.3% 40.55 61,58
345 [S%0 Jorge do Oeste i 2869 34.04| 39.26
346 |Saudade do Iguagu 15.20 2574 44.40
347 [Sulina : 01069 1884 L} W2
348 [Verd : . 1839 15.67 19.42
349 {Vitorino 100 1283 14.40
Sublotal ofMumcfpa.hucs of Basin o SLOB6 2N 154304 % 42876
. Subtotal of Municipalitics rot of Basin ' 080 - 0.00 000
[MRIT290 TOTAL of MRH . _ 107230 200038 3430728
Campos de Guarapuava 330 YCandsi o 90.60 167.65 27690
381 1Cantapalo ) . X S I 1 2122 - 4496
352 |Guarapizava 543.10 955401 - 1,644.84
353 [Indcio Martins 1261 ;1295 16.92
334 llaranjeiras do Sul . 5832 13683} 24349
355 [Nova Laranjeisas Y71 1573} - - 2887
356 [Pinh¥o . . : 98.51 186.11 ’ 326.19
357 |Quedas do Iguagu _ . 8115 22060 39026
358 §Rio Bonito do Iguage 1. 7098 163.73 291.33
360 |Virmond N 8961 . 2067 37.53
Subtotal of MunicTpalities of Basin T _“‘—ﬁlﬂﬁ_lmgﬁ_fﬂ‘lw
Subtotal of Mualcipalities not of Basin . 2952 9369 168.29] -
MR 291 TOTAL ofMRH — - T 45269 19096 141672
Médio Iguagu . 361 |Bituruna . .. 4462 100.34 195.25
- 362|Clevelindia - 4503 70.53 105.07
363 Cruz Machado 21.13 77.64 . 15426
364 General Cameiro 2189 ' 4423 18.76
365|Hondclo Serpa L 692 893 15,79
366|Mangueirinha 7073 91.06 161.36
367 Palmas ) T 8142 117.53 201.66
368|Paula Freitas - 410 N X1 e
369 Paulo Frontin : 600 - - 1087 19.16
370|Porto Vitdria SR 6.1 14.3 2639
- 371|Unilo da Vitbria R CI3L54 248.53 © 44300
Sublofal oF Munkipalitics of Basia : BRI 5.2 X1 ) 79036 I 416,73
: Sublotal of Municipalities not of Basin 000 ' 0.00] - 0.00|
TOTAL, OF THE HUNICIPAL TIES OF THE BASIN - TSN BIAT WAEe|

Source:  Fundo de Participagdo dos Municlpios - fndices Proviserios - 95 (Mumc rpalmes Pasticipation Fund + Prc[xminmy
Indexes - 95) - SEFA

Remark: Values in USS were estimated by the JICA Team ’
Palmeira/MRH 272 and tralVMRH 276 wete listed in leagl Rn er Basin

4-8
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CHAPTER 5 PRF.SFN'I SITUATION AND WA’lE R DEMAND
' PROJFCT!ON FOR 2005 AND 2015

‘5.1 .Domestic Water

As described in Main Report I, the present average unit consumption raté of Parani Stale and
“the present unit cons‘umption rate per MRH, and future unit consumption rate were estimated
as shown below in Table-5.1, Table-5.2 and Table-5.3. : .

Table—S t Average Umt Consumpuon Ratc of Paran State - 1993, 2005 and 2015

Average Unit Codsumption Rate (1 7 person o day) S
Residential Water MNon-Residential Waler - Total Domestic Water -
. 1993 2005 2005 1593 2005 2015 1993 2003 2015
Urban Popolation 30 . LN 140 | -. 25 30 40 - 115 145 180
Reral Popalation : - 70 75 20 0 0 0 70 15 80

Remark: Unit rate of residential water for rural population was estimated as unit rate of the 3rd Calegory of the
’ classtﬁcauon of MRH (shown in Table-s ‘2 and Table-5.3)

']‘able 5.2 Unit Consumphon Rale per MRH - 1993

Unit Consumption Rate {1/ person , day)

Classification No. of MEH Residential Water Non-Residential Water Total Domestic Water

1354 Category MRH 268, 281, 282 100 0 130
Urban Population | 2nd Calegory | MRH 269, 270 ' :
MRH 272 to MRH 276,
MRH 279 to MRH 280
MRH 283 to MRH 235 C
MRH 288 10 MRH 29) -85 20 105

3d Category tzsmu 371, M3, 278, 10 15 85
. 87" . - . .
Rural Population | — Al MRH 70 - 70

