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constituents from heavy metals to pesticides., Bechteriologi-
cal monitoring is carried out according Lo WHD guidel ines
tor fraguency of analvsls  population served. Sanples
are collected and 1cad for transport to the regional lab.

Thaere are national regulstions s facs water guality bul
it is th sonsibility of the i to mond tor sty ard
Lake M (egquivalent to ouwr Ministery of the Envicon-
menfﬁ i% the agency  responsible for this monitoring. Thers
i Eopollation of streams in FParana becaw ot the
1aLk ot wuthWHt@r treatnant . SUREHMA also mond tors
gqual ity at the tap as a check on SANEFLGR.

2t

SANEFAR is  committed to and delivers & guality  prodact
Water treatment works are designed to  deliver water with
g5 than  ane turbidity  unit of anded matter. Wat e
treatmant works visited thﬁt were conshtru or wupgr aded
during the past 1 20 sRars were  sourd i GNE g0 gy
Erazilian made Ccomponsn '“5 fyohrawlic wnit  operations and
manual ly contralled operations.

e FROJECT HISTORY

201 Frojech Conception

The project was conceived by Dr. Richter and other pers
at SANEFAR din an effort to provide & low cost, low mair
mance and reliable water tresatment plunl for rural commani -
tiws in  SANEPFPAR progeam of ady treatead water
to Farama s popul ation. SAN sponsible for
providing water and sewerage to most of Parana’ s commuanitiss
with populations  of 1,000 o lLarger. At the time of this
project meost  of the larger commanilti werre servicaed with
water and emphasis was focused on smaller communitisg.

Exvocept for (0DRC s assistance there was no technical o
nancial assistance from any other outside agency. SANE
funded the bulk of the project  with ifts own resowces
NEN D OWEP . The proposal was made o IDRC to obtain equipmant
in exchangs  For SANEFAR s  services. It becam: dily ap-
paraent to  this consultant that Dr. HJLhtar is & pre-eminent
water supply engineer, theoretically and practically. Thes
other personnel  involved in the prujmct are listed in the
proposal and  co-awthored the report Hater  Trestoent FPlant

for Small Comounifhiss. All pearsonnel  are presently  with
SHENEPAR.

To Dre  Richter s and  the consultant s knowledge this work
was the first wse of the pebble bed flocowlator in Sowth
Amer LR . Dr. Fichter had read about siperience with the

<
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pebble bed flocculator in India (probably Bhole s work?t*) and
the concept emad reasanable. The design proposed by

Fichter differed from the design used in India.

- ey

3.7 Project Results

The theoretical, experimental and cost results from the pi-
lot and prototype studies are well documsnbed in the report
Water Treatment FPlant  for  Small Conoounities for which
Richter w: the senior author. Richter has a tailr command
of the English language and the report was translated into
English with the assistance of another enginser at SANEFAR.
The studies were satisfactorily completsd to provide the ine
formnation reguired for design.

The mambrane {filtration F)  eqguipment {for bacteriological
analyses supplied as a resullt of IDRC support was SANEFRFAR s
first experience with this procedure. Formerly the more he-
dious MPN technique was  used. As a result of expsriencs
gained on  this projsct with the MF technigue, all regional
laboratoriss ioplemented the MF technigue.

There is  one significant omission from the report submithed
o DR, There were problems with the seal in the priming
giphon for  the siphon backwash filter in the Aracuaria pro-
totype unit. These problems were corrected. There was al s
a prototype plant constructed at Borrazopolis that also ex-—
perisnced problems with the priming siphon seal. These ware
also corrected  and the resulis given in the report are cor-
rect for a seal that does not allow air leskage.

fhe construction problems with the seal led to the decision
to abandon  the siphon backwash for the filter. It was rea-
soned that 1+ quality control in  the construction of this
apparatus was A problem for fiems in Curitiba, better re-
sults could not bhe espected in rural areas. The reader i3
referred to sechtion 4.3%.1  for further discussion of  this
prirob e,

The siphorn  backwash filter which operates in an esssntially
congtant rate mode wags replaced with a pump backwashed de-
clining rate filter. It is well established that efflusnt
from & declining rate filter is of better quality than ef-
fluent from a constant rate filter. Richter was well aware
of this fact from his previouws eedperience wibth filteration
when SANEFAR  made this design decision. The slightly more
conplex operation of a manually backwasted deglining rate
filterwas not & problem for the well-trained operabors in

Farana.

