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'PREFACE

~In response to a request from the Government of the Federative Republic of
Brazit, the Government of Japan decided to conduct a study on the Master Plan for
the Utilization of Water Resources in Parand Stale and entrusted the study to the
Japan Intemational Cooperation Agency (JICA).

JICA sent to Brazil a study team headed by Mr. Yoshio Nakagawa, Yachiyo
Lngineering Co., Ltd., and composed of stalf members of Yachiyo Engineering
Co., Ltd. and anpon KOC‘I Co., Ltd. (5 times between March 1994 and October
1995). o

~ “Fhe team held discu_ssions with the officials concerned of the Govermnment of
Brazil, and conducted field surveys at the study area, After the team retumed o

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

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

I wish to cxpréss ny sincere appreciation (o the officials concemed of the
Government of the Federalive Republic of Brazil for their close cooperation
extended to the team.

December, 1995

Kimio Fujita
President
Japan Intemational Cooperation Agency






December, 1995

Mr. Kimio Fujita
President I
Japan International Cooperation Agency
Tokyo, Japan
7 Letter of Transmittal
Dear Mr, Fujita,

We are pleased to submit to you the Master Plan report on the Utilization of Water -
Resources in Parani 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
environmental facets of water, such as flood, quality of river water, soil erosion, cco-
system, forest, ¢tc., 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 arc
embodied towards the year of 2015 for sectors of water supply, hydro-electric generation,
flood control, water quality control and sewerage development, soil erosion control, eco-
system conservation, forest preservation, water environment management, and institutional
improvement. Urgent implementation of sludies 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 Parana State and to closer friendship between Japan and the
Federative Republic of Brazil.

We wish to take this opportunily 1o express our sincerest gratilude to your Agency,
the Ministey of Foreign 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 (o the State Secretariat of Planning and
General Coordination and other authorities concerned of Parané State as well as those of the
Federative Republic of Brazil for close cooperation and assistance extended to us.

Very truly yours,

| /N _
Yosplo Wa '
Tedm Lea

The Master Plan Study on
the Utilization of Waler Resources in
Parana State in the Federative Republic of Brazil
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CHAPTER 1 INTRODUCTION
1.1 Background of Study

The state of Parand is located in the south of Brazil and has an area of approximately 200
thousand kl_h2 , -equivatent to 87% of Japan's main island, Honshu, and a population of
‘about 8.5 niillion inhabitants. Regarding economy, north and north-eastern Brazil are not
well developed, while about 80% of the economy, inctuding the agricultural and industrial
sectors, is concentrated in ¢astern and southern Brazil. The state of Parand is one of the
wealthiest states in Brazil together with Rio De Janeiro and Sao Paulo.

Agr;cultu&, was  the rain sector in the state of Parand; however, agro- mdustry. chemical
industry, papec industry etc. have been expanding around urban areas in line with the
industrialization policy of the state govemment. 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 industriat water. In addition,
water pollution due to sewage and waste water from factories has become an important issue
and the turbidity of river water has been mcrcased by soil erosion on thc large plateau.

The topography of Parana is mamly plateau and most cities and agncul!ural lands are located
on the plateau. Since the major rivers flow in valleys croding the plateav, it is popular to
utilize the smaller tributary rivers which flow on the plateau, or groundwater, for city and
, grlculturc use. As aresult, it has tended to be difficult to dxsmbute enough water to cach
seclor, desplte the fact that rainfall is quite plentiful.

To account for the silualion described above, the state of Parana urgently nceds to formulate
a Master Plan for the utilization of water resources with a target year of 2015, including
countermeasures  for envnronmcntal issues such as water pollution, soil erosion, flood
mitigation, elc.. : :

With l]us 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 Parand State (hereinafler referred to as the “Study™) from the Government of
Japan in August, 1993. The importance of the Study had been realized through the
environmental Joint-Programming (JP) cavied out as a part of JP between the two
governments to find and establish a project which is necessary and worthwhile. In
compliance with the request, the Japan Intemational Cooperation Agency (hercinafter
referred to as “JICA") dispatched a Preparatory Study Teani headed by Mr. Koichi UZUKA
in October, 1993, and the Scope of Work and Minutes of Meeting were agreed among the
Governor of Parani state, Sccretary of State Secretarial of Urban Development (SEDU),
Executive Director of Brazilian Cooperation Agency, Secretary 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 Implementation of the Study
The Ob]CCllVCS of the Sludy arc as follows:

!) ‘To formulate a Masler Plan for the uullzanon of water resources, which
contributes to urban, industrial, agncultural hydropower development and
environment conservation, in Parand state almmg at the target year of 2015.

2) To promote tcchnology tr'tnsfer to the Brazdlan counterpmis dunng lhe Study

The area covered by the Study is the whole of the state of Paranﬁ as shown in [‘lgure at
frontispicce and consists of 11 main river basms

The Study was divided into threc phases as follows: |

Phasesk  To determine the methodology to formulate 2 Master Plan considering not only

© utilization of water resources but also environmental conservation in river

basins, such as flood control, water quality imiprovement, ‘ecosystem
'prcservauon smleroswn conlrol, ete, ' '

Phase II: Based on the above mentioncd methodology, to formulate - the Strategy

regardmg utilization of waler resources and environmental conservation in

river basins in Parand state and select pilot river basin(s) for the Master Plan

considering importance and urgency- of waler uhllzahon and environmental
issues. )

Phase IN:  To formulate lhe Master Plan for lhe seleclcd pllot nver basm(s)

Afler Phase 11, (wo pitot basins, Iguagu river basin and leagl river basm wcrc sclected for =
the Master Plan Smdy in Phase IIL. - :

‘This report, Mam chort 111, deals with the Master Phn Sludy for l‘ne T lbagl nver basm




CHAPTER 2 SUMMARY OF MATER PLAN
- The summary of the Master Plan for the Tibagi river basin is as shown in Table-2.1.

Table-2.1 (1) Sumrhany of Master Plan for Tibagi River Basin

- Cost Implementation Schedyle
: Present -] 2005 - | 20056- f 2011 -
Contents of Master Plan 10°US$]| 2000 | 2005 | 2010 | 2015
: . TrTyrifirerrprrry rrTT
LWater Supply . : : ) 160.80
(1) Bomestic and Indastrial Water L 159.80
IR o Dcvelopmenl Development |
) JArea of Project Water {m*/day} Method
1) Large Urban Areas: Population more than 100,000in 2015 - 74.90
. (a) Ponta Grossa ) 1sol
_ TibagiRiver{ : 18,000 Direct Intake 6.7 o
. Fibagi River {1 19,000 DirectIntake | - 680
(b} Londrina & Cambe - 46.50
Tibagi River [ ' 35,000 Direct Intake 15.50
TibagiRiverfl =~ . © 35000 Direct Imake 15.50
Tibagi River {11 - 36,000 Direct Intake 15.50
(€} Apucarana " oo : 1490) .
Welt Stape | 22000 4 Wells 7.30
" Well Stage NI 23,000 4 Wells 7.60
2) Modivm Utban Areas: Popu'!ahon more Lhan 50,000 in 2015 52.00
(ayCastzo - - ) 5.50
Tapo River | : 11,000  Direct Intake 2.
Tapo River 1l 11,000 Direct Intake 2.70
(&) Telemaco Botha 6.80
Tibagi River } 9 000 Direct Intake 3.40
Tibagi River I1 9,000 Direct Intake 240
{c) Cornslio Procopio :
Congonhas River ' ’ 6,000 " Direct Intake 7.40
(d) Arspongas . 15.90
Wells Stage | 11,000 1 Well . -1.20
Pirapa River : 9,000 Direct Intake 8.70 : S ]
(€} Ibipora .
Tibagi River ’ 9,000 Diroct Intake 7.40
(1) Frati ) ‘ :
imbitavinha River 6,000 Direct Intake 2.00
) . ) Direct Intake &
: 3) Other 26-Urban Areas - 30,000 . Wells 32.90
: (2) AgricuTtural Water Supply _ ‘ :
i% _ Whale River Basin . 8000 Directintake 1.00
2. Flood Conirol '
(1) Non-structural Measures (Zormg and Evacuatrc-n for Irau & lpmmga) N.A,
3 Sewerage Trealment £8.60,
. (1) Development of Sew eraae Trealment ‘
Area Sewersge Treatmeat Volume {ny{day}
{a)Ponta Grossa - 30,000 29.20r
{b) Londrina 70,000 I 39,40
4. Soil Erosion Conteol ) : B ‘ 52.80
{1) Tervace for CropLand . - 3344 km* 13,
£2) Hon Tillage' ' 2,530km’ 18.70
(3 Improvementof FarmRoad = 6,600 ke 10,
{4) Maintenance of Farm Road & Terrace : 10.70
{5) Agronomic Measures and Soil Management | NA




Table-2.1 (2) Summary of Mastér Plan for Tibagi Rivér Basin

Cost Implementation Schedule .