 Table-5.3 Unit Consumption Rate per MRH - 2005 and 2015

Unit Consumplion Rite (}/ peison . day)
. : Residential Watee | Non-Resideatia) Water | Total Domestic Water .
Classificetion | No.of MRH ~ = = 2005 2008 2005 RS 2005 2015 -
Ist Category | MRH 268, 281, 282, 288 125 1558 33 45 | 160 00
Vrban 2nd Category | MRH 269, 270,
Population 7 | MRH 2720 MRH 276,
: ‘ . MRH 279 to MRH 280,
MRY 283,
MR 285 10 MRH 286, :
MRH 28010 MRH 291 | 100 125 30 .35 130 | 180
Ml Catepory ;tS%H m, 277, 278, 288, ) 15 | 8¢ 20 25 95 108
Rerads - B i o §ANMRH D ocioa IR B TEE B e 75. 1
Population L ) :

i"s 1 1 Present Umt Consumplmn R*\tc per Mumclpahly

‘[‘,ach MRH was composcd of mumcnpalmes wnth diffexent sizes in terms of populat:on and
""GRDP, thet¢fore the “Team collected the data of present uiit consumption - volume of
residential water of some large-medium size municipalities in this river basin. Based on the
- information provided by ABC/SANEPAR, the unit consumption volume of 12 selected
municipalities is presented in Table-5.4.




(1) Unit Consumption Rate of Residentiat Water for Urban Population per Municipalify

According to Table-5.2 and Table-5.4, this unit rate was estimated tentatively between unit
rate of large-medium size municipalities and other municipalitics, by adjusting it to the total
water demand per MRH to which they betong, calculated by multiplying the unit rate per
MRH by the urban populahon per MRH. :

(2) Unit: Consumpnon Rate of Non—Resndenl:al 'Water for Urban Populauon per
Mumcnpahty :

This unit was esumated by the same method menhoned abovc, approxim'ttely in the same.
- proportion between the unit rate of residential water and non-xesxdenual water of the MRH to
wh1ch they belong. o :

(3) Unit Consumpllon Rate for Rural Popu!allon per Mummpalny

This unit rate was esumated using the same figure of the unit oonsumpuon rale per MRH and
average unit consumption rate of Parand State. Tt mcans that the same unit rate was apphed
. toall mumcnpahtnes ' -

According to what was mentioned above, prescnt unit consumption rate per mumc:pallly for _
‘urban populatlon and rurat population is shown in Tabie-S S

Table-5. 4 Present Unit Consumption Volume of Large and Medmm Size Municipatities - 1993

No. and Name of T W and T Averagc : Semce Populatmn . Tsllmxw

MRH Muricipality . Consumption Volume Estimated by .~ Consumption
S ' per Month (m’) SANEPAR T Wolume
: - per Capita (Uday),
MRH 268/Curnitiba I 2 | Araucdris ) Co1weTe | 36,4287 . P2 B
9 [ Curitiba 4,470,662 1,340585- 0 L
17 | S. Josk dos Pinhais 231614 |- 95,719 - 80.66
MRH 275 Campos daLapa - | - 36 | ‘Rio Negro A arsss ] 19612 .- 8100
MRH 275/8. MateusdoSul . ] 48 | SZo Mattus doSul 40512 ] 16,758 £0.58
MRH 288/Entr, O, Paranaense |- 274 | Cascavel 468,394 171,538 oo 90 ;
_ {282 | Fezdotgusn | . . 533569 168,849 So1083y
C - ‘312 | Tokdo . 187816 . 68,430 . 9189
MRH 289/Sud. Paranaense 322 | Coronel Vivida X 11,900 . 1938
’ 377 | Francisco Beltrio nge | 49 o 81s8
- : -333 | Pawo Branco C 119,193 - L 43,432 9148
MRH 290/C. Guarapuava ©352 | Guarapuava . . 152,056 . wn.m' 8462 -

Source AP(‘JSANEPAR

5.1. 2 Future Unit Consumplwn Rate per Municlpallly
(N Umt Consumption Rate of Res:dentlal Water for Urban Popuhuon pér Muniéipality:

Based on the unit consumption ratg per MRH in 2005 and 2015 (shown in Tab!e-s 3) and
present unit consumption rate per mumc;pahly (shown in Table 5.4), his unit rale was
estimated by the same method meationed in Section-5.1.1. (1) approxlmatcly in the same
proportion of present unit consumplion rate beiween large medmm size mumcapalmes and
other mummpahlms ' : : o _




(2) Unit Consumption Rate of Non-Residential Water for Urban Population per Municipality

Based on the unit consumtion rate per MRH in 2005 and 2015, this unit rate was estimated
by the same methiod of present unit consumption rate per municipality.