1. EBhole, #.0. and Vaofi. Mhaisalkar, "Study of a l.ow Cost
Sand-Hed-Flocoulator for Bural Areasn Indian Jouwrnal Enwi-
ronmental Heallth, 19, 1, 1977, pp.335-835,




An economic study was made comparing the costs of the siphon
backwash filter with the costs of the pump backwashad filter
and there was little economic advantage former com-
pared to  the latter. The {former } 2 head at the
reginning of the plant which requiv a constant consuwmption
of energy and possibly larger pump.  The latter reguires, of
coursa, an additional pump and mare operator attention.

do  OFPERATIONAL RESULTES FROM WATER TREATMENT FLANTS

4.1 Village Locabions and Characteristics

A noted wey, water  supply at the small community level
was a priority with SANEFAR when this project was initiated.
Thesze conmurities had ne  treated water supply. Water was
obtainad from individual suwrface wells or swwface wabters.
heservation of exigting wells in villages without Plpﬂd W
ter supply generally showed them hto be bucket wells that
ware alevated, coversd and of good construction. The covers
e e - in place, There was nolt  ore  handpump  s2en.
Theze or wind driven pumps ars not weed in Parana. A few
outhouses of mediocre construction were alsmo observed in
thegsse communities.

Fipad water with individual bouse connechions was bo be
plied. Mo sociocultuwral  swveys of  the waterJsanital
naesds and  desires of the loc inhabitants were taken. The
cion of providing vard taps or even standpipes bto redocs
water conswmption, © soand  wastewater production was not
avaen considered. Sewers were nob planned for o din the immedi-
ate futures.

ter  and peopls are gene
irned estimat that
2% with piped wator

There wag denand 4nr
aizle to afford 1t.
percent of  the households in rural ar
supply available were Lo ohooked up. SANEFAR prn i the
water meter  and bhouse connectiong it is up to the household
to provide  in-house plumbing. Households are not hooked up
hecauwse thaey are satisfied with their well swupply or lhwv
are wnable to afford SAMEFAR s tariff o both. g
thouwght the former e was the most common  reason for
ltack of  a hookuap. SANEFAR does not have difficulties col -
lecting biils in rural or arban ¢ Irnfoarmation on wat
and wasteawater tariffs for SANEPAR is contained in the boo
Lt "Folitica Tarifaria". The cuwrent tariffs for water and
sewarage are given in Table 1. Note that therse is a minlmam
charge for sach category o Fodless of bthe guantity of wa
corsumeEd . The ocwrrent official exchange vate  is
Cruzeiros to the LS. dollar.

sl 1y

ezl
containing water treatment plants was the quality of the raw

The primary selection criterion for locating the pebble b




water, i.e., Iif turbidities were too high for a slow s
Filter (x 50 turbidity units (T For a significant time
during the year?. Folitical considerations also plaved some
role in ordering the iaplementation of treatment works,

Twenty—-sight plantes listed in Table 2 have besn conshtructerd
since 1982-8%, There ars 10 plants listed in Table 3 cur-
rently under  construction., The locatiaor oF tisting and
futuwre plants  are given on Fig. 3.  The ﬁmmmuni'

have populations  in the range of 1,000 bto
had provided advice on two additional plantw
the northern state of Ceara and 2 or 4 plants
the southern state of Santa Catarina.

4.2 FPreviows Water Treatment Flant Designs for Small
Communities

Frevious designs for small communities included o variety of
contigurations usuwally  incorporating flocculation, sediomsn-
tation, filtration and disinfectiony some of these were so0

licated as Lo reguire more than one operator as oppeosed
than one operator reguired to operate  the d
proposesd as the result of these studies. The early de
were followsd by a standard baffled hydreauwlic flooccula
plain sedimentation, constant rate rvapid filter and disi
fection syshem,

a design, developed by Riochter, thatl
immediately preceding the pebble bed unit. The ;
fmatures of this design were a contiguous cond 1qurut10n o
centrally located wmnechanical flocoulator surroundsd by o
lamella gadimentaetion basins and fowr decllnlng rate il
a1 & . The unit iz constructed of concrete and the common
walig gignificantly reduce the anount of concrete and cone
struction materials  reguired. The costs of this unit were
about S0 percent of the costs of the conventional unit.

