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- CHAPTER 1. INTRODUCTION
1.1 Scope

The scope of the Study of Hydrogeology and Groundwater resources covers the
foliomng items with consideration of sustainable development :

1) to assess groundwater resources and to formulate strategy for Parana State
- Geological and hydrogeological sellings,
-.Boreho1e inventory survey,
- Water quality test of boreholes,
- Describing and modeling of groundwater reservoirs and/or aquifers,
- Estimation of groundwater productivity,

- Assessment of groundwater resources in respeclive aquifers

- Development of an implementation strategy for the permissive sustained yield -

- Preparation of recommendations for management policy of groundwater
resources

~ 2)to evaluate groundwater resources and to formulate master plan for the pilot
basins;,

- Detailed modeling and description of groundwater resources

- Estimation of spatial groundwater productivity

- Assessment of spatial groundwater resources

- Formulation of groundwater development plan for future water demand
- Proposition of promising projects

- Preparation of recommendations for urgent groundwater development
1.2 Contents of the Report

This report is composed of mainly three part, assessment of the existing conditions
strategy for the whole Parana State and Master Plan for the selected two Pilot Basins

Assessment of Exisling Conditions.
Chapter 2 Physical and social Circumstance
Chapter 3 Geology



Steategy
Chapter 4  Strategy for Groundwater Resources

Chapter 5 Groundwater Resources Assessment

Master Plan
Chapter 6 Master Plan for Pilot Basins




CHAPTER 2. PHYSICAL AND SOCIAL CIRCUMSTANCE

2,  Location

Parana State is located within the central east side of the South America Continent and it
occupies an southem part of Republic Brazil (Figure-2.1). It is bordered on the cast by
the Atlantic Ocean, the north by Sao Paulo State, the west by Matto Grosso do Sul
State and Republlc Paraguay, and the south by Santa Catarina State and Republic

Asgentine,

Parana State straddles approximately latitudes between 22°35'S and 26°45°S; and
longitudes between 48°20°W and 54°50°W. It covers an area of about 200,000 km?2.

2.2 Topography
The area of Parana State is bordered by the Atlantic Ocean in the east, the Parana River

in the west, the Parana-Panema River in the north, and the Branches of Ignacu River in
the south.

‘The topographic features of Parana State are generally characterized by the following
four areas from east to northwest (Figure-2.2): '

- the Coastal Range
- the First Plateau
- the Second Plateau
- the Third Plateau

The Coastal Range and the others are divided by the Coastal Mountains {(named with
“Serra Do Mar”) composed of high nrountains in altitude from 1,000 to 2,000 meters.

The Coastal Range is classified into the mountain arcas and the Coastal planes. The
Coastal planes consist of the Coastal terraces and fans ranging in altitude from 0 to 25
meters. In the mountain areas, the rivers and tributaries have steep gradients and flow
into the Atlantic Ocean. '

The First Platcan consists of the upland planes such as Curitiba City and hills with
gentle gradients, and it is restricted to the Coastal Mountains in the east and the cuesta
mountains in the west and/or northwest. The upland planes are rangingin altitude from
800 to 1,000 meters and the cuesta mountains show the inclination of the geological
formations trending to the west and/or the northwest. Some of the rivers and
iributaries are flowing into the Parana River and some of them are flowing into the
At!anuc QOcean.
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The Sccond Plateau consists of the planes and hills with gentlc gradients rangmg in
altitude from 600 to 1,000 meters. It is restricted to two cuesta mountains in the east
and the west. In this Platcau the sivers and tributaries are flowing into the Parana River
in final, o

The Third Plateau consists of the planes and hills ranging in altitude from 300 to 800
meters: It is restricied to the cuesta mountains in the east and the Parana River in the °
wesi. The hills in this Plateau are gerierally steepér than the hills of the other plateaus..

2.3 Cllmale

Parana State strides across the troplc of Capncorn The chmale condlt:on is
approximately divided into the following two zones :

- tropical zone ; the coastal range
- subtrop:cal zone ;the other ranges{Flgure-Z 3)
There are four scasons in the subtropical zone.

The distribution of monthly rainfall at the selected rainfall gauging stations is shown in
Figure-2 4. In Parana State; there is 1,400mm to 2,500mm of annual rainfall depth in the
average of current twenty years (19}4 1993) and there are moderate ramfa!ls through a
year (Figure-2.4).

The specific discharge distribution in annual average is shown In Figure-2.5.

2.4 Vegetation and Surface Cover

The land use in Parana State is occupied with mainly cultivation fields, urban area and
forest areas. The forest coverage in Parana State becomes about 5 to 8 % in the ratio. - .

2.5 Population

The present and projected {‘uture distribution of populanon in Parana State is
summarized in Table-2.1,

2.6 - Water Demand

The water demand is pro;ected l‘or the turget years of 2005 and 2015 as shown in Table-
22, D :




CHAPTER 3. GEOLOGY

3.1  Geological Qutline

The arca of Parana State is underlain chiefly by Precambrian metamorphic rocks
intruded by granitic inirusive rocks ranging Precambrian age to Paleozoic age, and
sedimentary rocks of Paleozoic to Cenozoic with Mesozoic volcanics as shown in
- Figure-3.1. : :

_Precambnan seems to oocupy the core of geological unils in Parana Stale and the
younger groups of Paleozoic and Mesozoic are overlying on Precambrian.  The core of
it forms Precambrian Sheild and the latter ones form a Stable Platforms in Palana State.
Therefore, Precambrian is foundations of the First Plateau, and Paleozoic and M esozoic
* are foundations of the Second Plateau and the Third Plataeu in individual,

-The 'shape of the younger groups in the plane shows a Arc Structure inclining toward
north and/or west side in the order of age(to see the geological profile in Figure-3.1).

The geological series from Middle Paleozoic to Mesozoic compose of a part of Parana
Basin Structure which is the bicgest Stable Platform in South America as shown in
Figure-3.2. The Parana Basin occupies the catchment area of the Parana River and it
forms a Stable Platform with the elongated axis of the basin struclure along the Parana
River trending to the NNE-SSW in direction. In Parana State, the formations of the
Parana Basin show a ar¢ struclure named with Ponta Grossa Arc.

The all geological units from Precambrian to Paleozoic are cut by faults and/or they are
intruded by dolerite dikes. The axis of arc structure is trending to NW-SE in direction
and the arc is named with “Paonta Grossa Arc”.

3.2 Stratigraphy and Permeability
3.2.1 Outline

The all geological complexes, groups and all formations are shown in Table-3.1. They are
classified into sub-stages.

Precambnan are divided into the following three geological complexes
..~ Archean series .
- Proterozoic series
_ - Proterozoic { to lower Paleozoic } intrusive comple\c
" Paleozouc are dtwdcd 1nlo the following three stages

- Lower Paleozoic



- Middle Paleozoic

- Upper Paleozoic.

3.22 Archean -
Archean system is composed of  Seiva Negra granurite complex.
'(l} Serra Geral Granulite Complex '

This complex is restricted as blocks in an area of 510 square kilometers and it ocours in
the coastal mountains area of inside of the First’ Plateau The dastﬂbuhon of this
complex is trending to NE-SW in direction.

This complex is composed of meta-dioritic rocks, serpentme norite, gnenss:c granulites,
gneiss, schists. The K-Ar age determination shows 2,530-2,710 m.a.(million years ago)
analyzed by a rock sample of ret romelamorphosed granodiorite. It shows granullte faces
in the metamorphose stage. : :

This complex has no porous porosity and it shows lilllé permeability.

3.2.3 Proterozoic

Proterozoic is divided into two stages (lower, and upper), and resp'ecﬁve stages are
composed of some complexes and goups. It occupies the main.part of the First
Plateau and Sheild in Parana State o o ‘

(1) Lo_wer Pro(er_ozoic

1) Pre-Setuva Complex _

This complexes are composed of the following five (5) complexes
- Pien Basic and Ultra Basic Complex - | |
- Coastal Migmatic Gneiss Complex
- - Morro Alto Gneiss
- Rio das Cobras Formation
- Layering Granitic Rocks

They are exposured in areas of about 6,760 square kilometers. They crop out in the
main part of the First Plateau of Parana State and those distributions is trending to
NE-SW in direction. Cunuba cnly is overlying on this complexes

They consist of amplnbolc gneiss, serpentines, peridotites, mlgmaut% g;nelssao
migmatites, granites, anatexites, granodiorites, mica schists, and foliated granites.
The Rb-Sr age determination shows 2,200 m.a to analyzed by homblende gneiss.
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The comptex is a important component of the Sheild structure in Parana State

They have no porous porosity, but Granitic rocks in this complexes form fractured
TeSErvoirs in some cases.

2) Setuba Group
This group is composed of the following three (3) formations :
- Perau I*ormauon
- Turvo-Cajati Formation
‘ Q Agua Clara Formation.

Thls group is located in the central part of‘lhe ﬁrst plateau. It is exposured in areas
of about 1,610 square kilometers. The distribution of this group is elongating to
NE-SW in direction and it is spattered in small geological units by faults and
folding.

This group is composed of carbonate rocks(calcareous schists, marble, doloniite,
limestone, and calc-silicate schist) and non-carbonate schists(quartz schists,
amphibole schists, mica schists, graphite schists, green schists, and garnet-
sillimanite schists ). The respective results of age determination show 1,170 m.a-
1,330 m.a by Rb- Srmethod, 1,400-1,430 m.a. by Pb-Pb method.

This goup has no porous porosity but carbonate parls in it are formed micro-
- caves and dolines by chemlcat corrosion. This group is one of geological units to
form ™ Karst *

(2) Upper Proterozoic
Upper Proterozoic in Parana State is composed of Acungui Group.
l)Acnngm Gmnp '

'Acungm Group occupys mainly two areas in the central part of the first plateau
and it crops out in arcas of 4,620 square kllometers The distribution of this group
is elongating to NE-SW in direclion.

This group is classified into four (4) formations (Votuverava Formation, Capiru
Formation, Ttaiacoca Formation, Antinha Sequence Formation). Those formations
_are composed of alternations of carbonate rocks and non-carbonate rocks. The
calcareous rocks. consist of calcarcous schist, cale-silicate schists, marbles,
dolomites, meta-limestones, and meta-calc-silcate rocks. The non-carbonate rocks
consist of nieia-mudstones, meta-siltstones, quartzites, phyllites, meta-sandstones,
meta-conglomelates, and mica schists. The results of age deternmination show 850-
1,250m.a. of lead naturat deposits by Pb-Pb (Promb-Promb) method, 1,100m.a. of
_ amphlbollle by Rb- Sr method, and SSOm a. of amph:bohte by K-Ar method.