(3) Unit Consumplron Rate for Rural Popuiat:on per Mumc:pahty

‘This unil rates in 2005 and 2015 were esumated using the same figure of the unit
consumplion rate per MRH in 2005 and 2015, respectively.

According to what was 1s mentioned above, lhe unit consumption rate per mumc:pahly in 2005
and 2015 is shown in Table-5.6 and Tablc-s 7, respectively, -

5.1.3 Water Dcmand Pro,;ectlon

Water Demand in 1993, 2005 and 2015 was estimated by mulnplymg the urban and rural
population per municipality of each year (shown in Table-4.1 (1), Table-4.1 (2), Table-4.1
(3) and Table-4.1 {4)), by the unit consumption rate per municipatity of the corresponding
year (shows in Table-5.5, Table-5.6 and Table-5.7), and is presented in Secﬂon«S A

Table-5.5 Presént Unit Consumptica Rate of Domestic Water per Munici paluy - 1993

Classification No. and Name of MRH Classification of Unit Consumphon Rate (1/ perﬁon «day)

of MRH ’ Municipality ] Urban Population Rural
- Population
Residentsal ¢ Noft- {otal Pomest
Water Residential Domestic Water
. . Water Water
Ist Calegory | MRH 268'Curitiba : Curitiba 1o - 33 145 70
S ) Ocher Municipalities 80 20 ) 100 70
2nd . MRH 272 Campos d2 Lapa :

Category
o MRH 275/8. Matéus do Sul.

MRH 276/Col. rad

MRH 290/C. Guarapuava

MRH 291/M&dio Tguagu All Municipalitics : 85 20 §03 70
MERH 288€xti. Coste Foz do Igeagn 105 s 140
- Paranaense Cascavel - 90 0 110 1.
. Other Muricipatities 70 15 85 10
MRH 28%:/5ud. Paranzense Pato Brance, Francisco ) o
i ) Belirdo 0 25 C 115
- - | Other Municipalilies 30 0 100 70
3rd Calcgory MRH 271/A. Rio Negro 'A!l Municipalities 70 s 85 10

Source : APG/SANEPAR -

Remark : Toledo in MRH 288 docs not belong 10 the Basin but is estimaled in the same way as Cascavel
Unil rate of Residential Water for rural population was cstimated as the same figure as the unit rate of the
3rd Category of MRH Classification




‘Table-5.6 Future Unit Consumption Rate of Domestic Water per Municipalily - 2005

Classification | No. and Name of MRH Classification of Unit Consymption Rete (17 petson ' day)
of MRH ' - Municipatity Urban™ Popu!auoa o Rural
. Population
Residential | Non-Residential | Total Domestic Domestic
Watec Water Water Water
{st Category | MRYH 268 Curitida Curitiba - HO 40 . © 180 o
Onher Municipatities 100 30 130 15 -
MRH 288 Entr, Oeste Foz &0 Tpuagu - 140 0 ] 180 -
Paranatase Cascavel .12 B 150
. Other Munlcipalities 116 30 1140 C18°
2nd MRH 222/Campes da '
Category Lapa
. MRH 275/8. Mitzas do
Su) .
MRH 276:Col. Jrati
MRH 290/C, Guarapuava ] _
MRH 291/Midio Tguacu | ATl Municipalities - 100 30 130 i 18
MERH 289/8ud, Pato Branco, Franctsm
Paranaease Behirdo 110 “3sFr e
3 _ : Othes Municipalities 95 I 120 15
3¢5 Catepory | MRH 2717A. Rio Negro. | AN Mueicipalities C 75 20 95 - 75

Remark: Toledo in MRH 288 does not belong to the Basin but is estimated in the samé way as Cascavel
Unit rate of Residentia) Water for rural population was estimated as the same ﬁgure as the unit fate of the
3rd Category of MRH Clasnﬁcauon :

Table-5.7 Future Unit Consuniplion Rate of Domestic Water per Municipality - 2015

Classificarion

Unit Consumption Rate (87 person . diy)

No. and Name of MRH Classificetion of
of MRH a Municipatity Urtbas Pogulation Rural
' . : Population -
Residential | Non-Residential [ Total Domestic Domestie
Water Water Waler Watey
In C&tegory' MRH 268;Curitiba Cutitiba 170 - 50 © 220 c ’
: Other Municipalities 135 40 175 20
MRH 288/Extr, Oeste Foz do Iguagu 165 50 1S ‘
Patanaedse Cascevel 153 45 200 .
. Other Municipalities - 135 10 . 125 ° 20
2nd - | MRH 272/Cempos da : ‘ i ' )
Category | Lspa .
- MRH 275/8. Mateus do
Sl .
MRH 276:Cot, Irati
MRH 290.C, Guarspuava T ) : .
MRH 291/Médio Tguagu All Municipatities 125 . 35 . 1580 ' 80
MRH 28%/Sud, Puto Branco, Francisco- . ' ‘ o
Pafstacrise BeliZo 135 0 s b :
' Other Municigalities ns 30 C148 1
%4 Category | MRH 211/A. Rio Negro All Muricipalities 80 25 IOS 20

