7.7 Water Development in Other Areas’
{1) Large Urban Areas o

As studied in the Section-7.4, generally speaking, there is no water shortage area, except for
block 1G-1, upstream of Iguagu river. However, large urban areas located at éxtremely
upstream- of nrain stream of tributaries will be sometimes problematic areas for water

“development. Generally, they are suffering from large amount of water demand, shortage of
surface water, long distance and high head for water conveyance, low productivity of well,
ete. o _

Requlred wa{er supphes for large urban areas, in boih base and altematwe cases were
summarized i in Table 7.15. :

Water supply systems for large urban areas were also determined in terms of the lowest cost.

~ The cost of dams, conveyance pipes and wells are shown in Table-7.18 and Table-7.17,
respectively, and the locations of surface water development points are sho_wn in Figure-7.5.

Table-7.18 denotes the constriction COst from imake to purification of watcr :

This study was exccuted dependmg on mamly topographical maps and available
hydrological data, thercfore, they are on very fough basis and will require further detalled
studies for realization.

1) Cascavel

Construction Of'l dam at D- Cs is enough to satlsfy the requnred supply, 0.611
‘ms, and its cost, US$ 29.0 million (US$ 42.0 million/m?/s), is the towest
among alternatives. Groundwater development to meet the. rcqmred supply
costs US$ 35.1 million and it is apprommately twice as much as the dam
construction.

- From the economical point of view, water supply by the D-CS is optimum. .
however, il takes time to complete its construction and -thus water is not
available until the completion. Therefore, it is necessary to consider the
groundwater development depending on the actual trend of water demand.
Besides D-C35, construction of a dam at D-C3 (US$ 31.4 million) is also worlh
to be considered as an alternative.

2) Ponta Grossa

The most economical way to satisfy the required water supply, 0.615 m’s, is
the direct intake from Tibagi river at S-P1 by means of weir and it costs US$
7.4 million (US$ 12.3 million/m¥s). If dam was applied, it would require two . -
dams and the total cost would be approximately US$ 50 miltion. Since there is
no suitable aquifer for water supply around Ponta Grossa, its development
would cost comparauvcly high, US$ 70 m:lllon Consequently, the direct
intake from Tibagi river is optimum. o '




3) Londrina

The optimum water supp]y 10 Londrina is the direct intake from Tibagi river at
-8-L1 by means of weir to satisfy the requirement, 1,045 m®/s, and its cost is
- USS$ 11.6 miltion (US$ 13.3 million/m¥s). There are only two siles suitable

for dam construction around Londrina; however, the water supply from two

dams would not nieet the requirement and further-it would cost US$ 120
_ mnlitow’m’fs Groundwater development would cost approximately five times

as much as the cost of the direct inlake, US$ 53.2 million. Thereforc, nenher
* dam nor groundwater is suitable for the water suppl)r

4) Apucarana

There are only two sites for dam devclopmem and the watcr supply from the
two dams would be 0.030 m*s, which is much less than the requirement,
0.202 m*s. And furthes, it would cost high, US$ 400 million/m’/s. On the
other hand, groundwater is available 10 meet the requirement angd its cost of
development is US$ 8.9 million (US$ 46.4 miltion/m*/s), which is much less
(han dam development. In conclusion, the rcqmrcd water supply in Apucarana
should be satisfied by the groundwater. There is one allemalive that water is
conducted from Londrina to Apucarana because of the low cost of surface
water development in Londrina.

'5) Maringa _

- The optimum water supply to Maringa is the direct intake from Pirapo river at
S-M1 and its cost to meet the waler requirement, 0.906 m’s, is US$ 8.9
million (US$ 12.1 millioym™s). Tt needs two dams to satisfy the water
requirement and it would cost more than US$ 60 million. Groundwater is not
suitable due to its high cost (US$ 32,3 miltion), four times more than the cost
of the dlrect intake.

- 6) -Umuarama
Compared o olher large urban areas, the unit cost of water development in
Umuarama is high. The cost of dam to satisfy the water requirement, 0.04
" m¥s, is US$ 11.3 million (US$ 94.2 millio/m¥s) at D-UI and US$ 11.5
million {US$ 95.8 million/m¥s) at D-U2, while the cost of groundwater
development to meet the requirement is US$ 19.6 million (US$ 163.3
- million/m¥s). From the economical point of view, the water supply by a dam, -

either D-UI or D U2, is appropriate; however, the combination of dam and
groundwatcr mlghl be an alternative bemuse of small difference in their cost.