. - |Present-) 2001 - | 2006- | 204t -
Contents of Master Plan ] : 100 USS | 2000 | 3005 | 2010 | 2015
FIrT 171017711 TT ¥Yr|ryrra
$. Ecosystem Conservation : . o -39
(1) Prescrvation Program o 1.94
1) Fish Population Inventory i : 0.66
2) Fish Poputation Dynamics 0.45pn
3) Endemic Fish Reproduction ' 0.43
4) Management Pians for Conservation Units ’ 0.03
© §) Inundated Lowlands Study : - 0.25
{2) Monitoring Programs . v
I} Bivindicator Monitosing ) . . 1.1
2) River Margin Vegelation - : ' 067
6. Afforestation . . 15700
© (1) Afforestation for Consesvation of the Water Environment: 400 km? 15.00
(2) Commercial Afforestation: 2,000 km* . . 142,
7. Establishment of Monitoring System  ~ ©. - - 0.70f -
© {1) Completion of SIMEPAR's System S (15 00§
. (2) Suengthening Monitoring System; {9 fain gauges . : 0.03
(3) Provision of 7 Swream Gauges : . o7
{4) Provisionof 3 Stream Gauges for Sediment Obsenahon o . 0.03
(5) Gréundwater Monitoring R 0.23
1) 4 Boreholes in Londrina ) ’ . . - 006
2) 2 Boreholes in Apucarand 0.03
3) 10 Borcholes in Other Urban Area e : - 034
(6> Aquatic Ecology Monitoring : © D.2%
{75 Integrated Data Base System w ith 7 Sets of (‘omps.(cr System 0,07
and Telephone Line Network
2. {nstitutional Impcovement Program
(1} Organizational Strengthening Lhrough Implemen!ahm of Ihe Cursent
Re-organization .
(2) Sucnghened Groundwates Managemem -
(3) Enhancement in the Enforcement of Environmental Regulations™ - NA. - ]

(4) Legal Arrangement for the Conlrol of Soil, Sand and Slonc Takmg
in River Arcas

(5) Cost Recovery of Water Environment M;magement

{6) Fromotion of Resideats Participation through Information Publicationd

{7) Introduction of River Basin Managemenl and Establishment of
Competent Entities

{8) Promotion of Coordination for Com'-rehensne M anagement

(9) Fstablishment of Public Hearmg S) stem into the Water Gtammg
Procedure NA.

(10} Comprehensive Water Quatity Managemenl by Rmr Basin :

{11} Enhanced Administration of Water Resources Development -

{12) Water Pricing and Charging for Optsmal Water Allocanon and

to be continued

Demand Conilrol
Sub Total L 453.60]
9, Bydropower S . :
5-stations: Total Insrallauon Capacity; 1,096 MW : 1,147
Grand Total 1,610.90]

Note (1) Price level in August 19944s apphed w nh the exchange rale of 1 US$ 089 R§.
(2) Cost for SIMEPAR's System Is notincluded in the 1otal.



CHAPTER 3 NATURAL AND SOCIO - ECONOMIC BACKGROUND
3. 1 : Topography |

'I‘he area of the leagl River Basin is bordered by the Paran4-Panema River in the north, and
the Iguacu River Bagin in the south, and the Tibagi River is flowing from the south to lhc
north and into the Parana-Pamera River. _

The topographic features of the Tibagi River Basin in Parand Stéte are generally
characterized by the following two areas from south to north (Figure-3.1) :

- the Second Plateau
~ the Third Plateau

The Second Platean consists of the planes and hills with gentle gradients ranging in altitude
from 600 to 1,000 meters. It is resiricted to two cuesta mountains.in the east and west.
‘Some of major municipatities such as Ponta Grossa and Telemaco Borba are located in this
platcav.

The Third Plateau consist of the planes and hills ranging in altitude from 300 to 800 meters.
It is restricted to the cuesta mountains in the south. Some of major municipalities such as
‘Londrina, Apucarana and Cornelio Procopio are located in this area.

3.2 'Meteorology
©3.2.1 Rainfall

The rainfall data in Tibagi 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 Tibagi river basin, annual
rainfall distribution is between 1,400 ;mm and 1,700 .

3.2.2 Temperature

Annual mean temperature in Paran4 has generally range between 16°C and 22°C throughout

“the year. Figure-3.3 shows Iso-thermal map of annual mean temperature, and annual mean
temperature in Tibagi river basin has a range between 17°C and 21°C, Amnual temperature
increases toward lower Tibagi basin.
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Figure-3.2 Annual [so-hyetal Mag

’ 'Figure-3.3'lso-thennal Map of Annual Mean Temperature :




3.3 Hydrology

3.3.1 Runoff Analfsis*

Based on the river flow data for the last 20 years period (1974-1993), daily discharge at each
discharge reference point were determined, and the missing daily dlschargc were determined
by monthly dlscha:gc correlation analys:s among the stations.

The flow regime shows the anrival conclmon ising the calculated daily discharge at a certain

hydrological station and shall be indicated by the daily discharge and number of exceeded

days. The annual flow regime of each selected stations in the Study area shows as follow3'
- H;gh Dlscharge (95th dally dlscharge from the grealest)

_ Normal Discharge (185th daily discharge from the greatest)

Low Discharge (275th daily discharge from the greatest)

: Dfoughl Dischai'ge (355th daily d'ischarge from the gréatesl)

The flow regimc is commonly used to find the fuctuation in the daily dlscharge. and utlllzcd '

for determining the potential water characteristics in Japan.

The flow regime computed by station was adapted for 20 years period (1974- 1993) and
mean value of the 95th, 1851th, 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
summarized in Table-3.}.

Table-3.1 Flow Reglme (mcan values for the last '20 years pcnod (1974 - 1993))

Basin River No 51 NHo. “SiName Araa Daﬂy Dsscharga (mSJsec) .

. . : o (km2) 95 day, 135 day | 275 day | 355 da
llatare Jaguarialva 1] 64-242-000|Tamandya 1,622 33 88 23 .56 18.13 13.04
Cinzas Cinzas ~ 2| 64-350-000|Temezina 2.016] " 387¢ 2571] - 18.08 1220

3] 64-370-000|Andira 5 622 £8.26 50.03 34.18 22.32
Tibagi Tibagi _ 4] 84-444-000|0vala o 4,450 116.02) - 64.61 40.56 24.83
5] €4-465-000|Tibagl _ . ... . - . 8,948} - 229.39) 13292 '87.08] .  H1.89
6} 64-491-000|8awa Rib.das A.mas : 16,6000 - 383_9_6 230.94 153.34 95.24
: 7] 64-507-011Jataizinho (Extendido) 21,955 502.08 312.46 211.73 1238.70]
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3.3.2 Runoff Ratio

Using the annual rainfall depth and annual surface runoff over the same catchnient area,

“surface runoff volume and surface runoff ratio by stations were detexmined. Table-3.2 and
Figure-3.4 show relation between catchment area and runoff ratio. - The: runoff ratio of
Tibagi river basin shows at the ranges from 38 % to 41 %. - It is smaller than other river
basins, because high evapotranspiration condition as compared with other basins.

Tablf_:-?).‘z Summaryrrof -.Mean Annual Surface Rurnoff Ratio 7
(Simulation Period: 1974 - 1993, 20 Years)
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3.4 Geology and _Hydrogcology
3.4.1 Gcology

The area of Tibagi River Basin and the nmghbor arcas are mamly under]am by Granmc
Rocks, Paleozoic and Mesozolc volcanics. - : s

Granitic Rocks and P"ﬂcozonc occupy the Second Platcau and Mesozoxc occuplcs iho Th]rd
Platean. - Granitic Rocks and Paleozoic arc cut by dolerite dikés and the dikes arc -
concenirating in the area from Ponta Grossa (o Apucarana The distribution of Paleozoic
shows a arc structure with the axis trending to NW-SE in ditection and it is called “Ponta
Grossa Arc”.

3.4.2 THydrogeology

In Tibagi River Basin and the surroundings there are six kinds of aquers as shown in.
Figure-3.5. The hydrogeo!oglcal characteristics of these aquers are described hereunder

4} Crystallme rocks

The hthology of this aqunfer is composed of Granitic Rocks in the age from Proterozoic to
Cambrian and the reservoirs of it are formed from fracturt, porosnly due to open fracturos in
the rocks. o :

(2) Lowerto Mlddlc Paleozom
The lithology of this aquer is composed of Castro Group and Parani Group.
(3) Middle to Upper Palcozoic

The lithology of this aquifer is compOsod of Itarare Group and Guata Group and the groups
are chicfly composed of argilous layers. :

(4) Late Pateozoic
This aqoifer is composed of Passa Dois Group with partial porous media:
(5) Mesozoic . .
[y Botucalu:Fonnalion
“This aquifer is overlain By Seira Geral Formation over the Third Piaicaw
2) Selra Geral l*onnanon north;

This aquifer is composcd of basall lavas accompamod various kinds of lava
occurrence and it is classified into two areas of the northem area and he southern
area by geological setting and the borehote yield.
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3.5 Landuse

SANEPAR conducted the GIS computation based on TAP saiellile' imagery analysis (1990 &
1994) in order to identify the landuse in Tibagi river basm The resull is shown in Table:
3.3. :

Table-3.3 Landuse in Tibagi River Basin

Total Are_a. Swamp | Send “Forest '2.nd_ T Pasture Others
(km®) (%) | Bank (%)) (%) | Veg{%)| Rel.(0)] (%) [Crop{%)i (%)

Tibagi river _ . o D g : : .
basin - 24,630]  — . — ._3.8 2761 - 9.4 18.1 40.1 1.0] .

Pasana State | 197,880 0.1 0.2 9.0l 26.0f 3.2 23.1] . 37.61 0.8
2nd Veg.: Secondary Vegetation, Ref: Reforestation o ’
Source SANEPAR GIS Computauon based oa JAP Sateltite Imagery Analysis (1990 & 1994)

40.1 % (9,900 km?) and 18.1 % (4 500 km?). of Tibagi river basin ate curenily utilized as
crop land and pasture, while the state average is 37.6 % and 23.1 %, respectively.: 29.8 %
of crop land and 21.9 % of pasture in the state belongs to Tibagi river basin. More than half
of the river basin area is used for agnculture and it spreads over the basin; however, it is
more dense in the downslream.