Remark : Toledo in MRH 288 does not belong to the Basin but is esnmated in the same Wway as Cascavel
Enit rate of Residential Water for rural population was estimated as the same figuse as the enit rate of the
3rd Calegory of MRH Classification :

5.2

Industrial Water

5.2.1  Unit Consumption Rate per Value Added (V.A.) per Municipality |

During the study of the “Master Plan for Pilot River Basin(s)", complementary data
regarding industrial water consumption could not be collected, therefore the Team decided to
use the same unit consumption rate used for the estimation per MRH for the estimation of
industrial water per municipatity, as shown in Table 5.8,



Table 5.8 Average Umt Consumplion Rate per Value Added (V.A.) - 1993, 2005 and ’2015

" Unit Rate - 1993

Umt Ratc - 2005

Unit Rate - 2015

‘Unit Rate with Present Inceease of Water Recovery ~ Increase of Waler Recovery
recovery Rate Rate: 19% - Rate: 37.50% _
m’/day . US$ 1,000.00 (V.A.) m’/day . US$ 1,000.00 (V.A.) m/day . US$ 1,000.00 (V.A))
_0.059 0.048 0.037

5. 2 2 Gross Regional Domestic Product (GRDP) by Secondary Sector per
Mumclpalily

' For the eshmahon of mdustna] water demand for the target years, GRDP by Secondary
Sector per Mumcnpahly was estimated as follows:

(1) GRDP by Secondary Scctor per Mumcnpa]ny in 1993

Based on the estimated GRDP by Secondary Sector per MRH (shown in Table-5. 10 of Main
~- "Report 1) and on the Municipalities’ Participation Fund - Preliminary Indexes/95 issued by

- SEFA, the GRDP by Secondary Sector of 101 municipalities in 1993 was estimated by
~ excluding the contribution of hydroelectsic power stations, and is presented in Table-5.9 (1)
and Table-5.9 (2). _

" (2) GRDP by Secondary Sector per Municipality in 2005 and 2015

Based on the past trend of GRDP by Secondary Sector per Municipality during the years
© 1981 to 1991 (shown in Sectorial Report Vol. A) by excluding the cohtsibution of
hydroclectric power stations in the values of 1989 and 1991, and on the one of 1993
mentioned above, the GRDP of the Secondary Sector per Municipality was estimated per
- each municipality, adjusting the estimated GRDP by Secondary Sector per MRH (shown in
“Table-5.10 of Main Report 1) to the years to which they belong, and is presented also in
Table-5.9 (l) and T ablc 5.9 (2).

- 5.2, 3 Watcr Demand Projection in 1993, 2005 and 2615

Water demand of in‘duslrial water per municipality was estimated by multiplying the average
* unit consumption rate per value added by GRDP by Secondary Sector per Municipality of
L each year, and is prcsented in Section-5.4.

o In this Study, it was consndered that all 1nclustnal actmty was located in the urban area.
. ‘Therefore, some municipalities included in the study zoning, but with their urban area
- ontside this river basin, were considered as having industrial water demand equal to zero.



Table-5.9 (1) Estimated GRDP by Secondary Sector per Municipality in 1993, 2005 aud 2015 - excluding

contribution of Hydroelectric Power StationfIguagu River Basin

(Unit: US$ mittion)

