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CHAPTER 1 INTRODUCTION
1.1 General

The study was carried out to formulate the strategy for the water environment management in
Parani state, which provide the framework composed of policy and implementation strategy,
and to preparc the operation and monitoring system plan giving the basis for the water
environment management. Also, the master plan for the operation and mienitoring system was
formulated for the selected pilot river basins; the Iguagu and Tibagi river basins.

In order to achicve the mentioned objectives, the study eslablished the methodology for
formutation of a master plan for the water enviromment management through identification of
the problems and needs in the management of water environment at present as shown in the
work flow chart for the study in Figure 1.1.

| 1.2 Methodology
1.2.1 Present Situation in Water Sectors

The urban areas with population of 72 % to the total population of Parand state are mainly
developed in the hilly area. Therefore, some of the urban areas are facing or predicted to face
severe water shortage due to the less availability of surface water resonrces. The water
shortage, specially, in the major cities including Curitiba Metropolitan Area (CMA), Londrina
and Cascavel becomes serious due to concentration of population. In order to supplement the
water deficit in these urban areas, the groundwater source has been developed by the local
govemment, the state water supply company and/or water users. There, however, are many
unauthorized water users and the total numbers of the boreholds are supposed to be about
10,000 in the whole Parani state while the registered ones are about 3,000.

The sewage and indusicial waste water in the urban areas are discharged with treatment into the
adjacent rivers and however, insufficient capacity of the existing sewerage system induces the
river water pollution in these rivers. Also, in the rural areas, the use of pesticide and fertilizer
in the agricultural activities has an adverse effect on the river water quality and aquatic ecology.

The forest area in Parana state has been significantly decreased from 85 % in 1890 to 10 % in
1980 mainly for agricultural use. This change of land use has induced severe soil erosion in
the whole Parand state. As a secondary adverse effect, the eroded soils bring the pesticide and
fertilizer provided for the agricultural land to the rivers.

IFlood prone areas are mainly distributed along the Iguagu river and were significantly damaged
by the floods with a large magnitude in 1983, 1992 and 1995. The damaged major cities along
the Iguagu river were; Foz do Iguagu, Capanema, Unifio da Vitoria, Rio Negro and Mafra,
Porto Amazonas and S&o Mateus do Sul, and Curitiba Metropolitan Area.

Aquatic ecology atong the rivers in Parani slate has been deteriorated under the mentioned
water uses situation.



1.2.2 Definition of Water Environment Management

Water is a renewable resource that naturally follows the hydrologic cycle illustrated in Figure-
1.2. In order to draw an ideal portrait of managing the future water environment, the Study
defines the framework of the water environment formed by two (2) folds of systems:

() Hydrélogic cycle - river basin system, formed by the basic three (3) systems;
atmospheric water, surface water and sub-surface watér with basic four (4) dimensions
of quantity, quality, time and space, and :

{2)  Human activity - ecosystem, which is an interactive biosphere between human activity
and ecosystem rc!atmg to water. :

The Study, also, defines a “Water annronmcnt Mamgemem" as managing available water
resources {swiface water and groundwater) and excess water (flood control), and
environmental conservation and improvement such as the ecosystem, soil erosion, water
guality, ete. as illustrated as follows:

ENVIRONMENTAL
CONSERVATION &
IMPROVEMENT g
MANAGEMENT /.

a, e o
/ Cycle - wiver Ao

Water use managemient (water TEeSOUIces development) and water excess management (flood
control) are two (2) major components aiming to achieve people's social well being in the
sphere of water environment, Surface and sub-suiface water supply and use, hydropower
generation, inland navigation, fish culture and groundwater use are included in the water use
management (WU). -

While environmental conservation and improvement management are provided to achieve
symbiosis of hunan being and natural environment. Waste treatment, ecosystem conservation
and soil erosion improvement occupy a part of the environmental conservation management
(EC).

1-2



Water excess management (WE) consisting of flood plain contrel and urban storm water
control is treated separately from the WU and EC because it has both nature of the WE and EC.
These three (3) components are interactive and their fiinges have a tendency to expand
responding to the expansion of region's cconomic size.

1.2.3 Concept of Integrated Management of Water Environntent

In order to establish a master plan covering the aforesaid management fields interactive between
them, the Study applied an integrated management framework which forms a hierarchy of basic
models and systeims as shown below:

Global Hydrologic
Cycle Model

Standards, Guidelines,
Models for Planning and §
Management

3 g e D

Integrated
e Institutional

Monitoring Project Management

The institutional framework is at the center of integrated management of these frames. The
human activity - ecology system is interactive with the hydrologic cycle - river basin system.
Figure-1.3 also indicates significant role of monitoring in water environment management,
which provides quantitative basis for environmental standards, laws and actions at present and
for future improvemen, and necessilty of environmental impact analysis including initial
environmental examination in the project management

1.2.4 Study Pelicy

in order to attain comprehensive approach to management of the water environment including
development and use of water resources, the Study deploys the following study policies:

13 Water basin and hydrologic cycle approach,
2) Integrated approach,

3) Interactive approach, and



4)  Upiform ptanning, monitoring and management criteria.

Both the Strategy and Master Plan address the framework of model formulation and

management of water environment using the water basins (river basin, groundwater basin or |
sub-basin) as a study and management unit rather than a political or administrative unit. Sector

study and management models intend to clarify linkage among three basic sub-systems in the

hydrologic cycle. Integrated and interactive approaches with uniform criteria are pre-requisite

for the consistem, ¢ffective and comprehensive management. '
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CHAPTER 2 PRESENT CONDITION OF RIVER BASIN MANAGEMENT
2.1 River System Classification for'Rilve'r Administration

The river waters in Brazil are classified into federal, state and monicipality in terms of
administrative and legislative power. The new conslitution promulgated on October 1938
stipulates jurisdiction of the lakes, rivers, any water course in land and hydraulic energy
potentials, and delineates the power limit of the Union (the Federal Republic), the states, the
federat district and the municipalilies. The water code, decree 24643, July 10, 1934 stipulates
general rules on the ownership of rivers, lakes and those of underground as well as river beds
and their border areas, and general stipulation on the concession, authorization or permission of
water use and the obligations of the title holders. However, those provisions on ownership
have been replaced by the new constitation.

These laws define the public water use rights not only by river situations but also by water use
purposes. According to the location in land within its domain, the main rivers in Parana State
are classified into the federal and state rivers (refer to Figure-2.1):

Federal River State River
Parana river {main stream) _ Piquiri river {main & tnibutaries)
Paranapanema river (main stream) Ivai river (main & tributaries)
Iguacu river (main stream) " Pirapé river (main & tributaries)
Itararé river (main stream) Tibagi river (main & tributaries)
Ribeira river {main stream) Cinzas river (main & tributaries)

Negro river (a tributary of the lguagu river) Coastal zone (roain & tributaries)

Although the main strean of these rivers can be classified into either federal or state, their
tributaries are not able to be classified all in one state or municipality. The administrative
territory of the tributary is not necessarily same as that of the main stream into which water of
the tributary flows. Therefore, the river basins can not be necessarily classified definitely info
federal, slate and municipality in terms of location. Table-2.1 presents the location belonging
of nations, states and municipalities to the river basins in Parana State in 1991. The municipal
boundaries vary year by year and thus they may be different in 1995.

Further details of the legal framework with respect to administrative and legislative power are
presented in the Sectoral Report M for Institation. ‘The classification with regard to
environmental quality standards prepared by the CONAMA (the National Environmental
Council) is presented in the Sectoral Report I for Water Quality and Sewerage.

2.2 Institution Related to Water Environment Management

The river waler in Parand slate is currently administrated by three (3) levels of authorities:
federal level, state level and mumcnpal level.

The major orgamzauons of the federal level are the National Department of Water and Electric



Energy (DNAEE), ELETROBRAS, ELETROSUL, ITAIPU, the Ministry of Mines and
Energy (MML), National Council of Environment (CONAMA), Brazilian . Institute of
Environment (IBAMA), Ministry of Environment and Legal of Amazon Region, Secretariat of
Nationral Irrigation (SIR) and Ministry of Regional Integration (MIR).

The DNAEE, ELETROBRAS, ELETROSUL and ITAIPU are placed under the MME. The
CONAMA and IBAMA are placed under the Ministey of Environment and Legal of Amazon
Reglon The SIR is placed under MIR. '

The major organizations of Parané State are State Council of the Environment, Environmental
Institute of Parand (IAP), Superintendency of Erosion Control and Environmental Sanitation
(SUCEAM), State Secretariat of the Envitonment (SEMA), Council of Regional Development
of the Coastal Area of Parané, Institute for Municipal Assistance of Parana State (FAMEPAR),
State Secretariat of Urban Development (SEDU), State Council of Fishing (COESPE), State
Council of Hrigation and Drainage (CEID), Department of Supervision (DEFIS), Operational
Department of Agriculture and the Supply (DAGRI), Agronoinic Institute of Parani (IAPAR),
Company of Agriculture and Livestock Breeding Develepment of Parani (CODAPARY), State
Secretariat of Agriculture and Supply (SEAB), Minerals of Parani Corporation
(MINEROPAR), Energy 'COmpany of Parand (COPEL), Sanitation Company of Paranj
(SANEPAR), State Secretarial of Higher Education, Science and Technology (SETH),
Managing Unit of the Program of Environmental Sanitation of Curitiba Metropolitan Region
(PROSAM), Coordination of the Metropolitan Region of Curitiba {COMEC), Economic and
Social Development Institute of the State of Parani (IPARDES), State Secretariat of Planning
and General Coordination (SEPL) and State Secretariat of Transport (SETR).

‘The COPEL and SANEPAR are independent companies. The COESPE, CEID, DEFIS,
DAGRI, IAPAR and CODAPAR ar¢ placed under SEAB. The FAMEPAR is placed under
SEDU. The PROSAM, COMEC and IPARDES are placed under SEPL, while IAP and
SUCEAM are subordinated to SEMA after the reorganization in February, 1995,

In Parané State, there are 371 cities and municipalities which are divided into several régi()ns,
based on the micro-zoning established by the state government as of 1993.

In addition, there are also autonontous public institutions like Inter Municipal Concessionaire
for the Environmental Protection of Tibagi River Basin (COPATI} and non- -govemmental
organizations (NGO} like Permanent Regional Commission Against Floods in the Iguagu River
(CORPRERI and COPRENE).

Administration of river waters is involved in purposes of water use, stages of implementation
and location sitwations. For example, a hydroelectric company must apply concession for
construction of a hydroelectric power plant to the DNAEE, a federal organization even located
in the state river because all hydroclectric potentials belong to the federation. Monitoring -
authority of water quality of the federal river in Parana state is granted to the DNAEE. On the
other hand, a water consuming company must apply concession for water use in the tributaries
of the Iguagu river to the IAP, a state institution, because the IAP is in charge of grants of the
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water use (concession, authorization and permission) in the state river.

The Study has conducted an interview survey regarding decision tree of administrative power
in charge of each water environment sector in order to visualize the management framework of
river waters and environment in Parani State. The water environment sectors subjected to the
survey include groundwater use management, fish culture management, inland navigation
management, hydropower generation management, surface water supply management,
ccosystem conservation management, waste treatment managemeit, soil erosion improvement
management, and water excess (flood control) management including flood plain and urban
storm water.

Water administration of each sector js involved in water use licensing, study, planning, design,
implementation, operation and maintenance, monitoring, and warning and rescue activities. The
result of interview swrvey is summarized in Table-2.2 which is based on information available
from several organizations.

An interview survey has also been conducted for the institutions which have legal responsibility
of administration of operation and monitoring systems. The items subject to survey cover:

n Operation system; groundwater supply, surface water supply, river-reservoir
operation for multifarious water use, river-reservoir operation for flood control, power
load operation,

) Moniloring system; collection and bank systems for meteorological and hydrologic
data, flood forecasting and warning systems, groundwater basin (quality and
quanlity), aqua ecology monitoring, fish resources monitoring, waste discharge
monitoring, soil erosion monitoring, surface water supply monitoring.

The COPJL and SANEPAR conduct momlormg for their operational purpose to fulfil! public
demand and their quantity and quality standards, though they have not direct legal
responsibility on monitoring for superintendency. The interview result is summarized in Table-
2.3.

Further information conceming the administrative and legislative power of the federal and state
organizations are presented in the Sectoral Report M for Institution.

2.3  Monitoring and Operation Systems
2.3.1 Existing Monitoring System and On-going SIMEPAR’s Systemn
() Existing monitoring system

There are various kinds of monitoring stations in Parani State, but the reported number of
stations is different each olher in different institutions. A list of recorded stations in DNAEE is
adopted in this report,

Meteorological stalions, rainfall gauging stations, flow measurement stations, and water quality



stations are distributed in space fairly well in Parand State. The location map of the rainfall
gauging stations equipped with automatic recording and telemetric systems is shown in Figure-
2.2. The location map of the automatic and telemetric flow measurement stations is shown in
Figure-2.3. Further information of these stations are described in the Sectoral Report B for
Meleorology, Hydrology and Surface Watel Resourccs

There are 844 rain fall, 217 stream flow, 193 river-reservoir water quality, 104 river-reservoir.
water ecology and 132 sediment measurerment stations in Parand state. The breakdown of these
monitoring stations and corresponding obsesvation frequency are summarized in Table-2.4.