There wa

flocculatar iz a tapered +Flococwlation unit with a vari-
speed  mixing motor and paddles that may ber Lo at
different heights. Detention time in the {locculator 20
minute” Me filters arg declining rate and the outpot from
thres filters is used to backwash one. The backwash is con-
trulled by manually operated valves operated by one handle.

ooy

The capacity of this unit iz 1012 L/ or hkilgher., ThHis i
the minimum Flowrate required to allow one filter to be
! kwashed by obther filters. A minimum of fowr Filters is
needed to allow one  filter to be backwashed by the obthers.
All plants are designed for a flow of 150 L/cap/day and an
averags of O persons per hookup. Aotual consumption in the
ruaral  are iwm in the range of 80 L/capsday. Thare is only
A 10 percent wvariation in consumption throughout the
Conseqguently theze plants are operated for only a
of & day  fusually from 5 to 12 hours  oa dayi o in
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smal lar coamunitiss. This wnit is referred to as the cone
crete unit later on.

11 rumpunmnfz for this plant are manufactured in Brazil.
The des: scallient;  however, when Richtbter presented
this de mFerence for Soubh Aomericans it ow
Jmcted, men for rejection w the lack of avail 3
1ty of  the flocculator  motor in other Soubh American oown-
Timiesn. Labelled slides of this unit and =l UHTLb A
sltes visited daring this consultancy have
wWith this repocrt,

a

4.F  The Treatment Flant Des

1

40501 The Siphon Backwe Filter

It was previously mentioned that the Cmn%fructimm and main-
tenance problems with the seal in the priming phan of bhe
siphon backwashed Filter eliminated this feature from the
; Tl ﬁracuaw'm plant which had o$ne Fow
Cioning because bthis community has bes hooked into fhe
Curitiba svstes (hm errazwpmlln plant whi was also one
ot the for study also has a siphon
ractwasth filter,

It that the siphon backws Filter is
operatic tn obther {filters partic _le in L
rural  areas hility of having the priming siphon
seal , which is a small componsnt, prefabricated in, Curitiba
Yor example, by a reputable firm with careful quality
control was  explored by the consualtant. Richtsr noted that
the filter sthill had  to be covered and  sealed on site
(Figureas are in the report submithed to IDRC and the desig
dirawing for  the Aracuaria ptamt is submitted as & :
plemental document). This also prevents viewlng the {llfpr
which is & disadvantage. Tt was countered that the filter
b could be left apen and extended in height to achieve
same backwashing oycle period. This would reguive
backwash wabter than Richter s design and only a small cost
penalty. This option was not considered by Richhter.

w

Lo andgd the Treatment Flants

The Floocoul

The pilot studies frnm the IDRC supported research produced
ang of the cwwrves in Fig 4 For turbidity ramoval wvers
Camp number, G7 (G is the velocity gradient and 7T
tention time), for flocculation of raw water. O
the rangs  of 14,000 to 14,000 produce the best +1mrru1timd
water., £ HﬁH%Ugl raesuwlt of this work is bthe :

Eoproduce & well flocoulated
ed in the ranges of
(&l Andqrd U 8. sieve serigs are
.%5.mf|nn, therefore media sizes are 1n
opt i mum.




Betwsen the Lime when the pilot and prototype studies were
pertormed, Richter was moved from the design division to the
development division. The field designs were made by other
personnel with some ﬁQﬁﬁultmtlmm from Richter but the design
enginesrs were reluctant to  design flocoulator with
hiqh of a6 value. G values near 30 s*  and 6T values

OO0 corresponding to a detention time of % min. were
mlgﬂﬁjn The settled effluent quality curves for
plants are indicatad on Fig. 4. Tt is abserved that =
effluent gquality is not  as good as possible with proper OT
values; however, guality is e acceptable which deamon-
strates the Flexibility of the pebble bed flacculator under
varyving ooerating conditions. The sand Ffilter is able to
handle settled water of this turbidity but will have to be
backwashed nore ofbten.

The total treatment system is referred Lto as the metal com-
[ unit.  The total package including flocouwlator, lamslla
siexcl i men ion and declining rate filter is igned into one
module with & capacity of aboult 5 L/s. Nlmn rmqm:lumrnL%
2yl this  another moduls is brought  in. When the
raguirements are less than this the plant is oper
constant design rate for a portion of the dav.