No. snd Name of MEIT

VNo. ami

Name ofMuﬁ]chality

1993 2005 ELIE
MRH 268 TOTAL of MRH 425184 7,435 1284463
Curitiba 1]|Almirante Tamandare T 2186 5348 95.10
2| Arsucaria S 1L,152.47 130839 1,800.2%
3|Balsa Nova 5232 $9.02 175.8%
5|Camplna Grande do Sut - 1114 33.34 6591
61Campo Largo 1076 25293 415.65
¥Colombo 74.63 155.44 266.46
8[Confenda 1.44 266 : 306
9{Curitiba_ 2,390.16 4,315 82 8196353
10|Fazenda Rio Grande 4.48 9.9 . 17.29
12|Mandirituba 1.53 307 5.76
13| Pinhais 65.55 19275 ¢ 35112
14|Piraquara T3 - 11.65 21.59
15|Quatro Barras <2835 4198 R 1 Y
17|Sao Jose dos Pinhals 20277 7391 1,040.71
Subiotul of Munlcipalities of Basin 413740 71,54931 - 13,531.06]
Subiotal of Munlcipalities not of Basin 124.44| S 19428 31387
MR 27T — [TOTAL o MRH - 5T IR 1.16]
Alio Rio Negm 28 AgudosdoSuI 0.14 - 0377 069
29|Pien 472 1693 Coe 1234
30,Quitandinha - 043 098 389
31[Tijucas do Sul 1.98) 46 . 9.4
Sublotal of Municipalities of Bastn &N B FE 2418
Subtotal of Municipalities not of Basin 0.00 0.00 0.00
MRH 272 TOTAL of MRH {4143 15940 46101
Campos da Lapa 32|Carvpo do Tenente 030 LAE) 023
-33|Lapa : 14.23 18.0% 2849
34|Palmeira 0.00 000]. . - - 0.00
35|Porto Amazonas 088 251 473
35|Rio Negro’ 108 77 150.81 C 34092
| Sublotal of Municipzlities of Basin TTTTEATEC 2139 N
Subtotal of Municipalities not of Basin 2030 47.81 . B6.64
MR 275 TOTAU oI MRH 0 48935 . 9138
Sao Mateus do Sul ‘46! Antonio Otinto - - 026 © 0383 085
. ‘471830 Joao da Triunfo 0.46 028, 0.21
481Sa0 Mateus do Sut ) 29.53 48.16] ., .. 9082
Sublotal of MunicIpalities of Basin 0 - 4893 9138
Sublotal of MunicTpalitics not of Basin 0.00 0.00 D00
MRM 276 TOTAL of MRH . 5355 10217 17922
Colonial lreti 50(1eadi 0.00| 0.00 0.00
53| Mallket 419 9.56 1747
53|Rebovcas 1.12 205 P 3.9
- 54|Rio Azul : 208 4,05 7.50
Subtofal of Municlpahtics of Basm 738 1596 18.06]
Sublolal of Municipalitics not of Basin 4636 C8621 0 15116
TIGTIRE TOTAL of MRIT 42410 61689 85015
Extremo Ogste Paranacnse 269|Boa Vista da Aparecida 0.27] . o 035 048
" 273|Capitao Lcomdas Marques 0.58 084 . 1.4
- 294 |Cascavel - 147.45 171.48] - - 232355
275 Caland_uvas 041 . 0.68]. i 09
276/Ceu Azul 1474 27.20 - 3689
282{Foz &0 lguacu 2018 155 . 4279
284 [Guaraniacy 058 0.8} 110
285]Ibema 446 615 . .84
290 Lindoeste 0.0 Q.45 : 020
293 iMatelandia 2251 433 ’ 5.88
294 Medianeira 12.55 2333 3164
305}Santa Lucta 0.09 0.10 04
3G6)Santa Tereza do Oeste 036 01 : 0.9
307|Santa Terezinha de Jtaipy 145 177 . 249
309|520 Miguel do Fpuacu 5.86 709 ‘ 9.61
313|Tres Bartas do Parana 0.55 0.68 0.92
Subtotal of Munlcipalities ¢f Basin 211338 27T 37558
Subiotal of Municipalities not of Basin 212.52 349.65 . 414017
7 {to be continied




Table-5.9 (2) Estimated GRDP by Secondary Sector per Municipality in 1993, 2005 and 2015 - excluding
contribution of Hydroeléctric Power Station/Tguacu River Basin '
' : (Unit: US$ million)