The ways of measurement are classified into three (3) types; by manual observation, by
automatic recording and by telemetric system. Forty-two (42) of 171 automatic rainfall
gauging stations are equipped with telemetric equipment. Twenty-one (21) of 69 automatic
flow measurement stations and another one station are equipped with telemetric equipment.
These telemetric systems are also used for flood waming and reservoir operation.

There are 193 water quality monitoring stations in Parand State. The water quality has been
nmonitored by the SUREHMA since 1970, and its monitoring was succeeded by the IAP from
1989 to present after abolishment of the SUREHMA. The aerial distribution of these stations is
shown in Figure-2.4. ' The monitoring items ate water temperalure, dissolved oxygen (DO,
coliform fecal, pH, biochemical oxygen demand (BOD), total nitrogen (T-N), total phosphate
(T-P), turbidity and total solid. '

Most of these telemetric systems have been installed by the DNAEE and the rest are by
ELETROSUL, COPEL, and CESP (Electrical Central of $do Paulo). The Iguagu river basin is
most concentrated with regard to telemetric measurement stations in Parana state. There are
13 stations installed by the DNAEE in this basin including the ones in Santa Catarina State.
These telemetric systems are operated by the DNAEE as a part of the flood warning national
system and by COPEL for reservoir operation. Figures-2.5 shows the telemetric system in the
Iguacu river basin. '

There is no periodical measurement of groundwater level in Parani state. However, the
records of about 2,800 wells are available out of 3,100 registered ones though these are limited
to pumping test results for dcvelopmem wells. There is litlle obscrvation wells in Paran State.
According to the right of groundwater use regulation established by the IAP, groundwater
quality tests of each well are supposed to be conducted every five years including physical,
chemical and bacteriological analysis. However, this regulation seems not to be conducted in
deed. '

(2) SIMEPAR

The SIMEPAR was established by -the Government of Parand State in 1993 under the
agreement of two (2) related agencies of the IAPAR and COPEL for provision of
meleorological and hydrological data with high reliability. As of 1995, preparation works
including construction of operation center and procureiment of equipment are gomg on in
Curitiba.



Figure-2.6 shows the system plan of the SEMEPAR mainly composed of data collection system
and compuler system in an operation center being constructed in Parana Federal University in
Curitiba. The data collection system is planned to consist of, 1) weather radars at Irati,
Catanduva and Apucarana, 2) satellites image reception of METEOSAT, GOES and TIROS,
3) lightning sensors, 4) telemetering weather stations of 116 nos. in Paran4 and Santa Catarina
States in the Iguagu river basin, 5) teleinetering water level gauging stations of 44 nos.,
6) atmospheric environmental stations, 7) radio sondes and vertical profiler, and 8) global
telecommunication system. The computer system is designed to be composed of data
processing system, data storage system and product generation system.

The AP, COPEL and JAPAR will be connected with exclasive line or tetephone cable and
easily approach to the data storage system. Also, public users are able to connect their
compuier with the data storage system and to obtain data and information. Data and
information to be avaitable in this system are given in Table-2.5.

Total project cost is estimated at US$ 35 million which is scheduled to be financed by the
Government of Parana and to be disbursed during 5 years as shown in Figure-2.7.

2.3.2 Existing Operation System

The flood forecasting and warning system for the Iguagﬁ river has been operated by the
DNAEE, and its information is distributed to the COPEL and civil defense and municipalities
for rescue activities. The flow of wamning information is illustrated in Figure-2.8.

Reservoir operations of the COPEL and ELETROSUL (Electrical Central of South of Brazi)
are conducted considering interaction between the existing reserveirs along the lguagu niver for
maximizing hydroclectric power - generation and control of excess water. The operation
direction of each dam is dispatched daily during normal condition and it can be shortened up to
every 10 minutes in case of emergency. Collected data through telemetric networks are
analysed for each reservoir and operation directions of next day are decided according to the
monthly operation program. All of these dispatches are transferred through telephone or
computer networks. There is no remote control in operation.

There are three (3) reservoirs in the Iguagu river basin which were constructed by the
SANEPAR and PETROBRAS for domestic and industrial water supply for Curitiba
metropolitan area. Besides, many intake structures are provided for water supply to the
municipalities by the SANEPAR and autonomous bodies in the whole Parand state. These
structures has been operated by the aforesaid organizations in consideration to maintain
downstream flow rate in accordance with the regulation.

2.4 Problems and Needs in Existing River Basin Management
2.4.1 Institution and Organization

The problems and needs with respect to the institution and organization in Parana State are dealt
with in the Sectoral Report M for Institution. '
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2.4.2 Monitoring and Operation Systems
(1 Monitoring system
Rainfall Stations

The number of rainfall stations is fairly well distributed for the puipose of macro-scale water
resources development planning and operation. It is difficult to specify density requirement of
precipitation stations on a unit-area basis in genéral. An investigation of the probtem (Langbein
1960) indicates that population density may be one of the major factors affecting the density of
precipitation slations. According to the report of this investigation, the “reasonable minimum
objective" lines in Figure-2.9 represent a compromise between uniform adequacy in regard to
population and that desirable on a purely geographic basis. This figure shows the data on
density-of-precipitation gauges in various countries before 1960 and the situation of Parand
State in 1993 was plotted on it. The situation of Parana State is close to Spain and better than
reasonable minimum objective tine.

Although it is fairly good in view of macro-planning, it is necessary to examine appropriate
numbers and distribution of rainfall stations when discussing about convective rainfall in spotty
arcas. Because the concentrated and spolty aerial distribution of many heavy rainfall centers is
difficult to monitor, increasing the density of gauges is one of effective ways to improve
accuracy of the apparent average acrial rainfall.

River-Reservoir Measurement Stafions

The number of river-reservoir water flow measurement stations in Parani State is fairly good
for water resources development in view of large scale basin development according to
Langbein (1960). Figure-2.10 shows the data on density of stream flow gauges in various
countries before 1960 and the situation of Parana State in 1993 was plotted on it. The situation
of Parana State in 1993 is better than Italy and Japan before 1960 in terms of relative density.

Water Quality Monitering Stations

Acerial distribution of the water qualily monitoring cannot be assessed in number only because
the water quality deterioration was mainly conducted by human activity and it tend o cluster
around the spots. It is necessary to examine the locations of the observation stations
conceming effluent points. '

Ground Water Measurement Stations

It is serious problem that there is no periodical observation station of ground water level in
Parani State. Observation of groundwater level is basic requirement for groundwater
development and monitoring. It is needed to install observation wells which - measure
groundwater level daily and quality twice a year.



Data Transfer and Bank Systems

Since water environment information can be effectively used for various purposes, it is
necessary to collect these data and transfer to the institutions concerned and open to the public.
‘To reatize these services, multifarious use of existing systems and supplement of new systems
are necessary to be studied.

On the other hand each institution in Parani State maintains its data system for its own purpose
with own standard, and it results in significant discrepancy among respective data at present.
For example, there are three data bank systems in different institutions in Parana State: i.e.,
MSDHD (DNAEE), CADASTRO-PLU-FLU (IAP) and SISTEMA DAD (COPEL). There are
also lwo Geographical Information Systems: i.e., in IAP and SANEPAR. These data bank
systems are needed to be integrated and administrated with a uniform regulation and standards.

(2)  Operation system

The DNAEE has a flood forecasting system in the Iguacu river and repoited good accuracy in
prediction results. It forecasts water levels 12 hours ahead. It seems to be enough for rescue
activities against the floods, but the lead time may be necessary to be examined conceming
necessary period for flood fighting activities.

The number and distribution of telemetric precipitation stations for flood forecasting used in the
upper Iguagu river may not to be sufficient to capture concentrated heavy rainfalls, like
convective rainfalls, An aptitude study on the existing operation systems may be required
taking the influence of convective rainfalls into consideration in the future.
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CHAPTER 3 STRATEGY FOR WATER ENVIRONMENT MANAGEMENT
3.1  Framework of Strategy for Water Environment Management

Strategy of the water environment mianagement provides a set of medium-term to long-term
principtes and broad action programs in order to support the achievement goals and to
implement the key policies for protection, improvement, development and management of the
water environment as a guideline. This definition of Strategy does not include independent
project identification, ranking, or financing, while a Master Plan includes investment - or
project oriented. A Master Plan is a specific set of projects that are placed within the context of
the achievement goals and policies of the Strategy.

The Strategy proposed in this study is composed of policy and implementation strategy as
shown in Figure-3.1. The policy is composed of core objectives and three (3) policy kits;
principles, improvement of implementation measures and improvement of institutional
arrangement. Objectives of water environment management are to establish an ideal poutrait of
healthy water environment. Identification of problems and needs at present and in future and
image of future direction of creating healthy water environment wilt provide a basis of objective
formulation.

Principles define broad framework and basis for detailed guidelines, standards and practices.
Designation of specific model areas will be required for actual implementation of improvement
measures for problen: areas.

Implementation strategy is composed of three (3) sets of programs and one implementation
schedule. These are project programs for model areas, improvement programs for organization
and law, improvement programs for financing and cost recovery arrangement, and
implementation schedule for these programs. Project programs are composed of water use (or
called water resources development) programs and environmental conservation and
improvement programs. Respeclive sector programs are to be formulated for specific model
areas.

3.2  Water Environmental Policy
3.2.1 Necessity of Water Environment Management

The water envirommnental issues in Parand State are classified into the urban based and rural
based ones. The problems predicted in Paran4 State are; shortage of domestic and industrial
water supply, deterioration of surface water and groundwater resources due to increase of
~ domestic and industrial sewage loads and waste disposal, their impact on aqua-ecology due to
pollution loads and reduction of green coverage, variation of heat and evapotranspiration
mechanism, increase of flood runoff, variation of base flow and groundwater recharge,
deterioration of riverain landscape, and occupancy of illegal residents in the flood prone areas
as indicated in Figure-3.2,

These urban issues are predicted to be induced due to concentration of population and growing



economic activilies as given in Table 3.1. Expansion of urban areas and increase of population
density are consequence of migration from the rural area to the urban area rather than raise of
birth rate in case of Parani State.  Enhancement of land use, increase of factories and
modemization of life style are product of concentration and growth of economy in the urban
areas.

Tmpact on the aquatic ecology due to increase of sediment, pesticide and fertitizer loads from
agricultural Jand development, ang change of food cycle in ecosystem due to deforestation and
consteuction of hydropower dams are major environmental issues in the tural areas. Problems
and needs relating to rural domestic water supply, industrial and agricultural water demand,
and inland navigation are rather minor. Variation of temperature and weather due to change of
evapolranspiration mechanism, and variation of runoff mechanism due to deforestation is not
clear. These rural issues are impacts due to mainly development of agricultural land and water
resources. Deforestation is consequence of mainly agricultural land development,

Relationship between the mentioned environmental issues and each management umt of the
multifarious water use and improvement pro;ect is illustrated in Figure-3.2. '

These progressive problcms are predicted to cause sngmflcam deterioration of living
environment and guality of life in both the urban and rural areas in Parana State in the future
while public interests in Parani State demand both creation of high quahly of living
environment and preservation of ecology.

In this circumstances, an integrated water environment managenent will be urgently necessary
for preservation and/or restoration of natura! and lwmg enviconment, i.e., symbiosis with
natural environment. :

Figures-3.3 and 3.4 illustate causal relationship of prospective urban issues of water
environment in Parani State in refation to management framework.

3.2.2 Direction of }[éallhy Water Environment

The progressive development issues are predicted to cause significant deterioration of living
environment and to increase risk of encroachment of human life both in the urban and rural
areas in Parand State. Under this siluation, all the people in Parani State are entitled to a
healthy and productive life in harmony with nature and therefore, the desirable water
environment management in Parana State is required to satisfy the followings:

1} Water use management for sustainable development
a) to maintain and supply reliable fresh water resources in quantity, -
b) to maintain and supply safe fresh water resources in quantity,

¢} tocontrot adequate use of fresh water resources, and



2)

3)

d) toavoid conflict among competing water uses.
Water excess management

a) to minimize risk of death and injt‘uy of human life and property damages or
loss (private and social) from ﬂooc_l.

b) to control excessive runoff propezly,

¢) to control dischatgcs of waste and toxic material into fresh water sources
during flood.

Environmental conservation and improvement management

a) to reproduce and/or maintain the original genelic library of the aquatic
ecosystem at the time when the originat forest coverage was still well
maintained, ' '

b) to minimize risk of encroachment of aquatic ecosystem due to human
influences,

¢) toreproduce and/or maintain the riverain natural landscape,

d) to minimize impact of human influences to aquatic ecosystem such as
discharges of waste and toxic materials.