Natural forest and reforesialioh in Tibagi river basin cover 3.8 % (900 km’) and 9.4 %
(2,300 kn®) of its area, respeclively. - The total area of reforestation in the state is
approximately 6,300 km? and 36.5 % of them belongs to Tibagi river basin. Reforestation
is well practiced in Tibagi river basin compared to others and located mainly in the middle
stream, around Telemaco Borba. - In. con{rasl to rcforoslatlon. the area of natural forest is
limited and scaltercd in up and down stream. :

Secondary vcgc!atton where the natura! bush grows ‘after some use, such as slash and bum
far mmg, extends 27.6 % (6,800 km?) of the river basin area. The proper landuse of this
area is-recommended, “for example conversion into reforestation, preseivation of native
vegetation and so on. It spreads over the basin; however it is more dense in the upstream,
around Ipiranga, middie strcam, around Sao Jcrommo da Scn‘a, and downstream, around
Londrina: :

“The satellite i mmgcry analysns is based on thc data of 1989 and 1990. Since this is the most
recent landuse avaitable, it was adcaptcd lhroughout the sludy qssummg that the current
landuse does not vary from the one in 1990




3.6 SOCIO-ECONOMY
3.6.1 Regional Unit and Zoning of the Study

- According to the regional unit of collected data conceming the socio-economic area, it was
decided to use the niunicipalities as a regional unit. Therefore, the zoning lines for the Study
should be drawn following the boundary lines of the municipalitics. However, as the Study
should be made by river basin, it was decided to use the following criteria for inclusion (or
exclusion) of municipalilics that straddle other river basins, in the zoning of the Study:

—. All mumcnpahlrcs that have their urban center located within the river basin,
-regardiess if only a part of the urbfm area is msndc the river basm, were
included in the zoning.

~ . If the urbah center of the municipality is not include_d in this basin, but there is
a chance that this municipality will start 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 municipality,
approxmlalcly less than 10% of total area, be included in this river basin, the
municipality 1s excluded of the zoning as, for example, Bela Vista do Paraiso
in MRH 281/N. N. Londrina.

~  The recommendation of the Counterpart Team was considered as to the
- inclusion of municipalities in the zoning, in accordance to the criteria, such as
water supply systen of undcrtakers

: The zoning for lhlS river basin is composed of 43 municipalities, and is presented in Figure-
3.6.

| 3.6.2 Popuhhon per Mumcnpallty

- Based on the census of 1970, 1980 and 1991, lssued by IBGE and provnded by IPARDES
~ the population’ per Municipality, in each year, of the 43 municipalities that compose the
~ Study's zoning area are shown in Table-3.4 (1) and Table-3.4 (2) divided per MRH

{Homogeneous Micro- -Regions) - refer to Main Report I for data concerning population per

-~ MRIL [t is important to say that some municipalitics have been created recently and,

‘therefore, these new municipalitics do not have the number of inhabitants included in the

- table mentioned above. ' -

_ 3.6.3 Gross chlonal Domesllc l’roduct (GRDP) per Mumc;pallly

: Based on the ¢stimated GRDP per MRH (Table-5.10 of Mam Report 1), on the data of

*_ Financial Bconomic Statistics - 74/85, 86/87, 88/89 issucd by SEFA and on the
Municipalities’ Participation Fund - Preliminary Indexes - 95, issued by SEFA, the GRDP
of the 43 municipalities from the years of 1981 to 1991 was eslimated and is shown in
s l‘able 3.5(1)and Tfab!e 3.5(2). : :

3.6.4 GRDP hy Secondary Sector per NIUIIiCIpaht}

f GRDP by Secondary Sector per Mumc:pahty, durmg the year of 1981 to 1991, was
"~ estimated based on the same data mentioned above, while this eshmauon was presented in
! the Sectorial Report Vol. A. :
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CHAPTER 4 FUTURE SOClO E tCONOMIC BRAMEWORK
4,1 - Population Projection Per Municip‘ality

The population projection per municipality was carvied out based on the preliminary
estimation by IPARDES for the years of 1993, 1995 and 2000 (estimated rural populallon,
urban population and {otal population per mummpahty)

' Thc projection for the target years was carried out by JICA Team, as follows: 1) the
‘population of all municipalities of each MRII, which includes any of the municipalitics
belonging to the zoning, was estimated based on the trend of increase (or decrease) of the
municipalities” population i in 1993, 1995 and 2000, divided into urban population and rural
population; 2) the total of urban and rural population of these municipalitics was adjusted
lentatively to the estimated urban and rural population of the MRH to which they belong; 3)
finally, the municipalitics of each MRH that are 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 Team are shown in Table-4.1 (1) and Table-4.1 (2).

4.2 Projection of Gross Regional Domestic Production (GRDP) per
Muuicipality and GRDP by Secondary Scctor per Municipality

4.2.1 GRDP per Mumcipahty

GRDP per niunicipality in l993 was eshmated by the same method mentioned in Sccllon—
3.6.3, but by excluding the contribution of hydroelectric 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) and Table-3.5 (2)) also excluding the contribution of
hydroelectric power stations of some municipalities in 1989 and 1991, and on 1993, by
adjusling the estimated GRDP per MRH to the years to which they belong.

The estimated GRDP per Municipality of lhe 43 mumcupaht!cs in 1993, 2005 and 2015 are
shown in Table-4.2,

4.2.2 GRDP by Secondary Scctor per Municipality

_ GRDP. by Secbnda:y Sector per Municipality in 1993, 2005 and 2015 was eslimated using
the same method mentloned in Sec::on 4.2.1. This éstimation, however, is presented in
Secnon 5. 2 o
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Table-4.2 Estimated GRDP per Mumcapahty in 1993, 2005 and 2015 - Excluding Contubuuon of

Hydroeleciric Power Stations / Tibagi River Basin

Unit: US$ mitlion

No. and Name of MRTI Ko and Name of Municipality 1993 W3 ] WIS |
IMRITE72 ~ TOTAL of MRH 315282 AT -1 153.2)
Campos da Lapa 34 Palmela 76.49 1454 24112
" 35 Porto Amaronas 000 0.00 .00

Sublotal of Municipalities of Bagin = 7643 145 HI2

Subiotal of Municipalities not of Basin 286.33 53220 g

MRH 73 TOTAL eI MERH LA IRIGRI|T T 46313Y
C. Ponta Grossa 37 Castro 38 £87.32 S 1L19661
38 Pirai do Sel 4305 L 121.6¢

39 Ponta Grossa . BS212 1421.03 2,23033

40 Telémaco Borba 25483 55833 881.22

- 41 Tibagi 4999 B2.10 135.50

42 Ventania - 487 968 nun

_ {Bubistal of Municipalities of Basin 1353571 PR kL] 7831

. Subtotal of Municipalities not of Basin . 004, 00 0.00
KTRY{218 TTOTALGTMRH 7 1 T 38382 63773
Lol Irati 49 Imbdituva 2695 4.4 1949
50 Lrati ) 9185 125.30 28%.31

55 Teixeira Soares 15.60 3482 5651

SUbotal of Municipalities of Basin 13935 pixy.L] 41537

Subtotal of Municipalities not of Basin 6614 129.96 212.38
MRI 277 TOTAL of MRH a7y 65.22 10355
Ao Ival -57 Ipiranga : 985 20,02 33.30
58 Ival 9.51 1518 24 48

59 Ostigucira 6.56 6.5 4.11

&0 Reserva 866 11.52 15.90

Subtota] of Municipahites of Basia ™ 3188 3R 713

Subtotal of Municipatitizs not of Rasin 8.10 1598 2628

MRH TV ~ TOTAL of MRH [E LR 2628 33285
N.V. Wencestas Braz £3 Cutidve 590 se8] © 740
75 Sapopema 831 678 . C2997
Subiofa! of Muiicipahipes of Basia 1531 766 3738

Subtotal of Municipalities ot of Basin 13481 193.62] 29533

MBI 2737 TOTAL of MRI [SERC AR KT R L IS P 1T X
N.V. Jxewezinho 24 Coogonhinkas . 857 1326 2047
) $5 Cornélio Proctpio | 141,43 20126 29288

8% Ledpolis TLE4 16.24 e

90 N. Amédica Colina 853 13.10 17.80

91 N.Fitima 964 15.76 211

97 5. Amdoio Paraiso’ 385 541 1679

98 Sertancja | 31.58 31.70 2

Subtotal of Municipalities of Basin B3 306.74 1407

Subtolal of Municipalities not of Basin 449.00 706.39 1,02201

(MRH 280 N TOTAL of MR 13306 LR . TN
Alg. Assal 99 Assal £9.50 8429 90.63
100 Jatatzinko 1203 11,83 1148

101 N.Santa Barbara 238 2.76 298

102 Rascho Alegre 18,35 3153 41.68

103 Santa Cecitia Pavio 1 129 892

104 §10 Jerdnimo Sema 512 512 512

" 105 8. Sebastizo Amoreira 1233 1mn 210t

(06 Ural 924 94 9.24

ISubfofal of Municipalities of Basin .~ T 1315.06 1129 191551

Subtotal of Muaicipalities not of Basin T 000 - 000 0.0,

[MRH 25§ TOTAL F MEH 73T8 JEETES 353097

N.N. Londrina 109 Arapongas 187.53 158 .87 576,081

113 Cambé 22800 4338.75 S 71850

. 19 Ihipord 5682 85.19 110.43

124 Londrina . 132700 187424 - 295232

131 Frimeieo de Maio 2100 0.7 N

132 Rolindia 1915} 33233 54260

137 Sertangpalis . 4383 5299 } 79.75

Sublotal of Municipalitics of Basin ESIETR] T LNROGH TS 002 By

) Subtotal of Municipatities not of Basin - 43198 682,78 1 98879

MR 2R T T T T T T T T T TOTAL of MRIT TTRIE BSIOT| . T 1,15383
NN Apucarana : 184 Apuearana 9.1 18164 530.41
187 Califdenia - 587 10.83 16.12

198 Maritindia do Sul 11.76 1821 1945

200 Mau4 daSema 35.21] 54.61 £2.63

Subiohal of Muridgalities of Basin N Y TA ) 1) ¥ 1] _——595331

Subtotal of Municipatities not of Basin C 39 453 66 : 85130

B TOTAL OF TilE MUNICIPALITIES OF THE BASIN . 43244 1,331.90 1181756

Source: Fando de Participag30o dos Municipios - Indices PreliminaresB¥ (Municipalities’ Pamcnpa*uon Fund - Prehiminary Indexes 93} SFFA

Remark: Values in US$ were estimated by JICA Team
; Figutes of Porto Amazonas™MRH 272 zre listed in fgeagu River Basm
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4.2, 3 I‘uture Socio-Economlc F ame“ork

Based on the populauon pro;ecuon per muniapahly (showit in Table-4.1 (1) and Table-4.1
(2)), and GRDP projection per municipality in 1993, 2005 and 2015 (shown in Table-4.2),
‘the future socio-economic framework of this river basin can be estimated and conceived
- through the classification of the 43 municipalities into, four catcgoncs There are three
reimarkable points, as follows:

'l) 4 large size municipaliliés {classified in Ist and 2nd classcs) will .OCcup'y
approximately 66% of the total urban population and 63% of the GRDP of this
nver basm in ‘201 5, respccuvely

~2) 1l targe and medium size municipalities will occupy 85% of lhe urban
poputation and 89% of the GRDP of this river basin in 2015, respectively.

