CHAPTER 3 _OPERATION. AND .MONITORING SYSTEM
8.1  Kxisting Monitoring and Operation System in the Iguagu River Basin

- Table-8.2 indicales the existing operation and monitoring system for water environmental
~ management and its present situation is described in the following sub-sections:

8.1.1 Opcratson System

Thc cxislmg domestic water supply systcms using surfacc and subsurface water sources -
* have been operated by the SANEPAR and OUTONOMO, and its system management has
- been done well on mieasuring intake discharge, counting distributed water amount, and so
" on. While, industrial water users are mainly taking water in fromi the both water sources :
© individually. These industrial water users are divided into two (2) parts; authorized and .
- unauthorized water users. The former users apply for their water uses with their intake
© discharges and industrial waste water amount (o the IAP, and the IAP permits/registers them
taking into account the water availability. But, operational records aré not submiited 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 .
- TAP are 3,400 while unmanaged ones are more than 10,000 in the whole Parana State.

There are four (4) dams operated by the. ELE‘]ROSUL 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. The existing dams have been constructed for a single -
- purpose not for multifarious uses. However, there are needs for such multifarious use of

~ the existing and planned reservoirs as hydropower generation, water supply, flood contro,

~and fish culiure in order to effectively use the available water resources. There are such
- plans and possibility as the Irai dam development for waler'supply and flood conirol,
- possibility of hydropower generation and fish culture dcvclopmem in the reservoirs in the
~ Iguagu river, and so on.

| Six {6} hydropower slahons in the Iguagu river basm are operated and managed by the
- ELETROSUL and COPEL.

B 8;1.2_'-1\10niforitlg System

) Monitoring of meteorological and hydrological data in the Iguagu and Tibagi river basins has
- been made by the DNAEE, IAP, COPEL and JAPAR. A number of the observation slations .
in the Iguagu river basin is summarized as follows:

Table-8.4 Number of Observation Stations in the Iguagu River Basin

. Cbservation ltems Tguacu Rner
“Catchmentarea (km’) 68,700
Meteorological stations 16 {4,294)

Rainfall observation stations T 301 (228)
- Rafe of automatic and telemetering gauges (%) 17
Flow observation stations =~ a)  Main stream ’ .39
: b) ‘Tributaries 33
ST Waler quah{y observation . ' \ - 58
- Sediment obscwauon stations &)  Main skieam . 9
b) © Tributaries 31

~ Note: Figurcs in parenlhesis indicate densily of observation station (I no. / km?).
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Table-8.2 Existing Monitoring and Opcration Systems in the l_gua:;u River Basin

‘Related Institutions

Monitoring and Operation Systems igua;éu River Dasin
1. OPERATION SYSTEM _
(1) Ground water supply ‘Insufficlentdata |SUCEAMIAP, SANEPAR
(2) Surlace water supply _ s ST
2)  Water amount taken from the river based on data 126 SANEPAR,
base system cstablished by JICA Study Team . QUINOMO -
(3) River-reservolr Operation for Multifarious Water Use " None COPEL, SUCEAM '
(4) River-reservoir Opc_r#ﬁbn for Flood Control N_oné _ : COPJ:,L, SUCEAM
(5) Power Load Operation T T[corEL -
a) Nos. of hydropower stations- . 6
. b)) Toialinstalled capacily (MWV) 5315

iz

MONITORING SYSTEM

() Mélmﬁogiea.l data obscriaxion {nos. of staticns)

16 with an automatic gau ge

DNAEE. TAP, COPEL,; T

o IAPAR
{2) Precipitation obscn'anon ' o
a) Nos. of stations with manval readmg gauge 248 : DNAEB. IAP, -
b) Nos.of stztions with automatic recording gauge 36 COPEL, IAPAR
€} Nos. of stations with telemetering system 17 S '
(3) FLow observation system .
a) Nos. of statiohs with manual rcadmg gaugc
» Main stream : rae e : N
* Tributary 4D DNAEE, JAP, -
b) Nos. of stations with automalic rcadmg gaugc o - |COPEL, IAPAR
» Main stream B 9. ' '
» Tributary - : 13
€} Nos. of stations with telemelering system
* Main stream ' 9
» Tributay p o -

{4} Flood forecasting and waming system

 |A telemetered data collection

DNAEE, COPEL SUCEAM
IAPAR

(5) River water quality

a) Nos ofobscn'atlon stations

system providod by DNAEE

"« Main stream : ) 21 DNAEE, IAP
» Tributary 33 o
- Macro-inveriebrate” ¢ i
6) Aqguaecology monitorin IAP -
) Aq By momitoring  |monitoriag by IAP - AP
7y Fish resources monitoring Pilot investigation in Segredo EMATER. COPEL COPAT
o ‘ reservolr by COPEL e '
{8) Waste discharge monitoring not available : IAP; SANEPAR
(9) Watershed and sediment monitoring | i ST :
8} Nos. of sediment flow observation stations . EMATER, COPEL,
+ Main strcam ' IR 9 | DNAEE, IAP
-Tnbutar_y _ ]
(10) Surfaccand sub—surfacc water supply mom!onng donc by in&ividua] uéc;s SUCEAM, SANEPAR
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“The DNAEE has developed flood forecasting and warning system (FI'WS) composed of
telcmetermg rainfall and water tevel 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 as shown in
Figure-8.1, Also, the COPEL and ELETROSUL have own operation system including
- meteorological and hydrological observation and data transmiss_ion 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 transmiission system usmg the satellites of TIROS, NOAA and SCD | and data
storage and analyzing system to raise reliability of data transmission network. The existing
telemetering system in the FEWS in the I gmgu river is scheduled o bc mcorporated into this
* pationwide system : :

- The SIMEPAR is implemenﬁng the weather observation syste;ﬁ described in the Main
~ Report 1 for the Stralegy and will improve the meteorological and hydrological observalion
. network by introduction oframfall radar and telemetering system covering the whole Parané
- slate. :

_ River water quality monitoring has been carried out at the main stream and tributarics of the
aforesaid rivers with a frequency of four (4) times or more a year by the IAP and DNAEE.

* However, it is identified that there are interrupted periods in the large part of observation

records al many stations and that it is impossible to evaluate its change on river waler 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 quahly analys;s for heavy metal have been undcrtaken in accordance with the
1' requ:remenl -

; As for mom{ormg on aquatic ecologxcal system, there have been no mlegrated and/or
penodtcal mvcsltgatnon but it is initiated by the IAP and COPEL in these yeass.

Sedlmcnt sampling and its analysis have been made at 40 sites in the Iguagu river by the
* IAPAR, COPEL, DNAEE and IAP. Howcvcr, the frequency of observation is quite
. insufficient t‘or evaluating soil erosion rate with high accuracy. While, the gross soil erosion

"~ rate has been exammcd by the pilot projects hy the JAPAR undcr lhe FMATER
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: 8.2 ~ Master Plan for Operation and Monitoring System
§.2.1 General Conditions |

Currently, the Tguagu river basin faces the problems in water environment as described in the
~ previous chapters and summarized in Figures-8.2 and 8.3. In order to manage the water
- environment in Parand state, the Master Plan was studied by applying the methodology for
. planning and the Sfrategy for the operation and monitoring system. Figure-8.4 indicates |
* issues to be monitored in the [guagu river basin. | . '

" The Study employed an integrated'.management framework ’co'mposcd of, 1) integrated :

. institutional framework; 2) water uses and waste water forecasting for planning in socio-

- cconomy-hydrology- aquaccology system; 3} project management for multifarious water use
and water environmental improvement; 4) monitoring and operation of surface and -
: subsurfacc water system; and 5) global hydrologlcal cy cle model.

. The current siudy has established the followmg 1mplementahon targets for monitoring and |
: operallon system as llluslrated in Figures-8.5 and 8.6: -

. T arget-A:; High density and mult:-d1n1en31onal momtoring
~ Target-B:  Unified monitoring |

Target-C: Imograted 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 targel :
levels durmg 20 years 1ill 2015.

' 8.2.2 _Master Plan

The current level of .the existing monitoring and operation system was evaluated by -
~ comparing the targets of A to C and the required activities for reaching these target levels -
- were studied together with their urgcncnes and amplementauon schedute. ‘The result is
‘_ descnbed as follows . '

¢} Strengthemng of moniloring system for meteorological and rainfall observation

The required numbcr of additional melcorologlcal and rainfall gauging stations are est:maled
by applymg requared density of 1,200 km’ per a station for meteorological observatory and
- 170 km? per a stallon for rainfall observa!:on network.