3.2.3 Objectives of Management of Water Environment

The objectives of water environment management are established for Paran4 as follows:

B

2)

3y

4

to maintain sustainable development of reliable and safe water resources to achieve
people’s social well being, and symbiosis of human beings and natural
environment,

to minimize risk of encroachment of human life and ecosystem library due to
human influences, '

.to improve and/or reproduce the damaged water environment, and

to coordinate smooth implementation and operation of multifarious waler use and
improvement projects among the institutions.

These objectives coincide with the title of chapter 18 of “Agenda 21: Program of Action for
Sustainable Development” declared in June, 1992 in Rio de Janeiro, “Protection of the quality
and supply of freshwater resources: Application of integrated approaches to the development,
management and use of water resources”, :



The first objective is established on the basis of the Principle-1 of the “Rio Declaration of
Environment and Development,” which described that human beings are at the center of
concems for sustainable development and they are entitled to healthy and prospective life in
harmony with nature. The sustainable development of reliable and safe freshwater resources is
to be contained in the hydrologic cycle, and symbiosis of human béings and natural
environment is to be contained in the human activity - ecology systera.

‘The sccond objective is to be attained by the operation and monitoring systems and the quality
control management system. The third objective is to be attained by the multifarious water use
and improvement project management. The fourth objective is to be attained by the integrated
institutional framework (refer to the conceptual diagram in Figure-1.2).

3.2.4 Composition of Policy

For preservation, improvement and restoration of the water environment of Parana State, the
following policies are proposed to be arranged comprehensively and effectively (refer to
Figure-3.1}.

(1) Policy and principles

It is desirable to taunch a clear definition of a long-termm cconomic development policy of
Paran4 State which is sound to water environment rather than the conventional growth pole
development policy and is to be linked with the state policy of water environment.

Principles are to be clearly established as a part of the state policy for water environment in
order to materialize the objectives of water environment. The principles provide broad policy
framework which define desirable water environment and basis of setting guidelings, standard,
and practices for managing, planning and other necessary activities.

Guidelines, standards, and practices define all necessary limits and targets for management and
countermeasures, and methodology and procedure for uniformity and consistency.

(2) Model areas as implementation measures

Model areas are the areas or regions where water enviconment issues are presently significant
or predicted to be significant in the future, and specific monitoring, administration,
management, or provision of countermeasures are assessed to be necessary regardless of urban
or rural areas. The state govemnment is expected to appoint the areas appropriately and timely
as a pat of policy. 'The selected pitot tiver basins are independent on the model areas in
principle, but those will become a model case study.

(3)  Institutional arrangement

Improvement of institutional arrangement will be necessary for the integrated management
including allocation and coordination of water use right, monitoring, project implementation
and operation. The institutional amangement includes legal framework, administrative

3.4
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framework and organization.

3.2.5 Principles

The following principles are formulated assuming the future conditions of Paran4 State:
(1) Principle of symbiosis of human beings and natural environment

Standards and criteria related to water are to be newly established or improved being linked
with the principle of symbiosis of human beings and natural environment,

This principle defines the essential power to establish the water quality and guantity standards
not only for protecting human life but also for preserving aquatic ecology. For example, the
standard for sewage treatment will require both the quality for domestic water supply and the
quantity and quality (toxic control} for aquatic ecology. This concept suggests that
preservation of ecosystem will eventually result in protection of human life in the hydrologic
and ecological cycle. '

Particular attention may needs to be paid to the fact that original capacity of genetic library and
biological diversity in Brazil is extremely larger than that in the industrialized countries and
their preservation is essential not only for Brazilians but also for present and future generation
of human being as a whole.

In order to achieve this principle, a continuous and long-term eftort to monitor the exisling
genetic library, in particular aqua species including microorganism, will be essential
requirement at a starting point in addition to the existing meteorological, hydrological, and
water quatity monitoring stations.

Also, It will be necessary to introduce biological assay or indices as a part of water quality
standards in addition to the existing physical and chemical standards.

(2)  Principle of hydrologic cycle

The principle of hydrologic cycle defines quantitative assessment and sustainable development
of sutface and groundwater resources, and linkage between waste waler treatment and
contamination leve! in the hydiologic cycle.

The hydrologic cycle management is a fundamental principle to materialize sustainable
development of freshwater resources and protection of the quality and supply of freshwater
‘resources. Hydrologic cycle management is a tandem of the integrated management of quality
and guantity. Hydrologic cycle, also, covers recycle use of water resources (such as industrial
water use in urban ateas) with respect to effective use and principle of risk and benefit.

(3)  Principle of multifarious water use

Multifarious or multipurpose water use is essential to meet the following needs:



- diversified and competing water use
- effective use of limited quantity of water resources
- fair and efficient allocation of water resources
- preservation of water environment
)] Principle of cleaner production

The principle of cleaner production aims to enhance and achieve production technologies which
enable to minimize waste yield and use of toxic materials in factory’s production process (the
guideline by United Nations Environment Program - UNEP).

The cleaner production covers the following basic three (3) process:

1) Reduction technology to reduce the content of toxic chemical materials contained in
sewage and solid waste in the production process, and to reduce the use of the
* toxic chemtical materials in quantity.

2) Recycle technology to prevent occurrence and discharge of toxic chemical materials
by new lechnologies and confine in a closed cycle system.

3) Reuse technology to change toxic and non-toxic materials into non-toxic resources
for reuse.

For minimizing or reducing wasle effluents from industrial factories, it is essential to introduce
and enhance the in - process technology which is successful in some of the industrialized
countries rather than relying on the end-of-pipe technology only.

{5 Principle of risk management

Risk management, which is composed of risk assessment and risk control management, will be
a fundamental (ool to minimize risk of encroachment of human life and genetic library due to
human influences. The risk assessment will require comprehensive monitoring and operation
systems and the risk management will need water quality and quantity standards under the
principle of symbiosis. Flood control level is also to be considered as a part of 1he
comprehensive risk management.

(6)  Principle of risk and benefit

The principle of risk and benefit will be an appropriate and practical way of risk management
among the risk control principles; 1) risk free or zero risk principle, 2) risk-.base'd principle
(uniform risk), and 3) risk benefit principle. The risk and benefit principle is a yardstick to
establish standards for controlling water quality (organic effluents and chemical substances
relating to occurrence of cancer, etc.) for both domestic water supply and conservation of
ecosystem, to establish an allowable limit of risk, and to assess provision of monetary




measures including structural measures. The principle of risk and benefit is to be employed as
a concept of trade-off between risk and benefit or a concept of the multiple objective policy.

In view of the risk and benefit the in-processing technology might be highly justifiable for the
industrial waste treatment, while the septic tank method might be efficient as the household
domestic sewage treatment. A proper combination of public sewerage (basin sewerage
system), village sewerage and household sewerage may be effective to increase service ratio
and to control increasing future pollution loads. That is, economically efficient treatment
methods are necessary (o sought out in referenice to population density in the service area rather
than relying on the basin sewerage system only. '

(7 Principle of integrated and comprehensive management
Integrated and comprehensive management is essential to meet the following needs:

- to achieve balanced development for multifarious water demand and sustainable
development,

- to control linkage of water and land use management,

- to control linkage of surface and groundwater management for sustainable (or
rechargeable) development,

- to control linkage of water quality and quantity for the comprehensive risk
management ang the principle of symbiosis, and

- to contro! smooth implementation and operation management.
(8)  Principle of proper cost recovery

Establishment of an appropriate cost recovery system including pricing mechanism and
charging system will be essential to approach to the goal of water environment management
effectively. The principle of “nsers - to - pay” and “pollutant - to - pay” will be necessary to be
materialized. B : '

3.2.6 Identification of Model Areas

Model areas for the respective project management sector ate identified on the basis of river
systems, administrative division and the major problems on water environment thereat and
proposed as shown in Table-3.2.

3.3 Implemeatation Strategy
3.3.1 Composition of Implementation Strategy

Implementation strategy is composed of the following programs:



(1)  Project programs

Concrete project programs for respective water environment issues are to be formulated for
each model ateas designated after coordination among federal and state agencies, organizations
and municipalities concerned. The project programs are two (2) folds; water resources
development {water use) and environmental conservation and improvement,

The project programs will be classified into the following hierarchy:

a} Programs for achieving objectives of water environment manageinent, composed
of existing or on-going programs and new programs

b) Programs for (he state of urgency when the objectives can not be altained,
composecd of measures for abnormal drought, flood and water quality

@ Organization and law

Institutional development and human resources development are strategic elements of the
capacity building for implementation. Institwtional development includes strengthening of
organization and legal framework and development of community participation. Development
of human resources includes strengthening of education and training capacity, sharing of
knowledge and data and improvement of career structure (refer to Sectoral Report (M):
Institutions).

3) Financing and cost recovery amangement

The implementation strategy for financing and cost recovery arrangement is presented in the
Sectoral Report (N): Economic and Financial Assessment,

4y Implementation schedule of project programs

Selection and formulation of comprehensive implementation programs and schedule are to be
conducted through screening procedures of the project programs for the model areas after
coordination among agencies, organizations and municipalities concemed since. all - the
prospective programs may not be implemented because of financial and time constraints. The
SEPL or other relevant institution will be required to support implementation and to appoint an
appropriate implementing organization in case of multi-disciplinary approach.

The implementation programs are composed of water resources development programs and
environmental conservation and improvement programs.

3.3.2 Implementation Strategy and Schedule for Project Programs

Project programs for respeclive management sector are to be formulated with the proposed
principles. An example of the goal and implementation strategy for sector project programs for
water use management and environmental conservation and improvement management are
shown in Table-3.3 and Table-3.4 respectively. '
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It will be proposed to arrange two (2) stages in implementation schedule:
- Firststage ¢ present to the year 2005
- Second stage : the year 2006 to 2015.

The project programs to be conducted urgently and/or to be conducted as extension of the
present and on-going programs are to be atiributed to the first stage. The project programs
which are required to achicve the desirable or ideal conditions of water environment in the first
quarter of the 21st century are to be attributed to the second slage if conduct of these can be
waited to the necessary extent of time.,

3.4 Framework of River System Administration
-3.4.1 River System Classification

At present the rivers in Parand State is classified info two, the federal river and the state river in
terms of jurisdiction of river and water by the constitution and the water code as described in
Section 2.1. ' ' '

Classification Jurisdiction Institution in Charge
“Vl‘)_;;c];;al fiver internationat and inter-state rivers DNAEE
2) State river _ - other ti;an federal rivers IAP
3) Riversin specially (appoint coordination and management (exanlpleé; COMEC,
designated arcas | unit occasionally) PROSAM}

The river classification relating to the ownership of river and water resources will be subject to
review in the future because the federal govermment has been reviewing the laws relating to the
jurisdiction,

3.4.2 River System Administration
The future river sysiem administration is desired to manage the following matters effectively.
1)} integrated manaQemcm_ of ownership of river and water resources
- public water use right
- priority in conflicling water uses
- ‘concession, authorization and permission procedures,

2) designation of model arcas for water environment management and related
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administration,
3} integrated management of project identification, planning and implementation,

4y integrated management of operation rules of dams, reservoirs and facitities related
water,

S) integrated monitoring and managcment of quantity and quahly of the water
'env;ronmem S :

6) consignment or trust of the administration to municipal institutions,

The integrated institutional framework imaged . in Figure-1.2 will be required to-fulfill the
foregoing administrative requirement. It aims to manage interactive process among planning
(including modeling and standards), project implementation, operation and nonitoring.

3.5 Institution and Legal Arrangement

At present, the government of Paran4 State has been managing fairly well the administration of
multiple disciplinary projects for rivers in specially designated areas such as Curitiba
Metropolitan area where coordination, cooperation, and collaboration is required among
institutions concerned.  Management Unit of the Program of Environmental Sanitation of
Curitiba Metropolitan Region (PROSAM) and Coordination of the Melropolitan Region of
Curitiba {COMEC) are good examples of integrated managemenl. These unils are jointly
operated by the state (SEMA, TAP and SUCEAM), municipatities, SANEPAR, ectc. with
collaboration by other organizations.

‘Therefore, the Study Team has assessed that the existing institutional framework of Parani
State has a high potential to manage the envisaged water environment provided with some
improvenient and flexible operational arrangement.

3.6 Monitoring and Operation Systems -
3.6.1 Framework of Monitoring and Operation Systems
(1) Task of operation and monitoring systems

Task of the operation and monitoring systems is to provide necessary information and data for
achieving the objectives of water environment management, The necessary information is to be
classified into three: '

1) Data base for project planning and il]lplenlelltatioh, including forecasting models,
multifarious water use and improvement projects, and guidelines and standards,

2) Data base for administration and superinteadence, including law  systems,
institutional framework and bulletin to the citizens, and
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Data base for operation and monitoring, including operation of water and river
facilities such as dams, intakes, and pemping stations, and maintenance.