The installation costs of the concrete  and metal
LATTI, are given in Table 4. TOTNY readfers QuIvernm
"paper money” cost figure for the items in this and the fol
lowing table. FRoughly the costs of the metal compact design
ara 40-50 paercent of  bthe cost a wonventional treatment
plant. Operating cos are approximately the ame o Lhe
convantional , concrete  and metal compact plan Table 5
prvo ioe information on construction cosi O
rents of watsr and wastewater svstems.

Ao Operation of Metal Compact Trestoent Flants

In fact, 4 of the metal comnpact plante that have been in-
%tm?]@d have had the media removed and are  opsrated

sludgs blanket Jflocoulator which is a @ more sophistd
prmreﬁﬁn This ie not a problem for operators in Faran
ume thay have all taken a how couwrse and arsa familiar
with a variesty of modifications to the unit operations.

[

The flococulator and lamella sediosntation basin are stackead;
thus all the sludge removed must seep through the pebble bed
flocoul ator. It is rec ummwndtrd that the §flocowlator-—-sedi-
mantation unit be dralned once a day for sluwige removal and
hast pnr“urman;; but Richter dmubtﬁ if this operation 16
nurmall pwr~nrmed at  this frequency. Ferformance still

@malins sati schory and there are nol many difficulties re-
vﬁrtwd w1th e to clogging of the flocculator. Richher
recommends that  the flocculator  and sedimentation basin be
placed in & horizontal configuration to eliminate  sludge
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generated in the =
through the Flocculator which

tential.

dimentation basin from having ho pa
the clogging po

There is ane important  exception to  the above. Operating
aexperisnce has  shown thalt the pebble bed flocoulator cannot
tolerate walter that containg silt or  sand. Clogging will
definitely be a problem and fLthe media oust be removed Lo
clean the flocculator. Flants that experisnce this problem
are all  located in the western part of the state which was
too great of a distance to make a site visit feasible.

Typical physical /chemical operating data From various plants
are included with this report. Bacteriological data are
given an  the compuber printoouts submitted with this report.,
Data on total coliform count and total chlorine residual for
samples trom ra are

=]

idential areas taken by SUREHMS and SANEFOR,
respectively are  given. It ie sgeen that SUREHMA 5 total
chlorineg residuals  and btotal coliforo counts are lower and
Fi ghenr ectively than those measured by SANEFAR. Thiss
was explained by poor sampling technigues and procedures by
SUREHMA s wungualified personnel. SANEFAR 1s now training
SLIREHMA personnel . There was no apportunity o verifty or
discuss these discrepancies with SUREHMA personnel .

all the tresatoent plants that were vig-
. report)  wer clean and in good working
order . Anal yse e dn progress and the daily log shests
wener filled in. It appeared that our visits ware nob known
in advance o the fLresatment plant apsrator and this  was
contirmed by Richter on the day atter ow visits.

i 1 (s

2

4.%  Bociococwultural and Health Aspects of Lthe loproved Water
ap L

There have been no formal sociocultural surveys or studies
related to the installation or impact of the walter treatment
plants on the local communities. Oiven the demand {for clean
piped water and the lack of complaints, SANEPAR feesls that
the benefits are obvious. Certainly there was property
value appreciation with the ipstallation of the treastment
3 Alaeo there was one job created in each community for
the plant operator.

Likewlise there have besen no morbidity and mortality studies
im comminilties either before or after the installation
oy plants. SANEFPAR does not engage in these studies
and unaware of  any group  that would have made themn.
Turbidity and chlorine residuals of the finished water iodi-
cate water with a low rid of harboring pathogens. Diarrhes
was thought  to bhe the most common waterborne disease. This
dispase 1s  also commonly  hransecitbed theough poor hygienic
practices.

[
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e OTHER RESEARCH ON WATER TRESTMENMT

Fichter does nobt feel that the pebble bed flocouwliator is a
primary choice  for the ruweal areass although  operating e
perience with it has been good sscept when silt is pressnt
in the raw water. This 18 & problem readily checked for.,
A primary reason for lack of enthusiasm aver the pebbls bed
flocoulator is the development of a screen flocoulator which
consists of a series of soreens which can have variable mesh
BLTES. The screens can be  constructed very inesxpensively
out of & duwrable fiber such  as nylong central manufactures
and transport  of them is btherefore nobt a problem.  Mosht of
the sxperimental work on the screen flococulator is completed
and some plants have besn constructed with them installed.