In conclusxon the most desirable water development facmucs for each hrge urban area is
{cmatwely assumed as shown i ‘Fable-7. 19
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Table-7.18 Estimated Construction Cost of Planned Dams and Pi peline

Site Construction (‘mvenyance] Developoent
Name Location Cost of Dan | Facilily Cost Yolume
¥0. - C B (X10°0S$) | (x10'US$) | (x10%US$) (u/s) | (X10°GSS;
1 |1t near Curitita 3.1 6.1 2.8 .10 %2
2 |Pirequarall & 13.7- 4.3 e | 0.7 2.1
3 |Pequeno do 2.1 5.5 30.6 0.9 34.0
4 | Alto Kiringuava do 24.4 6.1 - 30.5 LO0 30.5
5 {Cotia Despique o 28.7 1.3 36.0 1.20 30.0
6 | Alto Hauricio do - t1.0 1.5 i25 0.25 50.0
7 | Das OncasQlendiritube) do 119 1.5 19.4 0.2 (A
8 |Faxinal 1 18.4 3.1 a5 0.50 43.0
§ | pas Ducas{Contends) do 4.9 3.7 18.6 0.60 31.0
10 |Piunduva ' do - 15.5 L2 67 | o2 83.5
@ ]¥ell Field - do .30.0 1,00 30.0
® {Yell Field do 138 2.0 36.9
@ |velt Field do 136.5 3.00 5.5
Ci. | Baneiro(1) - near Cascavel 36.0 8.2 44.2 0.5 80.4
Cy | fesovro do 21.8 .5 | 3.3 0.35 1009
| Cy | Baneiro(1) do 17.5 13.9 3.4 0.69 45.5
Co |Arceira do £5.1 8.2 §3.3 0.60 88,8
Cy |Antos o 23.4 56 | .0 0.59 2.0 |
C. |c.s.Salvaror do 22,1 2,0 24.1 0.20 120.5
© |¥ell Field do - 3.1 0.69 50.9
P-S| near Ponta Grossa 1.4 7.4 0.662 12.3
Py | Pitangui do 1.0 4.1 15.7 0.55 8.1
Py | Yerde do 21 3.3 30.4 0.25 121.8
@ |¥ell Field do ‘ ' 606 0.662 H5.6
Le-s| near Londrina 1.6 . 1.6 0.8 13.3
L, |Catezai do 45.1 3.3 48.4 0.40 121,0
L | Jacutinga do 5.1 3.5 18.6 0.25 4.4
@ Vel Field do. 53.2 0.814 | 609
A |Pirapo Apocarana 1.3 0.8 8.1 0.02 405.9
"A: |Bara Nova do 6.3 0.9 7.2 0.01 720.0
@® |Yell Field da 8.9 0.192 46.4
M-S Maringa 8.9 6.3 0.731 12,0
M, |Ribeirao Sorandi do .6 4.6 16.2 0.50 92.4
M, |Ribeirao Pinguiz do 39.1 4.6 U3 0.55 80.5
@ |Tell Field d 3.3 0.731 | 43.8
U, |Comegio Piraizinho Usuarana: 1.3 4.0 1.3 0.12 94.2
U: |Ribeirao Verde do 1.5 40 1.5 0.12 95,8
@ | vell Field do 19.6 o.120 | 1833




Table-7.19 Specifications and Cost of Desicable Water Development Facilities for Large Urban Areas

Uiban Name Tocation Development | Embarkrant § Pomping | Well [ Well T Bixhine ot
of Construction “Volume Volume Head | Nambers | Depth )
Name {m's) {1000m®) {m) {m) Cmy*(m) ] (millica ys$)

Curitiba Dams 5.000 ) 186.0
Metzopolian | Wells 2090 : 951

J Cascavel 0-C5 Dam 0511 473 200 | 800 3,000 29.0
Ponta Grossa | 5-P1 Direct Intake 0615 ' 200 70011,000 7.4
Loodins . |S-L1 Direct Intake o | 310 Jootisoo0 I 16 |
Apucarana | Wells 0.202 ' o 13 120 | 200%_2,000 8.9
Maringa S-M1 Dicect Intake |- - 0.906 -1 280 ' 700713,000 89
Umuarama | DU Dam 0044 | 59 140 400t 6,000 TER
(2) Gther Urban Areas

There are 356 municipatities except for above large urban areas in Parana State.