The parts of carbonate in !hns goup mclude caves, micro-caves, and dohnes in a
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shallow depth fromi the surface. Those occurrences form Karst of topography. This
group occupies main part of Karst in Parana State, _

3.24 Upper Proterozoic-Cambrian in Palcozoic

Upper Proterozoic- Cambrian is mainly located in the area of the first plateau, second
and the coastal range and it crops out in a area of about 520 square kilometers. It is
composed of the followings :

migmatites, granites and Brazilian anatexltes

t

porphyrltrc gramtes and alaskitic gramles (K-Ar; 610 m, a)

graniles and syenites (K- -Ar; 500 m.a.and 630 m.a. )
- sub-afkaline and alkaline granites (Rb-Sr; 600+10 m.a.-495 m.a.)

The above ment:oned rock faces are consolidated and ﬂwy have low porous porosuy
without fractured porosmes :

3.2.5 Paleozoic

Pateozoics is classified into Lower Paleozoics, Middle Paleozoics, and Upper
Pateozoics in order of older age. Paleozoics are located within the area of second plateau
and they crop out in area of about 41,900 square kilometers. Paleozoics is overlain by
younger groups in order of age. The overlying arrangement of groups forms a ar¢
structure called Ponta Grossa Asc.

) Lo“cr Palcozoics

This Palaeozoics is located within 2 core and they crop out in areas of about 300 square
kilometers and it is composed of Cambnan and., Ttisa part of lhe core oi‘ Sheild in
Parana State. '

It is classified into the following formations :
- Cambnian, Ordovician and Silurian
1) Cambrian

It iscomposed of Camarinha Formation and Guaratubinha Formation, and areas of
these formations are about 100 square kilometers and about 200 square knlometers
rcspechvely Thelr lithologies are menhoned in Table— 3. ! '

They has low porous porosily.
2) Ordovician-Silurian

It is composed of Castro Group, and thls Group crops out in a area of about 860
square kitomelers. ' . o
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(2) Middle Paleozoacs

Middle Paleozoics are located within the arca of the second plateau and they (.rop out in
a area of about 7,240 square kilometers.

It is classified into the two periods of Ordowcnan and - Devonian. Ordovician is
composed of Castro Group and Devonian is composed of Parana Group.

1) Ordovician ( Castro Group )

- Castro Group crops a area of about 860 square kilometers and it is dipping
- to northwest in direction.

- The lithological faces are described in Table-3.1, It’s faces shows low porous
porosity.

2) Devonian ( Parana Group )

- Parana Group crops an area of about 6,180 square kilometers and it is
classified into the two formations of Furnas Formation and Ponta Grossa
Formation. This Group forms an arc structure dipping to north - west in
direction.

- The lithologcal faces about the two formations are described in ‘Table-3.1.
Sandstones of Furnas Formation are characlerized by high porous porosity
and they have potential to be good aquifers.  On the other hand, mudstones
of Ponta Grossa Formation have low permeability.

(3) Upper Paleozoics ( Pcrmmu)

Upper Paleozoics are located within the western n and aorthern marginal area of second
plateau ‘and they crop out in a area of about 20,910 square kilometers, Thcy are
classified into the following three periods :

- Lower Permian; composed of Ttarare Group
- Middie Permian ; composed of Guata Group
- Upper Permian ; composed of Passa Dois Group

They are trending to west - north in dipping and they form a big arc struclure called
Ponta Grossa Arc. .

1) L_ower Permian { Itarare Group )

Ttarare Group occurs as a thick arc stripe and it crops out in arcas of about 13,950
square kilometers. This Group is classified into three formations of Campo do
- Teniente Formation, Mafra Formation and Rio do Sul Formation.

Their lithologicallfades of this group are described in Table-3.1. Their lithological
faces show that there are some porous beds and there are mainly low porous beds.
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2) Middle Permian ( Guata Group )

Guata Group occurs as & thin stripe and i crops out in areas of about 4, 820 square
kilometers. This Group is classified into the two formations of Rio Bonito Formation
and Palermo Formations. : : :

The tithology of the two formation are described in Table-3.1.

The sandstones and calcareous beds in Rio Bonito Formation have a poteatial to be
porous media but the other beds are characterized with low porosity. .

3) Upper Permian ( Passa Dois Group ) -

Passa Dois Group is located outside the arc margin of Paleozoics in the west to
the north area of second plateau and crops out in a area of about 16,080 square
kilometers.

‘This Group is classified into the four formations of Irati Formation, Serra Alta

Formation, Terezina Formation and Rio do Rasto Formation,
The lithologies of their four formation are mentioned in Table-3.1.

There are mainly sandstone and calcareous beds in Rio do Rasto Formal:on in mamly
and thelr bed has possﬁnhty to be porous beds

3.2.6  Mesozoic
Mesozoic is located in the western to the northwestern area of Parana State and it covers
the third ptateau. It crops out in an area of about 132,030 square kilometers.-

Mesozoics is classmed into the followmg penods
- ‘Trias-Jurrassics : composed of Sao Bento Group
- Cretaceous : composed of Baura Group

(1) Trias-Jurrassics ( Sao Bento Group )

Sao Bento Group is tocated within the third plateau and the rim of the second plateau
and it crops out an area of about 108,420 square kilometers. _

Tt is classified into the following two formations = -
- Piramboia Formation and Botucaly Formation (both called Botucalu
Formation in Parana State)
- Serra Geral Formation
1) Botucatu Formation ' 7
Botucatu Formation is tocated wnhm the thin rim of the end :nargn of‘ the second

C-10




plateau. It crops out in areas of about 2,870 square kilometers. Therefore, this
Fomnation is underlain under areas of the third plateau and it is trending shallow to
deep from east to west in direction.

It is composed of fine to medium whitish sandstones and reddish siltstones deposited
in banks. They are characterized by the sedimentary texture of cross laminaticns and
horizontal stratification. :

These sandstones has a hlgx porosnly except baked zones caused by infrusions of
doleritic dikes. :

2) Serra Geral Formation

This Fomation is located in main parls of the third plateau and it crops out in a area
of about 105,540 square kilometers.

It is composed of tholeitic basalt lava flows with massive, amygdaroidal and
&aphanitic_ occurrences, few andesite lava flows and intercalations of fing grain
sandstone lenses. The basalt volcanism is thought as continental fissure eruptions.

Respective Basalt lavas consist breciated zones in the bottom and top of flows in
typically, and parts of this Formation in shallow depth from the surface is often
weathered to obtain a secondary porosity.

(2) Cretaceous { Bauru Group )

Bauru Group is mainly located in the northwestern part of Parana State and it crops out
in areas of about 23,620 square kilometers. :

Bauru Group is composed of Caiua Formation and the other formations but there are
few exposure of the other formations in Parana State. Therefore, Bauru Group in Parana
State might be thought as Cretaceous consists of Caiva Formation in Parana State
approximatively.

Caiua Formation is composed of altemations of very fine to medium grain whitish
sandstonés and reddish silistones. The occurrences of alternations show small to large
~ crossed laniinations and large crossed stratifications. The sandstones is characterized by
porous porosity..

3.2.7  Ceunozoics

Cenozoics is located in spattered areas of river sides and marine side over Parana State
and it crops out in areas of about 6,400 square kilometers. It is composed of
" Quaternary series. Qualcmary series occur with thin thickness generally. Quatemary
series is composed of recent alluvium deposits, fan deposits, lacustrine deposits, and
- marine terrace deposits which consist of gravels, sands, and silts.

There are only two named Cenozoic formations in all Cenozoics of Parana State. Their
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named formations are Alexandra l‘ormanon and buabmtuba Formauon i
1) Alexandra Formation | - R
 This Formation is located in Coastal range. It deposnted in delta and in fan
It is composed of sands, sifts and gravels.

This Formation is characterized with high permeability.

2) Guablrotuba Formation

This Formation is locatcd in Curitiba Metrop ohtan area and 1t crops out in areas of
about 920 square kilomelers. .

1t is classified into the followmg two parts :
- Lower part of Guabirotuba Formation : composed of allemaﬂon of sands,
silts and gravels deposited in alluvium. _ '
- Upper patt of Guabirotuba Formation : mainly cOniposed of silts and fine
sands with silt matrix.

The lower part is characterized with penneable beds.

3) Marine Terrace deposns

.Those deposits is located in the coast sade This is composed of fine sands ang sms '
~deposited in beach.

The sands is characterized wnh porous porosny

4) Recent Alluvium Deposns

Those deposns are restricted to river s:des and ihey are composed of sands, s:lts
and gravels. = :

The sands and gravels are characterizes with high permeablhly generally.

3.3 Structural Geology
3.3.1 Lincament Structure Represented in Satellite Images - -

Lineaments of Edited Satellite Image is charactcrtzed with banded zonal stmcture due to
Ponata Grossa Arc and dike swarms trending | NW-SE in direction.

In addition, the image shows the presence of big faults which consist of faul:s trendmg
to various directions and controlling recent drainage. - :




3.3.2 Fault
{1) Fault Occurvences

Faults could be recognized by the above image and ficld observatlons during
reconnaissance field survey( Figure-3.3, and Figure- 3.4 ). '

~ The discussion about faults in this section IS consndered with bigger faults and favlts
" cuiling to basalt dikes.

The bigger faults are classified into the following few faulting group due to trending in
direction:

- NNE-SSW group ; This group is characterized to be concerned with formations of
recent major topography like directions of Parana River, Coastal Mountains and
Beach. Moreover, faults of this group are cutting and dislocating Caiua Formation
and the other fault groups.

- The dislocations are recognized as a right lateral movement apparently.

- NWW- SEE group (to NW) ; This group is charcterized to cut the dike swarms
and Caiua Formation, and to dislocate streams and dikes in left lateral of apparent
fault sense.

- - NE-SW group ; This group is characterized to cut Caiua Formtion in left lateral of
apparent fault sense.

(2) Faulting stages

To sum up the former part, the stage of faulting among the above fault groups is
confirmed as follows

- the youngest faulfing is presented by NNW- SSE group.
- the second younger faulting is presented by NWW-SEE group.
- the third youhger faulting is presented by NE-SW group.