" ‘The on- gomg SIMEPAR $ prolcct are scheduled 1o provide the meteorologml gauging
stations with __teiemetcrmg equipment in the Iguagu river basin. The SIMEPAR's system wilt
 give more detailed data and information related to water environment management.
+ However, taking into account the current densily of the observation network, it is required to

~ further provide 4 méteorolbgica! 'ob'senratories and 103 'rainfall gauges.

The spaual disiribution of the proposed new 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 exns!mg observation nctwork after its completion of the prOJeci
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2) Provision of new stream flow gauges

The water resources development by providing dam/reservoir or weir structures will require

the stream flow data for evaluating the available water resources with high accuracy at the

structure sites for managing the project from planning to operation and maintenance. Since

the currently proposed development schemes for Cascavel and other urban areas ranked at

the type of B are located in the upstream river basin and there are no stieam flow gauges at

“the site, 11 stréam gauges are - requ:red to be mstalled in accordancc with’ pro;cct
1mp1cmemauon :

3 Strengthemng of river watér quality observaﬁon

‘Water quahty stations have been mstalled at the major points along the main stream, at the
‘main {ributaries and at focations where quality problems are identified or predicted.  But, its
observation work after 1990 has been interrupted at several stations. Also, water quality in
the rivers adjacent to the major cilies are predicted to be worsened by the increase of sewage .
loads discharged by the expanding urban areas, Therefore, the current observation network
is required to be strengthened by restarting the observation work at the mentioned stations
and by prowdmg new stations in the rivers in the urban areas.

In Curitiba metropohlan area, there are s_ufﬁment r_mmber of water quality stations but other
urban areas with the types of A and B located at the upstream of ftributaries have no
- observation station. ‘The water quality observation at the proposed 11 stations for water use
management is also ‘required to be undertaken addilionally.

- While, the pesticide and fertilizer utilized in agricultural sector are one of the water pollution
‘source. It is necessary lo investigate and identify the kind of pesticide and fertilizer currently
utilized in agnculturai sector and its chemical composmon and degree of influence of those
" to water environment and human beings firsily, since there are no sufficient data to specify
" test items for detecting pesticide and fertilizer in the Study. The standards and guidelines for
walter quality monitoring for pesticide and fcmhzer are required to be established on the basis
of the mvesugahon resull.

: (4) Slrengthenmg of sedimcnt obscrvatlon

Research and tnvestlgatlon work have becn made by the IAPAR undcr the EMATER, and
sediment observalion has been made mainly by the DNAEE, COPEL, IAP and IAPAR. In
-order to identify problems.and monitor effects due to reforestation and tereacing works
proposed in the curtent study, it is necessary. to underiake more frequent obscrvation of
sediment loads at the exisling stations or stations to be newly established in the severe
erosion areas. In observation, sediment flow samples at flood time, which occupies the
major pa:t of the annuai sedtmcnt discharge, is necessary to be taken intensively.

_Ident:ﬁed se'vere ‘érosion areas are the tributarics; 1)- Santo Antonio, 2) Capanema, 3)
Chopim, ‘4) Cavemoso, 5) Potmga and 6) Gongalves Dias and Andradc In these river
basins, the nmensnve measurement is requ:red to bc camed out at the cmstmg sircam gauge
sites. -



(5) Initiation of aquatic ecology monitoring

‘There has been no integrated aguatic ecology monitoring. It, therefore, is required to initinte
the monitoring work so as to provide basic data for establishing lhe conservauon plan of
aquatic ecosystem atong the rivers, co

Aquauc ecology momtonng is rcqulrcd lo mclude b:omdlcator samplmg such as benlhos,
- plankton and nekton and chemical analysis for aqualic biola and water quality as proposed in
 the ecological improvement study. Also, investigation on vegetation along the river side arca

using the avaitable Geographic Information System (GIS) and fish mvenlory survcy are
_ recommended to be carried out as proposed by the ecologlcal study. o

{6) Establishment of integrated monitoring systern for surface and- subsurface watcr'
resources in Curmba Metropohlan Area and Expans:on to Olher Urb'm Arcas ; :

'I‘here are many bore holes provzded by lhe SA\IEPAR and pnvatc mdustnal factones Tho
surface water resources development is going on in CMA where both waler resources is
mutually affected in quality and quantity.. In order to undertake well balanced devclopmcnt
for lhese waler resources, the following monitoring work is required: ‘o

a) prediction of domestic and industriat water dcmands based on populauon, land
use, econom:c data, and 50 on,

b). provision of monitoring bore holcs for observatlon of. watcr table and water'
quality, and additional water level gauge at five (5) rivers for base. flow
observation in the Karst area,

¢) installation of flow meter 16 the aulhon?ed and unaulhormcd bore holes as well
~ as identification of location of thc unaulhonzed bore holes and

d) establishment of global hydrologtcal cycle model which ena'chs to eshmate :
potential water resources and. to. evaluate water demand/supply . balancc
incorporating both water resources and other hydrologlcal componenls

The establishment of monitoring . system mcludmg ‘the model mentloned above is
recommended to be made for Curitiba metropolitan area in the 1st stage, where the intensive
ground water development has been carried and it is predicted to induce such problems as
lowering of ground water table and reduction of intake discharge at the exisling bore holes
thereby. The 2nd stage will apply the established monitoring method and model to other
- basins, where occiirence of similar problems arc predlcled The requlrcd mspecuon bore
holes for the urban areas are as shown in Table-8. 3 R .

. Table-8.3 chulred Numbcr of lnspcmon Boreholes

Mummp'ﬂmes R Requnrcd Numb:r -Total Length -

of Boreholds of Borcholes (m)
1) Curitiba Mct:opohlan Area (Karsl) ' N Y ) 1,020
Curitiba Meuopolllan Aréa (Guablrotuba Pon‘nauon} R I S 1,600
2) Cascavel - : _ e 480
3) Foz do Iguagu ‘ 10 ' 300
4) Guarapuava ' 1 : 80

5) Other large urban areas (6 munlc:pahhcs) : 11 880

8- 12




(6) Establishmient of mlcgrated data b'\sc systcm under SEMA

There are no integrated data base system for water cnwronmcnlai managcment in the SEMA
‘While, the SUCEAM and IAP will require the data base system for planning water resources
development and conservation of water environment. The proposed data base system will
conlain;. a) socio-economic data such as cconomic indices, tand use and population,
" b) meteorological and hydrological data, ¢) data on ground water, d) water quality records,
¢) sediment observation data, and f) aquatic ccological data. ‘The data accumulated in the
- data base system will be used for prediction of water demand, water demandlsupply balance -
‘analysis incorporating surface: and subsurfacc water resources, simulation of river walter
quallly, and so on.

N Data and information network

_ The proposcd State Center is 1blc to collect data and information from the SIMEPAR and
DNAEE between their computer systems through the exisling telephone cable line, This data
transmission system is applied for communication ‘:ystem betwccn the state and reglonai
centers and olher related mshtut:ons. X o

. 8 2. 3 chmred Cost

. (1) Provlslon of addlhonal mcteorologlcal and hydrologtcal observanon stalions

The required cost for establishing the proposed monitoring system was estimated on lhc

~ basis of the cost data and information provided by the counterpart personnel. The result is
shown in Table-8.4. '

Table-8.4 Cost for Monitoring System

Description Work Items Required Cost

. ‘ (US$ thousand)
1} SIMEPAR’s system ) - . 35,000
2) Stengthening of monitoring  system  for | + 4 meteorological observatories 36
- meteorological and rainfall observation + 103 rainfall gavges 155
‘13> Provision of new stream gauges for water use |+ 11 slream gauges 110

management and water quality observation

4) . Establishment . of * integrated monitoring | « 5 stream gauges C 50

system _for surface and subsurface water |+ 17 boreholes in the Karst 411

~ resources in Curitiba meteopolitan asea and |+ 20 boreholes in the Guabirotuba 136

expansion to other urban areas + 44 boreholes in other urban areas 634

5) - Aquatic ecological moniloring . 332

6) * Bstablishment of integrated data base systcm + 7 sels of computer system and 70
under SEMA, mcludmg data and information ~ telephone line network

network
Total : ' - - 37,128

The SIMEPAR's project is going on as described in the Main Report I and the total cost of
US$ 35 million is scheduled to be disbursed during coming 5 years from 1996, Since this
system covers the whole Parani state mcludmg the Iguagu river basm the mentioned cost is
mcorporated into the Master Plan, :