3 6 mummpahnes which compose the urban axis with Marmgél will share about
~ 54% of the urban population and 47% of the GRDP of this river basin in
2015 respectively.

The clasélﬁcatton of these 43 municipalities with their pﬁhicipation in percehlage in this
river basin’s urban population and GRDP in 1993, 2005 and 2015, are shown in Table-4.3,
‘Table-4.4 and Table-4.5.



Table - 4 3 Classification of Municipalities Related to Urban Popu!auon and GRDP per Mumcipallty
in 1993 / Tibagi River Basin

o . _ Urhan Popalallon GRDP per Mumctpahly
Classification  |No.and Name of MRH  [No, and Name of Municipality | Population % . {USE million %
Vs(Tlass™™  PIAIAN. N Londrina {24 Londrina 320980] 3031 T,127.00 7606
Znd Class 2737C. Fonta Grossa 397 Ponta Grossa TTTREIRD) IR RSN
: 40 Telé¢maco Borba 57,540 46! 25483 5.89
11} Cambé 70,219 5.62 298.00( 689
183  Apucarana 88,220 107 21972 -5.08
Sublotal 442,750 3546 1624671 . 3157
Srdclass 2737C. Ponta Grossa 37 Castro 41,070 328 KELY:2] I A ]
" E276/Col. Trati 50 Arati 32420 260 5185 212
279/, V. Jacatzzinho 85 Comdlio Procdpio 40,910 328 14143 327
. |2817. N Londrina . [109 Asapongas - 61060] 489 - 182.55 434
T|119 ibipord 32,430; " 260 66.83 }.53
132 Rolindia ETE-ch] 2.80 193.57 . 448
Subtotal 242 820 1943 1,013.36 2349
fthClass - [Other 32 Municipahnes Sublotal . . 1900] 458 55687 1233
TOTAL OF MUNICIPALITIES OF BASIN e TUTTTYTUY AR T40) U 10000] T 4,32440] T 160.00

Rcmark GRDP per Municipality aot including contributicn ofil)droeleclnc Power Stations

Table - 4.4 C}ass:l‘calion of Municipalities Related to Urban Populanon and GRDP per Munmlpahly
in 2005 / Tibagi River Basin

] : ‘ Uban Populallon GRDP per Municipality
Classification  [No. and Name of MRH ~ [No. and Name of Municipality Population | % (0SS milltoa” ] T %]
[ Tst Cllass 281/N. N. Londrina 124 Londrina : - 488,390 30.5% 187424 1533
2nd Class 27YC. Ponla Grossa 319 PontaGrossa 269.880] . 17.07 142713 19.29
40 Teldmaco Borba C80350] 508 55833] 155
113 Cambé 26,450 6.10 43375 593
183 Apucarana 110,150 697 382.64 507
[ Subiotal TSR0, 33 ZR06G5| T 3TH
Ird class 213/C_Ponta Grossa 37 Castro 87,150 362 63732 929
276/Col. Trati 50 fati 40,450 2.56 17630 232
219/N. V. Jacarezinho 85  Cornélio Procdpio 48,060 I 211.26 236
281/N.N. Londrina 109 Arapongas 70,520 446 368.87 499]
119 " Ibipord 45,730 289 85.19 1.I5
132 Rolindia 42,280 267 32133 - 449
Subiotal 30406 1933  1,85627 pIA
[t Class ——|Other 32 Municipatitics | Subtatal — 231,380| 1464 860.44 1163
T UTTOTAL OF MUNICTPATITIES OF BASIN 1,580,900 100.00 7,35190] ~100.00]
Rcmark GRDP per Municipality not including contribution of Hy droelectric Power Stations ' ‘ ’
Table - 4.5 Classification of Municipalilies Related to Urban Populahon and GRDP per Mummpahly
in 2015 / Tibagi River Basin
Urban Population  [GRDP per Municipanity
Classification  |No. and Name of MRI No. and Name of Municipalily Population [~ % [US¥ million %%
TsI Class BN N Londrina 124 Lendrina 515,760 310K 795212 2541
Z0d Class 273/C. Ponta Grossa 39 PontaGrossa T 306,720, 1644 2,3033 1920
440 Teldmaco Borba 99.820 535 831.22 7.58
13 Cambé 118,770 617 71850 © 618
183 Apucarana 129,880 696 58041 00|
Subtotat 635,190 KEN Y] I T TR 1 Y X T
Jrd class 27XC Ponta Grossa TTi37 Casuo N ] KL 380 T 1,19861 IO 30
276/Col, Trati 50 Isati 42,140 253 289.31 249
279/, V. Jacarezinho 85 Cométio Procdpio 54,290 291 292 88 252
288N N, Londrina 109 Arapongas 78,620 422 576.08 496
119 1bipord 52,060 306 C 1043 053
132 Rolindia 48,550] 2460 . 54260 4.67
Sublotal S 3567401913 30000 2539
4th Class Other 32 Municipalities Sublotal PR ERLD] 1447 12804 10
'''''' TOTAL OF MUNICIPALITICS OF BASIN 1,365,230 T T00.00 11,61756

10000 -

Remark;  GRDP per Municipality not incTading contribution of Hydroeleciric Power Stations




CHAPTFR S PRL‘.SDNT SITUATION AND WATER DEMAND
PROJECTION FOR 2005 AND 2015

5.1 Domestic Water
As described in Main Report I, the present average unit éonéumplion rate of Paran4 State and
the present unit consumption rate per MRH, -and future unit cohsumption rate, were

estimated as shown below in T_able-S_. 1, Table-5.2 and Table-5.3.

Table-5.1 Average Unit Consumplion Ratc of Parand Statc - 1993, 2005 and 2015

- Average Unit Consumption Rate (1 / person . day)
o Residential Water © Non-Residential Water Total Domestic Water
: ‘1993 2008 2015 1993 2005 2015 - 1993 . 2008 2018
Urban Population 90 C 115 149 s | 30 40 lIS 145 180
Rural Populatica . ) 10 15 30 4] 0- 75 8O

“Remark : Unit rate of resideatial water for rusal lation was estimated as unil rate of the 31d Categc-ry of the classification of
MRH (sho'm in Table-5.2 and Table —S 3 )

Table-5.2 Unit Consumption Rate per MRH - 1993

Unit Consumption Raie {1 4 person . day)

Classification No. of MRE Residential Water | Noa-Residedtiat Water - | Total Domestic Water
: |t Categoy | MR 268, 281, 282 100 30 130 -

Urban Population | 2od Category MRH 769, 270

’ MRH 272 10 MRH 276,
MRH 279 1o MRH 280
MRH 233 10 MRH 286

- MRH 288 to MRH 291 | 85 . 20 : | tos
3rd Categary g&snn 71, 297, 218, | 10 15 85
. ' 287 ‘ .
Rural Population e All MRH . 70 — _ 10

Table-5.3 Unit Consumption Rate per MRH - 200 and 2015

Unit Consurnption Rate (1 4 person . day)
. : : Residentia) Water Non-Residential Water Torat Domestic Water
Classification | No. of MRY ' 2008 2015 - 1005 1015 2005 2018
% A Ist Category MRH 268, 281, 282, 288 115 155, 5. 43 160 200
Urban 2nd Category | MRH 269, 270, ' :
Population MRH 272 io MRH 276,
. I R MRE 279 © MRH 2890,
MRM 283,
MRH 285 to MRH 236, . . :
MRH 289 to MRH 291 100 125 30 35 130 1640
%d Calegory %laR?H 20, 1, 218, 184, | 75 g0 .| 20 25 95 i0s
Rurzl N Y)Y : 75 80 - - 75 80
Pogulation Lo S . . o .

5.1.1 Present Unit Cbnsﬂ_mp_lion Rate per Municipalily

Each'MRH was composed of municipalities with different sizes in terms of population and
~ GRDP, therefore the Team collected the data of present unit 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 consamption volume of 6 selected
municipalities is presented in Table-5.4. '




(1) Unit Consumpuon Rate of Remdcmlal Watcr for Urban Populauon per Mumcn pahty

‘According to Table-5.2 and Table-5.4, this unit rate was estiimated tenlauvely belwocn wnit
rate of large-medium size municipalities and other municipalities, by adjusting it to the total
water demand per MRH to which they belong, calculated by multiplying the anit rate pér
MRH by the urb'm population per MRH.

“(2) Unit Consumption Rate of Non Resxdennal Water for Urban Populauon per
Mumapahly

This unit was estimated by the same method mentmncd above, approximately in-the same

proporlion between the unit rate of resulentml water and non- rcs:demlal water of the MRH to

“which they belong.
(3} Unit Consumpii_on Rate for Rural Population per MuniCipalily :

‘This unit rate was estimated using the same figure of the unit consumption rate per MRH and
average unit consumption rate of Parana State. It mi¢ans that the same unit rate was apphed
to a]l mumc:pahhes : : _

‘According to what was mentioned above, present mnl consumpiaon rale per municipality for
urban popuiauon and rural poputation is shown in Table-5. 5.