3.33 Fold -

(1) Fold occurrences

Folding structure in outcrop scate are observed in Acungui Group and Setuba Group
of Precambrian age. Therefore, the above mentioned Ponta Grossa Arc is considered of a
bending structure which is a type of folding but this arc can not recognized in outecop

scale. In addtion, the bending structure of Ponta Grossa Arc influence the stucture of
Serra Geral Formation but it is cut by the distribution of Caiua Formation.
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(2) Folding stages

In consequence of the above occurences, two principle foldingstages  are revealed. The

first principle folding stage is Precambrian age when the folds are characterized with

tight and overturning fold axés to be accompanied with thurustings. The second

principle folding stage is an age from Paleozoic age to Upper Jumrassic age, and before

Cretaceous age. The sccond one is characterized by Ponta Grossa Arc and bendmgﬁ
causcd half doming upllft




CHAPTER 4 STRATEGY OF GROUNDWATER RESOURCES

4.1 Strategy of Groundwaler Resources Assessment

This study of groundwater resources in Parana State was conducted on the following
two bases of considerations : :

a) “Sustainable Development” was proposed by Rio-Summit of United Nations in
1992. -

b) “Good Use™ of groundwater resources, both quantitatively and qualitatively.

On the former viewpoint, the groundwater utilization should be based on the
“Circulating Groundwater Resources” bul not “Stored Groundwater Resources”.
Thercfore, “Permissive Yield” was proposed in the gronndwater resources assessment
of this study and it included the meaning of permissive sustained yield. On the later
viewpoint, groundwater resources in Parana State were characterized with variety in tri-
dimensional distribution and water quality. The variety was studied to be useful for
“Save Resources” of groundwater resources and good cost-benefit of groundwater
development.

Sustainable yield for “Sustainable development™ should be assessed by “Circulating

Groundwater Resources”. “Circulatina Groundwater Resources” is represented with
, / [ P

Transitional Recharge such as river baseflow and Deep Recharge. The former recharge is

‘equivalent to river baseflow and the later one is the same as underground flows to
vicinity reservoirs under the ground and/or to the Ocean, directly from their reservoirs.

Their recharges are designated as groundwater resources which is circulating cycle of
shorter range periods from the surface water to surface water through aquifers, in
comparison with the circulation period of groundwater utilization from intake of water
resources, to the discharge of them. On the other hand, “Stored Groundwater

~ Resources” is characterized by the longer ci reulating period of groundwater resources for

the above 'mehli_dned human utilization.

The transitional recharge is equivalent to river baseflow and it is estimated as mean
annual baseflow. In fact, there are no baseflow data in Parana State bul there are Q7 data
prepared by Parana state though some of them are insufficient. The Q7 data are

~represented as the annual minimum baseflow to be a continuity discharge of river for
., seven days within the dry season. But the biggest baseflow occurs during rainy season

than during the dry season, annually. In terms of the above mentioned, Q7 data is

_thought to be a lower number than the number of annual mean baseflow at fluvial

stations and it is considered 10 be a safety number of baseflow for groundwater
utilization. Consequently, annual mean baseflow by. fluvial stations is considered to be
simulated with annual Q7 under the concept of *“Sustainable Development of
Groundwater Resources”, :
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The estimation of groundwater resotirces by aquifer could be carried out by use of the
analyzed mean annual Q7 (in the later, written by mQ7) shown in I-lgjre—tl 1. In this
analysis, it is necessary to check data condition of monitoring by analyzmg respective
fluvial stations. : S

In addition, the results of pumping test such as boreholeyleld should beap p!aed for the |
following two items for groundwater development but not for estimation of gronndwater
_resources : ' '

- Borehole productivity by aquifers and/or spatial bbréhble
productwny by spatial aqu‘ers |

- Borehole intervals to keep non- mterfcn,nce distance for borehole
4.2 Strategy of Groundwater Man agement

4.2.1 Groundwater Devclopment

For groundwater development, it was studied that the consxdcrat ion of“Good Use” was
important and necessary for water demand, both quantitatively and qualztatlvely Two
samples were described as foltows

Ist. sample : Cunhba Melropohtan

The groundwater in Karst area is generally marked by clean water with
“high hardness in chemistry. This kind of water resources is potable but
not sujtable for heating water systems of industry use. Moreover, the

* distribution of Karst area is close to housing area in the northern part of
Curitiba Metropolitan Area but far from Araucaria of industrial area in
Curitiba Metropolitan Area.  On the other hand, the aquifer of
Guabirotuba Formation is located near the industdal area, and it is
characterized by low hardness in chemistry. The aquifer of Guabirotuba
Formation is suitable, both in distribution and chemlcals to supp[y for
heating water systems of industrial use.

2nd. sample : Londn na
In Londrina, there are big coffee f‘actory and it is using hydrothermal

resources for boiling water of industrial use from Botucatu Formation by

deep wells within the factory land.. The aquifer is characterized by warm

to hot water with alkalinity and deep shected resources in the third

plateau. In the above connection, the temperature characteristics of the

aquifer, its physical characteristics and distribution- are . effectively
- practiced as an good example of “Good Use” in the coftee factory, =
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" The required water supply amount iwas estimated by the projected water demand for
the respective  municipalities. The supply amount shoutd be supplied with
- considerations such as the above mentioned, both quantitatively and qualitatively and it
-should be supplied by borchole complexes consisting of several boreholes(1 to 7
boreholes) by each complex. .

The yield amount of each borehole complex should be estimated based on the spatial
groundwater potential assessed by Q7 data, and each well should keep an interval
distance to check the well-interference. In addition, the developed area of groundwater
' resources is to be prevented by rechargingarea obtained by the calculation of specific
recharge area.

In general, the specifications of borehole for groundwater development could follow
SANEPAR's specifications at present. This is due a fact that SANEPAR has many
experiments for groundwater development.

4.2.2 Groundwater Moniforing

At present, there are no continuous. monitoring data for groundwater resources in
Parana State. On the viewpoint of “Sustainable Groundwater Ultilization”, the
arrangement of monitoring system for groundwater resources is one of the most
important matters for groundwater management in Parana State. Purposes of monitoring
for it are considered as follows :

- To adjust the yield of the groundwater development by each spatial areas for
water supply,

- To study continuously the behaviors of groundwater resources, both
quantitatively and qualitatively by sectored areas and groundwater basin,

- To prevent the over-pumping of groundwater resources, spatially and
regionally,

- To manage groundwater basins, quantitatively and qualitatively,
Main monitoring items of groundwater resources consist on their quantity and quality.

The monitoring of quantity of groundwater resources could be done, considering the
following items by respective aquifers in general :

- Piezometric observauon of static level in borehole All aquifers except
“Karst”,

- Fluvial discharge observahon of river water to analyze the baseftow ;
“Karst”, '

In actual operation of the monitoring, the above mentioned methods would be combined
with the priority to choose main observation system,
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The monitoring of quality of groundwater resources could be conducted by the chemical
analysis of water samples taken from boreholes regularly and temporally.

The analyzed chemical comp onents should follow the chemicatl standard components of
domestic water and the analysis of components of presumed contaminant materials for
groundwater resources such as agiicultural chemicals shoutd be added. '

In the wider arca such as Parana State, the monitoring operations for the resources
would be expected to be conducted by developing project of groundwater such as
“Karst Project™ by SANEPAR. In addition, it is necessary 10 camy out the monitoring
operation for high priority aréa of groundwater utilization (industrial use in Aravcaria,
Curitiba Metropolitan arca) and borehole concentrated areas (such as the Center of
Curitiba City). : . S :
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CHAPTER §. GROUNDAVATER RESQURCES ASSESSMENT

5.1 Existing Borehole Bata and Database
5.1.1  Existing Borehole Data

Boreholes have been drilled by SANEPAR, Parana govemmental departments and
related institutions, municipality offices, private firms and by individuals. Borchole
drilling is preceded by the following procedl_ire at present :

- Formatted request letter for drilling to 'IAP, with the following items ; owner of
well, drilling company, purpost of drilling, daily discharge rate in plan, dritling
site/depti/diameter, filter plan etc.

- Division of hydroresources management in IAP  investigates the request letter.

- The division in IAP gves the authorization for the request drilling by
© judgment about the request drilling.

- The authorization requires report of drilling result.

IHowever, this procedure had started from 1988 and many boreholes had drilled before
this procedure without request letters and judgment by TAP.

Registered records were those received from 1988 to December 1993 accounted for
3,104 boreholes. The records consist of the followings : :

- IAP’s handling data accounted for 1,100 boreholes stored in IAP’s database in
governmental computer center without water quality data.

- SANEPAR’s handling data accounted for 1,800 filed in respective drilling
reports. : :

- 1AP’s records of the drilling requests accounted for 304 except the above

"~ boreholes. ‘

In. actually, the above boreholes data maybe cover the principle borcholes in Parana
State but there are many borcholes without records in Parana governmental institutions.

5.1.2  New database of Well Inventory

 The new dalabase of well inventory was created to fulfill the following purposes
discussed among counterparts of Parana State and JICA expert :
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- Collection of all boreholes data and comp)lauon into one system
- lntegrauon of drilling data (mcludmg pumping test data) and water quallty data

- Easy access to the new well inventory data to construct the new database of
well inventory on the marketed database soﬂware * Acccss by Micro
Software” in a personal computer. S

On the basis of the above discussions, the new database of well inventory was decided
to be composed of about 150 items for the each borehole in group meeting (refer Figure-
4.1). Thedatainput was conducted by a local consultant firm and all thempuued data
- have been cross-checked by the counterparis of Parania State.

The sub-comracl covers followings :

- The disk of database of well inventory in Parana Stale (5 sets of disks); the
* size of database was about 5.8 megabns ongmally, whlch was oomprcssed to
about 1 megabits.

- Thetable of all inputted well data for database of well inventory was printed in
A,B and C of data list books.

- Each well inventory is printed cut in the 17 books of well inventory data as
shown in Table-5.1.

52  Basic Characteristics Test of Groundwater Resources
5.2.1 Pumping Test of Selected Boreholes by This Study

This test was conducted in order to compare and cross-check the aquifer characteristics
between the result of pumping tests and data of the new well inventory. The tests
were carried out with the 8 sets of wells in four (4) principal aquifers in Parana State on
the basis of the technical specifications attached to in the Report of Pumping Test
(stored in J[CA oftice of SLPLAN) conducted by a sub-conducted local consultant fimm.

The comparisons and cons1deral|ons were done between the result of above pumping
test and the pumping data of the new well inventory, their aquifer characteristics are
shown in Table-5.2.