813



(2) Annual observat ion cost for waler quahly and sednmem loacls

-The annual cost for waler quahly analysls is cstlmated by assuming test items of waler and :
air temperature, dissolved oxygen, coliform fecal; pH;, BOD, COD, ‘total hitrogen,  total
- phosphate, turbidity, total solid, heavy metals such as mercusy and chrome, and. pesticide
and fertilizer for identifying the basic condition of river water quality.’ Assuming that
observation frequency is four (4) times a year, and that two-(2) samples are taken at one
location and analyzed, the required cost for sampling and taboratory test for samples to be
taken at the existing and newly provided 64 stations arc estimated at uss 384 thousands

Sediment sampling and analysis for identification of sediment loads requlre the annual cost
of US$ 120 thousand assuming the frequency of 10 times & year. and -three-(3)
samplcsflocauon per samplmg, and undenakmg of observallon at the emstmg 40 stalzons '

- 8.2.4 Implementat:on Schedule

The m\plementataon schedule l"or the rcqmred achvmcs is gwen as shown in Flgure 8 7.
The required activities to cope with the problems and needs related to urbanization and
industriatization, and the on-going projects and strengthening of the'existing monitoring
systems are scheduled to be undertaken in the st stage during 10 years to 2005. The
activilies in the 2nd stage are miainly for the expansuon or upgwdmg of momlormg sysiem
established i in the 1st stage. o S %
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CHAPTER 9 INSTITUTION

9.1  Current Institutional Fraine#qu in the Iguagu River Basin
9.1.1 Legislation in Force on Water Environment |

(1} Ownership and Administraﬁon of Watcr

According to the Constitution, the ownership of main stream water in the Iguagu River is the
property of the Federal Republic, while water of the tributaries and groundwatcr exclusively
snuated in the State except hydrautic encfgy potentnal is lhc property of the State.

: ‘(2) Use of Water and Water Rl ght

~ Derivaiion of water in lhc Federal or Slate domam reqmree. concession, authonzahon or
permission, provnded that water use for the first necessity of life is free in case that the
access 10 the water is lawful, The State Regulation No. 004/89, 1989, by the SUREHMA
* (Superintendency of Water Resources and Environment, carrently being changed to the
_ SUCBAM-Superintendency of Erosion . Control .and Environmental Sanitation), gives
. provisions | for the use of water of the State domam, based on the supulatlon of the Water
. Code. : :

(3) Water Resources Deirelop'mem

The works necessary to derive or store water shall be planned and consiructed under the
responsibility of a certified professional registered in CREA (Regional Council of Engineers

-and Architects). Any alternation or any part of altcmallon and 'my change in intakes or dikes
are subject to the approval of the SUCEAM : : :

-_(4) Water Resourccs Conservauon .

-The Water Codes pl‘Ohlblt degrading or contammalmg waters by discharging waste water.
The Code orders the entity who causes the nuisance to take remedial actions at the polluter's
~.expense and to compensate for the loss or damage caused by the effluent discharge. In the
State domain, the SUCEAM or the IAP (Environmental Institute of Parang) can demand of
the water user to prevent waste of water, to control, or to protect against pollution.

The Federal Law 6766, 1979 prohibits the land allotments for urban pUIpOSES in swampy or
flood prone areas before taking precautions against water flow, and in tand belt along water
courses, as well as in arcas for ecological prescrvation, and polluted areas before the
, recovery, . The faw requlres some portion of land allotment for community facilitics,
including those for water supply, sewerage, electric power supply and storm water
- collection. The State Decree No. 2963, 1980 designates areas of the special interest and
- protéction, such as areas contained in the water divisions of surface run-oftf which contribute
as sources of public potable water supply. The State Decree No. 2964, 1980 declares areas
- of the spécial interest and protection in the river basins that compose waler sources in
Curitiba Metropolilan Regions.  The Decree assigns the: COMEC (Coordination of
- Metropolitan Reglon' of Curitiba), as the competent agency for previous examination and
 approval of the land allotment project in Upper Tguagu River Basin and other teh river basins
designated by the Decree.

" The State Law No. 8935, 1989, and an additional s:ipiﬂat_io'n by the State Law No. 11055,



© 1995, prohibits installation, operation, or implementation of highly polluting industries,
hospital establishments, waste disposal sites and parcels of land for hxgh populatnon dcnsny,
in catchmeiit arcas of sources for the public water supply.” ‘

9.1.2 Current Organizatlonal Framework
(1) Federat Level .
(a) Water Resourues Adnnmstranon

Waler resources administration at the Federal Ievel is dischacged by lhe Nahona] Department
of Water and Eléctric Energy (DNAEE) of the Ministry of Mines and Energy (MME),
Although the Constitution provided that the permanent defense against floods is the federal
malter, the National Department of Sanitation Works (DNOS), whlch was the competent
organization undel the Mlmstry of Agrlculture, was abohshcd in 1990 ' :

(b) Environmental Enulzes :

The Natiorial - Council of Enwronment (CONAMA) and the - Brazilian’ Tastitute of
Environment (IBAMA) administer environinental conservation, preservation of eco- system
and pollution control, including water quallly management und_er the Ministry -of
Envnronmem and Legal Amazon. o

v State Level

The prime institute of water envitonment adznmlstmnon at the Stale level is the State
Secretariat of Environment (SEMA), subordmatmg the SUCEAM and the IAP, These
organs have been in the course of re-organization and strengthening since Janvary, 1995.

The COMEC was established for the coordinated development of the rcglon under the State
Secretariat of Urban Development (SEDU), being changed to be placed under the State
Secretariat of Planning and General Coordination (SEPL) by the new admmls{ranon The
duues of the COMEC arc as follows: : . : e

~ - promotion, elaboration, approvmg, obedlcnce and control of the mtegraled
~ planning of the Metropolitan Region of Curitiba - :
- execulion together with the Sanitation Company of Paranﬁ (SANEPAR) and the
City of Curitiba, of the Program of Environmental Sanitation of lhe Mc{ropohtan
’ chlon of Curitiba (PROSAM), ass:sled by the World Bank ‘ .

The PROSAM covers the followmgs

- promotion of cnvnronmental rccovery of the reglon and presewatlon of sourccs for

o _pubhc water supply ' ot ‘ T

- . promotion of rmprovement of physical, chem:cal and b:ologtcal chamclensucs of '
- water resources in the Upper Iguagu Basin - S :

- promotion of expansmn “of potable waler supply scmccs wnlh rugulanon of
B 'dlschargc and quality control of the resources i . PIRAS I

- “minimization of lhe 1mpacts of urbamzatlon over water rcsourccs of the reglon wu‘n
shitable hnd use :

- promotion of flood control




- development and implemientation of institutional mechanisms and - instruments
necéssary for suitable admmlsimtlon of the environmental resources of the Upper
Iguagu Basin

(3) Municipal Level

Participation in water environment administration by the Municipalities varies according to
- the level of their establishment and capabilitics. Some Municipalities, such as the City of
Curiliba, discharge major responsibilities in water environment managemenl while many of
Municipalitics have been raised very recently and are still m the courses of their
consolidation.

(4) Participation of Non govemmenhl Orgamzalnon (NGO)

" The Reglonal Permanent Commission for Flood Prevention of -the Iguagu River
(CORPRFRI) has been organized as non- proﬁt enmy without polmcal purposes, whose
- major missions are as follows:

- to sludy and ldentify the causes of floods

- togive suggesuons to the governments in order to gather the efforts of the
~govermments for minimizing the effects of floods

- to promote understand;ng of issues on floods whxch involve resettlement of
inhabitants : :

-'9‘2 _ Ins!itutional isSues of' Water Ehvironment _
:9 2.1 Concepls and Approaches for Instllul:onal Improvement

The followmg lwo concepls are cmployed to formulate institutional improvement programs:

S _Co'ncep; I:* Promotion of Appropriateness, Effectiveness and Efficlency rhrough
' Remedial Meastires agamst Current Problems

Conceptll:  Responding to Future Needs for In tegmred Water E nwronmen.'
‘ _Managemem '

The first conoept should be apphed everywhcrc in the world for the improvement every

sector of management and govemment administration. Considering the Concept I, current

institutional problems are identified and analyzcd for compiling remedial measures to solve
- the problems ‘

Since water resources development incurs huge costs and :long period for project
implementation and the resources  conservation will affect futire gencrations, water
environnient management should cover long tenn perspectives.  Fulure needs and
corresponding institutional responmbllmcs in government administration are discussed under
the Concept 1L, . : :

Introduction of successful models pracuced in other countries, including those in Japan
which might be sumble to Parana State, is applied as a basic approach in programniing
institutional improvement méasures under both of lhe two concepts, especially those under
" the C‘onccptil : :



'9.2.2 Identified Institutionat Problems and Principles to be Followed

The problems to be discussed in the institutional study are selected as follows:
- inappropriate responsibility assignment
- insufficient instructions and training
- insufficient assessment of water resources potential and the existing use
"~ - insufficient detecting capability of polluting sources’ '
- insufficient data and mfonnauon publication .
- unrecovercd cost

In order to solve the above problems, the followmg pnncnples are st to be obeyed under the -
Concept L.