These data bases provide the basis of interactive management procedure among the
management systems and models illustrated in Figure-1.2:

)
2)

3

4)

3

Gilobal hydrologic cycle model

Water use and waste forecasting models in socioeconomy - hydrology - ecology
system ;

Multifarious water use and improvement project management
Integrated institutional framework

Operation and monitoring of surface - subsurface water system

(2) ° Target

As a part of the policy, the targets of A, B and C is proposed to establish desirable operation
and monitoring system, of which linkage among these targets and management items of water
environment is illustrated in Figure-3.5:

Targef - A

: High Density and Multi - dimensional monitoring

The high density and multi - dimensional monitoring aims to establish:

1)

2)

Multifarious indicator monitoring of human activily and aquatic ecology

a) water quality items for environmental protection laws

b) water quality and quantity items for Domestic and Industrial water supply

c¢) water quality and quantity items for ecosystem preservation

d) water quantity items for riverain landscape

¢) water quality items for recreation

f) items for acid river and saline river

g) items for bulletin to the citizens

Multitude point monitoring --- enhancement of regional density
a) pointto area and- basin monitoring (regional monitoring)

b) surface to hydrologic cycle monitorin 2 |
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3) Time series monitoring --- enhancement of time axis .
¢) monitoring responding to flow duration

d) time series monitoring responding to seasonal variation (annual, monthly, 10
days, 5 days, daily, hourly, drought period, irrigation period, etc.)

Target - B :  Unified Monitoring
1) FEnhancement of real time and telemetric systems
2) Simultaneois monitoring of water quality and quantity
3) Regular operation systems with flexible operation to emergency
4) Linkage with surface water and groundwafcr
Target - C :  Integrated Operation and Monitoring

In order to superintend various monitoring items and standards eftectively with consistent and
uniform procedure integrated operation of water and river facililies is to be attained,

1) Effective management of water and river facilities including dams, in'takes,
diversion facilities, outlet facilities and regulation facilities

2) Effective management of waste water treatment and water quality control facilities
including treatment plants, ponds, channel, etc.

3) System Component

A proposed operation and maintenance system is to be composed of four basic component:
i.e.,, hydrologic cycle and simultaneous monitoring, ccosystem library monitoring, flood
forecasling and warning systems, and bulletin to the citizens.

1) asystem for hydrologic cycle monitoring and simultaneous monitoring of water
qualily and quantity o

a) a system for linking atmospheric water, surface water and groundwater
observation

b) data analysis system
¢) data bank systein
d) unified method of observation

¢) telemetering network system for real time observation
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2) ‘asystem for monitoring ecosystem library

a) observation system of the population status of listed, endemic, and threatened
species of aqualic, terrestrial, and avian fauna

b) observation system of terrestrial flora
¢) observation system of aquatic flora
d) data bank :;ysterix
3). flood forecasting and waming systems
a) hydrological observation network system
b) tclemelering network system
¢) flood forecasting system
d) flood warning network system
€) monitoring system
4)  abulletin system to the citizens
a) informati.on network system for risk management
b) information networic system for daily, weekly ﬁnd annual reports

3.6.2 Preposed Operation and Monitoring Systems for Water Environment
Management '

(1) Iustitutional arrangement

The architecture of the monitoring and operation system for desirable water environmental
management is proposed as given in Figure-3.6. The proposed State Center will
administratively manage water environment all over the state, using the observed data through
data and information network connecting the state center and regional centers. The regional
center will monitor water environment and manage the projects at the regional level in the
respective river basins and also bulletin data and information on water environment {o the
public and communities and discuss with communities in order to maintain and/or improve it.

Under the current organization, the SEMA is required to function as the state ceater and the
regional centers, the branch office of the state center, are desired to be newly established for the
river basins of; 1) the Iguagu and Parani Il including Curitiba Metropolitan Area, 2) the
Piquiri and Parand 11, 3) the Ivai and Parani 1, 4) the Tibagi, Pirapo and Paranapanemas 11 to
1V, 3) the Cinzas, Paranapanema I and Rarare, and 6) the Ribeira and coastal area, under the
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SEMA.

Figure-3.7 gives the institwtional relationship between the state and regional centers and the
refated agencies, and other public communities. Also, Figure 3.7 proposes the provision of the
integrated data base system and a commiittec for data base management. The integrated data
base system is proposed to be provided at the state center and the data relaled to water
environment observed or collected by the institutions will be registered in the data base in
accordance with permission of a committee. When a committee is judged to check accuracy
and reliability of data to be stored, a commitice is able to prowde a working group consisting of
engineers belonging to the related institutions.

The COPATI, CORPRERI and COPRENE are acting as a part of walér environmental
management at the commuaity level, Similar organizations will be established in accordance
with the degree of severity of problems and needs. In the project management, it is considered
that public and comnmmity participation for water environmental management will be expected
" to be one of indispensable and effective manners in order to smoothly implement the
managenent work and to create healthy water environment by sufficiently reflecting their
public intention and opinions. The regional centers will contact closely to these communities
therefor.

(2) Monitoring system and information network

The integrated monitoring system is planned to be compbs_ed of sub-systems as indicated in
Table-3.5; SYSTEM-1 for hydrological cycle (refer to Figure 3.8); SYSTEM-2 for ecosystem
library; SYSTEM-3 for flood forecasting and waming; and SYSTEM-4 for a bulletin system 1o
the citizens, taking into account the aforesaid targets of A to C.  The monitored data by the
system will be conveyed or transmitted to the state center and 1hen stored into thc aforesaid
integrated data base system. : -

The collected data and information will be analyzed by the state center for well managing the
water environment in Parand State and the results are proposed to be compiled into an annual
report to be published.

(3) Tmplementation schedule

It is recommend to activate the desirable operation and moniloring systems step by step by the
target year 2015, The policy target is composed of the following three:

Target - A : High density and multi-dimensional monitoring
Target - B : Unified monitoring
Target - C : Integrated operation and monitoring

The implementation schedule are presented in Table-3.7. Targei - B and C are composed of
mstitutional arrangement and networks including equipment,  The institutional arvangeiment
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covers provision of management centers (a state center and several regional centers) for actual
operation and maintenance and organizational and legal arrangement.  An ideal image of the
system architecture is illustrated in Figure-3.6.

The implementation schedule of the monitoring system (system-1 to 4) to be managed by the
management centers is presented in Table-3.8. The implementation schedule of the network
systems to be managed by the respective managenent centers is presented in Table-3.9
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CHAPTER 4 MASTER PLAN STUDY
4.1 Proeblems and Needs on Water Environmental Management

The problems identified for the Iguagu and leﬁg; river basins are shown in Figures-4.1 to 4.3
and described as follows:

(1) Surface and sub-surface water tesources management

Major large urban areas are; Curitiba and Foz do Iguagu in the Iguagu river basin, and Londrina
and Ponta Grossa in the Tibagi river basin. Out of them, the urban area at Ponta Grossa in the
Tibagi river basin and Foz do Iguagu at the confluence of the Iguagu and Parana rivers have a
sufficient surfac¢ water sources for domestic and industrial (D&Y) and agricultural water
supply, which is predicted to meet D&I water demands during 20 years till 2015.

In Curitiba Metropolitan Area (CMA), the SANEPAR and PETROBRAS constructed three (3)
dams and reservoirs for D& water supply in the Passauna, Verde and Piraquara rivers. Also,
the SANEPAR has initiated groundwater resources development by providing the bore holes in
the aquifers of the Karst and Guabirotaba Formation, Also, private industrial companies has
intensively obtained ground water from the aquifers of the Guabirotuba Formation in CMA.
However, since CMA is located in the most upstream of the Iguagu river basin and its surface
water availability is rather small comparing its future water demands under the present
condition, surface and subsurface water resources arc required to be developed under
consistent management and costeol in order to meet the future D&I water demands during
20 years till 2015, While, there are no inspection bore holes which are usually provided to
measure groundwater table and water quality and to evaluate the polential ground water
resources of an aquifer.

Londrina urban area is located downsteeam of the Tibagi river basin and its water source for
D/I water supply is currently depending on the Tibagi river, lifting the water taken at the Tibagi
river to the SANEPAR’s water treatment plant by pump and pipeline with a significant
hydraulic head of about 200 m. The COPEL has a plan to develop Jataizinho and Cebolao
dams and reservoirs for hydropower generation, both which are located near Londrina urban
arca. To reduce the lifting hydraulic head from the intake site to the treaiment plant and
construction and operation and maintenance cost of the planned water supply facilities, it is
expected to provide an intake in the planned reservoir area and to convey waler to Londrina
under planning and operational management of the SANEPAR and COPEL.

In other urban arcas mainly developed along the existing road on the hilly area, the surface
and/or subsurface water resources development are necessary to be selected or combined
according to the availability of the aforesaid water resources. Although the groundwater
monitoring has not been made in these areas, there is low possibility that the groundwater
extraction at the current level induces the significant problems on surface and ground water
uses.



(2) Water excess management

There are no significant flooding problems-in the Tibagi river basin, while the several areas .
have suffered from the inundation due to floods with large magnitude in the Iguagu river basin.
The flood prone areas in the Iguagu river basin are spread at eight (8) locations; 1) the southemn
part of CMA along the Irai-Iguagu river, 2) Sao Mateus do Sul, 3) Port Amazonas, 4)
Rebougas and Guarapuava, 5) Uniao da Vitoria, 6) Rio Negro and Mafra along the Ncgro
river, a tributary of the Iguagu river, 7) Foz do Iguagu, and 8) Capanema.

The water excess managenient nceds combination of structural and non-structural measures in
order to mitigate flood damages, taking into account degree of flood damages 'ther'c, cost for
improving flooding situation, socio-econoniic needs and so on. Structural measures such as
provisions of dyking system and/or river channel improvement are planned to be applied for
the aforesaid arcas of 1), 2} and 5). While, non-structural measures such as land use control in
flood prone areas, appropriate resettlement, evacuation based on information from FFWS of
DNAEE, and/or flood proofing are 1ecommended for ali lhe areas.

In executing the proposed struclural and non-structural flood control works, monitoring on
such socio-economic condition as properties, land use and popudation in the flood prone areas
are necessary to be made in order to grasp change of flood damage potential for plannmg and
selecting appropriate countermeasures,

(3) Water quality management

The SANEPAR provides about 90 sewerage facilities with a capacily to meet sewage of
population of about 700,000 corresponding to about 50 % of total population in 1993 in CMA.
The other 50 % of sewage is discharged with or without preliminary treaiment into the
tributaries joining to the Iguagu river. While, the SANEPAR takes river water in at these
tributaries for domestic and industrial water supply and thercfore, the drought discharge
downstream from the intake sites i$ decreased. As 4 result, this decrease of drought discharge
and influx of sewage in the tributaries have worsened the rivér water qualny in CMA and the
Iguagu river. :

While, since othcr urban areas in the Tibagi and Iguagu river basins are mainly developed in the
hilly areas, their sewage is discharged into the adjacent tributaries of the areas and the river
water quality is predicted to be worsened due to increase of sewage load during 20 years till
2015. Also, it is considered that pesticide and fettilizer are one of water pollution sources but
there are no sufficient data for 1denuﬁcatzon of magnitude of impact and effect. for human
beings and ecological system.

According to an investigation on heavy metals contained in the riverbed material in the Iguagu
and Tibagi rivers, which was undertaken by the JICA Study Team, heavy metals such as lead
and chrome were detected at high concentration. Itis considered that the pollution source may
be natural mineral and/or industrial waste water from the urban area. However, the availability
of data on riverbed material is rather timited for evaluation of polluted situation and therefore, it
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is required to carry out water quality analysis on riverbed material in order to provide sufficient
data for evaluation of pollution situation and source.

Monitoring work for water quality of the river water have been carried out at 54 locations in the
Iguagu river basin and 38 locations in the Tibagi river basin by the DNAEE and TAP with a
frequency. of three (3) to four (4) times a year. However, the observation at a large part of the
stations was not undertaken in these years even in CMA though the water quality in CMA has
been worsened as described above.

Furthermore, a reporting system of the industrial waste water quality to be measured by the
owner of industrial factory is not established by the Government. In consideration of increase
of industrial waste water loads due to industrialization, a reporting system is necessary to be
urgently introduced with institutional suppott.

(4) Aquatic ecological system conservation management

There is no sufficient data for evaluating the present aquatic ecological system along the Iguagu
and Tibagi rivers. Thecefore, it is strongly required to investigate the present situation of
aquatic ecological system in the river basins and monitor future change of its systen. '

(5) . Soil erosion management

‘The Iguagu and Tibagi river basins are ranked at the tolerant or moderate soil erosion area in
general. Howeéver, the most upstream arcas in the tributaries and origin of the river basins
have been developed mainly for agricultural activities and soil erosion rate has been increased
by diversification of vegetation condition from natural forest or vegetation to agricultural crops.