Research o the pebble bed flocoulator continues to be car-
ried out at the Universidade Federal de nta Catarina by
Mauricio Beno. Where electricity is a problem, the pebble
hed flocoulator would be a viable option.

CETESE, the state water company of Sao Faulo, had also con-
cducted studies on the performance of pebble bsd flococulators
during the past two years. Richter had provided some advice
curing the design of their eusperisnents Fig. 9 is a plot of
gome of  their results. tremely high veloocity gradients,
signiticantly higher fthan Richtsr s opbtimum range, had been
wsad in most of  the studies and poor treatment resulted.
Rata obtainsed in the regions found by Richter to be optimal
ganeral ly proved to provide the best treatment.

) 3 is also conducting  research on fluoride removal.
Fluorides occw in some waters in the state of Sao Faulo at
levels up  to 20 mgil. M. Jorge Raftasl alohera, the
engineer who conducted the pebble bed flocculation studies
ig associated with the fluoride research. & more resilient
form af activated alumina has been developed. Mr. &lchera
was regquested bto inform IDRC of bhis work.

¥

FRichter {feels that the slow sand filter is the most reason-
able option for small communities, particularly those with a
population less  than 1,000, When turbidities are high he
maitggests wsing a horizontal roughing fFilter.  SANEFAR will
be initiating research on rowghing filters. It ie difficult
to argue  this paint given the multi-removal capabilities of
a slow zmand Filter and the consultant has advocated the
sand Filtaer azs a first consideration in his Oown COUrS@S.
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ro-Fural is oa specialty group  within
erclusively concerned with the water and ?&ﬁvﬂzmﬁaﬁ neads of
Dsaczwﬁumm with populations less  than 1,000, he aver
comnunily size sgrviced 1s nginesr Antonio Carlos
Mery Q@mQTHU o  the operation of the group. The program i
only aone year old and was started from donation from the
Inter—-american Developmaent Pank (BID). This 3D2m< o WAS
exhaust ard the te took over funding this program.

3]

e work  of Fro-Rural  begings with
agronomical institute (not
macd :.ncg‘ﬂgnaw BLVEY
demand for  walber Ply.

urvey by ACARFA, an
iated Euﬁ: g iRy that has
villages to find if there i
has Tifi socisal work-
ers and  technical persons the ftield. I¥ water is a pri-
arity, the vill report  whic basic aDnEB$3+ i
turned over to Fro-Rural ., :DET<;1¢ By remALns 1nve
in all phases of a village projscol

n

sment of the water

Fem g
t

wural  then performs a bechnica
satment /supply aﬁﬁaﬂﬁ tor the T4 the commanity
near A large community with water Lﬁscrﬁ then hook
to thi syatem may be recommanded. Otherwi @A grav
ity supply must be possible or electric mergy must be
vallabl I none of these bthrese condl ons are met, deci
sions foar  bthe gommunity  are deferred a later ﬁuam when
projects for  all communitis o FulFill one of these re-

been compl The only wat tment
this time is disinfection exscept in the case
a larger system.

When one  of the above conditions i elucts
& prefeasibility study. Designes are availabil
ity of low cost materials in the vicinmity of the community.
e financial resouwces of the community are considered in
the nbs_L:, Research is being conducted on low cost maberil-
. istribution lings. The prefeassibility study is
nted to a community meeting.  Energy, chemical and oth-
gr costs are explained at this meeting. Seventy percent of
the community members to be benefited must sign a statement
agresing to  the community costs, theilr participation in
construction and willingness to ta over responsibility for
al=o reguests a

[ e

the system once 1t Is %jmﬁmwy$a= SEaNEFAR
communil bty aoiation be foroasd to administrate  the wabter

The agreement made above 18 between the ?ﬁ&+-¢ =TT
the community. The supply 1 , brichks,
ment and labor. ﬁmnj:yﬁ;y avpertlss
capital eguipment. e ply labor daring
e construction  phase of the distribution system or pay to




have theiv portion of the work  done. Mo water metairs are
supplied in the systems.