- 1) Definite Assxgnmem of Operational and Regulatory ReSPOHSlbllllles and:
- Configuration of Line Responsibilities

- 2) Enhanced Enforcement of nglslallon on Water Envnronment Managcmcnt and
Administration : -

3) Establishment of Proper Cost Recovery Systcm _
4) Encouragement of Public Pamc;panon :

9.2.3 Future Needs

Population growth, accompanied by agricultural and industrial development, boosts water
demands. Agricultural and industrial expansion will lead to increase in polluting loads as
well, reducing available quality water, Raised living standards increase recreational and
environmental demands. - In order to meet increasing demands with limited budget, water
environment management requires inuch more efficiency. - The management at this stage
should be integrated in order to achieve optimal use of limited water resources and efficient
resources conservatior. Respom:b:lmes for waler environment admmislratmn will largely
grow correspondmg to socio-economic development :

‘‘‘‘‘‘‘‘‘ .“--'-'—I FD(III’CNCM! —?-.——-—-;.—-..-..‘_-..--‘.
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Figure-9.1 Future Needs for imcgrazod Water Environment Management
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Principles to be obscrved in formulation of institutional improvement progranis to meet the
future needs i water environment management are set as follows:

5) ntroduction of Basin Management and Establishment of the Compctent Entily

- Equitable and Definite Policy Formulation on Walcr Allocation and Water
Quality Control
- Comprchenswe Planning, Evaluation and Regulatton

6) Coordinated Admlmstranon and Mmagemem among Relcvant Administrative
- “Sectors : .

- Linkage of Water- and Land-use Management
- Linkage of Quantity and Quality Management :
- Linkage of Surface Water Management and Groundwater Management

| ) Equuable WalerPrtcmg

9.3 Master Plan for the Iguagu River Basin
2.3. 1 Phased Development of Instltutlonal Improvement

- The progtams under lhe Concept I are recommended for immediate 1mplcmentallon whlle

the programs under the Concept 11 are generally proposed for longer term implementation

_ after the programs under the Concept 1. Generally, the completion of the programs under

-the Concept I would be a prerequisite for the implementation of the programs under the
Concept 11.  Continuous upgrade of water environment management could be achieved
through the mlroduchon and implementation of the programs under the Concept IL.

9.3.2 - Recommended Institutional Programs under the Concept I

The foltowing programs are recommendable (o solve the current problems These programis
- are proposed to be implemented, covering the whole State. Detail contents are given in
Chapter 10 of the Mam Report L.

<Progr'1m 1 Organizational Stnenglhemng lhrough Implementation of the
_ (,urrent Re- organization>

~ After the analysis of the requlred lasks, adcquate staff allocation, examination of required
~* budget and the consequent appropriation would be necessary. Re-organization of the branch
- offices should follow, coupled with training and re-training, especially for the transferred
staff and the staff in charge of ficld or extension services with e}aborated instructions and
manuals :

, <Program 2 Strcngthcned Groundwater Managcmenb

N Potennal assessmcm of the groundwater, applymg the methodology shown in Ihc Study, is
" recommended as the first necessuy Slrenglhened inspection of water use and promotion of
- registration would be necessary through organizing a team for the duty. Registration or
licensing the professional drillers and a system to control of them are recommendable.
Establishment of procedures for granting groundwater development and use is
~ recommended.’ Regulations of ‘surface water ‘conservation” through land use control in
_catchment areas of the sources to the public supply would bclter be expandcd to recharging
areas of the. aquers as well



“<Program 3 Enhancement in the Enforcement of Envnronmental
Regulations> o : - R

'The following five sub- programs are recommended

1) cstablishment and enforcement of reportmg obhgauon of opcratlon and
accidents by water user to the competent entity

2) effluent standards by scale and by type of mdustry a

3) phased enhancement of detecling capa’blhty of probtems and mconfonmty to
- the effluent and the water quality standards :

4) prohlbxtlon of effluent infiltration to the ground
- 5)  enhanced control of AgIOLOXIC use

Establishment of a regulation on the obligations to- mionitor effluent and’ to report_by
~ industries themselves are recommended, so that pollution control could be more effective if
" the regulation is enforced adequately. Strict enforcement of the effluent standards requires

examination of availability of treatment technology of the industrics. - Effluent standards by

scale and by type of industries might be necessary. With the limited capabitity of the
responsible entity, nomination of harmful substances out of those designated in effluent and
" water - qualily - standards for conlimious’ incnitoring 'activities would be ' required “after
* investigation and examination of conditions of industrial and agricultural production as well
as the magnitude of harmful effects caused by the items designated in effluent and water
guality standards. Guidance for appropriate use of agrotoxic use to the farmers and
encouragement of coordinated use among neighboring fanhcrs ae recommended :

<Program 4 Legal Arrangement for the Control of Seil, Sand and Stonc
Taking in River Areas>

Some granting procedurcs for soit, sand and stones takmg in rivér areas are mco:nmendable
in order to maintain norma) functioning of water courses including flood control

<Progiam § Cost Recovery of Water Environment Managemeni>
(1) Cost Recovery of Resources Asscssment and Enwronmental Momtonng

Fee chargmg accordmg to the volume of watcr grantcd is. fccommcnded ot only for dcmand
control but also for supplemental funds for. resource: assessment and ' environmental
monitoring activities. : : S - L

(2) Cost Recovery of Water Supply and Sanitation -

Continuous revision of tariff fables is mcommcndcd bascd on long ruin margmal ‘cost
. (LRMC) pricing and progressive block tariff to achieve the cost recovery, equitable demand

control and opmnal investment. - In- order . to  reduce 40% of the cumrent  leakage, leak
- detection by organizing an inspection team would be recommendab!e for cost savmg of -

water supply sexvices. S : . T

<Program 6 Promolion of Residenls Paruupation !hrough ln[‘ol matlon '
Publication> .

Periodical publication of report on dala ooliecled and analyzed “current |ssues, ‘and
government policies would conlribute to public awareness and (o encovrage sound resndents
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participation to water environment nianagement.

*.9,3.3 . Recommended Institutional Programs: under the Concept 11

<Program 7 Introduction River Basin Management and Establishment of
Competent Entitics>

chr basin management, a management of river basin as a unit of water resources
management, has been found equitable and efficient for comprchensive water resources
management Besides, the Constitution, 1988, has the clear definition of ownershxp of
water by river and hydraulic encrgy potential in alt rivers, which might not accord to river -
" basin managément. As stipulated in the Constitution, the Federal Republic has the exclusive
~ power to legistate on waters, energy and the regime of lake or river navigation. The policy,
the instruments to achieve the policy, the system and the organization of river basin
* management must be discussed, enacted and enforced within the legal frame of the’ federal
administration. The participation of the State to the river basin management for preservation
of its properly, environmental conservation, registry and control of concession of water use
in its domain shall be cm1ed out within the pohcy frame of the federal legislation.

(1) Estabhshment of the Competent Entlty

Hydrographlc characteristics of the Iguagu River Basin, to be noted for organizing river
basin management, can be summarized as described below. The competency of the river
management entity, such as a Basin Committee (Sub-basin Committee) and a Basin Agency
(Sub-basin Agency), could be proposed as the following two options.