It is considered that increase of soil erosion will induce deterioration of the groundwater
recharge system and reduction of base flow discharge thereby, increase of flood peak discharge
due to reduction of infiltration rate of rainfall and retention function of the basin. Furthermore,
the high sediment concentration will worsen river water quality and require high operation and
maintenance costs for such water use facilities as water treatment plant and irrigation canal
system.

In order to formulate an soil erosion control plan and provide countermeasures, it is necessary
to measure the actual sediment discharge from the severe erodible arcas. However, a
frequency of the sediment survey carried out by the DNAEE, IAP and COPEL is less than ten
(10} times a year in average and is insufficient for estimate of sediment discharge with high
accuracy. '

(6) Inland navigation management

Currently, the Parana river is used as a navigation route to Paraguay and States of Sao Paulo
and Mato Grosso do Sul. There is a plan to develop inland navigation routes which enable to
navigate to Doutor Camargo in the Ivai river and Jataizinho in the Tibagi tiver through the
Parana and Paranapanema rivers. Provision of navigation locks at the existing and planned



damfn,servo;rs for hydropower generalion along the Parana and Par'mapanema rivers are also
planned to be undettaken by the project. :

It is recommended to include the environmental impact assessment in updating the feasibility
studies for the mentioned navigation development projects in order to clarify affected items and
their magnitude of the impacts to be induced by implementation of the projects, though the
project may have no significant impacts on water environment.

4.2 Existing Monitoring and Operation System in the Iguacu and l:bagi
River Basins

4.2.1 Operalion System

Table-4.1 indicates the existing operation and monitoring system for water environmental
management.

The existing domestic water supply systems using surface and subsurface water sources has
been operated by the SANEPAR and autonomous bodies, and its system management has been
done well on measuring intake discharge, counting distributed water amount, and sc on.
While, indusirial water users are mainly taking water in from the both water sources
individually. These industrial water users are divided into {wo (2) parts; authorized and
unauthorized water users. ‘The former users apply for their water uses with their intake
discharges and industrial waste water amount 1o the IAP, and the IAP permits/registers them
taking into account the water availability. But, operational records are not submitted to the
IAP. As for the later users, there is no management work done by the IAP and SANEPAR.
Especially, there is a report that a number of the bore holes managed with permission by the
IAP are 3,400 while unmanaged ones are more than 16,000 in the whole Parana State,

There are six (6) dams operated by the ELETROSUL and COPEL for hydropower generation
and three (3) dams operated by the SANEPAR and PETROBRAS for D&I water supply in the
Iguagu river basin. There are two (2) dams and rescrvoirs in the Tibagi river basin, though
there is a plan for cascade hydropower development by construction of dams. The éxisting
dams have been constructed for a single purpose not for multitarious uses. However, there are
needs for such multifarious use of the existing and planned reservoirs as_hydropower.
generation, water supply, flood control, nawgat:on and fish culture in order to effectively use
the available water resources. There are such plans and possibility as the inland navigation
development connecting the Parana river and the Paranapanema with the Ivai and Tibagi rivers
through the existing and planned dams/reservoirs, the Irai dam development for water supply
and flood control, possibility of hydropower generation and fish culture development in the
reservoirs in the Iguagu and Tibagi rivers, and so on.

Six (6) hydropower stations in the Iguagu river basin and two (2) in the Tibagi ﬁv_er basin is
operated and managed by the ELETROSUL and COPEL.



4.2.2 Monitoring System

Monitoring of meteorological and hydrological data in the Iguagu and Tibagi river basins has
been made by the DNAEE, TAP, COPEL and IAPAR. A number of the observation stations in
the aforesaid river basins are summarized as follows:

Observation llems Iguacu River Tibagi River
Catchment arca (k') 68,700 24,635
Meteorological stations : . 16 (4,294) . 7(3,519)
Rainfall observation stations 301 (228) 126 (196)
Rate of automatic and telemetering gauges (%) 17 13
Flow obstivation stations a) Main stream 39 21
: b) Tributaries 58 25
Water qualily observation : 38 38
Sedinment observation stations &) Main stream 9 10
' b) Tributarics 31 21

Note: Figures in parenthesis indicate density of observation station (1 no. / km?).

The DNAEE has developed flood forecasting and waming system (FFWS) composed of
telemetering rainfall and water level gauges and forecasting model in the Iguagu river basin in
order to distribute information and data on flood to the COPEL and ELETROSUL for their
reservoir operation and to Civil Defense for the activities against flood. Also, the COPEL and
ELETROSUL have own operation system including meteorological and hydrological
observation and data transmission system.

The DNAEE will start the project named as National Strategic Network in 1995, which will
consists of installation of 513 rainfall and water level telemetering stations covering whole
Brazil, data transmission system using the satellites of TIROS, NOAA and SCD 1 and data
storage and analyzing system to raise reliability of data transmission network. The existing
telemetering system in the FFWS in the Iguagu river is scheduled to be incorporated into this
" pationwide system. '

River water qualily monitoring has been carried out at the main stream and tributaries of the
aforesaid rivers with a frequency of four (4) times or more a year by the IAP and DNAEE,
However, it is identified (hat there are internupted periods in the large part of observation
records at many stations and that it is impossible to evaluate its change on river water quality
there. Test items are 1) water temperature, 2) pH, 3) dissolved oxygen, 4) coliform fecal,
5) BOD, 6) total nitrogen, 7) total phosphate, 8) turbidity, and 9) total solid in general. Water
quality analysis for heavy metal have been undertaken in accordance with the requirement .

As for monitoring on aquatic ecological system, there have been no integrated and/or periodical
investigation but it is initiated by the IAP, COPEL and the public organization of COPATI in
these years. ' '

Sediment sampling and its analysis have been made at 40 sites in the Iguagu river and 31 sites
in the Tibagi river by the JAPAR, COPEL, DNAEE and IAP. However, the frequency of
observation is quite insufficient for evaluating soil erosion rate with high accuracy, While, the



gross soil crosion rate has been examined by the pilot projects by the IAPAR under the
EMATER._

4.3 Master Plan for Water Environment Management
4.3.1 General Conditions

The master plan was studied by applying the methodology for planning and the strategy for the
water environment management by the Study described in the previous Chapters Figure-4.4
indicates issues to be monitored in the Iguagu and Tibagi river basin,

The Study employed an integrated management framework composed of; _71)i"ntc_'grated
institutional framework; 2) water uses and waste water forecasting for planning in socio-
economy-hydrology-aquaccology systeny; 3) project management for multifarious water use
and water environmental improvement; 4) monitoring and operation of surface and subsurface -
water systeny; and  S) global hydrological cycle model. The master plan for the Iguagu and
Tibagi river basins were studicd by applying the mentioned concept.

The current study has established the following mlpTememauon targets for momtormg and
operation systcm as illustrated in Figure 3 S

Target-A : High density and nm!h-dunensxonal monitoring for observation points, items and
frequency

Target-B : Unified monitoring for observation methods and observation linkage of surface
and subsurface water levels

Target-C : Integrated operation and monitoring for effective operation for water use facilities,
river structures, water treatment facilities and water quality facilities

The Master Plan aims to enhance the existing monitoring and operation systems to the. (arget
levels during 20 years till 2015.

4.3.2 Monitering System in the Igvacu and Tibagi River Basins

The current level of the existing monitoring and dpcrat_iOn system was evaluated by comparing
the targets of A to C and the required activities for reaching these target levels and were studied
together with their urgencies and implementation schedule. The result is described as follows:

(1)  Monitoring for metcorological data

The reqmred number of additional meteorological gauging stations arc estimated by assummg
1,200 km’ per a station indicated in the required density in Table-3.6 as follows: ' '
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____Observation ltems Iguagu River Tibagi River

Catchment aréa (km') 68,700 24,635

1)  Existing Meteorological Stations '

" @)  Number of stations 16 7

b)  Density {noskm?} 4,294 3,519

2} Required Meteorological Stations

a)  Number of stations 58 21

b) Density {no/km’) 1,200 1,200

3}  Additionally required stations 42 14
4)  SIMEPAR’s System 38 14

_5) _ Further Provision of Stations ' 4 0

As indicated in the above table, the on-going SIMBPAR’s project are scheduled to provide the
meteorological gauging stations with telemetering equipment in the Iguacu and Tibagi river
basins. The SIMEPAR’s system will give more detailed and sufficient data and information
related to weather condition in the respective river basins. Four (4) meteorological gauges are
evaluated to be provided to the Iguagu river basin,

While, the required number of additional rainfall gauging stations are estimated as follows:

Observation Items Iguacu River  Tibagi River

Catchment area (kmz) 68,700 24,635
1) Existing Metcorological Stations
2) Number of stations Kih]| 126
b) density (no/km’) 228 : 196
2) Required Meteorological Stations
a) Number of stations 404 145
by density (noJkm’) 170 170
3) Additionally required stations ' 103 19
“4) SIMEPAR’s System lmproving the Existing 38 14
Stations by provision of telemetering equipment :
5) Further Provision of Stations : 103 19

As shown in the mentioned table, the existing stations will be improved by the SIMEPAR’s
project and provide the real time data on rainfall in the Parana State, though no installation of
new rainfall gauges are included in the project. Therefore, the new installation of 122 stations
in total is required. '

The spatial distribution of the mentioned nieteorclogical gauges are recommended to be decided
taking into account the meteorological characteristics based on the data to be provided by the
SIMEPAR’s system and the existing observation network after its completion of the project.

(2)  Stream flow observation

The water resources development by providing dam/reservoir or weir structures will require the
strecam flow data with high accuracy at the structure sites for managing the project from
planning to operation and maintenance. Since the currently proposed development scheines are
generally located in the upsiream river basin and there are no stream flow gauges at the site,
steeam gauges are required to be installed in accordance with the project implementation:



Municipalities Potential Surface Water Resources

Iguacu River Basin

1) Curitiba Metropolitan Area Tributaries of the upper Iguagu river ‘

2) Cascavel : Tributary of the Iguacu river, the Piguiri river or a river
. fowing into the Paranf river

3) Foz do lguagu Parana river

4) Guarapuava ‘ributaries of the Iguagu or Piguiri rivers

5) Other Yarge urban areas (6 muoicipalities)  Rivers adjacent to the respective urban area

Tibagi River Basin

1) Ponta Grossa Tibagi river
2} Londrina Tibagi river and neighboring tributaries
3) Apucarana Tibagi river and neighboring tributaries

4) Other large urban areas {7 municipalities)  Tributarics adjacent to the respective whan afea

The water demands in most of the above urban areas is considered to occupy the large part of
flow discharge at the intake sites where the drainage atea is comparatively small, and therefore,
the strict management will be necessary in order to minimize the impact on water environment. -

Among the rivers in the mentioned municipalities, there are no gauges at the proposed intake
sites in the urban areas of Cascavel, Guarapuava and 5 municipalities in the Iguagu river basin,
and Londrina, Apucarana and 4 municipalities in the Tibagi river basin. Therefore, the total of
18 gauges are proposed to be installed in the mentioned tributaries, '

(3)  River water quality observation

Water quality stations have been installed at the major points along the main stream, at the main
tributaries and at locations where quality problems are identified or predicted. But, its
observation work after 1990 has been intenupted at several stations, In addition, heavy metals -
were identified with high concentration in both the Tibagi and Iguagu rivers by the water
quality analysis undertaken by JICA.

From these aspects, the cumrent observation network is required to be strengthened by
restarting the observation work at the mientioned stations and carrying out water quality-test for
heavy metal in the streams flowing in the industrial areas. Furthermore, a reporting system for
industrial waste water and treated water from the sewerage treatment plant of the SANEPAR is
strongly required to control the river water quality.

The mentioned activities have priorities considering the deterioration of river water qualilies in
CMA and other urban areas and is proposed to be implemented in the 1st stage. In the 2nd
stage, provision of additional water quality stations is recommended to be installed at locations
where water quality is predicted to be worsened by inflow of the sewage and industrial waste
water [rom the utbanized areas to the tributaries. The proposed new stream flow gauge sites
for water use management are also prospective as water quality monitoring sites.