In Table-5.2, there are differences ameng the values of critical yield, Specific Yield and
Intesference of Well between the well inventory data and the pumping test data
conducted alocal consultant. It is the reason why the former items are average of each
aquifer and the latter ones are value of a particular tested wcli '

On the view of the regional development of groundwaler resources, it is a:.cumed
reasonably for lhese three items to use the average valuc of the well inventory in each
aquifer,
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52,2  Water Quality Test of Selected Wells by This Study

{1) Result of water quality test:

The well water quality tests were conducted to check and consider the present condition
of groundwater pollution caused by human activities in urban areas. The test items are
the following 7 (seven) componeats (described on Table-5.3) for 50 wells near from
principal cilies in Parana State including 15 wells in Metropolitan Curitiba :

1) N-NH3 ; Ammonium’

2) N-NO3 ; Nitrate

3) N-NO2 ; Nitrite

4y P ;  Phosphorus

5). COD  ; Chemical Oxygen Demand

6) CCT . Coliform Culture Test ( should be analyzed within 24
hours after sampling )

7) CCF ;  Coliform Confirmation Test { should be analyzed within
24 hours after sampling }

The tests were sub-contracied to a local consultant finm. The results of the tests were
recorded in the report (5 sets of the report) edited by the local consultant and the result
of the analysis is shown in Table-5.3

(2) Cons,lderanon of the result

The result of the anaiys:s result is summarized as foltows :

; A:m'nonit-am'(N NH3) / Nitrite(N-NO2) . These components indicale a
@ contaminated condition of groundwater by ammal excrement. The analyzed
resulls show low vatue and potable.

: Nitrate(N-NO3) / Phosphor : Thése components are indicators of

contamination of groundwater by agriculture fertilizers.  The excessive N-NO3

' component is known as a material of ill effect of health. In general, the analyzed

results shows low value and potable However, the content of Nitrate for Well

No.1( Cwitiba City) was analyzed 10 be 13 ppm which exceeds the maximum

permitted value 10 ppm in Japan. It is important to monitor content of
Nitrate in Curitiba City.

- CCF {Coliform Confirmation Test): Content of this item is not permiltecl but

many water samples contain over the permitted value zero.  Since, it took

" several day's to transport long dislance from the sampling points to the speified
laboratory, the test results with the excess value are not reliable.
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53  Groundwater Occurrences
53.1  Aquifer Class:l"callon by Geologlcal Unit

- In Parana State, there are the following various kinds of reservoirs such as cave in
carbonate rocks, f‘factures in basalt and crystalline rocks, porous in sand stone and/or
sand, etc, :

Such characteristics of aquifers are based on the rock format'iqn, so that the aquifers are
able to be classified as set out below in order of older age  ( Figure-5.1,5-2 and 5-3).

(1) the "Karst"
- Comyposed of carbonate rocks and intercalated with schists and quartzite,

- Exposure area of about 5,740 km? ( the exposure area of carbonate rocks are
- about 3,480 km2 in lt)

- Reservoirs consist of fractures, caves and dolines concemed with Quatemary
sediment of river bed in general(Figure-5.4 & Figure-5. 5). :

(2) Crystalline rocks
- Composed of granitic rocks and metamorphic rocks.
. Expostire area -------------- about 7,540 kmz
- Resewonra mamly consist of fractures.
(3) Early Palcozoics _
- Composed of two(2) groups ( Castro Group and Pafana Group)
- Exposure area of  abowt 7 150 km2, | ‘

- Reservoirs mainly consist of partial fracture in local, but Furnas Fonnatlon is
composed of permeable sandstoues

(4) Middle ~ Late Paleozoics
- Composed cf two groups, Itarare Group and Guata Group.
- Exposure area of‘ about 17,400 km?. ' '

- Reservoirs mainly consist of porous medla of sand stone aooompamed with
partial f‘raclure reservoirs. -

- (5) Late Paleozoic
- Aquifer is composed of Passa Deis Group.
- Exposure arca of about 17,400 km’.

- Reservoirs consist of porous medta of sand slone accompamed with partial
fracture reservoirs. -




(6) Botucatu Formation

“The exposures of this formations are mainly overlain by Sérra Geral Formation

in the same area as shown in Figure-5.6, so that the water batance of the
above two formations in this study of meteorological analysis and river
discharge analysis should be eslimated as alike same aquifer.

Botucatu  Formation is  composed  high permeable  sandstones
(effectiveporosily, 2 259%, Figure-5.6).

This Formation is distributed within Serra Geral Formation and Caiua
Formation in underground and it forms deep sheeted oundwater aquifer.

The deep sheeted aquifer consists of alkaline hydrotherma! resources in 40-
60°C. . '

(7) Serra Geral Fomiation

Serra Geral formation is divided to twao areas (the northern area and southern
area) by geological selting and the well yield. -

- Total exposure area of about 101,000 km?

Main aquifers of this Formét_ion is made of weathered layers, porous breciated
zones of lava flow unit and opening faults connecting porous parts and the
faults form bigger reservoir in scale (Figure-5.7).

(8) Caiua Formation

Composed of mainly sand stone mtercalated with arglirous layers.
Exposure area of about 30,450 km?
Reservoirs consists of porous media of sand stone.

This aquifer is characterized by homogeneity of porosity (Figure-5.8)

(9) Metropolitan Curitiba Area { except the "Karst" area )

The aquifers in this area are occupied by the followings; Guabirotuba
Formation, the Alluvium sediments and Granitic rocks.

Exposure arca of about 1,130 km?

Reservoirs consist of coarser sediments and {racture in Granitic rocks

(10) Coastal Range -

" The aquifers in this areéa are occup:ed by the marine terrace deposits and the
- Quaternary river bed sediments as shown in Figure-5.9.

Exposure area of about 1,950 km?*

Reservoirs consists of poreus media of sand bed.



54 Groundwater Potential of Representive Aquifers
54.1  Calculation of Groundwater Potential Bascd on Pumping Test .

T he calculation of groundwater resources on the basis of pumping test data were
roughly calculated by the following forn_iula

GR e A X Q¢ / (3. ]4 X rwn’)
GR Groundwaler Resources of‘ Respeclwe Aqunfer A : Area of Aquater
- Qo Critical Yield of Respective Aquifer, rwi : Radius of Bor¢hole Interference.

However, the above formula is presented a part of groudwater resources’ which are a
"Critical Pumping Yield" and not total volume of groundwater resources.

The catculation results on the basis of the above formula are shown in Table-5.5.

In the rough estimation of groundwater, the groundwater resources of Botucatu
Formation was calculated as the bigger amount, because the aquifer of Botucatu
Formation is highly confined. However its groundwater resources should be
considered to be limited by a water balance of recharge volume.

In the rough estimation, the high polenual aquifersin Parana State are as l‘ollowa
1) Botucatu Formation and Serra Geral For_manon
2) the "Karst” '

3) Caiva Formation

54.2  Estimation of Groundwater Storage Based Pumping Test

The total volume of groundwater resources were estimated on the basis of following
formula and data summarized by (he well inventory database as shown in Table-5.6:

QT =(A/AI)xSexDx(3.14x1%)
=Qt/ {3.14xdsx W) |
A . Arcaof aquifer, Ai:Area ofpumpmg mlerfcrcnce

D : Tickness of reservoir for each aquifer ; the tickness assumed by
. conceptional aquifer model

S¢ :  Coeflicient of storage (= eﬂeclwe permeablhly )

Qt ;.  Total volume ofdlscharge from pumpmg start tune to bemg time of
critical yield.

Ds:  Drawdown of water level during pumping tests

Ir : Radius of well interference during pumping test




5.4.3 Permissive Yield Assessment of Groundwater Potential Based on Recharge

'In general the groundwater resources are composed of circulating parts and storing parts.
Their circulating parts, in their turn, were consisted of two parts : transitory recharge
“and decp recharge, but deep recharge parls are consndered very small amount in the
average of long period like as 20 years.

In this study, the amount of circulating groundwater resources was ; caleulated to be equal
to {ransitory recharge on the assumption that amount of deep recharge is zero, so that
the data of meteorological and river dlschargc are uscd the average of for about
“twenty(17 ~ 20) years.

The transitory recharge of groundwater resources is estimated by the analysis of
baseflow, because baseflow of diver discharge is due to discharge of groundwater.

In the view of the above baseflow, the partial estimation of transitory groundwater
resources for each aquifers and groundwater basins were studicd using the low discharge
data of 355 day's dischargein "Flow Regime" by JICA Team and the low discharge data
of Q7 by IAP, and the mean base flows in respective exposure units of aquifers were
decided by the relationship between the above mentioned low discharges ( 355 day's
discharge and Q7) and the catchment areas corresponding to the discharge (Figure-4.1).
Therefore, the average of Q7 for long years like as 17 years in a catchment areas  was
discussed almost same as baseflow analyzed by hydrograph, in the meeting of
groundwater resources group. Fherefore, the amount of baseflow in this study were
adopted that average of Q7 and 355 day's discharge. By the above mentioned
considerations, the groundwater potentials of respective aqufers in Parana state on the
basis of water circulation are assessed as shown in Table-5.7.

In the assessed result, the baseflow of Curitiba Metropolitan area is smaller than the
anothers. The reason is estimated that the all circulating flows of groundwater
resources in Curitiba Metropolitan area are not trending 1o the Ignacu river basin but
some of the flows are discharged to the Coastal range and the "Karst” area.  In addition
to the above, the discharge mechanism can be caused by the following two reasons :

(2) The altitude in Curitiba Metropolitan area is much higher than the the
Coastal range and the "Karst".

(b) The opening fractures cutting through Pre-Cambrian Series are connecting
their higher reservoirs to lower reservoirs and the regional circulation flows
are tending from higher reservoirs to lower reservoirs (from the Upper
Iguacu basin to the Coastal range andfor the Ribeira basin).

Therefore the baseflow analysis. shows high potential of transitory groundwatcr
resources for the following aquifers :

(a) the area of Caiua Fomlatlon ------------------------------------ 1,056 m*/d/km?
() ' the "Karsl " Area----sssseemrrsmmmommsssesneionnesensscenaran e 785 m*/dkm?
(c) the northern area of Botucalu and Sema Geral Formations---672 m*d/kn?
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Furthermore, the estimated results of circulating groundwater resources present the total
yields of a circulating groundwater, and the areal permissive yield appears to be about
10 % of the yield from experimental estimation, However, the permissive percentages of
aquifers in the " Karst " and Serra Geral Formation (consists two parts; the Northern
part and the southern part) are can be estimated muchhigher by approximately 30 %,
20% and 15%. That is because their aquifers structures are very suitable for
lransposmon of groundwater resources, and the critical yield of well in the above arcas
are bigger.

The total storage volumen of groundwater resources are estimated about 10, 000 times of
pesnissive recharge (in day rale) and about several ten tintes to a hundred tlrnes of
groundwaler resouces calculated by criticat yield of well and others. '



" CHAPTER 6  MASTER PLAN FOR PILOT BASINS
61 Mct_hodology of Master Plan Study
Master Plan Study was conducted for the following two (2) items:
a) Assessment of spatial potential of groundwater development -
- Analysis of specific mean Q7 (mQ7) by aquifer in t__he pilot basins.