1) All rivers in the Pilot River Basins finally belong to the Parana River Basin,
and form a comphcated hierarchy of flow system (according to the current
discussion on river basin management at the fedesal level, the Iguagu River
Basin is dassnﬁed as & sub- basm of the Parani River Basm)

" 2) Rivers in the Igvagu chr Basm comprise of federal rivers, and state rivers
" whose watcr is thc propeny of the I‘ederal chubhc and - the Snte,
respeclwely

5 <0ptlon A>

-‘The miost common type of mter-Junsdxcnonal basin entities, in the federanve system, is a
committee with functions to coordinaté basin planning, operation and regulatory activities of
the political jurisdictions, or (o issue some guidelines or recommendalion to be approved and

 followed by the jurisdictions.: These committees are governed by high officials from the

affected jurisdictions, forming board of directors, with some participation of users and olhcr
stakeholders, whlle staff assigned by the jurisdictions conduct day-to-day work.-

* In this opnon, basin agenmes are not necessary {0 be established. In the case that a multi-
- purpose facility development is found efficient for water use, conservation or flood control,
some joint venture agency can be organized for: planning, design, construction, operation
and maintenance of the facilities, with shareholdings by jU[lSdlCllOﬂS, public agencies or
utility companies under the supervision of competent entities assigned by jurisdictions,



<Option B>

Recommended stiucture and cOmpelcncy Basin Commiltces {Sub-basin Comimittees) and
Basin Agencws (Sub -basin Agencies) in Ophon Bare 1Ilustrated in anurc-9 2, '
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Figure-9.2 Recommended Organization'Stmcture and C_ompcte.néy of B.ﬂSiﬁ Management Enliﬁes (OptionB)

Option A can be recommendable under the current legal frame, while in order to achieve the
principles to respond to the future needs, or to attain optimal management, especially in
Upper lguagu Basin, which could be defined as a part of the Iguagu River Basin down to the
conjunction with the Negro River, water allocation and devclopment as well as the resources
conservation should be comprehensively planned, appraised, implemented and monitored.
Scope of the competency of the basin management entities should be wider and stronger than
those described as Option A, Encouragement of agreements with the Federal Government
would be highly necessary, if river basm management of 0pt|0n B is not adopted in the
- current Iaw pro;eci

<Program 8§ Promolion of Coordma(ion I‘or Comprchenswe Managemenl>
(1) Establishment of an “Inter- Sectoral Comlmttee

‘Water resources allocation, - development- and conservation - should =~ be - conducted
harmoniously as measures to attain the objectives of the socio-economic development plan
and sector development plans, - Before the formulation of water environment management
policy, information exchange on each sectoral deve!opmenl plan is necessary, so Ihat the
policy can serve an instrument of optimal socio-economic developmem

An “Statc Inter-sectoral Commitiee” attended by high ofﬁcnals. chaired by the General
Director of the State Secretariat of Planning and Genetal Coordination (SEPL) and attended
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by high officials of the relevant State Seccretariats, Public Agencies and "other relevant
“entities, and a few “Sub-commiltees”, such as on development policy formulation, water
_ pricing and tariff revision, whose subjects would be designated by the Commiltee, attended
by the officials of director level of the relévant sector, might be recommendable. “Working-
group” activities by middle management level or group studies might also be encouraged.

(2) Fusther Close Cooidinalion with Land Use Management |

* Water environment admlmslrahon and management have lmkages wilh regional development
" and consequenl changes in land vses. Water supply and sanitation programs should cover
-the urban expansion. Development of flood prone aréas would necessitate flood plain
management and flood control. Water quality conservation at the sources for public supply
would require land use restriction or control, as currently enforced. Hydrological potential
would be a tight constraint for c;ty p]anmng ‘More close coordmauon with the SEDU
'should be pronioted. : : -

' <Program 9 leabhshment of Pubhc Hearing System into the Wa(er Use
Grammg Procedure> . _

- Currently before the water use grammg, gaoellmg procedure is due, lacking consequent
procedure for nohﬁcatton of objections to the application by prospectively affected parlies
and adjusting system upon which the discretion of the publlc cnlity or the Basin Committee
can be made. Preliminary adjustment before the granting through the procedure
- recommended would prevent conflict among individuals. A model of thie procedure is
discussed in the Sectoral Report Vol, M, Institution.

<Program 10 Comprehensive Water Quality Management by River Basin> 4
- (1) EfﬂuentStandards by Rlver Basm - |

- The objeclwe of the efﬂuent slandards can be regarded as thc achlevement of the water
‘quality standards to meet the minimum env:ronmenlal requirements of the society along the
basin. In this sense, the effluent standards can be set for each basin, examining the current
“and prospeclive total volume of efffuent along the river, as well as the diluting and self-

~ - cleaning capacity of the basin, Some stricter efiluent standards niay be necessary to be
- drafted by the SEMA or the Basin Committee and discussed ‘in the State Environmental

. Council and established through legislative process, especially for the Upper Iguagu River

~ Basin. The capability of the SUCEAM, or the Upper Iguagu Basin Agency, for research

and development of effiuent - treatment technology, and for guiding and supervising
industries should be much strengthened for the 1mplementat|on of the plans for the reduction
of total pollution loads ' o S

' '(2) Imroducnon of Sewerage Scheme and Managemcnt by a River Basin

_Conventlonally, sewerage systems are constmcted and managed for the lmprovemenl of
“sanitary conditions of municipal arcas. With the expansaon of urban areas and growing
pollullon loads from the treatment facilities to rivers, sewerage schemes should be
programmed in the viewpoint of the water qualily conscrvation of the river. The
developments of sewerage systems under a scheme formulated by river basin would be
programmed as a whole taking . into account of the “socio-economic. and hydrological
conditions of the basin. The program could be worked out with technical section the
" SUCBAM with a col!aboralion of the TAP under the control of the SEMA, or Sub-basin
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Agency, while mlplementauon would be discharged by the SANEPAR

<Program Il Enhanced Administratlon of Waler Resources Deve!opment>
) Strengthcncd Management of Water Resources Dcvelopment L

Currently, major works and facilities are constructed for hydro-power generation throughout
the State and for municipal water supply in the Curitiba Metropolitan Area. ‘Management for
_ existing facilitics seems to be well conducted with intensive efforts by the sector entitics,
including those for rogutatory functions. In the future, however, ‘major consfruction would
be required to meet the i incteasing demands. and especially multi- -purpose facitities would be
necessary and recommendablc for efﬁc:cnt investment and optimal usc of the TESOUICES,

" "'(a) Strengthenmg of Capablhty of Techmcal Appralsal and Conlrol

Current regulations of water resources development are conslderably Weak dosplte that the -

safety of large scale water works is extremely important and their development wili
potentially cause huge negative impacts on the society.  Application, dppraisal, permission
and control procedure should be established. Forms for the application and guidelines for
the appraisal would be necessary to be prepared. Procedures and guidelines for adequate
and optimal opcration of the facilities and 1eportmg of the opcratzon to the n,gulatory entities,
as well as command lines and warning system in accidental conditions and in hydrologlcal
‘events, such as exlraordmary flood or severe drought, should atso bc claborated. . Hydro-
~_power sector, where technical appraisal is assumed by lhe LLTROBRAS could be a model
for the preparation.

(b) Environmental Impact Assessment apd_Measu_ros_ to be takcn for RcSetllcmo:xt

A great deal of ilﬁpacts could occur by water facility development, _ospec'iolly' by those

with reservoir development, while environmental requirements are escalating.  “Plano
Diretor de Meio Ambiente do Setor Elétrico, 1991/1993” could also be a good model for
: other scctoral water rcsources development and mulu purpose facﬂlty projects '

Resettlement might often damage, sometimes senously, the lwmg conditions of rcsettlcrs,
~and in some cases, of those of inhabitants who accept the resetiiers near their hvmg areas.
- Preparation for defining the procedure of implementation of - lands acquisition- and

subsequent resetitement would be necessary prior to the planning of major water resource

development. ‘Planning ‘a resettlement scheme ‘should be combined inte the projéct

planning. The cost of rcsettlemcnt should also be mcluded in thc cost of thc pmjoct KT

(c) Examination of Compcnsat:on Dtscharge

A reservoir devcl(}pmcnt affects on run off in down stream, which might damage some

funcuons of the river, such as navigability, or fishery and eco-system preservation. Full use
* of reservoir Storage and assuring compensallon discharge for nofrnal funct:onmg of the
stream would be a controvérsial trade off with the demand increase in quantity. and quahty

Compensation discharge should be tightly determined by basin by basm takmg into account :

of the needs and thc prlomy among thei.