amount of required water by each urban area depends on the scale of mummpahly, and
required waler volume at the target year of 2015 ranges from ¢.001 in minimum to 0.795
m’fsec in maximum at Foz do Iguagu, with a mean of 0.024 m’/scc. :

Although a recoriimendable method of water development in this scale of urban areas is a
direct inlake methed, such as using a plpehne or an open channel which leads water from
weir/reservoir, punping the water from nwr is necessary for an area located on the lop of
mountain ridge. :

The cost estimation of the water supply systcm for other urban areas follows lhe proccdure
below. : -

1) Identification of the relationship belween the water requiremcnt and “ils

development cost at the range of 0.01 m¥s to 0.90 m%s based on the cost

~ estimation of 24 municipalities selected
'2) . Cost estimalion of all municipalilies app]ymg the above Mattonshlp to thc
water reqmrement of each mumc;pahty, except ones selecied in (l)

The cost of water devempment of each municipality was summarized in MRH w:se as
shown below. , ,

The total cost of water development of urban areas, except Curitiba metropolllan area and
large urban arcas, is US$ 306.3 million as shwon Table-7.21. : -

The
required water for both domestic and industrial uses was described in Table-7.20. An






Table-7.20 Required Water Supply Amount in Each Municipality Urban Arca

MManicipalny Name 1993 | 045 | 204593 Mtunicipatity Name 1923 1 2015 [ 201593 Municipatily Name 1993 | 2015 [2015-93 Municipality Mame 1983 | 2015 {2015-93 pMunicipality Name 1953 2615 (201593
] mis | m¥s | mis- mdsy | mie b omds - . mds | mwds | mis wds | w3y | mls mds | m¥s | miy
Mandintuba Q.03%]  Qo12}  0Q34]Incarezinho 0034 0131 06054]Presidente Castero Brance 0007 001 ©.004]Campo Mourse 03931 0313} O.4MIChopinanho Q0| 0042 003}
Rig Blunco do Sul Q] 012 &081Ribeirso Clarg 0016] 0031  0011{Novs Esperanca o0 0070 9039 AaUna 0014] 007  Q.013jCoronal Q030 - 006 00N
Bocaiuva do Sul 9010] _ 00M} _ DOLD) Sante Antonio da Planita 000 010] §849]1Cnzeig do Sul o008] 0034 G.006{Prabiry 000] 0039  0018}Sa0 Jose 02| 0035] o0
Campinha Grande do Sul Q.19 0202|0095 Banada Jucue 0004 QW6| ©802]Paranacity . 0019]  0023]  9.009)Encenheiro Beltrao 0023 0043|0020 Iapejara DiQuste 0.010] _ 0.0%} . 0.0i0,
[Quatro Barvas 908 00581  0045[Cambars 00424 0072  0030]Inaia 0005] _ 0.008] _ 0.004]Quinta do Sol Q008  00i5| 0.00Y|Pato Branco 003 0333 01X
Contenda 4030] - 0038]  O0i8EAsdinm 0.044]  9.073] 0031 Porznapoema 00%6]  0.010]  G00dIFenix 0063 0017 Q.00 fMariopolis Q.007]  ©0147  ¢00?
Balsa Nova 4013 0035]  0.012[Mambaracy 00201 9034}  0013]|Jardim Olinda 0.003] 00G5] 0002 Barbora Ferraz Q0]  O046F  0.021)Vitoring. 0007  ©¢013F - 0.006
Tunss Jo Parana 0003]_ H006] - 0.00fBandeirantes 0.064] 0109} 0045 Ao Parera 0020 003] 0018]Gclama 0018 0034} QO01&|Renascenca 0005] 003 0004
Napenscy 04913 0044] 0021 59001 Amelia 0.005) 0010] 9.003]Sag Joso do Caiva 0011 0019  0.008]Roncador 0.019] 0033} 0018 Manmeleiro 0019] 001 0.019
MRH-268 0357  0677] - 9320 Abatia 0.015] 00043 0.0t 2]Sante Antonia do Cahua 004 0006 0002|Novy Cantu Q01 0022] 0010|Francisco Belimo 0138] 023 0145
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Table-7.21 The Cost of Water Developmentin MRU [Surface Water)/Domestic & Industrial