Research has been performed in 180 communities; &0 were
@liminated because they did not satisfy all the program re-
guirements, The 70 percent community weitben agresment is
the largest cause of elimination. Mine Lsams compo
one engineger, one technician and one survey instrument per-
tormed the initial technical survey for the 180 communitis
in 4% days. There are 4 engineers, 4 designers and 4
countants working on bthe remaining 129 communities.

Although the distances between houses in these villages are
narmal by much  greater  than distances betwesn  how ;o in
Larger communities the costs of systems for  Lhese small
communities have bean only S0 percent of costs of a8 normal
SANEFAR system. There are 40 designs completed at this time
and tan works in construction. It normally takes about 3

in construction. It mormally takes about 3
months to build a system.,

There is no complementary work done on wastewalter disporol.
The state Health § ~etariat has a program  for . e
tank/lesching pit systems for we gwatl isposal. \ﬂNPFﬁh
i the process of developing ~ booklel on sanitation and
'.mgrntvd wabter and wastowater systems for small
5 of manuals  developed by Fro-Rural
auumliten with this report.

T AMMARY  ANMD CONCLUSIONS

e a o minimum investment,  IDRC obtained a high retuwrn feom
this project. This iz not wunuswal considering  the ocom-
dency of the staff at SANEFAR, particularly the principal
investigator, Dr. ©O. Richter, who is one of the foremost
water treatment enginesrs  in South America. SEaNEFAR
functions in & state that is relatively well developed and
guality wate delivered at each household is demanded. The
water treatmernt plants designed as a result of this study
took intoe account constraints of rural areas in Brazil or
many places  in the world to deliver a good guality water.
The more  than 40 plants to  be ultimately installed will
provide treated piped walter ©to communities bthat previously
realied on primarily  swface bucket wells and untreated
surface water supplies.

[

The pebble bed flocowlator has proven  to be an innovative
water treatment operation for rural areas. Within the =it
ations where it is appropriate to design (no silt in the raw
watar), it has performed well even at lowsr 67 wvalues than
the aptimum which demonstrates its ability o perform over a
rangs of  conditions. Clogging problems have not bee
major difficulty. However , only a limited recommendation

i
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can be made regarding the pebble bed flocculator; A primary
reason for  this reservation is further work by Dr. Richter
on the screen flocculator as an improved low retention time
flocoulator. Data won  the latter unit was nobt examined r
waere observations of it made but the consulhtant has condi-
deance i the work of Dr. Righter to accept his statements
that it was a better oplLian. On an & priori basis it ap-
pears to be logical.

Tmlad

Dr. Richter has agreed to write up a debtalled summary of the
operating exsperisnce  with the pebble bed flocculator which
can be disseminated to other developing countrie Thersa
showld bae no nesd of further DR work in assistance with
this report. The pebble bed flocculator will remain a via-—
ble option in some circumstanceas.

Construction problems with the siphon backwast filter
aliminated this promising featuwre from  the plants beaing
constructed, The better gquality of the declining rate fil-
ter must  be weighed against the superior operabtional per-
formance of  an automatically backwashed filter. The latter
factor will be the overriding conslideratbion in many develop-
ing countries. A pretabricated guality inspected priming
siphon and  an open extended box  filter, in the opinion of
the consultant, showld be further examined and field b =1u I

An ancillary  benefit of the IDRC proje was the edperiliencs
gained on the MF bacterioclogical analysis and its subseqguent
implemnentation as  a standard  procedure in guality control

labhoratories.

The work of Fro-Ruaral appears to wholly meet IDREC obiectives
in rural low-income communities. It would be worthwhile Lo
fave an  assessment of this project in one or btwo years for
ibhle propagation as a model to other develaoping coun-

The fluoride removal work at CETESE sbhouwld be egamined by
ITDRC for possible application in high fluoride sreas in obh-
g parts of the world.
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Carlos A. Richter
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VALORES TARIFARIOS CONVERTIDOS LM CRUZADOS E VICENTES A PARTIR DE 01 DE
MARGO DE 1986

CATEGORIA/FAIXA DE CONSUMO

NOVAS TARIFAS (Cz$)