(2) Cost Allocauon for Conslmcuon, Opomllon and Mamtenance

‘(,onstmctnon of multi-purpose w'tler fac;lmes mcludmg flood control functlons is- l‘ound
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efficient investment corresponding to socio-cconomic development when and where natural
ftow cannot meet the demands, and the cost for sectoral devetopment and for protection of
valuable properties and assets located in flood prone arcas will increase. .- Multi-purpose
facilitics should be promoted to meet the requirement for increasing investment with limited
financial resources. A method of cost allocation might necessary to be claborated. The
Japanése cost allocation mcthod as described in the Sectoral Report Vol. M, Institution, can
be mtroduced asa model

These calculauons should bc conductcd by the entity in chargc of lhc water resources
management (SUCEAM under the control of SEMA or a Basin Agency under the guidance
of Basin Commiltee), with the unified cost estimation standards. The cost allocated (o each
sector, such as hydro-power, water supply or 1mgallon, could be charged on consumers of
the service through respective tariff collection system. The cost allocated for flood control
putpose could be covered by the tax collecnon imposed on the assets of the area.

<Program 12 Water Pricing and Charging for Optimal Water Allocation and
Demand Control >

Water would be transformed into an economic good when the water tesources as considered
as limited resources corresponding to the demand escalation. Principle of opportunity cost
pricing would be recommendable to be introduced,; especially in the 'Uppc; Iguagu River
Basin. Opportunity cost includes the following three components: - i) resource use cost: the
economic value of goods or service forgone by the comumitment of construction and
operation for the use, ii )natural resource depletion cost in terms of quantity and quality,
and iii) damage cost incurred by the use.

As for the resource use cost, the discussions are given above and Chapter 10 of the Main
Report 1. The natural resource cost might vary according to; i) volume of intake, ii)
location of intake, ii) season of intake, iii} ratio of retumn flow iv) quality of natural water
and required for the use. Damage cost should be discussed as compensation or fine. Cost
for natural resource depletion in practice might lead to charging; i) by quantity, ii) by basin,
iii) by purpose of use, and for iv) cffluent discharge by volume and by quality. Even
though actual modificalions of the pricing can be made as social or industrial promotion
subsidy or income re-distribution, opportunity cost should be analyzed by basin and for each
‘type of use, and modifications should be made explicitly with statement of the reason and
amount of modification in pricing drafting. Charging for effluent discharging can be
separately be discussed from damage compensation or fines against disobedience of the
standards

Establishment of a unit or staff enhancement for the mveshgat:ou and policy drafting for
water pricing would be necessary in the SUCEAM or a Basin Commiittee, coupled with
strengthened coordination with economic planning and slatistics section of the Government.
This unit or enhanced staff could also be responsnble for regulatory functions on water
_ supply and sanitation tariff from point of economic view as well.
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CHAPTER 10 COST ESTIMATE, AND ECONOMIC AND FINANCIAL

EVALUATION

10.1  Cost Es!imatc_

The projéct costs required for the implememation of major sectors in Masler Plan were
- roughly estimated and suminarized as shown in Table-10.1. The cost estimate was carried
out cons1dermg the following items. -

1) The cost consists of preparatory work main construction cost, direct cost of
~equipment, land = acquisition, adnnmsﬁatnon _engincering  service and
~ contingency. : ; _

2)  The cost was estitiiated based on the price level and exchange rate, 1 US$ =

- 0.89R$, as of August 1994,

3) -Unit prices for construction w0rks are based on “Tabre of Composne Umt
Price July 1994, SANEPAR”. : 7 _

4) Administration and engincering service cost is assumed to be 15 % of the total
of direct construction cost and preparatory work cost, while pn:paratory work
cost is assumed to be 10 % of direct construction cost.

5) The cost for water supply sector was estimated by modifying the cost estimate
in the document “The Masler Plan of Water Supply in the Metropolltan Region
of Curitiba, June, 1991 - SANEPAR™. _

6) The cost for sewage trealr_nent sector was estimated by modifying the cost

- estimate in the document “The Master Plan of Sewage Treatment in the
Metropolitan Region of Curitiba, September, 1993 - SANEPAR”.
7) ‘The cost for terracing was estimated based on the data of EMATER.

8) .The cost for non- ullage was estimated by assummg machinery cost, it’s

durabxlny. capacity, efc, . : _ :
-9 The cost for hydroelectnc power generation was estimated by converling the
cost estimated by COPEL to 1994 price level.
Table-10.1 Rough Project Cost for Iguagu River Basin
Sector _ Scale of Sector Project Cost -
- , R {10°US3$)
Domestic and Curiliba M.A. 625,000 m’fday 760.0
Industrial | OtherArea 289,000 m%day © 198.0
Water Supply | Sub-total . - 954,000 m’/day. 958.0
Agricultural Water Supply 33,000 m’fday 5.0
Sewage Curitiba M.A. 420,000 m’/day 294.0
Treatment Other Area 45,000 m*fday 50,0
' Sub-lotal 465,000 m’/day 344.0
Flood Controt ~ © : _ 97.0
Soil Crosion | Tesracing with | . 10,781 km’ {08.4
- - Farm Road - - -
Protection Non Tillage 1,520 km’ 355
Sub-tola 18,301 km’ 143.9
i 'Afforestauon 2,800 km! 168.0
A Teotal & el o 1,715.9
Hydcoelectric Power Generalron C o LADD MW - 1,i93.9
Grand Tolal : ' __2,909.8
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16.2  Economic Analysis -
10.2.1 Objectives and Target Areas

This section presents an outline of an economic analysis carried out for the proposed Master
Plan for the Iguacu River Basin. The objective of the analysis is to assess the magnitude of

economic return to the proposed Master Plan by sector from the perspectnve of ovcrall _

economy.

* The résult of the economnic analysis would serve as the bas;s for makmg a judgmcnt in

promoting each component to the feasibility study stage and makmg a comparlson aniong
each of the Master Plan components, A cost-benefit analysis derived ecotiomic internal rates
of return (E IRRs), benefit - cost ratios and net present values for each component

Thc target areas of the economic analysis afe the following. The selected larget areas are
- those for which economic benefits could be quamlf“ ed :

- — water supply
~ sewerage
~ flood ri]iti;gét'ibn_"
~ soil erosion _ _
- eco_logiéél preservation area
- hydropower

10.2.2 Results of the Analysis
(1} Common ASSumptions :

The foltowing are the assumpllons underlying all the sectors.

a) An evaluation period of ¢ach sector are determined based on such factors as 1he life
of the facilitics and present practice of the related organizations.

~ b) A construction period of each sector-is: determined based on the average lenglh
needed for constructing the facilities of cach sector. '

¢) A conversion factor of 0.85 is applied to adjust the investment and operahon and

maintenance costs in order to correct for price distortion. The total cost was adjusted

~ using the conversion factor based on the judgment that the proportion of foreign
currency in the investment cost of the past pl’OJCCIS in Pa:ané was margmal

d) The exchange rale applled is R$0 89 = US$1.0,
2) Waler Supply

Assumptions

A cosl-benefit analysis for water supply sector was conducted bascd on the followmg
assumplions. , ;

a) An economic analysis was conducted for the urban watet supply componenl The
rural water supply component was not included i in the analys&s smce the magnitude
of investmeénl is marginal. : : -
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b) A construction period of 4 years and ar evatuation period of 30 years are assumed. _

¢} The volume of water to be supplied by the proposed system is divided into domestic
and industrial uses based on lhc proporuons demed in the water dcmand projection
for each cuy L

&) Econoniic benefit was esumatcd to be 0.93 US$/m3 for domeshc water composed of
0.62 US$/m3 as the present average tariff Jevel collected by SANEPAR and 0.31
US$/m3 as the assunied consumer surplus. Industrial water supply benefit is
estimated to be 0.56 US$m3, the average of SANEPAR's tanff on mduslnal waler

~ and uml water cost of direct abstraction.