Table-5.4 Present Unit Consumption Volume of La:ge and Medium Size Municipalitics - 1993

No. and Name of No. and Name of ; Average . Service Estimated

MRH Munlcipality | Consumption Volume Popatation Consumption Volume
. - Momh (m") Estimated by | per Capita (V'day)
: SANEPAR ) _
MRH 27%C, Ponta Grossa 29 | Poata Grossa 564,134 223790 8403
MRH 276 Colonial Irati s0 § Iratt : 64,754 29747 - _73.68
MRH 279N, V. Jacacezinho 85 Coméiio Frocdpio 132,239 o43651° [00.98
_ 87 | Jacarezinho ' oigre - | w2 93.07
MRt 281/N. N. Londrina 124 § Londrina - 1,309,459 420,143 103,59
MR 284/N. N. Apucarana 184 | Apucaranz © L 250,610 89,737 . 9309

Source : APCISANEPAR
5.1.2 Future Unit Consumption Ralc per Mumclp'lhly
(1) Unit Consumption Rate per Mummp'\hly of ReSIdenhal Waicr for Urban Populauon

Based on the uvnit rate consumphon mte per MRH in 2005 and 2015 (shown in Tablc—S 3)
and present unit consumplion ratg per municipality (shown in Table-5.4), * this unit rale was -
estimated by the same method mertioned in Section-5.1.1 (1), ‘approximately in the same
proportion of present unit consumption rate between large- medlum size mumctpahues and
other municipalitics.

(2) Unit Consumptton Ratc pcr Mummpahly of Non Rcsldenua] Water for Urban
Populauon

Based on the unit consumptlon rate per MRH in 2005 and 20]5 lhls unit rate was esllmaled
by the same method of present unit consumption rate per mumcipahly :

{3) Unit Consumption Rate per Mumc:pahty for Ruml Populallon

5-2




This unit rate in 2005 and 2015 was estimated vsing the same figure of the unit consumption
~ rate per MRH in 2005 and 2015, respectively.

According to what was mentioned above, the unit consumpuon rate per municipality in 2005
and 2015 is’ shown in Table-5.6 and T‘ible 5.7, respcchvc!y

5,1.3 Water Demand Projcction.

Water Demand in 1993, 2005 and 2015 was estimated by multtplymg the urban and rural
population per municipalily of each year (shown in Table-4.1 (1) and Table-4,1 (2), by the
- unit consumption rale per municipality of the corresponding year (shown in Table-5.5,

: -_ Table-5. 6 aud Table-5. 7) and is presemed in Section-5.4,

Table_-S.S Present Unit Consumphon Rate of Domestic Water pcr Municipality - 1993

Classification No. and Name of MRH Classification of Unit Consumption Rate (1 £ pecsoa . day)
of MRH " : Municipality Urban Popelation Rural
. . - . Population
Residential | Non-Residential | Total Domestic Domestic
- Waler Waler Water Water
Ist Category | MR 231N N. Londrica Londrina 1G5 s "~ 140
Other Municipalities | 95 25 110 10
Ind | MRH 172rCampos da Lapa ]
Category : - .
. . MRH Z?J;C Ponta Grosxa
MRH 276:Col. Irati Al Municipalities 85 20 105 10
MRH 219N, V, Jacarezinho Corntlhio Procipio 100 25 125
. Ouher Municipalities 80 15 _ 93 10
MRH 280/ Algodocira Assal All Municipalities . 85 10 105 - 10
MRH 284/N.N. Apucarana Apucarana 95 25 120
: : ) ) Othes Municipatities 70 15 35 ) 10
3rd Category | MRH 273/Ako Ivai ) . .o ] .
MRH 278N, ¥, Wencesfas Braz | AN Municipalities 0 15 - B85 70
Source : APC/SANEPAR
_Remark Jacarezinha in MRH 279 does not belong to the Basin bul is estimated in the same way as Comnélio
Peocépio

. Unit rate of Res:denual Water for rural population was estimated as the same fgure as the unit rate of the
3rq Category of MRH Classification

Table_-S.é Fulure Uhii _C'onsumption Rate of Domestic Water per Municipality - 2005

Classification | No. and Name of MRH Classification of Unit Consumption Rate (4 f person . day)
of MRH ) Municipality Urban Popelation Rural
. . Populatica
Residenriat | Non-Residential | Total Domestic Domestic
Waler Water Water . Waker
tst Category | MRH 281/N. M. Londrina Londrina 138 40 NEE
: ] Other Municipaltitics I3 0 : 145 : 75
2nd " | MRH 272Campos da Lapa
Category T '
TP Tl MPH 278C. Ponta Grossa
MRH 278:Col. Irai All Municipatitics © 100 - 30 130 L 15
MRH 279:N. V. Jxarezinho Coentlio Precdpio s 35 150
3 Othes Municipatities 95 25 £20 . 1S
MR 2807 Alpodoelea Assad Al Municipatities - 160 ) 130 15
MRM 284NN. Apacarana -~ | Apucerana s 35 50
: : R Onher Municipalitics 90 S £ 115 L
xd Category MRH 217%Aho lal | |
MRH 278&N. V. Wenceslen Braz | All Mumc'pah!m ~ 15 20 95 73
. Remark Jacarennho in MRH 219 does nol belong 1o the Basm bul is eshmatcd in lhc samge way as Coinélio

Procépio
Uait rate of Residential Water for rural population was esumaled as the same fi gun. as the unit rate of the

3rd Category of MRH Classification




Table-5. 7 Futore Umt Consumption Rate of Domestic Water per Mummpaluy -2015 .

Classification No. and Name of MRH Classification of Unit Consnmpnm Rate (1 i 020508 4 Jay)
of MRH Mounicipality ) ) Urban Popuolastion - ] © -~ Reral -
’ : o ’ L C s - Y0 Populaticn
Residential | Non-Residenfial | Total Domesln - Domestic
Water Water © Water Water -
Iyt Category | MRH Z31/N. N, Londrina Londrina 150 50 ' 210
: (xher Municipatities 145 40 Cc 185 .80 ..
2nd ) MRH 272Campos da Lepa
Catepory )
.. | MRH IXC. Popta Grossa ) o - N i
MRH 276:Col. Irati All Municipalities 125 35 160 -34)
MRH 279/N. V. Jacarzzinho Corndlio Procdpio T 40 : 185 : o
- . ; . Ocher Municipalities S a5 . 150 ) 80
MRH 280/Algadocira Assal All Mumcnpal:(nes 125 - 5. : 160 © - 8O
MRH 284NN, Apacarana Apucarand . - 140 T I .
) ) Cxher Monicipalities 15 ) 30 145 80
¢ Category | MRH 27%Ahe Ival ' : ) i L ) '
MRH 278N. V. Wenceslau Braz | Alt Municipalities 30 23 105 ¢ 20
Remark: Jacarezinho In MRH 279 does not belong to the Basin but is estimated in the same way as Cornélio

Procépio
Unit rate of Residential Water for rural population was estimated as the same figure as the unit rate of the

: 3rd Category of MRE Classifi cation
5. 2 Industrial Water
5.2. 1 Unit Consumptmn Rate per Value Added (V A) per’ Munl(‘lpahty

During thc study of the “Master Plan for Pilot chr 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 thc eshmahon of
industrial water per municipality, as shown in Table-5. 8. o :

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

Unit Rate - 1993 ' Unit Rate - 2005 - Unit Rate - 2015

Unit Rate with Present Increase of Water Recovery " Increase of Water Recovery
Recovery Raig _+ Rate: 9% 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)
0059 0.048 . 0.037

5.2.2 Gross Reglonal Domestic Producl (GRDP) by Secondary Sector per
Mummpallly

For the estimation of industrial water demand for the largct years, GRDP by Sccondary.
Sector per Mumc:pahly was estimated as follows: :

(1) GRDP by Sccondary Scctor per Mumc:pahly in 1993

Based on the cstmlaled GRDP by Secondary Sector per MRH (shown in Table-5. 10 of Mamj :
Report 1) and on the Municipalities’ Participation Fund - Prehmmaxy lndexesff)s issued by
SEFA, the GRDP by Secondary Sector of 43 municipalities in 1993 was esllma!ed by
excluding the contribution of hydroelecmc power stations, and is prcsenled in Table-5.9,




{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 contribution of
hydroelectric power stations in the values of 1989 and 1991, and on the onc 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 I) to the years to which they betong, and is presentcd also in
Table-5.9.

5.2.3 'Wat.er Demaiul Projection in 1993, 2005 and 2015 _

Water dcmand of industrial water per municipality was estimated by multiplying the average
unit consumption rate per value added by GRDP by Sccondary Sector per Mumcnpahty of
each year, and is presented in Sechon 5.4.

~In this Study. it was considéred that all industrial aclivity was located in the urban area.
Therefore, some municipatitics included in the study zoning, but with their urban area
outside this river basin, were considered as having industrial walter demand equal to zéro.



Table - 5.9 Estimated GRDP by Secondary Sector per Municipality in 1993, 2005 and 2015
¢xcluding contribution of Hydroclectric Power Station / Tibagi River Basin

_ o . * Unit: USS$ millioa
ING. and Name of MEM™ [Ng.and Rame of Municipality . - 1733 . 3005 -

. PEIH

MRITZ7Z : — TOTAL oI MRH T ] LEE L) N .4 X (1 RREL1E
Canipos daLapa M Palmeira : ) - 030 T 47BIy T 8664
3% Porto Amazopas ;| ; 1 Tho0] 000] o 0.00

Subicial of Manicipalities of Basin : 030 LYR ) L

Subloial of Muncipatities not of Basin ’ 12408 - 2159 N

MRHI - 7| TOTALTIMRR . = TR TI76%0 ALY
C, Ponta Grossa * 37 Casteo : . BlLE8| - 240.52 459.30
e N 1 . 38 Firal do Sul Co R o 15.53 TO4as4] 8430

" 39 Ponta Grossa . 134.20 . 5inn ) 119.5%

- 40 Tetémaco Borba - : 132.79] bR W11 1141

4] Tibagi ) . 0.8t 213 : ER

42 Ventania - o1 077 - L)

Subiotal of Munlcipatities of Basin ] 33059 T075! T,75331

. : Subiotal of Muncipalities not of Basin . . - 000y X 0.00 - 000
(VRE 176 — TOTAL of MBI : ] ] SIS T TIOAYH T T IR,
Col. trati 49 Imbituva . 837 11.24 19.38
. 50 brai _ B » 5 1| S 3% B 167.00

" 55 Teixeira Soarcs ' ) ’ 147 i.23 . 058

- [Subictal of Municipatities of Basin ] : TR0ES 7387 E 12775

Subtotal of Muncipalities ot of Basin ) : 1310 . 1850 : 5196
MREI7Y TOTAL of MRH T . 473 330 W
Alto Tvai ] 57 Ipiranga . . B 032 035 058
58 Ival S . 108 330 364

59 Ortiguzira - 0950 144 R X

60 Reseiva - : . - 058 . 0 L4l . - 200

I SubIotal of Municipalites of Basia - 385 — &13 1030/

. o7 tSubtotal of Muncipalities notof Basin - . - - o B3 NI N b S 4.0
IMRH 778 . TOTAL of MERH . 0.4 997 &N
N.V.Wencestau B. 63 Curiliva 032 043 084
) 75 Sapopema 0.31 Q.55 099

Sublolal of Municipalities of Easin 0.63 1.03 TE}

Subtotal of Muncipalities not of Basia R 2 ) 1894 59.38].