While, the pesticide and fertilizer utilized in agriculiural sector ar¢ one of the significant water
pollution source. It is necessary to invesligate and identify the kind of pesticide and fertilizer
currently utilized in agricultural sector and its chemical composition, and degree of influence of



those to aquatic ecology and human beings firstly, since there are no sufficient data to specily’
test items for detecting pesticide and fertilizer in the Study. The standards and guidelines for
water quality monitoring for peshctde and fertilizer are required to be cstabllshcd on the basns
of the investigation result. : :

“As one of monitoring method for pesticide and fertilizer, bioindicators such as benthos,
plankton and nekton will give the basis for evaluating polluted sitvation in aquatic ecology due
to pcsuclde and femhzer as wel[ as water quahty tests as proposed in the Sectoral Repon K for
Ecology) ‘

Benthos ] Bioindex

Bioindicators Plankion F{ Toxicity

Nekton H Lesions

Agricultural Seil . . Monitori

R = o ; L<q Monitorin,

Land Ergsion Rivers &
=k . ; ‘ — . BOD

Pesticides
Herbicides
T-PO4
T-NO3

River Water
Quahl)’

3) Sediment observation

Research and investigation work have been made by the IAPAR under the EMATER, and
sediment observation has made mainly by the DNAEE, COPEL, IAP and IAPAR. In order to
identify problems and monitor effects due to reforestation and terracing works proposed in the
current study, it is necessary to undertake more frequent observation of sediment loads at the
existing stations or station to be newly established in the severe erosion areas. In observation,
sediment flow samples at flood time, which occupies the major part of the annual sediment
discharge, is necessary to be taken intensively. Identified severe erosion areas are as follows:

Pilot River Basin Rivers with Severe Erosion Areas

fguacn River Basin 1) Santo Antonio
2) Capanema
3y Chopin
4) Cavemoso
5) Potinga
6€) Gongalves Dias and Andrade
Tibagi River Basin 1) Congonhas
2) A small river fowing in Assai
3) 8. Jeronhimo
4 A small river flowing near Sapopema

In these river basins, the intensive measurement is required to be camied out at the existing
stream gauge sites in the Iguagu and Tibagi river basin. With respect to sediment monitoring in
the river in Assai, S. Jeronimo river and the river near Sapopema in the Tibagi river basin,
there are no gauges and therefore, provision of new stream gauges in these rivers and
monitoring of sediment loads are recommended.
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(4)  Aquatic ecology monitoring

There has been no integrated aquatic ecology monitoring. It, therefore, is required to initiate
the monitoring work so as to provide basic data for establishing the ¢onservation plan of
aquatic ecosystem along the rivers,

Aquatic ecology monitoring is required to include bioindicator sampling such as benthos,
plankton and nekton and chemical analysis for aquatic biota and water quality as proposed in
the ecological improvement study. Also, investigation on vegetation along the river side area
using the available Geographic Information System (GIS) and fish inventory survey are
recommended to be carried out,

Aquatic ecological data and information obtained through monitoring is necessary to be
analyzed and evaluated by the IAP. However, aquatic ecology in the river is judged to be
affected by the surrounding ccologicat system and therefore, data and information for such
ecological system is necessary for achieving the objective of aquatic ecology monitoring.
There is an idea of establishment of a biodiversity institate which deals with the ecological
monitoring and research in the Parana river basin, Parana State or nationwide level.

(5)  Establishment of integrated monitoring system for surface and subsurface water
resources in Curitiba Metropolitan Area and Expansion to Other Urban Areas

There are many bore holes provided by the SANEPAR and privale industrial factories. The
surface water resources development is going on in CMA where both water resources is
mutually affected in quality and quantity. In order to undertake welt balanced development for
these water resources, the following monitoring work is required:

a) prediction of domestic and industrial water demands based on population, land use,
economic data, and so on, : : '

b) provision of monitoring bore holes for obsefvation of water table and water
quality, and additional river water level gauge in the Karst area,

¢) installation of flow meter to the authorized and unauthorized bore holes as well as
identification of location of the unauthorized bore holes, and

d) establishment of global hydrological cycle model which enables to estimate
potential water resources and to evaluate water demand/supply balance
incorporaling both water resources and other hydrological components.

The establishment of monitoring system including the model mentioned above is recommended
1o be made for CMA in the Ist stage, where the intensive ground water development has been
carried and it is predicted to induce such problems as fowering of ground water table and
reduction of intake discharge at the existing bore holes thereby. The 2nd stage will apply the
established monitoring method and model to other basins, where occurrence of similar
problems are predicted. The required inspection bore holes for the urban areas are as follows: .




Muanicipalities Required Number ~ Total Length
of Boreholds of Borcholds (m)

Iguacu River Basin

1) Curitiba Metropolitan Area (Karst) 17 1,620
Curitiba Metropolitan Area (Guabiretuba Formation) 20 1,600
2) Cascavel : ' 6 : 480
3) Fozdolguagu 10 800
4)  Guarapuava : 1 ' 80
5y Other large urban areas {6 municipalities) _ It 480
Tibagi River Basin ' '
1) Londrina 4 320
2) Apucarana ' 2 160

3) Other large urban areas (7 municipalitics) 10 300

{6)  Establishment of integrated data base system under SEMA

There are no integrated data base system for water environmental management in the SEMA.
~ While, the SUCEAM and TIAP will require the data base system for planning water resources
development and conservation of water environment. The proposcd data base system will
contain; a) socio-economic data such as economic indices, land use and population,
b) meteorotogical and hydrological data, c) data on ground water, d) water quality records,
¢) sediment observation data, and f) aquatic ecological data. The data accumulated in the data
base system will be used for prediction of water demand, water demand/supply balance
analysis incorporating swface and subsurface water resources, simulation of river water
quality, and so on.

(7)  Data and information network

The proposed State Center is able to collect data and information from the computer systems of
the SIMEPAR and DNAEE through the existing telephone cable line. This data transmission
system is applied for communication system between the state and regional centers and other
related institutions in the 1st stage. In order o raise reliability of transmission method between
these institutions, the satellite system will be intreduced in the 2nd stage.



4.3.3 Required Cost

The required incremental cost for providing the proposed monitoring system was estimated on
the basis of the cost data and information provided by the counterpart personnel. . But, other
incremental cost for operation and maintenance, and replacement of observation equipment for
the proposed additional meteorological and hydrological observation stations 'md mtegmted
computer system was not worked out. The result is described as follows:

{1}  Provision of additional meteorological and hydrological observation stations
On-going SIMIEPAR’s project

The SIMEPAR'’s project is going on as desctibed in Chapter 2 and the total cost of USS$
35 miltion is scheduled to be disbursed during coming 5 years from 1996. Therefore, the
mentioned cost is excluded from the master plan.

Meteoreological observation stations

Four {(4) observatorics are proposed to be newly provided in the Iguagu river basin. The
observation itemis are 1) temperature, 2) wind velocity and direction, 3) sunshine hours, 4)
humidity, 5) pan evaporation, 6) rainfalt and 7) radiation. A required cost for provision of an
observatory is estimaled at US$ 7,500 per one station inclhuding equipment and civil works.
The total cost is US$ 30,000 for the Iguagu river basin.

Rainfall ganging stations

New rainfall gauging stations of 122 is necessary to meet the target dénsity of observation
network, Assuming an unit price of US$ 1,500 for provision of a rainfall gauge with an
automalic recorder, the total cost is estimated at US$ 183,000,

Strean flow gauging stations

New stream flow gauges are proposed to be provided at eighteen (18) sites for water use
management for walter supply and water guality monitoring, three (3) sites for management of
soil erosion improvement, and five {5) sites for monitoring base flow in the Karst area. The
required cost is estimated at US$ 260,600

{nspection boreholes

The total number and length of the proposed inspection boreholds are 81 holes and 6,140 m
and the required cost is estimated as follows:



&

Municipalities- - Numberof Lengthof Boring - Monitering  Total

Boreholds Boreholds  Unit Price Amount  Equipment Cost
{m) (US$) uss) (US$) (US$)

Iguacu Ri;r:r Basin

1) Curitiba _ - :
+ Karst 17 1,020 270 275,400 136,000 411,400
» Guabirotuba Formation 20 1,600 110 176,000 160,000 336,000
2) Cascavel 6 430 80 38,400 48,000 86,400
3) Foz do Iguaqu 10 800 80 64,000 80,000 144,000
4) Guarapuava 1 - 20 80 6,400 3,000 14,400
5) Other Jarge wrban areas 11 880 80 70,400 83,000 . 158,400

(6 municipalities)
Tibagi River Basin

1) Londrina = - ' 4 320 - 80 25,600 32,000 57,600
2) Apucarana 2 160 80 12,800 16,000 28,800
3) Other large urban areas 10 800 80 64,000 80,000 144,000

(7 municipalities) . .
Total 81 6,140 733,000 648,000 1,381,000

Telemetering system

It is recommended that telemetering system is provided in 2nd stage after 2005 based on
hydrological analysis to decide the required numbers and exact location using observation
records to be obtained by the existing and on-going SIMEPAR’s systems, since the SIMEPAR
is planned to provide the weather radar which enables to monitor rainfall amount and its
movement in real time and to decrease the requirement of provision of the telemetering system.
Therefore, the cost for provision of telemetering system is not included in the master plan.

(2) Integrated data base systern and transmission systemn

A computer system with a printer and other accessories are proposed for the integrated data
base system for water environment management. The telephone line transmission system
connecting between the state and regional centers is applied for cost estimate. The cost for one
sct of computer system and telephone network system is estimated at US$ 10,000. This
compuler system is proposed to be provided at the state center and six (6) regional centers and
therefore, seven (7) sets and the cost of US$ 10,000 are required.

(3)  Annual investigation cost for water quality and sediment toads

The incremental annual cost for water quality analysis is estimated by assuming test items of
water and air temperature, dissolved oxygen, coliform fecal, pH, BOD, COD, total nitrogen,
total phosphate, turbidity, total solid, heavy metals such as lead and chrome, and pesticide and
fertitizer for identifying the basic condition of river water quaiity. Also, il is assumed that
observation frequency is four (4) times a year, and two (2) samples are taken at one location
and analyzed. Sampling cost is mainly estimated by mobitization cost and personnel expenses.



In estimating the required cost, the sampling and analysis are assumed to be carried out at the
existing and newly provided 64 stations in the lguaqu river basin and 48 stations in the Tibagi
river basin. -

Based on the unit prices available in the IAP and sampling cost, the cost of one sampling and
water quality analysis for them are estimated at US$ 1,500 and the annual cost for water quality
analysis is derived at US$ 384 thousands for the Tguagu river basin and US$ 288 thousands
for the Tibagi river basin. :

Sediment sampling and analysis for identification of sediment loads require the annual cost of
US$ 3,000 per station  assuming the frequency of 10 times a year and three (3)
samples/location per sampling. Applying this unit cost per year to all the stations, US$ 120
thousand for the Iguagu river basin and US$ 102 thousand for the 'I‘lbagl river basin are
necessary to cairy out monitoring works,

4.3.4 Implementation Schedule of the Required Activities

The implementation schedule for the required activities is given as shown in Figure-4.5. The
required activities to cope with the problems and needs related to urbanization and
industrialization, and the on-going projects and sirengthening of the existing monitoring
systeras are scheduled to be undertaken in the 1st stage during 10 years to 2005, The activities
in the 2nd stage are mainly for the expansion or upgrading of monitoring system established in
the 1st stage.
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CHAPTER § FURTHER STUDY REQUIRED

The following studies are required to establish desirable water envirommnent management
system based on a concept of river basin management in Parand state:

(1)  Study on state and regional centers |

The mentioned management centers are recommended to realize a concept of river basin
management in the wide area of Parand state. The study on detailed organization, function,
activities and necessary arrangement for staffing, budget, and equipment is urgently required to
be carried out by the Government of Parand stale as well as the studies on an integrated data
base system and information network.

(2) Meteorological and hydrological monitoring

Presently, the system of SIMEPAR is being implemented by the Government of Parana State.
This system will improve the existing metcorological and hydrological observation network by
providing telemetering observation systeny and rainfall radar system, both which cover the river
basins in Parana state. Itis recommended to carry out the following studies and analysis based
on the data to be obtained by the mentioned system and to establish a program of provision of
additional observation equipment:

1) Meteorological analysis to clarify its characteristics in the respective river basins in
~ Parani state,

2) Analysis on relationship between rainfall depth, area and duration, which will give
the important information to decide location and number of additional rainfall
stations proposed by the Study, and

3) Base flow analysis to work out the natural flow to investigate base flow
characleristics, and water demand and supply balance analysis under the present
water use condition for planning of future water supply plan and river water quality
improvement plan and niecessary actions.

4y TFlood munoff analysis using rainfall data to be oblained by the SIMEPAR's system
and the existing rainfall stations, flood hydrograph data at the necessary stations
for effective operation of flood forecasting and warning system and the existing
planned dams. Specially, rainfall-nunoff model for urban storm water is required
to be established for managing drainage system in the large urban areas.

5} Sediment analysis in river basins to be idenltified as severe erosion area by using
the available data as well as topographic. survey in the existing reservoirs for
measuring the actual sedimentation, and establishment of sediment balance model
incorporating the effect of measures for soil erosion control



6) Water quality studies to calibrate applied model for estimation of BOD load and
other indices presenting the river water quality condition for management of water
quality '

{3) Establishiment of global hydrological cycle model for Curitiba nietropolita:i arca

The Study introduced the mentioned concept for managing water quantity and quality and
aquatic ecology in Curitiba metropotlitan area. The further study is required to be carried out to
provide the proposed hydrological observation stations for surface water and inspection
boreholds for groundwater, and to invesligale and monitor aquatic ecology in the area. The
study will work out the global hydrological cycle model incorporating the suiface and sub-
surface water and aquatic ecology, using observation data to be obtained through the study.