€) Water losses are ‘assuined to be 25% for domestic water and 10. % for industrial
 water. Benefit, thercforc. is eshmaled for the volume measured at lhe pomt -of
consumers

Results ,
“The following EIRRs were derived, - -
 — Curitiba MA (A): 10.29 %
" — Cascavel (A): 2149 %

| — Fozdolguagu (A): - 77.81%

— Guarapuava(A): = 38.16 %
— Medianeita(B):  37.54 %

.~ Dois Vizinhos (B): . 18.42 %
"~ Francisco Belttao (B) :  51.19 %
-~ PatoBranco(B): 1702 %
 — Palmas(B): 18.76 % -
= Unido da Vztona 3): 1027% .
-~ Total of Type A Cities excludmg Cum:ba MA: 4079 %
- TotalofType BCitiess ~ 2592 %
| fj,'_';’Tomlof'rypec«:mes N 820%
‘.Nole {A); type A cities (those with- a popnlahon of more than 100,000 in-2015) , (B) ; type B cities
- {population between 50 000 and 100,000 in 201 5), (C); other cities than (A) and (B).

Various information in Parani and Brazil indicates that the opportunity cost of capital
(OCC}), which is a criterion against which an EIRR can be compared, is somewhere between
10% and 12%. The derived EIRRs of the type A and B cilies range between the highest in
"Foz do Iguagu at 77.8% and towest in Unifio da Viloria at 10.3%. Overall the EIRRs for all
~ the type A and. B cities in the Iguacu River Basin are calculated at 40. 8% and 25.9%
respeclwely, implying sufficient economic retum o investment, The EIRR of the type C
cities is 8.2% on average indicating lower return, which would be a reﬂcchon of more
dispefsed settlement paltem in smaller cities, ' :
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For the Curitiba Metropolitan Area, which accounts for 67% and 79% of the total water

supply volume and the investisient cost of all the type A and B cities in the Iguacu River
Basin respectively, an BIRR was derived at 10.3%, almost equal to the OCC. The relatively
low EIRR for the Curitiba MA compared with other cities would be due to sévere water
balance condition in the Curitiba MA and resullant hlghcr investment cost per unit water
volume. The needs for constructing dams and conveying water from more dlstant soutces
lead to lower mvestment efficiency. : :

| Conclusion

It is concluded that the urban water supply componém of the Iguagu River Basin, in gencral,
shows sufficient cconomic retumn to investment. It is judged that all the cities are worth
: promotmg to the feasibility study stage for further detailed analysis. In order to be able to
make a more rigid judgement on investment justification, the foltowing aspects should be
refined and incorporated into an cconomic analysis in the feasibility anaiys:s ctage

a} a delanled estimate of investment cost and operation and maintenance cost
.b) an estimate of benefit mﬂeclmg ccononncally opumum tariff lcvel and consumer
surplus .
Special consideration should be given to water supply planning in the Curitiba Metropolitan
Area such as follows. : _

a) Demand side measures such as charging on direct abstraction as proposed for the

Strategy should be taken into consideration. Total demand would fall asa result_

reducing the burden for supply Slde nieasures.

b) A new tariff system would be worth consxdermg Regional vanation in the tariff level

-~ is inevitable based on the marginal cost pricing or from the cost recovcry perspective.

In the Curitiba Metropolitan Area where water is more expénsive and the economic
level is higher than other areas, a higher tevel of tarlff would be acceplablc

c) The present study assumes that both domeslic and mdusmal water demand are to be
met by facitities of the same standard. In reality, separation of doniestic water supply
system and industrial water supply system would be necessary. For the part of
industrial water demand to be met by public water supply system, facilities of lower
cost would be suitable since the quality of water demanded by industries would be

lower. On the ground that systems are separated for domestic’ and’ industrial’

‘purposes, an EIRR solely for domestic water supply would be higher than derived as
above due to the higher economic benefit of domestic water than that for industrial
use. ' :

(2) Scwerage

© Assumptions

A cost-benefit amlys:s for the sewerage componcnt was camed out bascd on lhc foltowmg’
assumptions.

a) A conslrucllon period of 4 years and an evaluauon perlod of 30 years are assumcd

b) Present average tariff level of SANEPAR at US$ 0.58 /m3 is used as the econoimic
benefit as a proxy of the wiliness-to-pay of customers. :
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Resulis and Conclusion
‘The following EIRRs werc derived.

— Curitiba: 24.27 %
~ Cascavel: 16.57 %

- Both Curitiba and Cascavel show high economic return to investment largely surpassing the
QCC at 10 %. Real EIRRs would be higher than the above figures since the benefit applied
captures only part of actual willingness-to-pay of customers and do not reflect improved
water quality affecting non-customers. The different level of EIRRs between the two cities
would be due to difterent proportions of costs for pipe works Curitiba shows higher
investment efﬁc1ency reflecting a more dense settlement pa{tem :

In Ihe feasibitity analysis stage a more detalled analySIs should be made covenng the
following items.

a) a delalled esumate of mvcslment cost and operatlon and mamlenancc cost
~b) an estimate of bencﬁt reﬂectmg

~ economically opllmum tariff tevel and consumer surplus, and

- quanhhcatlon of extemal effect (economrc impact of water quality improvement
‘ for rion- cuslomers)

(3) Bcology
0 jec livg and megh@o!ggy

'A number of approaches have been introduced to quantify economic benefit of ecological
preservauon such as focusing on genetic resources as a pharmaceulrcal resource and a
contingent valuation method to clarify peoples’ willingness-to- -pay for preservation. . The
‘present analysis, however, adopted & snmpllﬁed approach due to. the limitation in data
availability. The objective of the analysis is rather to show a method of quantifying
environniental benefits than to present a result of an in-depth economic analysis, taking up
the Seira da Baitaca Preservahon Area Pro_|ccl asan example

The methodology adOpted for benefit quanuﬁcanon is based on the travel cost approach,
which is often applied to measuring economic benefit of tecreational resources. The idea is
that the costs people pay for spending a certain length of time for recreational activities reflect
the value of the recreational resource. Theoretically, the costs are broken down into travel
cost to reach the place and time cost, which is the income lost due to spending the time for
recreation. Consumer surplus can be measured once a demand function for the recreational
assel is denved S '

In lhc present anaiysns, a sunphf ied melhod is adopted. Two basic assumplions are set : the

_ aspects of the travel cost and the opporiunity cost of preserving the area. The latter means the -
- econoimic growlh tost due to prohlbmng the commercial use of the area other than

gecreational activities. | :
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Assumptions

The following assumptions are set for the analysis.

a) Investment cost is estimated to be 1,170,000 US$, US$ 585,000 for various
program cost as estimated in the Section-7.4 plus another USH 585,000 assumed as
“costs for constructing varjous facilities. Operation and maintenance cost is assumed

. tobe 5% of lhe investment cost annualiy ,

b) Travel cost is estimated based on the followm g assumed ffictors

populauon in Curmba 1,315 000

10 % of the populanon visit the place (131,500 people), _

the frequency of the visit is once a year on average, and

— travel cosl between Curitiba and the place is US$ lﬂfround lnp

Annual travel cost is, thus, derived at' 1,315,000 US$, T his value can be regardcd as
the minimum level of economic benefit, Actual benef t would be higher by the
- portion of consumer surplus,

¢) Opportunity cost of preservation is. cstlmated based on an information on the
ecological ICMS. The total amount to be used for prescrvation under the ecological
ICMS system in 1996 would be around US$ 30 million for 30 preservation areas or
1 million US$ per oné preservalion area on average. The oppoxmmly cost s,
lhercfore. assumed to be US$ 1 million per year.

Results and Coneglusion

An economic’ mlemal rale of retum for the Serr‘i da Baltaca Preservauon Area PrOJecl is
_derived at 12.4% based on the above assumplions. It should be emphasuzcd however, that
~this calculation is prehmmary based on assumpuons ‘The following aspects should be

surveyed in the feasibility study stage as lhe basic factors for benefit esllmallon

number of vnsnors to the area 'md frequcncy of v;s;ls ‘

!

willingness-to-pay of potential visitors

I'-

a detailed esllmatc of opporlumty cost of pwservauon

r

an est:maie of bedefit from a wider perspectwe (preservatlon of geneuc resourccs,
. peoples’ valuauon ofprﬁservauon etey : : ; o :

{(4) Flood PI()[_CCIIO,n
An economic analysis was carried out for the Unido d_ﬁ Vitoria Flood Protection Project. -
Assumplions - L
a)- An evaluation period is set at 50 years.
b) A construction period of 5 years is assumed.

¢) Annual operation and maintenance cost is assumed to bc 0.5% of the investment
cost.



- d) Probable flood damage is estimated to be US$ 9,779 thousand - annually. This
damage value is assumed to grow by 5% per year in accordance with- economic
- growth of the affected area.