[MRIT 275 ] TOFALSTRRH 77 JLRAL] 783037 ¥ 3
N.V. Jacarezinho 84 Congonhinhas ) ©.22 092 Ly
85 Comdlio Frocdpio 49.71 75.46 1218

82 Leopolis 0.63 i 196

0 N. Amé&ica Coling 1.%0 489 ) 904

91 Nova Fatima 0.28 042 . 048

97 S. Antnio Parafso . 0.0} Q.07 042

98 Serangja . 0.09 . 10,40 26.63

{Subiofal of Municipalitiés of Basin 5183 3543 1331F]

] Subtotal of Muncipalities not of Basin : o 94.48 19361 - . M484
[MRH280 7 T 17T TTOTAL ol MEH TR A0 T T T by
Alg. Assai 92 Assal 19.2} 2385 2609
100 Ixtaizinho 3.59 - 0.9 037

101 . Santa Barbara 0.0% 0.09 0.4

102 Rancho Alepre - 4.96 893 13.43

103 Santa Cecllia Pavio ’ 2.80 549 300

104 S0 Jerdoimo Serma D.18 013 032

105 S. Scbastiao Amoreira 021 © 026 - 037

106 Ural : 151 098 - 051

Sublafal of Municipafities of Basia . 31352 1037 P

Subdotal of Muncipalities not of Basin ) 0.00 0.00 0.00

[MRH 281 : TOTAU T MRH ] T 85441 1,235735 106031
N.N. Londnina 169 Arapongas . 61.74 134.00] 12320
113 Cambé - 143.08 21362 41682

E9 fhipord 1899 39.09 . €3.12

124 Londrina 274 81 4463.66 7045

131 Primeiro de Maio D52 1.29 334

§32 Rolindia 48.92 133 - 20410

137 Sertandpolis 6.04 17.30 1648

[Subtolal of Munaicipalities of Basia ~ E3EA [i] 1,006867 1754157

Subiotal of Muncipalives not of Basin 1001 i 8N 358

MRGL 284 T T T TOTAL R MR 3255 1 DEREREERR 51+ BARPU X 1
N.N. Apacarana 184 Apucarana 7571 1124 2B6.04
187 Califdmia N 0.3} . 253 4.85

192 Marilindia do Sul : 0.2 0.39 0.

200 Maua da Sema . 13.76 : " 2080, 3L

Soblotal of Murreipatines of Basia o055 196.13] - 318.76]

Subtodal of Muncipatities not of Basin : 61.5% : 15291 - Co3Mas

TOTAL OF THE MUNICIPALITIES OF THE BASIN 132607 FALENE] l,l‘ﬂ.ﬁJ

Souree: Fundo de Paticipaqio dos Municipios - Indites Provistrios - 95 (Municipalitiés’ Pariicipation Fund - Pretiminary Indéxe

95) SEFA :

Remark: Values in US$ were estimated by the JICA Team
: Figures of Porlo Amazenas are tisted In Tguagu River Basin



5.3  Agricultural Water inclusive of Livestock and Fishery

The data concering agriculiure was collected from EMATER database with municipality
wise. In the case that a municipality extends over other siver basins, the data was split by
the 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), 40.1' % (9,900 km?) and 18.1 % (4,500 km?) of Tibagi river basin arc
currently wiilized as crop land and pasture, while the state average is 37.6 % and 23.1 %,
“respectively. Dividing the river basin into two as shown in Figure-5.1, characteristics of
“agriculture was identified and the result is shown in Table-5,10.

. Table-5.10 Agricultural Characteristics of Tibagi River Basin (1994}

Totat Crop . ! | I ] .
Reglon] Area (ke') Tiem Cotion [ Sugarcane]| Beans Maize | Seybean | Cassava | Potalo- | Coffee Wheat
Area Ratio 10 Total I .
1 Obesey 0.0 0.0 11.2 44.2 43.7 0.5 0.4 2.0 8.6
| Productivity ponha) - R T | % TR | T 2.1
Mechanization (%) | - | - b 79.3] 9.6 998 75|  sp0 - | 000
Implementation of
Conservation (%) - - 16.3 62.0 85.1 25.9; ___ _10.0; - ] 89.7
Implementation of )
Non-tilage (%) - - 11.3 38.) 78.8 - - - 81.6
Area Ratio to Toal |-
1t 6,780F(%) a0y 23| 56, 3 48| . 0.5 o0 7.5]. 137
: Productivily fionhay, 0.9 ssil (X3 2.9 17 19.5 - 1.0 1.4
Mechanizaiica (%) | 30.91 8951 502l 333 918l 546 - ) 334) 993
Implementation of
Consecvation (%) | 35.8 SLa 338 S0y 8B RI - |.. 350 864
1 Imple mentation of .
Non-tillage (%) 0.2 - 0.0 3.3 2.2 = - - 11.8
Area Ratio to Tolal .
3 %) Y S 1.3 4.3 303 444 05 9,31,, _ 3.9 . 112
¥ Preductivily (toamha) 0. 56.8 0.9 3, 2.4 206 6.2 1.0 1.1
= E 5 Mechanization (%) 50.7 93.5 £69.5 16.7 98.8 £6.0 99.0, 334 99.6
g < implementation of -
K3 Constrvation (%) 358) opM  3sa4f 504 869f 3231 0.0 35| . 879
Implementation of .
Non-tillage (%) 0.2 - 7.3 231 41.1 = - ~ 313
[Scaleof Fanrces | Smalt | Medium | Targe | Total (household)
: i | Number of
i Housebold (%) 71,2 16.5 6.3 20,900
Scale of Faciners | Small | Medium | Large | Toul (househald)
Number of ’
It | Household (%) L. 804 14. 3.5 20,400
Scale of Farmers Small Mediom Large Total (household)
River Number of
Basin b+ Household (%) 78.8 15.3 5.9 45,300

Note: Size of Farmers; Small < 50 ha, Medivm 30 - 250 ha, Large >250 ha
Source: sdapied and enlargad from EMATER for Agsicultural Data as of 1594
SANEPAR GIS computation based on AP szicilite imagery analysis for Crop Area

The most distincl characteristic of agriculture in Tibagi river basin is maize and soybean
culture. Wheat is well cultivated as a second crop afier cither maize or soybean. Another
important characteristic is that coffee is still major crop in spite of the low price in the

_ intemational market and several damages by frost. Recent trend shows the conversion of

~ coffee culture to fruit culture.



TIBAGI RIVER BASIN
' LEGEND

Crop-Land

* . Crop-Land (65%) + Secondary Vegetation (35%) =
Crop-Land (65%) + Pasture (35%)
Crop-Land ($5%) + Secondary Vegelation (30%) + Pasture (15%)

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

. 2n '
. Total Asea chct:‘tion Reforestation
Region (km2) | Forest (%) (%) (% -
1 : 15,030 42 A 14.0/
£} 9.600) - 31 - 283 2.2
‘Whole Basin 24,630 -~ 3% 216 94
[Region Pasture (%] Crop{%) | Others (%) -
I 20.8 316 0.6]
il 13.9 534 1.7
|Whele Basin 40.1 1.0]

Source: SANEPARG!S

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

Figure-s.! Sixﬁ-diﬁ}:ion and Landuse in Tibagi River Basin -
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The total number of farmers in Tibagi river basin is 41,300 in 1994. Among them, 78.8 %
is classified as the small 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 15.3 and 5.9 %, respectively.
Since the mechanization is high in soybean and maize culture (98.8 and 76.7 % of its area,
respectively), it is a transition period from small farmiers to medivm size farmers due to the
cxpansmn of mtenswe agnculturc '

Non- llllagc is well adopted, espcmally in the region ] the upstream denotcd in F:gure 5.1
In the region 1, 78.8 % of soybcan, 81.6 % of wheat and 38.1 % of maize ficld are .
cullivated with non-tillage, while the state average of its application is 12 % of the crop land.
* Since one of advantages of non-tillage is suppression of soil crosion resulting in amendment
~ of soil propetties, ils application is expected to expand even in the region II.

5.3.2 Current Water Consumption and Future Water Demand
(1) Currcm Walcr Consumphon

The ncccssuly of i 1mgauon was examined in the Stratcgy study Crop water requnremenls of
dominant crops in Parani were computed and compared with effective rainfall to examine the
necessity of irrigation. Its conclusion was that rain-fed agricullure is practically adequate in
Parand as long as the favorable weather will continue. Considering the current dominant
crops and future trend of crop cultivation, the agricultural water in Tibagi river basin consists
of water for livestock and fish pond.

(2) Future Agriculture .