RESIDENCIAL

Ate

11 a
16 a
26 a

Acima' de
COMERCIAL

Ate

Acima de
PUBLICA

Ate

Acima de

-

- 15 m

W

.10 m

15
25
50
50

B o

uwwgu

B

15 m

i5 m

13,70

13,70 +'1,99/m3 excedente a 10 m°>

23,65 + 2,56/m; excedente a 15 m

3

49,25 + 3,55/m> excedente a 25 m3
138,00 + 4,95/m3 excedente a 50 m>

35,04

35,04 + 3,17/m3 excedente a 15

34,80

34,80 + 3,17/m3 excedente a 15 m

3

m

3

TARIFA DE ESGOTO: 907 DA TARIFA DE AGUA

¢ 7




B N
i.HEU£ “ oAl Do e e S CE Pl

WATER TREATMENT PLANTS WITH PEBBLE BED
FLOCCULATORS IN OPERATION:

capacity
1. Boa Vista da Aparecida 20 /s
2. Chopinzinho 20
3. Carambel 10
4. Imbituva 20
5. Mangueirinha 15
6. Nova Prata 28
7. Foz do Chopim 10
8. Renascenca 10
9. Ramilandia 10
10. Reserva 10
11. Trés Barras do Parana 20
12. Vere 10
13. Tapejara do Oeste 10
14. Ortigueira 15
15. Panema 10
16. Alto Piquiri 25
17. Sao Marcos 8
18. Sao Dimas 30
19. Candido de Abreu 20
20. Araucaria
21. Lunardelli 10
22. Nova Prata do Iguacu 20
23. Perola do Oeste 12
24. Rio Azul . 20
25. Vera Cruz do Oeste 10
26. Salto Samuel - 'Rondonia 15
27. Borrazopolis (SYPHON) 20

28. Paraipaba - Ceara 12
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WATER TREATMENT PLANTS WITH PEBBLE BED
FLOCCULATORS IN CONSTRUCTION:

1. Curituva

2. Sao Joao do Ival

3. Sao José da Boa Vista

4. Tibagi

5. Borrazopolis

6. Capitao Lednidas Marques
7. Mandirituba

8. Jardim Guaraituba

9. Balsa Nova

10. General Carneiro

ey 2

capacity

15 2/s
30
15
30
10
30
10
30
10
12

LS



POPULAGAO URBANA

© 20340MIL
O 40a70MIL
© 70a100MIL
4§ ACIMA DE 100 MiL
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(USTO MEDIO DE RESERVATORIOS

- POLIESTER/METALICO

{ L8 ptte ,)

SO B et 5

(CUBA - UNIDADE)

CAPACIDADE (M) Cz$ OTN

25 60.435,00 568

50 102,144,00 960

75 122,369, 00 1.150

100 164,9239,00 1,550

- CUNCRETO‘(UNIDADES)

25 52.785,00 496

50 79,907 ,00 751

75 118,636,00 1.115

100 161,196,00 1,515
WSTO HEDLO DE(ETRSTE (e FeoeTmesss ’42%““f

N \

N

/'gyf ::_{;Z;La Cr /% ,{:

~ METALICA/COMPACTA (UNIDADES)
2. o
cAPACIDADE (L/s) = Cz$ TN
3,0 {13 840,00 1,075
F\-G’D 191{520,00 1.800
10,0 356, 440,00 3,350
15,0 509,000, 00 4,700
] 20  YH80.000,00 4,530
12,0 587.647,00 5.523
20,0 6/7.768,00 6.370
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CUSTO MEDIO POR ITEM OU_ UNIDADE CONSTRITIVA

U N I.D ADE CZ$ O
~ i‘% o it ,;Zi.“;/ " Wﬂ% |
| - PERFURAGAO DO POGO 212,800,00 = 2,000
- CAPTAGAOQ EM’:;Z§1 138,320,00 1,300
y2 et (arXa
- CAPTAGAO EM RIO 101,824,00 957
-~ ELEV,DE AGUA TRATADA 143,001,00 1,344
- ADUTORA OU REDE EM PVC @8/ m 0TN/M
adeccyon o < DN750 . 310,00 2,91
s 10 | 172,00 1,62
SR N 75 128,00 1,20
'Mtwtwj”"
’ N 50 94,00 0,88
N 32 /2,00 0,68
Loy
- LIGAGOES PREDIAIS Cz$ OTN
,rurwb- LC’V"""-""""L""’L
CUSTO MEDIO POR UNIDADES 519,00 4,883
L’/g@ffj;/(] —25’ (,‘;242’7;%;“:1_/
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