- Assessment of potentialily of groundwater development for
classified municipalities.

b) Planning of groundwater management

- Listingand plotting the existing well sites and dlscharge rate (yield)
* on the selected municipalities. '

- Collection of the latest spatial data of mean borehole yield and
interference radius mainly from SANEPAR.

- Borehole site selection and planning of pipeline systems for the
selected municipalities.

- Collection of the current cost data for the on-going "Karst"
groundwater development and others by SANEPAR.

- Implementation schedule of urgent groundwater development

6.2 Definition of Boundary of Study Area

The major municipal urban areas located in the Iguagu and Tibagi river basins straddle

over the boundary of other river basing. Therefore, the pilot basins for the study of
the groundwater resources are delineated including a part of the neighboring

groundwater basins related to the major urban demand centers as defined below:

1) Iguat;ﬁ Pilot Basin (Flgure 6.1)

Iguacu river, Karst basin on the right bank of Ribeira siver, a part of the left bank
- of Piquiri river, and Parana 1l rive basin

2) = Tibagi Pilot Basin (Figure-6.2)
Tibagi river, a part of the left bank of Cinzas river, and upstream ofPirapo niver,

6.3  Assessment ol‘Spa’tial Groundwater Potential in Pilot Basins

6.3.1  Assessment of Iguacu Pitot Basin

The Iguacu Pilot Basin is composed of Karst, Crystalline Rocks, Furnas Formahon
Upper-Middle Paleozoic, Upper Paleozoic, Botucatu Formation, Serra Geral
Formation north, Serra Geral Formafion south, Guabnrotuba Formahon as shown in

Figure-6.1.
* InIguacu Pl!ot Basin, feliable data of mQ7 and calchment areas at fluivial stations are
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listed in Table-6.1. On the basis of the above data, the spatial groundwaier
potentials in Igiacu Pilot Basin are estimated by same way as the permissive yicld
assessment mentioned in the former chapter and lhey are shown in Table:6.2. '

Of these aquifers Furnas Fornation is treated as an independent aqwfer in the Master
Plan study, while it-was analyzed together with other formation in consideration of
distribution ared in the study for Strategy. The site importance of this aquifer is not
so high but its groundwater potem:al is hlgier than common polentlal of aquifers in
Parani State. -

The specific mean discharge which is defined as thie s'pecif'lc mean of the annual
minimum of average discharge of continuous 7 days (mQ7} is used for the key data for.
the assessment of groundwater potential in this study. The specific mean discharge
based on base flow is not able to be estimated for Furnas Formation because its
distribution area within the pilot basin is very small and an appropriate river discharge
" gauging station to be used to calculate the base flow of aquifer does not exist. The
specific mean discharge of Guabirotuba Formation is also not ava:lable due to the same
reason. : S

An statistical analy sis of base flow dala of these aqu:fer was conducted and even one
data or data having large dispersion are ‘utilized based on an overall assessment,
However, the same result of the study for Strategy is adopted for some aquifers of
which specific mean discharges was disqualified by the statistical analysis. The same
sule was applied to the Tibagi pilot river basin. '

Karst

Groundwater potennal of Karst is hlgh as evaluated in the study for Strategy
" The Karst area included in the pilot basin has a drama@ area of 3,500 Km2, and
about 8.75m3/s can. be developed within the pemmissible yietd.  This
groundwater resource is appropriate for large scale development since its borchole
productivity (borehote yield) is extrentely large as 0.44 I/s/ borehole. -

The water quality of this aquifer is adequate for drinking water. Tn fact it is
actually utilized as the mineral water source for Curitiba. . Hoiever, it is
assessed to be not adequate for such industrial water resources as hydro-thermal
and steam resources because of’ its hlgh hardness and the Tolal Dsssolved Solid
(TDS). : :

Botucafu Fg: n ation

The penmssuble yield of Botucatu Formanon can not be estimated in this study,
and it is difticult to apply the concept of permissible yield to this formation at
present. Its permissible yield can be technically estimated by use of the
drawdown data of groundwater table, but the drawdown data are not available.

__The specific mean discharge also cannot be applied to this formation because of
the nature of its geologic structure. | o 4

However, the amount of its groundwater is asscssed to be very large based on its
extraordinarily large borehole productivity (124 s; average of 9 boreholes) and

c-28




" storage volume. Its storage volume is assessed to be more than 20 times farger
than that of Karst and a little less than 10 times of that of Serva Geral Formation.

This aquifer forins layering and its water temperature becomes 40-60 °C at the
depth of deeper than 800 m. The average potential of hydrogen is pH 8.01
(alkaline), and the mean natrium (Na) content is 29.2mgl. This groundwater
resource, therefore, is assessed to have high poteiitial of industrial water use with
appropriate control of pH and Na by mixing with other fresh water resources in
consideration of confined water pressure, pH level and content of natdum. -

W
Thls aquifer is broadly distnbuted from near Cascavel to the norlh but the study
area within the Pilot basin is limited to the area of 1900 km? near Cascavel.
Though the spatial permissive yield and mean productivity of borehole of this
formation is less than a half of those of Karst, its potential is relatively large and
is assessed to be an adequate groundwater resource for medium scale
~development. : :

The water qualily of this aqutf‘er is appropnate for both domestic and industrial
~water supply. _

Guabnoluba Form'ltlon

This aquifer is dlstnbuled in Curitiba metropolitan area (CMA) w:th a basm area
of 900 Km2, and its groundwater resource is widely used for the domestic and
industrial water in CMA. Monitoring of groundwater of this formation is
required with high maneuverability because it is distributed in the urban area. It
will be required to measure promptly chemical contents in response to necessity
- not limiting to the standard observation items for drinking water because there is a
- possibility of contamination of groundwater. -

The total permissive yield of the whole aquifer is estimated to be about 0.7 m3/s

~ (average of CMA). Various kind of adverse effects on the use of wells will be
- expected in the central urban area of Curitiba city in the near future because

present groundwater use for industries is estimated to be very highin this area.

Serra Geral Foermation south

. -The aquifer of Serra Geral Formation is broadly distributed with a basm area of
‘ 32,000 Km?2 in the arca middle reach to downstream of the Iguaqu Pilot Basin,
 The groundwaler resource of this aquifer is assessed to be ap propriate for smafl
to medium scale development based on’ its spahal pemusswc yield and
productivity.

Furnas Fornation

The aquifer of Furnas Formation is assessed to be appxopnate for small scale
+development based on ilts produc{mty of borehole.

wer Aquifer

Groundwater development of other aquifers not aforementioned is assessed to be
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unfeasible e:-:Cept for the rural areas facing shortage or lack of other fresh water
sources because of its tow permissive yield and productivity.

6.32  Assessment of Tibagi Pilot Basin

Tibag Pilot Basin is composed of Crystalline Rocks, Furnas Formation, Upper-
Middle Paleozoic, Upper Palcozoic, Botsucatu Formation, Serra Geral Formation
north, Serra Geral Formation north as shown in Figure-6.2.

In this Piot Basin, the spatial groundwater potentials are estimated by the same way
as Iguacu Pilot Basin, The data of mQ7 and catchinent areas are shown in Table-6.3
and the estimation of spatial groundwater potential in leag: Pilot Basin is shown in
Table-6 4.

Bﬂ!l cafn Formation .
The aquifer of Botucatu Formation is exposed on the ground surface in a limited
area, but it lies broadly under Serra Geral Formahon in the northem part of the
Tibagi Pilot Basin,

The development potential of groundwater of this aquifer is assessed to be high as
well as that in the Iguaqu Pilot Basin. Its groundwater is used as hot water in
coffee production faclones in Londrma, and is antlc:pated to be widely used in
the future,

Serra_Geral Formation north

The aquifer of Serra Geral Formation north is distributed broadly in the north of

- the Tibagl Pilot Basin. Its development potential of groundwater is assessed to
be high and appropriate for medium to large scale because its permissive yield and
productivity is higher than those of the Iguacu Pilot Basin.

Furaas Formation

The aquifer of Fumas Formation is assessed to be appropriate for smal scale
groundwater development based on productivity of borehole as well as that in the
Iguagu Pilot Basin.

Other Aquifers

Groundwater development of other aquifers not aforementioned is assessed to be
unfeasible except for the rural areas facing shorlage or tack of other fresh water
sources because of its low permissive yield and productivity as weli as those in
the Iguagu Pilot Basin. :

6.4 Mater Plan for Groundwmer_Managcment _
6.4.1  Classification and Zoning of Region for Groundwater Deve)o|)n1e11t

The urban areas are classified into the following categories by considering
characteristics of each area. :
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(1) Type-A: Largeurban areas

The large urban -arcas are defined that their population will be more than
approximately 100,000 in 2015.

The following urban areas belong to Type-A as large urban areas:

A) Iguacu River Basin B) Tibagi River Basin
- Curitiba metropolitan arca - Ponta Grossa
. Cascavel _ - Londrina
- Foz do Iguacu - Apucarana
- Guarapuava

The urban areas included in Curitiba Metrbpolitan Area are as shown below;

- Curitiba, Almirante Tamandare, Colombo, Piraquara, Sao Jose dos
Pinhais, Araucaria, Campo Largo, Pinhais, Fazenda Rio Grande,

Quarto Barras, 'Campina Grande do Sul, Balsa Nova, Contenda,
Maandirituba. :

| (2) Type-B: Middle urban areas

The middle urban areas are defined that their population will be more than
approximately 50,000 in 2015.

The following urban areas belong to Type-B as middle urban areas:

A) Iguacu River Basin B) Tibagi River Basin

| - Francisco Beltrao - Castro
- Palo Branco - Telemaco Borba
- Mediancira | - Comelio Procopio
- Dois Vizinhos - Arapongas
- Palmas ' : - = Cambe
- Unizo da Vitoria - Tbipora

- Irati

(3) Type-C: Other urban areas

The other urban areas are classified into the following zoning by considering
topographw conditions:

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

" These areas locate nearby main stream or downstream of tnbutanes therefore
problems of the shorlage of intake rate and water quality are few.
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2) Zone-b: Urban areas located upstream of second or third tributaries .

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

3} Zone-¢: Urban areas located at top or ridge of mountains

These areas require to intake the water from the downstream of urban town, and
water volume, water quality and intake method are involved in many problems.

One hundred and one municipalities belongto the Iguacu river basin, out of which 17
urban areas are classified into Type-A and other 6 urban areas are classified into
Type-B. Therefore, 78 urban areas belong to Type-C urban areas: :

Forty -three municipalities belong to the Tibagi river basin, out of which 3 urban areas
are classified into Type-A and other 7 urban areas are classified into Type-B.
_Therefore 33 urban areas belong to Type-C urban areas.