The population growth of livestock and expansion of fish pond were projected for the year
of 2005 and 2015 in accordance with the Strategy formulated. Bach municipality may differ
in future livestock growth and cxpansion of fish pond area. Trend analysis for each
mumc;pahty requires individually to specify the markel, price, raising method and so on,
-however, such detail study should follow alter 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 population and fish pond area.

The growth of caltle 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, caitle and

~ chicken are expected to increase approximalely 174 thousand and 1.837 miltion heads/year
respectively in the whole Paran4 state. And pig population in the state will be stabilized at

“around 4 million heads by the year of 2000. Applying the same rate, the population of
hvcstock was pmJeclcd Wilh ihc followmg cquahon

Caltlc (l 000 head) 174 256 x Ycar 337839
Chicken (mllhon hcad) = ] 83697 X Year - 3591.68

Durmg !he Suategy sfudy, lt was assumcd that the annual expansnon of ﬁsh pond area is 2 |
%. The same rate was applied to pitot river basins to estimate its arca in 2005 and 2015.

'ﬁlé result of projection is shown in Table-5.12 wilh the current livestock population and
fish pond area as of 1994,



(3) Water Demand Pl'OjCClIOI‘I

- Although ihe rates of water consumpuon of tivestock: and fish pond may vary w:lh locauon

~due to the difference of climate, vadety of livestock species, soil properties ete., such
varialion is negligible at this study. Therefore, the rates determined during the Strategy
sludy was adopted with the following assumptions.

1) An livestock of 100 kg live welght rcquurcs iO liten‘day as the lotal W‘il&l‘
' requm,menl .

Natural paslure contains as much as 80 % of water during the growth period.
Therefore, amount of water actually supplicd to caltle is a part of total water
~requirement which cannot be provided by moisture content of forage. It was
assumed that the actual water supply to cattle is 33 % of tolal waler
requirement, : . : ORI _

2

Since pigs and chickens are not herbivores, it was assumed that there iS no
water intake by means of food. Therefore, their water rcqmremcnts depend on
©oan averagelwe welght - :

3

Thc rates of water requirciment of each livestock is shown in Tq‘ole‘S 1 l

Table-5.11 Water Requiremem of l,iveslock

_ Total Water Actual Water
Average Live Requirement Supply
Livestock | - Weight (kg) ({litet’head/day) | (literrhead/day)
Pig , SR 1] I 40 . 40
Cattle .~ 00| 30.0 “10.0]
Chicken . 2 0.2 _0.2]

Total water rcquuemni includes water intake by foraga:
Ac(ual waler supply is a supply in Ilqusd phase :

For lhe water consumption of ﬁsh ponds, the rate of l mmfday was adopted with: the
following assumpt:ons : . . B

rlherc is no changc of waler ina pond

'l) _

2)  The bottom of a pond is well coated with clay icrcforc no scepagc occurs
or seepage ceases afler the long use. . S

K 60 % of annuat rainfall is storcd in a pond énd 4_0_%7'is over'flowed. | An

average rainfall and evaporation are 1,700 mm and 1,300 mm, respectively.
Thus, amual water loss from afish pond is apprommately 300 mm (== 1,300 -
1,700 x 0.6). ¥ .

The current water consumption and future water demand are just 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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5.4 Water Demand Projection by Sector and by Region

5.4.1 Demand Das!nbutlon of Municipalities Lecated in the Basin
Boundary

(1) Utban Areas (Domcslic and Industrial Water)

There are some urban areas which straddle boundaties of several basins such as Apucarana
and others. Water demand for these urban areas are to belong to Tibagi river basin.

(2) Rural Areas (Domestic and Agncullural Water) .

Waicr demand for rural areas which straddle: boundancs of several basms are dlstrlbuted
from municipality unit to Tibagi river basin in accordance with the following equation: '

U Des= DMXﬁ,f—
: Ax
where!” - . :
- D,; rural water demand of Tibagi river basin
- D, rural water demand of municipality
A,; arca of municipality in Tibagi river basin
Ay area of municipality -

5.4.2 Water demand Pro_;eclmn in Tibagi Rivcr Basin

The water demand pm_]eclxon by : sector and by region in leagl river baﬂm was ca!cuiated for
both base and alternative cases as shown in Table-5.13. :
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CHAPTER 6 WATER RESOURCES DEVELOPMENT
6.1 Surface Water Potential
6.1.1 Zoning for Surface Water Potential

In order to compare required water supply with surface water potential, Tibagi river basin
was divided into 18 blocks as shown in Figure-6.1.

Discharge reference poml was determined. downslrcam of cach block. Each reference point
is the same as the point of water quality siudy Surface water potcnual was calculated at

_each discharge reference point.

6.1.2 Surface Water Potcnllial

© Surface water potential was calculated by deducting maintenance discharge(50%Q1o;7) from
the low water flow(Qio7) at each reference point. Low water flow was applied as follows:

{1) catchment area < _S,OOOkl_n’ ———--- HG52(CEHPAR,1932)

(2) catchinent area > 5,000kn? - MINIMUM DISCHARGE
VALUES FFOR THE STATIONS
STUDIED BY JICA IN PARANA
STATE(COPEL,1995)

The results are shown in Table-6.1.
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'LEGEND

<o :Block Boundary
0 ‘Reference Point
Number in[[] :Reference Point Number

6 10 2 30 40 50 . 100ka
. Figure-6.1 Tibagi River Basin Division
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“Table-6.1 Surface Water Potential and Quality

Catchiment | Surface Water | Surface Water Required Water Supply (m3fsec)
Reference | River Name Location Area | Qualityin 1993 Potential 1893 200% 2015
Polnt () BOXmgT) {mifsec) Uiban Urban Uiban
1 Rio Tibagi upstream confluence 2,805 317 C 246 078 1.0} 127
of Rio Imbituva 188 1.65 139
) (includs Ponta Grossa) 332 262 2.10
2 Rio Tibagi dovnstream confluence 4,714 262 4.5 094 1.21 133
of Rio Imbituva 3sg 330 29%
. _ 419 .70 .95
'3 |RioTibagi downstream confluence 7340 0.3 %.19| - 097 128 156
- ’ : of Rio Pitangui : 3122 7.94 763
: : 9.51 77 5.88
4 Rio Tibagi . downstream confluence 11,9235 0.79 15.26 1.25 1.70 2.18
of Rio Fortaleza : i 1401 13.57 1308
e : 1221} .. .00 1.00
5 Rio Tibagi downstream confluence 13,743 0.42 17.30 127 173 21
of Rio Imbau : 16.01 i5.57 1508
: ‘. (vpstizam Telernaco Borba) L 13,58 16.02 7.80
& Rio Tibagi upstream confluence 14,125 1.29 1.1 1.52 208 268
‘ : of Rio {mbavzinho {down- . 1619 15.63 15.03
C stream Tetemaco Borba) - 11.65 8.50 661
7 Rio Tibagi [between Terra Nova ' 16,240 0.00 20328 158 215 276
. - |and Natingui : 1874 1817 17.57
: 12.84 9.45 2338
g Rio Tibagi downstream coafluence 20,491 0.00 2012] 154 264 3.3%
' of Rio Taquara ' 2118 2049 - 19.73
. . 11.94 8.77 6.82
9 Rio Tibagi downstream conflucnce 21,587 092 2380 13 289 113
. of Rio Tres Bocas ' : 21.67 2091 2007
. . : . - 11.16 %) 533
10 Rio Tibagi downstream confluence 24,217 011 2514 415 557 744
S of Rio Congonhas™ _ : 20.99 19.57 1780
) . 6§05 451 3.47
11 Rio Tibagi rivér mouth 24,633 017 253 418 5.60 728
o N ’ 21.13 19.H 1804
. . : 6.06 452 148
12 Rio lmbituva fiver mouth 1,965 1.83 1.87 .16 021 0.26
(includs Jeati) ' ' 1.7 168 161
11.69 208 n
13 |Rio Pitangui river mouth 1001 1.67 0.84 0.00 000 0.00
) {include Ponta Grossay 0.84 0.84 084
- 14 i |RioFortateza . |river mouth . 3,002 4.33 242 0.28 045 0.62
|Riolapo « Jinctude Castyc) VAL 197 1.80
) i : ) - 8.52 5.40 192
. 15 - |Rio Taguara fiver mouth 1,068 10.7 035s] 028 0.40 052
' (include Apucarana) 0.28 018 0.04
. : 1.99 1.40 1.07
16 Rio dos Apertadogriver mouth B 3.7 0.16 0.20 0.26 0.34
i (include Arapongas) 0.04 01 018
081 0.62 047
17 Rio Tres Boras  {river mouth A8 119 LI L3 0.00 - 000 0,00
et T tinedide Londrina) ' : : 0.16 0.16 0.15
18 Rio Congonhis * |river meuth 1,124 .34 063 0.22 027 033
(include Cornetio Procopio) i 0.41 036 0.30
189 2.35 1.89
*Remark
first line

" Required Water Supply (caicu.!aled in section 6 3)

second iine -

Surface Water Polential - Required Water Supply

third line

Possible Development Water f Reyuired Water Supply




6.2  Groundwater Potential
6.2.1 Definition oi‘-Bmmdéry of Study Area

The major mummpal wrban arcas located in the Tibagi River Basins slraddlc over the
boundary of other river basins. Therefore, the Tibagi river basins for the sludy of the.
groundwater resources is composcd of such areas as Tibagi river, a part of the left bank of
the Cinzas River, and upstréamy’ of Pirapo River including a part of the ncnghbormg
groundwaler basiris related to the major urban dcmand centers. :

6. 2 2 Assessmcnt of Groundwater l’otenlm} for leagi Rlver Basin

_ leagn River Basin is compovcd of Crystallme Rocks, - I‘urnas Formation, Upper—M1ddlc-
_ Palcozow, Upper Paleozoic, Botsucata Formation, Serra Geral Formation north.