Wo. andWame of MR~ No. and Name of Munlcipality N B 055 LI
MRH 289 . o ~[TOTAL OF MRH 16398 _ 40032 746.02
Sudoesie Paranaense - 316|Ampere . 668 1244 ©231e
. : : . 357|Barracao . o B X - 019 : 147
© 318]Boa Esperanca do fguacu ’ 0.03 0.06 041
319 Bom Sucesso do Sul : 0.07 0.42 o2
320[{Capanema - 1.09 227 4.23
IN{Chopinzinhe 218 .. 628 11.7%
322{Corone] Viyida ) 423 13.86 2210
323{Crureiro do guacy SRUES I X & o 1359 25.33
324[Dols Vizinhos . _ . 4550 12323 229.66
325 Encas Marques 0.13 - 030 . 056
- 326 Flor da Serra do Sul .. 007 020 - - 037
.. 327|Francisco Beltrao S 14224 265.08
" 328[ltapejara do Oeste ’ . 208 404 ) 7.54
329(Mariopolis * - : B H 254 - An
330 Marmeleiro : : 132 429 19
331 |Nova Esperanca do Sudoeste 0.06 0.09 017
332|Nova Pratadé Iguacw . - 035 . L14 213
313|Palo Branco 1247 - 41D 16.84
33 |Perolado Ocste - - 037 08y 154
335|Pinhal Sa0 Bento 002 . 0.0} .06
338)planalto . ' 0490 089 - - 165
337 Pranchita : 042 1.50 230
138)Realeza ) 153 419 - 180
339 Renasccnca 1.83 C 462 -3.60
140]8algado Filho 028 0.58 ‘ 1.08
" 341}Salto do Lontra 029 ~own 135
3421Sants lzabel do Ocste 0.40 0.79 148
3431Santo Antonio do Sudoeste . 1.28 - 324 6.05
3443880 Joao - 046 1.00 1.87
- -34518a0 Jorge do Ceste 0.52 1.16 216
* 346{Saudade do l,gua;u 125 235 4317
347|Sutina : 4.66 - 938 1749
3481 Vere 0.40 ' 097 o180
- 349 Vitorino . ) 0.54 134 250
Subtotal of Municipalities of Basia 16893 46037 746.02
R . |Subtotal of Municipalitics not of Basin 000} 0.00 0.00
MRH 230 . TOTAL of MRH 189,50 3538 600.43
Campos de Guarapuava 350]Candol . 334 5.05 9.62
: . 351|Cantagalo 189 : 4.16 1.92
352 |Guarapuava 99.44 181.56 M
353|Mnacio Martins 553 3.00 R |-
1. _ : 354|Leranjeiras do Sul 517 841 16.00
: . .. 355|Nova Laranjeiras © 078 137 2.6l
% ’ 356Pinhao . 1278 14.8% 2835
- 337|Quedas do lgvacu : 24,51 4652 £9.14
353|Rlo Bonito Iguacu 135} ©10.80 - 20.56
360 Virmond : 0.22 © 129 248
‘ STHtTal 5f Munlcipaities of Basi 16141 I35 54136}
. {Subtotal of Municipalitics not of Basin 1809 3103 59.07
. [MRH 29! . [TOTAL of MRH ) 14733 260.87 - 3A0
. |Medio Iguacy | : 361 |Bitsruna : 1099 248 31.88
‘ o : - 362|Clevelandia ’ 14.72 2t T1198
363 |Cruz Machado 338 17412 24.20
364|Geqeral Cameiro : 9.88 1967 2495
365 |Honorio Sempa 0.30 030 - 0.40
- 365 |Manguelrinha ) ) 2192 2526 34.16
367|Patmas : . 34095 - 5391 F1.34
368 IPauta Freitas : ’ 0.30 045 0.62
369|Pauto Frontin 0.44 089 1.14
370|Perto Vitoria . 0.36 203 1.4
31 |Uniao da Vitoria . 50.12 2168 114,35
Subtotal of Municipalities of Basin 14733 250313 32305
Subtotal of Municipalitics not of Basin -~ 0.00] . 000 000
TOTAL OF THE MUNICIPALITIES OF THEBASIN - . 499629 . Ge5TAT T 13,013

Source: Fundo de Participagso dos Municfplos- Fdices Provisorios-95 (Munlcupal ities' Participation Fund-Preliminary Indexes-95VSE
Remark: Values 1n USS weie estimated by JICA Team
: Figures of Palmeira/MRH 272 and Irati/MRI 276 aze listed in Tibagi River Basin -

5.7



53 Agriéllltllral Water iﬁéltlS{f;ﬁ of Livestock ah’tl'":lgi‘ishel-y"

The data concerning agncuilure was collected from EMATER database with municipality
wise. In the case that a municipality éxtends over other river basins, the data was split by
lhe area weighted average assuming that the data is uniformly spread in the municipality.

5 3. 1 Current Agriculture

[

- According to SANEPAR GIS computation (1994) based on IAP satellite imagery analysis
' (1990 and 1994), 37.9 % (21,000 km?) and 17.6 % (9,700 km’) of Iguagu river basin are
currently utilized as crop land and pasture, while the state average is 37.6 % and 23.1 %,
“respeclively. Dividing the river basin into three as shown in Figure-5.1, characterlsucs of
agricubture was identificd and the result is shown in Table-5. 10,

Table-5.10 Agriculujrai Characlerislics of lguagu River B:'asin (1994)

Totak Crop

Region| Arean’) | fem Cotton | Sugarcane| Beans | Maize” | Soybean | Cassaval Potato | Wheat .
Area Ratio 1o Total ) ] ’ o .
I $,180](%) . 0.0 0.0 311 55.2 6.9 6.2 6.6 0.6