6.4.2  Groundwater M‘magement for Municipalities
(1) Municipalities subject to master plan study and methodology

The study on the groundwater management was carried out for the municipatities
ranked at the Type-A and B. The study of groundwater management for the
municipalities ranked at the Type-C was not done and should be carried out by
such as future feasibility sludies in each individual case, because the amount of
newly required water demand of them were studied too small to construct a new
borehole or new intake facilities. .

In this study, the master plan of groundwater development was conducted on the
basis of the following items : '

- All amount of the required water demand of the mumc:palmes e:xcept
Curitiba Metrop olntan Area was supplied by groundwater
development, : ' :

- For Curitiba Metropolitan Arca, the Master Plan Study was done to
develop four (4) m¥s of groundwater development within 7.235 m’/s
of newly required waler demand,

- The groundwater development plan for each municipalities was based
on the spatial permissive yleld and spatial borehole productwuy
within each municipality area,

- - The spatial borchole productivity was estimated by mean produchwly
of present SANEPAR boreholes within each minicipality except small
diameter boreholes of personal use,

- . The number of required dr:llmg boreholes was eallmated by the
following formula :
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‘N = Q / Pb |
N : naumber of required dnllmg boreholes

Q- required water demand (m¥s),
- Pb : mean borehole productivity (m¥s),

- The developing area of new drilling borcholes was estlmated by the
following formula :

Ad = Q / Yp '
Ad : Developing area of new dnl!mg _
Q : required water demand (m¥s),
Yp : | Permissive yield (m¥s/km?), )

- The drilling sites of required bore¢holes were arranged within into the
developing area of new drilling boreholes in iso-distance under the
consideration of pipe line arrangement, - -

- The groundwater development for each municipality was scheduled to
- supply the SUb'-seclion'of' water demand step by step,

- ‘Monitoring system was planned for  sustainable groundwater

~ development, the permissive yield was estimeted in tentative and it’s

yield should be decided as standard value to conserve the groundwater
resources and to develop groundwater resources in good use.

In'this Sectoral Report, the required water demand was studied 1o be supplied by
~ only groundwater resources, but in the actual plan the combined development plan
' of the surface water and groundwater resources was examined in the other Sectoral
' _Reporl of Water Resources Developmem)

% | (2) Groundwater demand and potenual for the mumcnpahhes

In planmng of the devclopment of the groundwater resources, it is assumed that
the water demands for domestic and industsial uses and agricultural water
requirement are supplied by development of the groundwater resources in order
to evaluate the dependability of the ground water resources for the water supply
to the mumupallties

‘._Tables 6.5 and 6.6 indicate the af‘oresald water demands in the mumcupahtles with
~the Type-A and B. In the both pilot basins, lhe mumapahlles have a sufficient
. amount of the permissive yield comparing with the water demands at 2015 in
. general, The ‘groundwater. management plan for the mumc;palllles with the
Type-A is summarized hereunder:

a) Iguacu pilot basin
. Curitiba Metropolitan Area (CMA) .

The incremental water demands during 20 years till 2015 is- estlmatcd at
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7.235 m¥s and the aquifers in this area are the Karst Guabirotuba Formation
and Crystallme Rocks,

The groundwater resources in Karst aquafer is able to mect the aforesaid
water demands during 20 years till 2015 in CMA. The development in this
aquifer requires observation of river water level and discharge along the river
reaches and piezometric monitoring of groundwater table in order to manage
and contro! the groundwater development within the permissive yield.

In the aquifer of Guabirotuba Formation, there exist many boreholes in the
central part of Curitiba City. Therefore, it is considered that the total

extracted water amount is currently over the permissive yield in this aquifer
taking into account a number of bore holes and productivity. In order touse
effectively the available groundwater, establishment of piezometric
‘monitoring network and rearrangement of location and number of the existing
borehotes based on the result of monitored data and its analysis are slrongjy

desired to be undertaken immediately. :

In CMA, Crystalline Rocks lies under ‘Guabirotuba Formation and new

- provision of a borehole at the open fractures in the rock layer is able to
develop some amount of water corresponding to a litile water demands or
industrial water demand for a few factories. But, it is low possibility to
identify the open fractures. From the mentioned aspects, this rock fayer is
excluded from planning. - '

Q@gcave!,_FQ;Mgliag-t_l and (iua_rapuava

The incremental water demands during 20 years till 2015 is estimated at
0.542 m*/s for Cascavel, 1.043 m¥s for Foz do Iguagu and 0.292 m*s for
Guarapuava. The aquifers for theses municipatities are the Serra Geral '_
Formation north and underlying Botucatu Formation.  Both the aquifers
have groundwater potential to mee! the incremental water demands during 20
years till 2035. It is proposed to develop both the aquifers in order to
reduce the length of pipetine system in a water supply zone by. extracting
large amount of water at a location within permissive yietd of these
Formations. '

b) Tibagi Pilot Basin
Ponta Grossa '

The incremental water demand during 20 years till 2015 is 0.433 m¥s in total.
The aquifer tor this municipalily are the Middle Paleozoic and the permissive
yield almost corresponds to the incremcntal water demand at’ 2015,
However, its productivity of a borehole is low level and therefore, alot of
boreholes are required to be prowded for sahsfymg the aforesald water
demands.

Londrina and Apucarana
The incremental water demand during 20 years till 2015 is 0.950 m*s for
Londrina and 0.232- 'm’s for Apucarana. The aquifers- for theses
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municipalities are the Serra Geral Formation north and underlying Botucaty
Formation. ~ The combination of development of both the aquifers, which
ar¢ applied for development for Cascavel is also proposed for these areas.

" (3) Groundwater development for municipalities

The groundwater resources development plan for the mumc;palaues is established as
shown Tables-6.7 and 6.8.

The main features and drafl implementation schedule of the proposed projects are
summarized in Tables-6.7 and 6. 8 and the main features for each municipalities are
represenled in F:gures -6.3~6.16.

Among the mentioned pro;ects, the groundwater development projects for Curitiba
Metropolitan Area and the municipality of Cascavel are required to be urgently
implemented taking into account the present water demand/supply balance situation.
The detail of these projects are described as follows:

a) Curitiba Metropolitan Arca (CMA)  (Figure-6.3)
Groundwater development in the Karst aquifer

The Karst aquifer is the most prospective one as water source for the
domestic and industrial water supply. Assuming the stapewize
development of the Karst aquifer, this aquifer is divided into four (4) arcas as
shown in Figure-6.3 and these areas are planned to be developed in order of
distance from CMA. The main features of bore holes planncd to be
prov:ded n the respeclive area are as follows:

o Descriptions Main Features
2) Permissive yicld ' : 1.1 m¥s
b) Dianter ‘ B 10 inches
¢ Drilling depth o 6o m
%' © o &) Avenage productivity < ‘ 160 m’fh
' ¢} Number of productive boreholcs 26 holes
fj‘ Success ratio of borchole N , 75 %
g) Catchmenl axa N _ 400 knd
'h) Numbcr of observation stations for river water level 5 siles

The main features in the table are based on the following considerations:

The number of boreholes was determined by the data of permissive yield,
~ borehole productivity and new demand.

Drii'lilj'g tocation is planned to be made at a site, where the surface tayer is not
affected by the karstification, in order not to induce land subsidence or cave-in
_due to extraction of groundwater. :
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It is necessary to review the specific mQ7 and determine the optimum permissive
yicld based on the result of momlormg on the nver flow dlschargc and exnachon
amount from borcholes. . :

Management of groundwater uses and development in the agmfgr of. giuabxrgu ba
Formation

In order to eﬂ'ectively use and develop lhe groundwater rcsourccs in this aquifer
it is required fo establish an monitoring system for the groundwater. table and

~ water quahly The proposed monitoring system shown in Flg.are-é 3 is
compnsed of piczometric monitoring borchole of 20 locations among whlch
fifteen (15) boreholes are planned to be located surrounding the central area of
CMA and the other five (5) ones are installed in the central area. The water

- quality is also planned to be observed at monitoring boreholes in order to monitor

- water pollution. due 1o infiltration of sewage and/or industrial waste water.
Based on the data obtained through monitoring of groundwater table, it may be
necessary to rearrange or integrate the existing boreholes in order not to induce the
adverse effects such as land subsidence, lowering of ground water table, reduction %
of extraction of groundwater amount, and so on. - :

b) _Cascavel (Fiaure 6.4)

Thecity area of‘ Cascavel is located around the watershed boundary of the Ignagu

_and Piquiri river basins, and therefore it is necessary for use of surface water to
provide pumping-up facilities with significant hydrautic head which needs high
construction cost and operation and maintenance cost. W_hile, the Serra Geral
Formation north and Botucatu Formation, rich groundwater a'quifers, is’
underlying in the city area.

Taking into account the water resources conditions in Cascavel, the groundwater
development of the aforesaid aquifers is proposed for domestic and industrial
water supply for Cascavel as shown in Figure-6.4. :

Since it is considered that the confined water table of aquer of the Botucatu
Formalion is at about 600 m in elevation around the city. area of Cascavel, the .
ground elevation at the dnlling site is planned to be selected at EL. 600 m lower
than the elevation of the cily area and the dritling. depih of the boreholes are
required to be about 1,300 m. It is required to identify the open fractures in the
aquifer of Serra Geral Formation based on the aerial photographs and fault
analysis in order to decide the location of the borcholés. The piezometric
monitoring boreholes are also provided at the up- and downstream of the
boreholes along the open fractures. '

(3) Waler Development for Rural l)omesllc Water

In rural areas it is d:fhcult to supply the plped lreated water systemaucally
by surface water, because demand of domestic water is scaitered due to

- topographical and social condition. Therefore, supp!y for domesuc water wilt
be done by groundwater development.

The following study items should be discussed with‘m'tinit:ipzﬂ'i{y- wiéé in the
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future study:
- intake rate
- cost for water development
(4) Water Development for Agricultural Water

Supply method of agricultural water in rural areas is generally a pipeline
method with a direct intake using a pipeline and headworks. Therefore, supply
for agricultural water will be done by surface water development.

The f‘ollowing study items should be discussed with municipality wise in the
future study: '

- intakerate

- cost for water development

6.5 Unit Cost for Groundwater Development

The unit cost with borehole construclion is listed in Table-6.9.
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CHIAPTER 7 RECOMMENDATIONS

It is recommended to improve the following two main components of Groundwater
Management which are basic necessity in Sustainable Groundwater Development:

- Comprehensive groundwater management
- - Integrated monitoring of groundwater resources

7.1  Recommendation on Comprehensive Groundwater Management

The comprehensive groundwater management in “Sustainable Development' is composed
of two main component: i.e., Groundwater Development and Monitoring.