5-2
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Table - 2.1 Nation, Stat¢ and Municipality Located in the River Basin in Parana State (1991)

River Basin

International

State

Monicipality
(Municipalities of Parana)

(1) Parina
{main strezm
and tibutaries

Brant,
Paraguay

Panna,
Misto Grosso
Do Sul,

$a0 Paulo

Loanda, Marilena, Porto Rico, Quérendia Do Nonte, Santa Cruz deMonte Castelo, Sao Pedro Do
Perana, Altonia, Icaraima, Perola, Sao Jorge do Pateocinio, Umuarama, Xambee, Cascavel, Ceu
Azul, Foz 0o Igaacu, Guaira, Marechal Candido Rondon, Matelandia, Medianeira, Missal, Nova
Sata Rosa, Palotina, Sema ilelens, Sa'ta Terezinhz & ftaipu, Sa0 Jote das Palmeras, Sao
Miguel doTauagu, Terra Roxs, Teledo, Vera, Cruz do Ocste, Pinhas, Fazonda Rio Grande

{?) Paranaparerna
{muyin stream
and tnibutarics

Brazil

Parana,
Sac Pavle

Andira, Cambara, Hambaraca, Jacarezirho, Ribeirao Claro, Cometio Procopio, Leopolis, Santa
Mariana, Sedanejs, Alvocada Do Sul, Bela Vista doParaiso, Cafeara, Cambe, Centenario doSul
Colorade, Plorestopolis, Guaraci, luaguaje, Jaguapits, Lupionopolis, Miraselva, Nossa Seahoras
das Gracas, Porocatu, Primeim de Malo, Rolsnda, Santa Ines, Santo Inacio, Alto Parana)
Cruzeiro dos Sul, Diamante do None, Guairaca, Inaja, Bauna do Sul, Jarkm Olinds, Novd
Esperanca, Nova Londdns, Parinacity, Parmapoems, Parsnaval, Santo Antonio do Caiua, Saq
Joao do Caiva, Terrs Rica, Uniflor

0) Tguscu

(mein siream
and tributeries

Brazil,

Argentina

Parana,
Santa Catarina

Agudos do Sul, Almiraste Tamandar, Amper, Antonio Olinto, Araucaria, Balsa Nova,
Bamaceo, Bituruna, Boa Vista Da Aparecida, Campina Grande Do Sul, Campo do Tencate)
Campo Lasgo, Camagalo, Capanema, Capitso Leonidss Manrpies, Cascavel, Catanduvas, Cad
And, Chopinricho, Clevelnda, Colombo, Contends, Coronel Vivids, Cruz Machab,
Curitiba, Dois Vizinhos, Encas Manpes, Foz do Iguagu, Frandsco Beltrao, genesal Cameiro,
Guaraniacu, Guampuava, Inacio Manins, Irti, Bapojara do Oeste, Lapa, Laranjeiras do Sul
Maflet, Mandnituba, Mangueininha, Mariopolis, Mameleiro, Matclanda, Modwmneirs, Nova
Peata dolguaqu, Palmas, Palmeira, Pato Branco, Pavla Freitas, Paulo, Frontin, Perola doOcste
Pien Pinhao, PirgaraPlanano, Pono Amazonas, Poto Viteds, Pranchits, Quatro Bt
Quadas do Iguagu, Quintandinha, Realeza, Rebougas, Renascencs, Rio A, Rio Negro, Salgadd
Fitho, Salto do Lontra, Santa Izabel do Ocste, Sants Terezinha de hiaipu, Santo Antonio &g
Sudacste, Sso Joao ¢ Triunfo, Sao Jorge do Oeste, Sao Pinhais, Fazenda Rio Grnde

@ Piguid

Brazl

Parana

Altamira Do Parana, Altoniz, Alto Piguid, Araruna, Assis Chateaubriand, Boa Esporanca)
Braganey, Cafelands, Campina da Lagoa, Campo Mourzo, Cantagalo, Casaavel, Catanduvas
Ciarorte, Cobdlia, Crurairo Do Qeste, Fonnosa do Oeste, Frandsco Alves, Goio Ere)
Guariniscu, Guarspuava, Ipora, Janicpolis, Jesuilas, Jurands, Laranjciras do Sul, Mambote,
Marilus, Momira Sales, nova Aurora, Nova Canta, Nova Santa Rosa, Palmital, Palotina)
Perola, Pitangs, Roncador, Tapejara, Tera Roxa, Toledo, Tuncirss do Ocste, Tupassi, Turvo,
Ubirats, Umnarams, Xambre

(5) Ivai

Brazil

Parana

Alio Parana, Amapora, Apucarana, Arauna, Babosa Feraz, Dom Sucesso, Borrazapolis
Catifornia, Cambira, Campo Mowrao, Candido de Abreu, Cianorie, Cidade Gaucha, Cruzeirody
Ocste, Doursding, Dovtor Camargo, Engenhcimo Beltmo, Faxinal, Fenix, Flosal, Floresta)
Guairacs, Guaporana, Guampuava, Grandes Rios, loaima, Imbituba, Indanopolis, Irati ]
Irctams, Ttambe, Jvai, Tvaipors, Lvatuba, Jandaia do Sul, Japure, Jardim Alegre, Jussara, Kalor
loands, Lunarkdli, Mambor, Mandsguicy, Mandaguar, Manod Ribas, Muria Helena)
Marialva, Marilands db Sul, Marinaga, Marumbi, Mirador, Nova Alimce &o Ival, Nova
Fsperanca, Nova Olimpla, Ontigueira, Qurizona, Paicardu, Paraiso doNorte, Paranavai, Peabing
Pitanga, Palanaltina do Parans, Presidente Castelo Branco, Prodentopolis, Quetencia doJoando
Ivai, Ss0 Jorge do val, S20 Pedo do Ivai, S30 Tome, Tunboara, Tapejara, Tapira, Terra Boa
Tuncirss do Ocste, Turve, Umuarama

(&) Pirapo

Brazil

Parana

Apucarana, Arapongas, Astorga, Alalaia, Cambina, Colerado, Cruzeiro do Su), Florida, Guanaa
Tguaracy, Raguaje, Jaguapita, Jandala do Sul, Jardim Olinda, Lobato, Mandaguace, Mandaguari
Marialva, Maringa, Munhoz de Mello, Nossa Senhora das Gracas, Nova Esperanca, Parsnacity
Pamnapocna, Presidenmie Castelo Branco, Rolsnda, Ssbavda, Santafe, Santa Ines, Szrand ]
Unifor

@ Tibagi

Brazl

Parana

Apucarana, Arapongas, Assai, Bda Vista Do Paraiso, California, Cambe, Casiro,
Congonhinhas, Comelio Procopio, Cuduve, Tbipora, Imbitava, Ipiranga, Trati, Ivai, Jataizinko
Loopolis, Londina, Marilanda do Sul, Nova Ameica Dz Colina, Nova Fatima, Onigueinq
Palmeire, Pirdd do Sul, Ponta Grossa, Porto Amazonas, Primeiro de Maio, Rancho Alegrs,
Recerva, Rotands, Santa Cecilia do Paveo, Santo Antonio do Paraiso, 30 Jemnimeo da Sema,
S20 Schastiano da Amorcirs, Saponcma, Sertaneja, Senamopolis, Teixedm Soarcs, Telom o
Bocba, Tibagi, Urai

{8) Cinzas

Braxil

Plﬁnl

Abatiz, Andira, Arapoti, Bandeiranies, Barra do Jacare, Caslopolis, Congonhinhas, Conselheiro
Miairink, Comdio Prooopio, Curiuva, Figueir, Guapirana, Ibaiti, Rambaracs, laboti

Jacarezirho, Jaguariaiva, Japirs, Joaquir Tavors, Jundiaido Sul, Nova Fatima, Pinhalao, Pirs

& Sul, Quatigua, Riberad Clare, Riteirad do Pinhal, Sanla Amera, Santa Mariana, Santal
Antonio da Platina, Sapooema, Siqueira Campos, Tibagl, Tomazina, Wenceshau Brs

) Ianre
{main stream
and teibutaics

Brazil

Parana,
Sso Paulo

Arapati, Carlopolis, Jaguariaiva, Joagquim Tavoes, Pirai do Sul, Ribeisao Claro, Salio do Rasare
Santania do farare, Sa0 Jose da Boa Vista, Senges, Siqueira Campos, Wenosslan Braz

(10) Ribeira
{main stream
and Lributaries

Brazil

Parana,
Sa0 Paulo

Adiwmopotis, Almirante Tamandare, Bocaluvs do Sul, Campina Grande do Sul, Campo Largo)
Castro, Cemro Azl, Colombo, Guaraocaba, Palmein, Pota Grosss, Quatro Bamas, Rid
Branca do Sul, laperuce, Tunas Do Parspa

(1) Coastal basing

Brazi}

Parans

Anionina, Guampccaba{Gua.i’aluba. Malinhos, Moneies, Paranagua, Sa0 Jose dos Pinhais

Tijucas do Sul

Source : IAP
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Table - 2.4 Water Environment Measurement in Operation in Parana State

Telemeter

item Number of Stations | Automatic Recorder
Rainfall 844 171 42
{frequency) (2 times/day) (4 times/day)
Streamflow 217 69 22
(frequency) {*1) (¥1)
River-reservoir water quality 193 - .
{frequency) (¥2}
River-reservoir water ecology 104 - -
(frequency) (*3)
Ground water level *4 - -
{frequency)
Ground water guality Not Available - -
{frequency) *3
Sediment transportation 132 - -
(frequency) (*6) .
Notes

(1) Description within parentheses is frequency of observation

{2) Notations

*1 : Reporiing two or four times per day for water level and monihly or bimémhly for flow rate measurement

(manual)
*2: Monthly or bimonthly

*3 : Monthly or trimonthly in rivers and two or four times per year in reservoirs

*4 : Pumping test data of about 2,400 wells are stored in the data bank system,
Ground water level of these wells are available only at installation date.

*5 : However there are 3,000 wells in data bank system in IAP and sampling procedure is done
every S years according to the regulation established by IAP.

#6 : Monthly or bimonthly in rivers

Source ; DNAEE and [AP




Table-2.5  Meteo-hydrological Data Planned to be Observed by SIMEPAR
| Equipment | Products
Weather radars : 3 sites, Echo top maps

Catanduvas, Irati and
Apucarana

Rainfal accumulation maps
Wind intensity maps with direction, speed and vertical profile

Satellites : METEQSAT, GOES
~ land TIROS

i

Images from the geostationary satellites

Lightning sensors

Location of cloud-to-ground atmospheric eleciric discharges
Location of cloud atmospheric electric discharges

Weather stations :
116 locations

Air temperature
Atmospheric pressure
Relative humidily

" |Wind speed and dircction

Global radiation

" |Ultra-violet radiation

Rainfall amount
Evaporalion

Hydrological stations
44 tocations

Water level at a river and/for reservoir

Environmental stations
detecling atmospheric pollution
in Critiba Metropolitan Arca :
2 static and 1 mobile

Soil temperature

Soil humidity

Sulphur dioxide (502)

Nitrogen compounds (NO, NO2, and NOx)
Carbon monoxide {CQO)

Sulphur gas (H2S)

" {Ozone (03)

Hydrocarbons {methane and non-methane)
Total particutates (TSP)
Total inhalable particutates (PM 10)

profiler : 2 sets

Radio sondes and vertical

Temperature

Atmospheric pressure
Humidity

|Wind direction and intensity

_ Global Telecommunication
System (GTS) : 1 set

[Global data observed in weather stations of the world synoplic network
Global numeric forecast up to 10 days generated by NMC (USA) and

ECMWF (VX))




Table-3.1 Present and Projected Socioecanomic Conditions and Water Use in Parana State