Productivity (ton/ha) - L= 1.0 2.8] - 2.4 _ 139 14.5 1.5
Mechanization (%} - - 78.0 76.01 - 96.9, 45.8 95.0 51.0
{mplementation of . . - :

Conservation (%) - = 2441 253 i 65.0 4.2 10.0 55.6
implementation of s

Non-tillege (%) - - - 0,3] 21 - 23.2 — - 12.41
Area Ratio o Tolal '
i (%) . 0.0/ 0.0 14.2 - 54,1] - 30.3 3.3 0.1 2.5
Produgtivity (10n/ha) - - 0.9 25 16.5 18.1 2.1
Mechanization (%) - - 51.2 5%.4 93.6 23.6 29.0 97.9
Implementation of
Conseivation (%) - - 21.4 35.8) . - 823, 5.8 10.0] _ 86.0
Iroplementation of i . o
#{noa-tillage (%) - - 0.0 26.3 64.6] - - - 68.1
Arda Katio to Tota! . . . L ‘
n (%} - 1.1 0.6 1.1 539 30.3 2.8 00l © 97
Productivity (ton/ha)] 1.6 3.9 1.0 3.3 2.3 2540 - - 1.5
Mechaaization (%) _ 71.3 33.3 56.3 62,3 ° %07 538 - - 84,7
tmplementation of : }
Conservation (%) §4.6 50.5 503 - "s1.8]° . -79.2) ' 3B . - 72.5
Implementation of . ' ; . o . .
Nog-tiltage (%) = = 0.3 6.51 . 19.6 = - 1
. JArea Ratio lo Total : S :
= (%) 0.3 03 17.0 54.3 247 1.6 -] . N |
g E‘ Productivity {tonha}} . - 1.6 1.4 1.0 3.1 2.4 22,7 14.6) 1.6
@2 Mechanization (%) | 71,3 321 64,7 S48 . 947 15.8 99.0 86.9
§ < [mplementation or_ S R T ’ :
b Consepvation (%) 64.6 48.4] 3:.2 404}~ 815 18.7 10,0 74.1
lmp!emm!aum of . T : s

- 8 04 sl 319
“Small_ | Mediom | “Lasge | Tolal (household)

g0l 9.0 20l 7 33,0000
CSmall | Medium | Lage | Tolal (hoysehold)

Hoosehotd (%) 76.0 16.9 jal o 7 280
Scale of Farmers - | - Small " Medium | Lasge _JS}E?thSEieI‘P.!@!A.. :

Household (%) £2.0 9.3 1.7 o 16 900:
) ] {Scale of Farmners | Small | Medium | Large | Total (household_)
River e INumbor of . . .
Basin S IHouschold (%) 85.7 10.6] - 2.7 U 139,300
Nols: Slze ol Farmecs Smalb < 30 ha, Mojium 50 - 250 ha, Larpe »250ha S
Source: zdaptod and enfarged from EMATER for Agricultural Data asof 1594 - :

’ SANEPAR GIS computation based on IAP satelfite imagery analysis for Crop Atea .

1







IGUACU RIVER BASIN

LEGEND
. 2od
. ©- | Total Areaj . Vegetation| Reforestation |
Reghon (km2) JFerest(®)| . (%) (%) Pasture (%)| Crop (%) | Others (%)

1 13,270 7.5 347 LX 103 390 2.1 Crop-Land

| 19,770 281 7.2 04 166] = 343 £ . .

1 23,280 23] . 2 _ 083 228 0S8 LS Crom. N . ¢

Whole Basin | __ 55320 143 210 17 176 319 % Crop-Land (65%) + Secondary Vegetation (35%)

Sousce: SANEPAR IS eompatation (1994}
' : (58  Crop-Land (65%) + Pasture (35%)

Crop-Land (55%) + Secondary Vegetation (30%) + Pastore (£5%)

Crop-Land (55%) + Pasture (30%) # Secondary Vegetation (15%)

Secate; 1/2,150,000

Source ; GIS Computation by SANEPAR
Landuse Map by IAP (1990 & 1994)

Figure-5.1 Sub-division and Landuse in Iguagu River Basin
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The most distinct characteristic of agriculture in Iguagw river basin is potato culture. Almost
all potato of Paran state is produced in the upstream of Iguagu around Curitiba and Lapa -
~despite the fact that its cropping area js limited. Beans and maize culture extend over the
- whole river basm, howevet, other dominant crops vary with !ocauon :