Result and Conclus1Qn

- An EIRR is calculated to be 14 65 7 md:cahng economic wablhly of lhe Umﬁo da \hlom
" Flood Control Project. The project is judged to be worthwhllc to be promolcd to thc
feasibility study slage.

(5) Soil Erosion Prcvention

- The Master Plan pfOpres soil erosion prevention measures for an area of 1.3 million ha in
“total in the Iguacu River Basin. There are altogether 10 locations planiied under the Master
Plan. An economic analysis was conducted for the total of all the ten components.

Assumptions
a) An evaluation period of 30 years is assumed.
b) A construcuon pcnod of 1 year is assumed
<) The cost of fertilizers to be saved by the pro;ect is cmployed as the economic benefit,

~ Result and Conclusion

An BIRR is derived at 8.63%. This EIRR shows the minimum level of EIRR expected.

- Actual BIRR woutld be much higher than this level since 2 number of expected benefits were
not_included in the present analysis due to the llmltcd availability. of dala needed for
quamlﬁcat;on They would include the rise in agriculture productwny, reduction in the water
. treatment cost due to the fall jin sedimentation volume and reduction in fertitizer use leading
to improved water quality. A higher EIRR would be expected once a more detailed economic
analysis in the feasibility study stage succeeds in quantifying these benefits.

. {6) Hydropower
Project to be Analyzed -

There are 3 hydropower projects planned to start operation by the year 2015 in the Igoacu
River Basin. Qut of these, the construction of the Jordao Diversion Project and the Salto
. Caixias Project have already started. The present analysis, therefore, focuses on the
. remaining 1 hydropower project which have not been committed yet, the Fundio project.

Assumptions
The followiﬁg assumplions are set.
a) An evaluation period of 50 years is set.

-b) A construction period of 5 years is assumed.

¢) The operation and maintenance cost is qssnmed to be 0.5% annually of the
investment cost.

d) Economic benefit from consumplion is set at 72 US$/MWh._Bcneﬁl from demand
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both in the peak and out- of-peak tinie is assumed to be 17% of the consumptnon
benefit. . _ . g

Result and Conclusion

An EIRR of the Fundio hydropowcr project is dcnved at 19, 7%, 1ndlcatmg a high cconomic
return fo investment.

10.3 | Financial : Analyéis
10.3.1 Objective

A financial analysis was conducted for the water - supply component and sewerage
component. The objochve of the fmancnal analysis is to evaluale the return to investment
from the perspective of 1mplemcnlmg agency. : S

10.3.2 Water Supply
ethodology and Assumption

Financial intemal rates of refumn (FIRR) werc denved for oach Componcm of the water
supply sector. The following are the assumplions, i :

a) Thei mveslment cost presented in section 10.1 is applied. 0peratlon and mamlenance
- COSsts are assumed to be 9% of the mvcstment cost.

~b) Revenue is estimated based on the present average revenue per cubrc meter collected
by SANE PAR US$ 0. 62/m3 for domesuc use and US$ 1. 101m3 for industrial use.

© ¢) The volume of waler to be supphed by lhe proposed system is divided into domesuc
and industrial uses based on the proporllons denved in lhe water demand projecuon
for each town. : :

d) Water losses are assumed to be 25% for domestic water and 10 % for industrial
water. Revenue, therefore, is oshmated based on the amount measured at the pomt of
CONSUMETS.




Result and Conclusion

The following FIRRs are derived.

Unit: %
Area Industry + Domestic  Domestic only
Type A T - o
Curitiba M. A, 9.51 3.%99
Cascavel o o 1350 11,55
Foz do Iguacu _ . 62,16 58.3t
" Guarapuava - ' 3330 2722
Typc B . SR . _ _ . o
Mediancira ; 22.57 2417
Dois Vizinhos _ 20.38 '12.80
Francisco Beltrao 4121 39.02
- Pato Branco J1LAS 8.33
Palmas ' 14.37 10.49
Unijao da Vitoria - 813 3.63
Total of Type A cities excluding Curitiba M.A. | 28.85 26.89
Total of Type B cities _ o2 . i7.23
~Total of Type Ccities - . 4.75 —

Note: “-—* mieans negative

FIRRs are derived for two cases : the first case of industrial use and domestic use combined
and the second case of domeslic use only. The first case assumes that all the industries
would pay the industrial water tariff at US$ 1.10/m3. The second cas¢ focuses only on
domestic water supply defined.

Since data on real interest rates in Parani was riot available, it is difficult to make a straight
judgment on' these FIRRs. In general, however, it can be judged that most of the
components will generate sufficient return to operate the system in a sound manner. The

“derived FIRRs would also serve as a criterion for the following objectives.

— loan procurement for implementing organizations such as SANEPAR

- adjusmient of tariff level reflecting differcnt level of cost efficiency among different
regions ' ‘

— decision on investment in water supply project by the privéte sector
10.3.3 Sewerage -
Mglhgglb!ogx and Assump‘ tions

Financial intemal rates of return (FIRR) were derived for the sewerage components in

- Curitiba and Cascavel. The following are the assumplions.

a) The investment cost presented in section 10.1 is vsed. Operation and maintenance
~costs are estimated based on the data supplied by SANEPAR.

. | b} Revenue is estimated based on the present average revenue per cubic meter collected
by SANEPAR : US$ 0.58/m3.



- Results and Conclusion

The following FIRRs are derived.
- Curitiba: 2134%
- Cascavei: 14.27 % |
It is judged that these levels will be sufficient for a sounid financial man'agcm.en_t of the

sewerage system. These FIRRs can be referred to in making various judgments in the same
manner as mentioned for the water supply component. '
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- CHAPTER - ll RFCOMMFNDATIONS
ll.'-l- Studles for Urgcnt lmplcmenialion

| _Such stud;cs as descnbcd bclow are recommended lo be conducted urgemly. followmg this
Study :

(1) Study on Comprehcnswc chloml Plan on Water Enwronment for the Curitiba
Metropohlan Region : :

- The followmg issues rcgardmg walcr envnronmenl are 1dcnuf' ed and clarificd lhroughout the
- Study in Curmba Metropolitan Region. . _

1) water supply by dam development .
2) water supply by groundwater development
3) ‘water quality conirol and séwerage development

4) flood control

A s!udy on comprehenslve regional plan on water cnv1ronment should be conducted w1th
more preciseness, containing the above issues. Feasibility studies should follow, afler
selection of programs or projects of priority regarding the above four issues.

(2) Feasibility Study on Flood Control in Unindo da Vitoria

A feasibility study on flood control is recommendable for Unindo da Viloria, where the
largest damage over the Statc by flood oceurs.

3) Feasnblhly Sludy on Waler Supply and Sanitation in Cascavel

Water demand in Cascavel will grow rapidly corresponding to the urban development.
Although the Study proposes the sources of water supply from surface and underground
water, a feasibility study for more precise plans is required. A feasibility study on sewerage
development to prevent water contamination in downstream rivers would be necessary
because of lhc smnlar geographlca] condlllons to Londrina.

__ _11,2 Master Plan Study for Other River Basins than the Pilot River
Basins of the Study

~Fhe Study formulates the Stralegy to cover the whole state, and the Master Plan for Iguagn
and Tibagi River Basins, afler the selection of the two basins as the Pilot River Basins. Tor
other scven (7) river basins, master plan studies should be conducted as soon as possible.
‘The Steering and thé Technical Committees established for the Study are expectcd to
facilitate those master plan studies. '

11.3  Review of Othcr Dcfclopmcnt Plans

The Slrategy and the Masler plan proposed in {he Study are formulated from the vxewpoml
~of water environment applying various assumptions and estimates on socio-cconomic
conditions. In other development plans, such as those for socio-economic development,
_ reglonal developmen! industrial development of various sectors, and transportation and road

e



network development, programs and projects should be planned taking into account of the
proposals made in the Study from the viewpoint of water environment. For example, in
order to restrain the population concentration occurred in the Curitiba' Metropolitan Region
and to distribute the population and industries to regional poles, concretc schemes shoutd be
~examined and programmed in nglonai developient plans. :

11.4 Implementatlon and Review of the Proposed Pro;ects

In order to promote socio-cconomic development and to raise the tiving standards ancl to
enjoy conserved or improved water environmen, projects and programs proposed in the
Study should be implemented steadily. - Since the projects and programs are planned based
on the estimated socio-economic framework in target years of 2005 and 2015, the plans.
should be reviéwed every five years or when necessary accordmg to the changes in socio-
. ceonomic conditions.
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