N 2015 |Raeof201510
Sfmqecononuc Parameters 1993 (Projected) 1993
Population (base case) _
- State total - 8,610,000 11,130,000 129%
- Urban population 6,460,000 . 9,970,000 154%
- Rural population 2,150,000 1,160,000 54%
- Ratio of Urban to Rural 75:25 9010 120%
Urban Population Density (person/kny2) N
- MRH 268 - Curitiba 231(1,960,500) 362(3,074,000) 157%
- MRH 28! - Londrina 73(741,200) 167(1,050,000) 1471%
- MRH 282 - Maringa 112(406,800) 131(656,000) 162%
GDP-Parana '§27,811,000,000 $81,354,000,000 "293%
- GDP-Parana per Capila $3,230 $7,310 26%
Total Net Water Demand £,660,000m3/day|  3,290,000m3/day 198%
- Domestic 1,030,000m3/day|]  2,690,000m3/day 203%
- Industrial 480,000m3/day, 980,000m3/day - 204%
- Agricultural 150,000m3/day, 220,000m3/day 147%
- Per Capita, Total Water Demand 277 Vday} . 371 Yday 134%
Service Ratio of Domestic Water Supply about 70% 100% (planned) 143%
Water Resources Potential ' _
- Surface water 54,830,000m3/day| 54.930,000m3/day
- Ground water 15,030,000m3/day| 15,030,000m3/day
Water Utilization Ratio (Service/Potential) estimated planned
- Surface waler ' 3.9% 1.2% 183%
- Ground water -3.2% - - :
Hydro Power Generation .
- Installed Capavity 5,773MW 3,095MW 54%
- Firm Energy 23,156Gwh 13,627Gwh 59%
- Number of Hydropower Plants 18 31 (13 planned) 333%
Sewage Treatment Quantity (state) 113,800m3/day 348,900:m3/day 307%
Estimated Efftuent without Treaiment Improvement '
- Curitiba 30mg/Yy - Simg/l 170%
- Londrina 20mg/] 32mg/l 160%
- Maringa 20mg/}- A2mg/l 166%
Sewage Treatment Plan present planned
- Diffusion Rate 17% 61% 394%
Agricultural Land
- Total Cropping Area 6,300,000ha - -
- Total Pasture Area 6,540,000ha} - -
Forest _
- Remaining Natural Forest 16,200km?2 (5.1%)} . - -
Gross Soil Erosion planned
- Cinzas River J6ton/halyear Tton'ha'year -
- Iguacu Rivec 28ton/hafyear Ston'halyear -
- Ivai River 33ton/halyear| Storvhalyear -
- Itarare River Ston‘halyear| lton/halyear
- Average 28tonhalyear Ston/halyear




Table - 3.2 Model Areas for Respective Project Management Sector

Unit of Management River Basin Proposed Model Areas Issues
Surface water supply Tguacu 10 municipalities with a population of more Shortage of water supply
a) Domestic water than 50,000 including Curitiba and Cascavel,
b} Industrial water o identified in M/P 10 municipalities wnh tha §
€) Agriculture :ribagi 10 municipalities witha pOpUIaUOﬂ of more Shortage of water supply
: ' than 50,000, including Londrina, Ponta Grossa
and Apucarana, identified in M/P :
Others Maringa, Umvarama and othar municipalities {Shortage of water supply
with a population of more than 50,000, facing
: to waler shortage
Groundwater use Iguacu 8 municipalities with a population of more Shortage of water supply -
' than 50,000 including Curitiba and Cascavel,
1dent1fed in M/P
'1‘_1ba_g:|_ S 6 munici pahues with a i)bpulauon of witha Shoﬂage of ;v_a_t;r '.;ﬁpply _
population of more than 50,000, including
: Londrina and Apucarana, identified in M/P
Others Maringa, Umuarama and other municipalities  |Shortage of water supply
with a population of more than 50,000, facing
] to water shortage .
Water excess {ftood control) Iguacu Clir_m_bga Metrop_ohl_an Area mfeglon_ 1 Flooddamage
$ao Mateus do Sul 1r;_Reg10n 2 Flood damage -
Uniao da Yitoria ;_a_nd Port Uniao in Region-4  |Flood damage N i
Rio Negro and Mafra in Region-5 Ficod damage
. |FozdofguacuinRegion6 ~  [|Flooddamage
_ Coastal Area |Morretes in Region 7 Flood damage
Hydropower generation lguacu  [Planned installed capacity : 14000 MW [Power demand in Brazil
{plannad up to 2015) Tibagi 1096.0 MW Power demand in Brazil
Intand navigation fvai - [Parana-vairowte . |Waterway (Cargo transport)
: Tibagi Paranapanema-Tibagi route Waterway (Cargo transport)
Waste treatment Iguacu Curitiba, Campo Largo, Guarapuva Pinhao D/ 'scwagc
a) Sewage - e fandCascavel B
b} Water quality Tibagi Ponta Grossa, Londnna Castro, Cornelio D/l sewage
Procopio, Arapongas and Apucarana L
bvai  |Maringaandlvai  [Dsewsge
Pirapo Maringa D/1 sewage
Soil erosion improvement fguacu 41 municipalities specified as a severe erosion {Soil erosion f Afforestation
arca by M/P
:l:i-l;;gl___ ) fﬂ aﬁ;;lpalllles sp&ﬁ'ed as a severe crosion [Soil cros[(;:{/;\iﬂi)rie;:auio};i

-Piqum Ivai

area by M/P

Mumc:pahues faclng seveie erosion to be

Soil erosion / Afforestation

and others identified by the methodology applied by the | Soil ecosion f Afforestation
_ Study Soil ecosion / Afforestation

Ecosyslem conservation lguac_u __|Programs proposedby M/ Preservation
Tibagi - Programs proposed by MP - Preservation
Others f’;‘gg"ra—r;s proposed by Stratepy R

Fish colture. Iguacu”  {Programs proposed by M/P . Preservation & demand
Tibagi Programs _Qrc_rpgsgg by M_J_’l_’_ ___[Preservation & demand
Others Programs proposed by Strategy Preservation & demand
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Table-3.5

Intcgratcd Monitoring Sysiem

System Components

1. Insitational Armngeh:em

1) Fswblishment of the stae center for

cavironment management

watcr

a) a set of newly cstablished data bank sysiems
covering all of the state and all of the items listed
in Table-3.6 and Figuse-3.7. ‘

b) control of newly installed information network
systenis which conncct the state cenler 10 other
organisations and scveral  regional  water
environment centers

<) administration of water cavironment all over the
stale using the obscrved data through information
systems and satetlite remote scnsing data

d) in charge of SYSTEM-1, 2, 3, and 4 for inter-
regional matiers.

2} Fstablishment of the regional centers for waler

environment management (divisions of the stalz
cenler)
a) administration of regional water environment

b) terminals of newly installed information network
systems ' '

¢) bullctin to municipality office, press, and public

d)in charge of SYSTEM - 1, 2, 3, and 4 for
regional matters.

3) Provision of a commitiee for data base management

i1,
1)

Integrated Monlitoring Sysiem

SYSTEM -1: a system for hydrologic cyck

monitering and simuliancous monitoring of waltcr

qualily and quantity

a) frequency and density and observalion items
which fulfill the rcquirement of the target-A as
summasiscd in Table-3.6.

b) intcgrated data analysis system

¢) integrated data bank system

d) improvement of federal {elemetric system

¢) instllation of ncw telemetric - system by stale
institytions

f) information networks which ¢conneet (ederal and
state information systems

2) - SYSTEM - 2: a system for monitoring coosystem
tibrary
a) observation of the population status of listed,
cndemic, and Gigatenad species of  aquatic,
terrestrial, and avian fauna by a field suivey

b) observation system of terrestrial flora using
saleltite remote sensing dala ‘

‘c) obscivation system of aquatic flora by a ficld
survey :

4d) integrated data bank system

-SYSTEM - 3: flood
systems

£}

forecasting  and  waming

a) improvement of federal telemetric system
b) improvement of flood forecasting system
¢) sophisticated flood warning information  with
graphic  display terminals  through network
- syslems
4) SYSTEM-4: abullctin system to the citizens
a) information network system for risk management

b) information network system for daily, weekly,
and annual report

I, Information Network

Instaliation of water environment information nclworks

among Lhe swale center, regional centers, and related

institations

{1) two-way inlormation transfer among the state center,
regional eenlers, federal offices, clectric  power
companics, and water supply and sewer companics

{2) water cnviromment information relricval through this
- neiwork ’

3 Warﬁin ¢ information transfer through this nciwork
(4) bulletin through this network
(5) as atansferring system of SYSTEM- 1, 2, 3, and 4.
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Table - 3.7 Proposed Implcni_cntation Target and Schedule

Implemeniation Schedule

Target ¥st stage 2nd stage
Present - 2005 2006 - 2015 onward
Targel-A : High Density and Multi-dimensional Monitoring
a) Multifarious Indicator Monitoring A\ EONEOR

{quantity, quality, spocics)

b) Muliitude Point Monitoring AN O w©
{enhancement of regional density)

¢} Time Serics Monitoring /_X O 10 @
{enhancement of time axis)

Target-B @ Unilied and Centralized Monitoring
a) Institutional Arrangement (_{\ O to @
b) Eguipment and Network /_\ (O w @
Target-C . Integrated Operation and Monitoring
a) Institutional Arrangement ‘-/_\ O o @
b) Equipment and Network | : /\ o to @
Note:

X : No Provision

A: Partial Operation

O: Full scale operation with inroductory level and moderate density
@: Full scale operation with advanced lovel and high density
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Table-4.1

Existing Monitoring and Opcration Systems in the Iguacu and Tibagi River Basins

Monitoring and Operation Systems :

7
Tguacu River Basin |
i

Tibagi River Basin

Related Institutions

1. OPERATION SYSTEM

| i
(1) Ground water supply ¢ Insufficient data Insufficient data ‘:SU(':EAM’!AP’
A o :SANEPAR
(2) Surface water supply ' |
a) Water amount taken from the river based on data i 12.6 1.2 SANEPAR,
 basesystem ¢stablished by JICA Swdy Team i o o Al}iqn_c_npgus bodies
» Rner -EES2IVOIr Operanon for Mu!ufaneus Water Use‘ None None COPEL, SUCEAM
R o R S e _‘_TELETROSUL .
(4) River-teservoir QOperation for Flood Conlrol : None- None |COPEL, SUCEAM,
. B U S . |ELETROSUL _
(S) Power Load Operaiion ; COPEL,
| R
a) Nos. of hydropower stations [ 6 2 ELETROSUL
b) Total instalted capacity (MW) | 5,315 2
i, MONITORING SYSTEM
(1) Meteorological data observation {nos. of s!auons) 116 with an 2utomatic }7 with an automatic ?DNAEE, 1AP,
. . iRRUgE pavge . COPEL, IAPAR
@ Precap:lauon observation ! 5 ! :
H i
8) Nos. of stations with manual reading gauge 243 t 111 \DNAEE, IAP,
b} Nos. of stations with automatic recording gauge 36 10 .COPEL, IAPAR,
___©) Nos.ofstations with telemeteringsystem | 17§ 5 ’ELETROSUL ITAIP
(3) Flow observation system | : i
a) Nos. of stations with manual reading gauge : !
» Main stream : 2§ 5 ;
+ Tributary T 40 22 DNAEE, IAP,
b) Nos. of stations with automatic reading gauge | COPEL, IAPAR,
* Main stream ' 9 4 CESP, ELETROSUL,
I
* Tributary ' i3 3 ITAIP
€} Nos. of stations with telemetesing system : '
+ Main stream : 9 y
| e Tributary N . -
A telemetered data I
{4) Rlood forecasting and waming system ‘collection system none DSAEE COP;:L
... ;roviddbyDNaBE|  ISUCEAMIAPAR
{5) River water quality ‘
3) Nos, of observation stations :
* Main stream i 21 13 DNAEE, 1AP
AL L SR | 15
. . ‘Reseachof faunaand |
(6} Aqua ecology monitoring g::g;;“:geg;’}j:;f Hlora by COPATIin [IAP
o - - S A !<peC|l”c area | o
An inventory sur\.cy
iPitori mvesugat:on in
(7) Fish resources monitoring IS egredo reservoir by :al. the downstream of [EMATER, COPEL,
i Tibagi river by COPATI
ICOPEL
e S A ‘rl_.g,ndrina University _ N e
(8) Wasie d;echarge monitoring l not avajlable I not avallablc !AP SAZ\EPAR
(9) Watershed and dsediment monitoring ‘ T A‘ T S
a) Nos. of sediment flow observation stations ; ‘ 'EMATER, COPEL,
* Main stream 9 j 10 :DNAEE, IAP
oot Tributary S - DU 21
{10} Surface and sub-surface water supply monitoring i done by individual done by individual [ SUCEAM,
; users ; users
i i

'SANEPAR
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Notation :
¥1 - Water Intake, Waste Discharge
*2 - Water Supply System Inventory, Sewer System Inventory, River Inventory, Puniping from wells, and Well Inveniory

Source: Chow, Madiment and Mays, 1988

Figure - 1.2 Conceplt of Hydrologic Cycle
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Figure-2.7 Implementation Schedule of SIMEPAR

Descriptions 1996 1997 1598 1999 2000

1. Operating Cenler

2. Satellite Image Reception
ay METEOSAT
b) TIROS
¢y GOES

3. Weather Radar

a) Catanduvas

b) Apucarana

@ ¢) Irati :
. Lightning Sensor

. Upper Air Telemetry

. Verlical Profiler

e I -+ WL, R

. Ground Weather Stations
a) Phase 1 (6 nos.}
b) Phase 2 (27 nos.)
¢) Phase 3 (54 nos.}
d) Phase 4 {29 nos.)
8. Hydrological Stations
a) Phase 1 (6nos.)
b) Phase 2 (14 nos.)
c) Phase 3 (24 nos.)

9, Environmental Stations

10. Muiltimedia and Software Equipment

11, Sofiware Development

12. Scientific Computing
13. Communsication Anlennas
14. Laboratory

Source ; SIMEPAR's 'i‘eqhnical Pre-Speéification
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