The total number of farmers in Iguagu river basm is 139,300 in 1994, Among thcm 86.7 %

is classificd as the smiall size, which owes less than 50 ha, and the medium (between 50 and

250 ha) and large (greater than 250 ha) size are limited to 10.6 and 2.7 %, respectively. In
“contrast with the state tendency, which shows the expansion of medlum size farmers, small
. size fam1ers are dommant in Iguagi river basin. S

.5 3. 2 Current Water Consumplion and Future Water Demand
' (1) Current Water Consumpnon

The necessny of irrigation was exammed in the Slrategy study Crop waler requ:rements of
dominant crops in Parana were computed and compared with effective rainfall to examine the
necessity of irrigation. Its conclusion was that rain-fed agriculture is practically adequate in
Parand as long as the favorable weather will continue.” Although there are a few cases of
1mgat|on in p:!ot river basins, especially the suburb of Curitiba for horticulture, its area and
water consumption are considered as negligibly small. ‘Therefore, the agricultural water in
Tguagu river basin consists of water for livestock and fish pond.

(2) Future Agric'uiture -

The populauon growth of Iwestock and expansion of fish pond were projected for the year
of 2005 and 2015 in accordance with the Strategy formulated. Each municipality may differ
in future livestock growth and expansion of fish pond area. Trend analysis for each
municipality requires individually to specify the market, price, raising method and so on,
however, such detail study should follow after the Master Plan. And further, the state trend
integrating all relevant information is considered to be more reliable. Therefore, - the state
trend was applied to project the future livestock poputation and fish pond area.

The growth of catlle and chicken population was assessed during the Strategy study by
means of the linear regression of population in the last 20 years. As a result, cattle and
chicken are expecled to increase approxlmately 174 thousand and 1.837 million headv/year
:respectwely in the whole Parani state. And pig population in the state will be stabilized at
~around 4 million hcads by the year of 2000, Applying the same rate, lhe population of
_ Iwestock was pro;ected wnh the following equallon -

. Cattle (1,000 ;a_ead) 174256 X Year - 337839
" Chickén (million fiead) = 1.83697 x Yéar - 3591.68

Durmg the Strategy study, it was assumed that the annual expansion of fish pond arca is 2
%. The same rate was applied to pllot river basins to estimate ils area in 2005 and 2015.

The resull of pro;ecuon is shown in Table-5.12 wnh the current lwestock population and
Fch pond area as of 1994, . -



(3) Water Demand PrOJCCIIOII

Although the rates of water consump{lon of lweslock and ﬁsh pond may vary ‘with !ocauon
due 1o the difference of cliniate, variety of livestock  species, soil propetties etc., such
variation is negligible at this study. - Therefore, the rates determined. durmg the Strategy
study was adopted with the foilowmg assumptions.

l) An livestock of 100 kg live wmghl requires 10 htcr/day as thc total water
requirement, _

- Natural pasture contains as much as 80 % of water during lhe growlh perlod
Therefore, amount of water actually. supplied to caitle is a pari of total water
requirement which cannot be provided by moisture content of forage. It was
assumed that the actial water supply to caule is*33 % of total water
reguirement.

Since pigs and chickens are not herbivores, it was assumed lhat lhere is no
water intake by means of food, Therefore, !helr water reqmrcmcms dcpend on
- an average | hve we1ght : : :

3)

. The ratcé of_wat_cr requ_trement of each_li?cé_toék is sh_owri in "I"able‘;sl.-l | )

. Table-5.11 _Wa;te'r Requiremehl of Livést:_)_clk:

Actual Water

Total Water
Average Live Requirement Supply
Livestock | Weight (kg) | (litecshead/day) ] (liter’head/day
Pig ... _._.40} __ 40§ 40
[Cavite. | __300 30.0 10.0
Chicken. |. 2 0.2 0.2

Total water requirement includes wa!er intake by forage
© Actoal water supply fsa supply in llqusd phase. '

For the water consumpuon of fish ponds the rate of l mm/day was adopted wnth the
following assumptions. = : - _ L

1) There is no change of water in a pdnd

2) The bottom of a pond is well coated with c}ay ’I'hercfore, no seepage oceurs
- or scepage ceases after the long use. CeT R

60 % of annual rainfall is stored in a pond and 40 % is overilowed.  An
average rainfall and evaporation are 1,700 mm and 1,300 mm, rcspeclwely
Thus, annual water loss from a ﬁsh pond is apprommately 300 mm (= l 300 -
1,700 x 0.6). _

3

The current water consumption and future water defnand are'jlis't multiplication of livestock
population or fish pond area by the above rates. The result is discussed in the Section-5.4.
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