Thé rc-sull of po't'eniia] analysis is shown in Table-6.2 and is 5ummarlzed_ as sct out below.
(1} Botucalu }‘ormauon

The aquifer of Botucatu Formation is exposcd on the ground S'I.Irf“iCC in a limited area but it
lies broadly under Serra Geral Formation in the northem part of the Tibagi River Basin. '

The development polenml of groundwater of this aquifer is assessed to be high as well as |

that in the Jguagu River Basin. Its groundwater is used as hot water in a coffee producuon
faclories in Londrina, and is anlicipated to be mdcly used in the fulure. i

(2) Serra Geral Formation north
The aquifer of Serra Geral Formation north is distributed broadly in the north of the Tibzigi -
River Basin. It's development potential of groundwater is assessed to be high and -

appropriate for medium to large scale because i its pcnmssnre yleld and productmly is higher
than those of the Iguagu River Basin,

(3) Furnas Formation

The aquifer of Furnas Formation is assessed to be appropriate for small séal_é grouiidweitcr
development based on productivity of borehole as well as that in the Iguagu River Basin.

(4) Other Aquifers

Groundwater development of other aquifers not aforementioned is assessed to be unfeasible
except for the sural areas facing shortagc or lack of other fresh water sources because of its
low pcmusswc yield and producuvuy as well as those in the Iguagn River Basin.



Table-6.2 Spatial Groundwater Potential of Tibagi River Basin Estimated by Water Circulation

EH

) (21 ~ 13 (4 I . 18} 5}
Aguifer Location in River Basin | Study | Spatial mQ7 Permissive Yield Require Total | Productivity
: Area . Recharge | Permissive| of Borehole
. - Yield
km? | m¥km? ¢} % x 10°m? | k¥l -m¥s X 19°mYs
. : Iska?
Cristalline Rocks ~ | Upper Tibagi 7,500 6.00 10 0.64 1,600 48 556
Lower Pakozoic . { Middle Tibagi 900 - -6t 10 0.36 2,800 0.32 218
Fumas Formation | Middle to Upper Tibagi | 3,500 - 15 - 833
Lower-Middle Middle 10 Upper Tibagi | 2,500 637 io 0.64 1,600 16 278
Paleozoic : ’ ) .
Middle-Upper Middle to Upper Tibagi | 12,000 46 o 0.46 2,200 55 2.18
Paleozoic . . . ‘ :
Upper Paleozoic | Upper to Middle fguagul 13,000 | 46 10 0.46 2,200 5.1 278
Botucate Forniation | Midd!e Tivagi and . 11,000 - - . - - 124
- | imainly L. Tibagiin -
underground .
Serra Geral Lawer leagl 10,800 17 20 1.5 670 16.2 1t.1
Formatioa north o : - .

¥| same meaning as transitory Rcchargc of Groundwater
[4] - Spatial Specific mQ,
[71- To!al Permissive Yicld of Aquiferin Sludy Area




6.3 Required Water Supply Amount

6.3.1 Water Demand and Sources:

Water demands are estimated for urban domestic water, rural domestic water, indusirial’
water and agriculiural water, - Water source which is appropriate for each water demand
seems to be basically as shown in Table-6.3, from the view pomt of developcd amount,
: lechnology, realization, elc,

Table-6.3 Waler Demand and S'ourc-fcs

“Walcr Denands B Region Maini Water * Sub Water
' : . ' . Sources . Sources
| l)omcs'ﬁc _ Utban  Surface Water | Groundwater
,' - Rural Groundwater - . Surface Waler -
lndustr%al " Urban’ Surface Water - Groundwaler
Agricuttural Rural Surface Water ' Gmtindx#&t& '

Water sources of urban domestic water and industrial water Wiii be established by
considering the characterislics of the region, surface water potential, groundwater potential,
ctc. '

6.3.2 Water Losses

Required water supply amount is caleulated by adding various losses to cach water demand.
Percentage of total water loss which includes losses for intake, conveyance, (reatment,
distribution of water, elc., is assumed as shown in Table-6.4 taking into c0n31derat10n
present loss percentage, fulurc improvement and type of water development.

Table-6.4 Percentage of Water Losscs

Purpose of Water Use Region | 1993(%) | 2005(¢%) | 2015(%)
Domestic Urban 40 30 25
Rural 15 10 16
Industry - Utban 15 10 10
Agriculture Rugal 20 20 20

6.3.3 Classification and Zoning of Region

The urban areas were classified into the following c*itcgones by cons:dcnng charactcnshcs
of each area: _

(1) Type-A: Large urban areas

The large urban arcas were defined that :heir popuhtnon wil} be more {han approxlmalely
100,000 in 2015.
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(2) Type-B: Medium urban areas

The medium urban areas were defi ncd that their populahon will be more than approximately
50,000 in 2015. _

(3) Type-C: Other urban arcas

" The other urban areas were classified into the following zoning by considering topographic
conditions: -

1) Zone-a: Urban areas located ricarby main streams

These areas located ncarby main stream or downstream of tributaries, therefore
problems of the shortage of intake rate and water quality are few.

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

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

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

TheSe areas require to intake the water from the downstream of urban town, and
water volume, water quality and intake method have many preblems.

* Forty-three municipalities belong to Tibagi river basin, out of which 3 urban areas were
" classified into Type-A and other 7 urban areas were classified into Type-B. 26 urban areas
belong to 'I‘ypc C urban areas and 7 mumclpahnes belong to only rural areas,

:{Type C urban aréas were classified into 3 zone by cons;denng topographlc condmons
- Urban classification and zonlng of Type—C urban areas are shown in Table-6.5

. :6 3 4 Reqmrcd Water Supply

- :Assummg water loss perccntage as shown in Tablc 6.4, bascd on water demand cstimated in
. the Section-5.4, reqmred water supply by sector and by region is calcutated for both base
: jand altcmatlvc cascs as shown in ’l‘able 6 6.
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6.4 Water Developmcnt in Large Urban Arcas (l‘)pc A)

The wrban areas were defined lhat their population wall be more thian approximately 100, 000
in 2015. The following urban arcas belong to 'l‘ype—A as large urban areas iii 'l‘lbagl river
basin.
— Ponta Grossa
--Londrina
- Apucarana

- The cutrent water snpply system in Londrina covers the nesghborhood urban area, Cambe :
(Type-B urban). Therefore, Cambc is to be mcluded in the plan of future water system of
Londrina. , _

6. 4 1 Water Requircment

Reqmred water supply in large urban areas is shown in Table—ﬁ 1.

Tablc 6.7 Requ:red Waler Supply in La:gv, Urban A:eas

Munlcipallty ' Year |
_ e 2005 2015
Ponta Grossa - | 0205 | 0433
Londrinaand Cambe |~ 0,549 | 1.223
Apucaram ] -] 0114 0,232

[Note) Water requ irement lor urban area is mamly composed of urban domeslic waler and mduslnal water, P
6.4, 2 Process ol‘ Water Resourccs Developmcnt Slndv
The process of waler resousces development in large urban areas 13 as shown below

{1) In cmes where main rivers are nearby and durect mlake is easy, water supply shall bp
securcd throu gh surface watet dcvclopmcm ' :

(2) ln cases where developmcnt by means of direct mlake is dnfﬁcnlt careful con&dcrahon.
shall be given to the ecase of development to the' development capacny and the
‘ dcvclopment cost, etc for bolh surface water and groundwaler

(3) Regardmg the developmcnt of surfacc walcr, more detallcd exammauon shall be made
on the promising altematives stated in the Sirategy (Main chon D upon consxderauon _
of the local survey results’ and the state of cxlslmg facﬁmcs - -

(4) Bxamination shall be given (o thc casc whcrc lhc whole water supply is provnded by
: groundwqter developmenl ' .

(5) Based upon the exammatlon results of (3) and (4), lhe opmnal development plan shall
be fonmulated upon first glvmg carcful cons:derauon to 1he condlllons slated in (2).



6.4.3 Waler: Resources Development Policics .

Based upon consideration of the topographical conditions in Type-A cities and the surface
water and groundwater conditions in the target arca, the water resources development

policies as shown in Table-6.8 were decided upon.

- Table-6.8 Water Resoun_:és Dévcl’opmen! Policies for Large Urban Arcas

Topographical

. Water Resources

City- ' State of Water Resources
Conditions Surface Water Groundwater Developrent Policies:
Ponta . Ponta Grossa is §If tributaries are utilized, a dam - | ‘The Middie Paleozoic | As the direct intake
Grossa situated on the | will have to be built in order to: | aquifer is located development of surface
' ridge area of the | store water due to small around the city, water is feasible and the -
basin catchment areas. If the Tibagi - | however, the surounding aguifer is not
boundacies of | river mainstream is utilized, productivity of . suited ta groundwater
ihe Tibagi river | direct intake development will befexisting wells is low | development, development
and Pitangui feasible. ’ and the permissivé | will be carried out to
river. yield is small. exploit the surface water
' . ' TESOUICES, a
Londrina - {Londrina is | If the tribularies arc used for | The Serra Geral As both surface water
and Cambe [sitvated in the [ develdopment duc to the large Fotmation 'nonh_ development and
midstream to  { demand for water, dams witl have | aquifer and below that | groundwater development
upstrean area {10 be built in order to store water. | the Botucatu are feasible, the
of a tributary of | Even if two dams are built, they - | Formation aquifer are | development plan shall be
the Tibagi will stitl not be enough to obtain| jocated around the formulated upon examining
river. the required amount of waler, city, and the both possibilities.
' Although a pipe line more than | productivily levels in
10 km would be required, it would | each aquifer are high.
be possible to achieve the direct
intake development of the
mainstream waters of Tibagi
river.
Apuvcarana | Apucarana is As the ratio of surface water that | Same as above As the city is located in a

situatéd on the
mountaing and
within the three
river basins of
the Tibagi,
Pirapo and Ivai.

can be developed is low (50% q
1oz OF less) compared to the unit
catchiment area in this district, it
would not be possible to supply
the whole water demand through
surface water development alone,
even if direct inlake from nearby
rivers and dam construction were
cafricd oul.

region where surface water
development s difficult
and where suitable aguifers
are sitvated, a water supply
plan of groundwater
development will be
formulated.
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