(1) Permissive Yield

It is most important for Groundwater Management to determine "Permissive Yield" under
the consideration of water balance for respective aquifers and for respeclive developing
areas. The groundwater development should be planned within Permissive Yield.
Therefore review of the permissive yield should be conducted by the following ways
since the permissive yield in this study has becn tentatively determined:

- To review the mQ7 at the river discharge slations,

- To monitor the groundwater (able, water balance and water quality by the
observalion holes and/or the river base flow in the surroundings of the
developing areas,

- To set up the good site arrangement of production bor¢holes and momtonng
posts on the basis of the groundwater circulation mechanism,

- - To review and analyze the recorded monitoring data.

{2) Guidelines for Development and Management

The grduudwater management should establish the following guidelines for grdundwater
development and monitoring:

- To determine the permissive yield of each borehole,

- To determine the spatial permissive yield in each developing acea,

- To determine non-interference distance among pumping boreholes,

- To set up the site arrangement of monitoring posts of observauon borcholes
and/or fluvial river stations,

- Desiga and construction method of the monitoring system.

(3) Long Term Plan of Groundwater Developmient

Ttis recommended to prepare and review a Long Term Plan of Groundwater Development -
for the major urban areas in Parana State every 5 years.
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(4) Long Term Plan for Groundwater Monitdring Sysiem '

It is cecommended to prepare a long term plan for the integrated monitoring system of
groundwater for the superintendence of regional management of Jarge urban areas in
addition to the mandatory monitoring system for respective groundwater projects.

It is also recommended to issue a management report which deals with the conditions of
groundwater use, problems and needs in Parand State once in S years.

(5) Legal and Institutional Arrangenient
The following legal and institutional ar_r'angcmcnt is recommended:

- Legal provision for responsibility of submission of necessary information from
government, private and related institutions and organizations, and penal code,

- Legal provision for registration and license for drilIing companies and penal
code for conditions of concessmn and permission for groundwater
deve!opment

- Legal provision for the maudatory monitoring data including pumping and
water quality tests at presence of authorized inspectors for renewal of
concession and  permission for groundwater use, and penal code such as
closure of wells,

- Cost recovery system for the operation and maintenance of the integrated
monitoring system by the expense of beneficiariés

7.2 Recommendation on Integrated Database of Borchole Inventory

It is recommended to improve the existing database and to upgrade it to a comprehensive
database of borehole inventory for Sustainable Groundwater Development in Parand
State. It covers basic information of productivity, hydrogeology (geology, chemistry,
hydraulic characteristics), location information, utilization information. The followmg
work items are to be supplemented to achieve this purpose

- To record the information of borchote {ocations, geologlcal profiles and
borehole profiles by scanner, ‘

- Torecord the elevation of borehole site,

- To record systematically and annually and to supplcmcnt the data of
newboreholes and new chemical analysns of walter samples taken from
borcholes,

- To conduct statistical analysis and review of the stored data including anaiyses
of groundwater utilization, borchole produclw:ty and water quallty once in 3
years up  ta the year 2005 and once in 5 years thereafler.

Provision of a perscmal compuler system with a scanner for excluswe use of dalabasc of
borehole inventory is necessary.
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Table-3.1

General Stratigraphy of Parana State

ERA .| SYMBOL PERIOD GROUP FORMATION { LITHOLOGY (MAIN FOSSILS)
Qa alluvium.
CE:i?f: y Qn Q_U‘_“ER_NARY _ | inconsolidated maring sedimeals,
R Qg <1.8m.y. GUABIROTURA ¥ clays, arkoses, 10ams, sands and gravels.
Kba ADAMANTINA -~ | thin sandstoncs, siltstones and  brownish
. . _ - - ' lamlnites.
) Kbsa 'CRETACEOUS | BAURU SANTO ANAS- sandstores and laminites.
O o _ ‘ : TACIO
o8 Kbe 140 to 65 m.y. CAIUA violet sandstones (Theropada)
N
Qs ¥is doleritic dikes and sills, syenite plutons,
é’ 8 . phonolite and carbonatiles.
‘ JKsg SERKRRA GERAL | basalt favas and sills, with andesite lavas.
: JURASSIC
JTph TRIASSIC SAOBENTO [ PIRAMBOIA sandstones and siftstones with few
’ 140 to 230 mo.y. AND BOTUCATU | conglomarates (Cotlurousaria and Therapsida)
P gabbro intrusions with atkaline dilferentiations
: precn or red siltstoncs, snadostones and
Pprr ﬁ RIO DG RASTO calcarenite {Endothiodan, Leinzia, Terraiopsis,
£ ] Phyloteca and Calamites)
Ppt B TEREZINA siltstoncs and cafcarious rocks (szoneHa
PASSA neotropica)
DOS SERRA ALTA {aminites and shales {M aackla, Tholonotus,
Ppsat 3 Acantholeaia)
'g £ 1RATI mudtones, shaics and pyrobiiumenous shales
5 § E (Mesosaurus brasiliensis)
[ ? PALERMO gray sitstanes (Cardiccarpus and DadoxyTon)
E a3 GUATA sandstones, siltstones, shales, limestone and
rg & 710 BONITO and coal beds (Plicoplasia sp, Sanguinolites
S brasilicnsis, Glossopteris and Gangamopleris)
gray shales and siltstones, sandsiones and d)n-
2 5 RIO DO SUL mictites {Chonetes sp; Langelia imbituvensis;
S 5 ei = Warthia sp; Heteropectem catharing)
oOR S ITARARE MAFRA sandstones, siltstones and laminites (Elonicthys
w e CAMFPO gondwanus)
j B DO TENENTE coarse sandstones, siftsiones, dyamichites.
e Dppg DEVONIAN PONTA GROSSA | gray shales and siltstones (Australocoelia
' PARANA tourteloti and Metacryphagus eustralis)
bpl 34500 395 m.y. FURNAS sandstones and siitstones (Rovnaltia furpai)
Oc ORDOVICIAN | CASTRO siltstones, sandstones, arkose, conglomerales,
50010435 ma rhyolite, thyolitic pyroclastics, few andesites.
Cg GUARATUBI- thyolites, andesites, siltstones, sandstones and
NIA conglomerates.
Cc CAMBRIAN CAMARINIIA siitstones, mudstona, conglomerates and
arkose.
Cya 570 to SO0 moy. alkaline granites, syenites and alaskites.
Cym GRANQ- gray horablend and hornblend + biotite
) TOIDS granodiorites, monzonites and granites
Crg creamy and reddish gneissose granites, with -
megacrystals of K feldspars.
PSygn greissose granites of anatexite.
¥5aa ANTINHA metasitmites, metasandstones and
: ) SEQUENCE metalimestones. few melaconglomerates.
o metasiitstones, metaritmites, dolomitic
PSai }3‘ S ITAIACOCA marbles, dolomites, metasandstone, Quastzites
u E : and micaschists. ,
& . metasitistones, metamudstones,  graphitic
PSac e ACUNGUI CAPIRU phyitites, dolomitic marbles, dolomits, meta-
Q S § | sandstones.
S % 2= : metasilistones, metamudstanes, metaritmiles,
=) g PSav & YOTUVERAVA | states, metarcnites and micaschists. timestones
gog 1 S = and dolomites.
E & PSm - banded migmalites, mscaschlsls and quartzites.
o ‘% Plsac ) AGUA CLARA calcareous  Schists, marbles, micaschisis,
o4 o metabasite. manganese tocks. :
P = B gametsillimanite  schists,  actinofite-bialite
Plste & & SETUVA TURVO-CAJATE | schist, calesilicats schists, dolomitic ma:b!es
' g3 : and calesiticate rocks.
< ot PERAU Calcarcous-schists, micaschists, metabasites,
- Plsp g b : amphibolites and qarlzites. metavolcanics,
Pipsm g § banded migmatites, gneisses on strips, ocelar
. ' PRESETUVA gneisses, quartzits to magnetite.,
Plpss 3 COMPLEX amphibolites, mmelabasites, serpenfines and
tateschists,”
ARCHBEAN- . SERRANEGRA charnockites, granulités, magnesian  schists,
2500 my. | Asn COMPLEX " amphibalites, micaschists and quartzites.
C C-T3 MINEROPAR (1985}
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Table-5.3 Rcsul! of Water Quallty l‘ est of Wells Done by This Study

Well Cocation | NRTE | RNG: N-NOQ

P cobD CCT CCF
1 £4d. Tunis - Casa Blanca - 12 - . . -

2 Tereza Pazint - 0.8 0‘04 i . - 2 "
3 £d. Saxon! - - 48 - - 41 - .
4 m -CQQ - - - - - - -
6 Ed. Helvética - 02 - Q.07 -5 - -
6 Acquasul - 8 - - . X T
7 Ed. Jaragua - 0.7 0,03 - - - -
8 Rest, Veneza - 39 - . - 13 8
_ @ Batontox - - - - - P E -
10 Metissalur ' 0,6 0.4 0,013 . 1 170 8
1 Ferraria g 008- 0.4 15 - - 8 -
12 Guatuph ‘ [ . . - . -
13| Araucéria - Rodoviria - 38 . . . - p -
14 Fazenda Rlo Grande - . - 0,05 - 3 -
15 Santa Mdnica 0,06 < - - _2 30 -
18 Trangueira - 0,04 0,3 - - - - -
17 Almirante Tamandaré 0,05 05 - - - 2 -
18 Colombo Varzea Caplvati | 0,02 0,7 - - - - -
19 Haperuss0 0,07 o7 - .- - - -
20 Coiombo - Calcem - 1,6 - - . - -
24 Mandaguari - - 0,7 - - 50 -
22 Palgandu . - 1,1 - 0,03 - 50 -
23 Campo Mourdo 0,03 02 - - - 17 N
24 Maiinga - 08 - - - 23 .
256 | Dr. Camergo : - 0.7 N e o1 240 -

26 Nova Olimpla - 0.8 - 0,03 - - -]
27 Mana Holena - 18 0,005 013 - 13 2
28 Pérola - 0,9 - - N &0 5
29 Xambrd - 01 - . . 21 N
30 Allénla - 0.4 - . M 8 Z
31 Loanda - 1,4 - - - - -
32 Toledo - 1,3 - 0,03 1 - -
33 Santa Cruz - 01 - - 3 - -
34 Petiolho - 05 - - 1 - -
35 Sede Alvorada - 04 . - - 4 T -

38 Santa Tereza - 1,4 - 0,03 - - -
a7 Juvingpolis - 04 - - 6 11 .
38 Altamira do Parana - 0,2 - - 4 - -
39 Clevelandia - 02 . - - o C -
40 Rolandia - 32 - - Cw 600 -
41 Apucarana - 0,6 - - - - -
42 1° da Malo - - 23 - - - 1600 | -
43 Palmelra 0,06 - 0,07 - ~ 4 -
- 44 Saito ltararé - - - - 140 -
45 Ipiranga - - . - - Y 8
46 Porto Amazonas - - 0,1 - .2 - -
47 Antonio Olinto - - - - e - -
A8 Arapoti - - . - 4 1410 .
48 {mbituva - - - - 3 2 N
50 Telxe'ra Soares - - - - 2 2 2
N-NH; | N-NO, | N-NO, | P . COD | CCT CCF

MPV ) .03 6 0.02 - 35
MNP ’ ) 0 i) .

-Nole:

. MPV: Maximum permitled value - acoordi {0: Decreo
S30 Pauta S 1] N® $2.488 of 10/20/78 - NBA - 60

MPHN: Most Probable Number

Bacteriological analyses were made according 1o the 18h edition of tho *
Methods for the Exarnination of Water and Wastewalter, 1992° . he *Standard

Chemical Analyses were made accordin melhods 803
HACH CHEM. Co. 9 8, 8171, + 8000, 10013 and 8507,

Conduslon According to the Decree abova :ssled this sampla is polable

C-T6
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-2 nul data

C-T.12

Table-6.1°  Mean Q7 & Q10,7 atF llwnl Statlons in lgmcu Rlv;:r Bwsm Ribeira Rlver Basin
and the Related River B‘iSInS ' o
River Basin small Aquilers Station No - Catchment I\Iean;: Q7 - ;Q'l 0,7
river basla K Alfe;a km? | Observ. Pe rlé;d mi/s | Obsecy, Period | m35s

Ribelra Karst - 810793600 - 38 ssaoer ¥ 170 - :

do Karst - 81019350 sio] swossyz | 476 31-93 262

do Karst : 810795s0] . 4] 77035211 § 078 - -

do Karst 81020000 176] 77033812 122 77-88 0.51

do Granite : 81125000 | 46019312 § 44 46-93 296

do Icarse $1050000 1,285 BlOs9INZ | 1154 8193 7.51
| 4o [Karst 1110200-81018550 8102000 s o s - -

do Karst © 81102000 L7511 78/08-93/12 1351 79-93 997

do Karst © 81120000 402 78/08-93/12, 367 79-93 244

do Karst - 81140000 a5 30080z | 288 31-93 £.95
Capivarir. Karst * 81299000 - S| 85019312 1453 35-93 330
Alt Igaacu Karst © 65030995 15| ssoiswn | a9 35.93 0.06 |
Ali fguacu Kerst £5021000 3] 8501-3V/12 0.28 8593 0.22
W Tguaca Karst - 65021770 15[ ssorom1z | oar 8593 0.04
M Iguacy Karst . 65021800 71| ssorsz | os2 $5.93 0.36
Al Tguacy Lower Paleozole 65034000 84 Tealsimn 0.10 7793 0.05
Rig Negro Negro lGranite . 65090000 soo| e70so3nz | 280 63-93 495
Ria Negro Negro Middie Paicozol © 65694300 868| 76058312 | 507 77.93 t44
Rio Negro Negro Middle Pateozoid 651000000 3339 30059312 | A1 31-93 13.04
Rio Negro Negro Granite T ES13EH00 €01 39/08-93/12 358 40-93 2.5
fio Negro Middle Paleozold(65136580 63135000) . ge6] - 4.20 - 1.76
Rio Negro 4 68136550 1568]  80.09-9)/12 8.03 3§-93 427
Rio Negre Middie Paleozoid (651 $5000 65556550) 444 - AL - a0
Rio Negro Jo 65155000 Co201  30/059M12 12,49 3193 733
Ria Negro Upper Paleozoic 65208000 (2150 740292712 9.76 - -
Melo Tzuaco Upper Palcozolc \smonoutzomwsslmo 8,140 - | 4063 - -
Meio Iguacy 4 65220000 18300 630039311 | 9112 64-93 £3.06
\leio ]Eu“'u 4 5 ST TR0 79701 &40 I-_9IJ’I z 46.83 61-92 26.62
Aledo Iguacu Palmital Serra Gersl Sul ;654150008 313 4viLONIZ . 178 46-93 0.77
Melo lguacu  [Archa Serra Geral Sul 65764000 1,010 $0.:08-52/12 6.14 8E-92 3.54
Meio Igvacw Serra Geral Sul 65770000 1,645  63/03-93/12 | " 3.65 - o
Melo Iguace  [Iratim Serra Geral Sul '65?75900! 1,550] 870191712 1133 - .
Melo Izuacy Jordao Serra Geral Sul GSSMOOd 306]  3503-93/12 0.49 3593 0.23
Melo Iguacu Serra Geral Sul 65810004 3] 3601167112 28 - N
MeloIguaca  |Jordao Serva Geral Sul ssapsooq, 1.0sof w0292 | s 492 2.08
Meio Iguzen  |Fordso SerraGeral Sul : ssslsoeul 22000 60038312 | 16.26 - -
Melo Iguacu  MJordao Serra Geral Su) ‘ 65815&'!04 C 393 6301832 1503 €592 12.80
Melo Iguacs  [Cavernoso Serra Geral Sul SSSSSOOd 1.500]  6401-92/12 1431 §5-92 3.52
[Baixo Iguacu  [Guarani Serra Geral Sul . 659?000d 1,024 73"03*93"2_ b.56 7993 0.66
Balto lgvacu  [Chopin Secra Geral Sut 65915604 1,782 65039212 | 959 65-92 433
Beivo Jguaca  [Chopia Serra Geral Sul 65927004 3410] 63019112 13.56 65-92 10.39
Bzite Jguacu  |Chopin 1Seera Gernt Sut ' 55945004 I TR TS 388 65-92 2.06
Balwo Iguaca  |Chopln Seerz Geral Sul 6594sooo| 270 6541-5212 1.20 6592 0.104
Balza Tguace  |Chopin Serrs Geral Sul 65954 1780 63019212 565 6592 297
Baivo Igvacu  (Chopln Serra Geral Sul 6596000(i 6696 63019212 3834 65-92 12.79
Baixo Tguaca  [Chopin Seere Geral Sul 65561 71300 6301-9¥112 34.41 62-92 19.64
Balg fguace Serrs Geral Sul 6397 78403-93/12 1.5 -
falwo lguacu  [Andadas Serra Geral Sul 6597 ©1,308]  7e1-9k12 6.76) 76-92 228
Bilito [gnncu Capameno Strra Ceral Sul 6593@ LTH0] 76018012 3.76 76-92 0.80
Bina Piguiri Serra Geral Nor 6478 - -~ 188) 654017912 i i -
Sivo Piquirl Galo Bang Seera Geral Notl 64783 1,350] 670693712 HIE i- -
Bivo Piquirl Saputa Seera Geral Not! 6d7 j R34 GBOINYIL (XX 65-92 EXT]
Biro Piquiri Sapuca Serra Geral Norf - . 64719 P RIS 371 o2 -
Parans 111 Atrola Serra Geral Nosl 64314 1,169 7708009 7.51 - -
Parzina 311 S3a Yranciso Serra Geral Noe 61333000 64] 8801.89/05 2 43 - -

H.data of the station should be applied the calcoration of U for taé Socalizied aquier calctiment
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Table-6.7  Master Plan of Groundmt_er Development for Iguvacu Pilot Basin

Municipalities  Geological Formation Number of Productive

to be Developed Boreholds
o Stages for Developrent till 2015
Curitiba Karst 112 (60 m) 4 stages for development in the Karst aquifer 2
_ : ¢stablishmen! of monitoring  system  (monitori
Hpe A boreholes of 20 in Guabirotuba formation and 5 wa
level gauge in 5 tributaries in the Karst)
{piczometric borehole; 17(60m, ¢ 80mmy))
Cascavel _ Bortucatu Formations 2 (_1300 m) i 2 stages

wpeA  Serra Geral Formation 18 (180 m)
north : ' ,
(piezometric borehole:6¢180m, & 30mm))

Guarzpvava - Betucata Formation 1(800m) 4 stages

type A Serra Geral Formation 35(180 m)

south
(piezomelric borehole: 10(180m, ¢ 80mun))
Fu’eai‘f:‘:aaigc° Botucatu Formation 2(1000m) 3 stages
Serra Geral Formation
bpe B south 6(180m)
{piezometric borghole:2(180m, ¢ 80mm))
Mediancira Botucatu Formation 1(850m) 2 stages
Serra Geral Formation '
bpe B ' 5(180m) (piezometric borehole:10(180m, ¢ 80mm))
Deis Botucatu Formation  1(1200m) 3 stages
Vizinhos _ o
Serra Geral Formation® 7(180m)
tpe B south .
{piczometric borehole;3(180m, ¢ 80mm))
' 2 stages
Palmas Serra Geral Formation 16(180m) &
o south {piezometric borehole:2(180m, ¥ 80mm))
bpe B Botucatu Formatica 1(1200m) 2 stages
Pato Branco : . 6(180m)
Serea Geral Formation ™" (piezometric borehole:2{180m, ¢ 86mm))
ype B south
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Table-6.8  Master Plan of Groundwater DeVeiopahent for Tibagi Pilot Basin

Municipalities  Geological Formation ~ Number of

10 be Developed Productive

Stages for D'f:vcl.opmenl till 2015

Borcholds
Londrina Serra Geral Formations 36 (180 m)
north
ype A
Botucatu Formation
4 {1300 m)
Apucarana Serra Geral Formations 30 (180 m)
- north
type A ‘
' Botucatu Formation
' ' : 1 {800m)
Coraelio Serra Geral Formations 4 (130m)
Procopio north
Botucatu Formation
' 1 (800m)
Arapongas Serra Geral Formalions 5 (180m)
noth '
Botucatu Formation
I (1000m}
Ibipora Serra Geral Formeations 6 (180m)
noith
Cambe Scira Geral Formations 9 (180m)
' north
Bolucatu Formation
b (3000m)

5 stages

(IIO piezometric borcholes; 180m, ¢ 80mm)

2 stages

{2 piczometric boreholes; 180m, ¢ 80mum) '

2 Stages

(2 Piezometric boreholes: 180m, @ $0mm)

2 Stages

(2 Piezometric boreholes: 180in, ¢ 80mm)

2 Stages

(2 Piczoinettic boréholcs: Iﬁﬂm, $30mm)

3 stages

{4 piezometric borcholes; 180m, ¢80nmi)_
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