MRH Name| 1993 2015 2015-'93 Cost

_ - m3/s m3/s m3/s  (million USH

MRH-268 0357 06771 0320 9.80

MRH-269 0.330 0.523 0.193 6.06

~IMRH=270 -] 0.023] . 0039  oolef 1,77

MRH-271 0,016 10,029 0.013] 222

MRH-272 | © 0.238] 0430 0.192 5.68

[MRH-273 0.426 0.795 - 0.369] 8.05

MRH-274 | 0.207 0.556 0349  6.82

MRH-275 0.065] . 0.123 0.058] 246

MRH-276 10.190 0.348 0158 6.1

MRY-277 0.043 0.072 0.029f = 2.99

S MRH-278 |  0.166] = 0266 0.100] - -~ 10.65
& - [MRH279 0.566| 0960|0394 1650
| MRH-280 - 0.126 0.195 0.069 5.14
MRH-281 .|  1.140 2.107] - 0967  30.09

MRH-282 | os618]  1302]  oesd] 1775

MRH-283 |  0.497 0.837 0.340 20.60

MRH-284 0.321 0.597 0.276f ~ 15.07

|MRH-285 0.444 0.545 0.101 16.36

CIMre286 ] 0611 1.146 0.535 19.94

IMRH-287 [ 0.059 0.112 0.053 4.90

MRH-288 1.441 3.418 1.977 49.39

IMRH-289 | 0613 1255]  oe642] 2730

MRH-290 |  0.510 0.966 0.456 11.80

MRH-291 | 0331 0.537 0.206) 8.89

Clretat: - 9.338] 0 17.835 8.497 306.34




7.8 ‘Vater Development in Rural Areas

In rural arcas, it is difficult to supply the water requirement by surface water systematically,
because demand of domestic water is scattered due o topographic condition. Therefore,
supply for domestic water will be done by groundwater development.

The demand of domestic water in rural arcas tends to decrease in Parané stalc. As a result,
the development of rural water will not be necessary and only improvement of maintcnance
of existing wells is enough to satisfy the future water demand.

7.9 Water Deve!dpment for'Agriculturai Water -

Supply melhod of agncultural water at rural areas is generally a p:pelme melhod with a direct
intake using a pipeline and head works.

According to hearing and ficld reconnaissance, an average of mtake volume was less than
0.001 ms , and avcrage length of p]pclmc was 3 km. TR

The total water requirement for agricultural sector is 1.02 m! “The tota} cost of ils
development was eshmatcd applymg the cost of unit water develop_ment determined during
the cost estimation for large urban arcas and thus the total cost is US$ 12.2 miltion.

7.10 Total Cost for Water Development

The cosl estimated in the previous sections covers from intake to puriﬁéalion of water. In
this section, the total cost including from inlake to water supply to housdmdustry was
estimated and summarized in Table-7.22, :

Tabl¢-7.22 Tota] Cost for Water ngelopment

Q Cost “Unit Cost .| Water Supply System
(m¥s) (1o'us$) | aotussmys| - -
(1) Domeslic and Industrial Water Development (Urban Area) . :
1) Curiliba 7.088(2.572) 759.9 107.2] dams & groundwater
2) Cascavel _0.611(0.145) 78,4 128.3| 1 dam
3) Ponta Grossa 0.615(0.283)] - 20,0 32.5] direct intake
4) Londrina 1.045(0.300) 31.4 0.0 direct intake
5) Apucarana ~10.202(0.058) 24.1 119.3 ] groundwater
6) Maringa _ 0.906(0.339) 24.1 26.6| direct intake
7) Umuarama 0.044(0.010) 30,5 693.2] I dam
8) Other wrban area 8.497(1.603) $21.9 7.4 direct intake
Sub-total 19.008(5.310)] . 1,796.1 94.5
(2} Agncutivral Water Development (Rural Area) :
1,018 122] 12,0| direct intake
Total | 20.026 1,808.3 ] 903|_

Note:  ( )shows industrial water,




7.11 Hydropower Development
7.11.1 Power Supply Expansion Program
(1) Whole Brazil

National plan on power supply expansion including generation expansion and transmission
_expansion is studicd by Bletrobras/GCPS to mieet the future electricity demand growth. The
results are presented in the F0-year plan and the long term national plan for ¢lectric energy.

According to the latest plans in the 10-year plan (1994-2003) and the Plano-2015 (Scenario

11}, the total generation capacities at present and envisioned for 2005 and 2015 are shown in
Table-7.23. :

Tab!c 7.23 Toial Generation Capac:ly

' Genemuon Capacity (G W) Firm Energy (TYWh)
Actual Projected Estimated
1992 2005 2015 1992 2005 2015
South/Southeast System 38.32 7150 8040 191 354 402
[ Whole Brazil 51,32 9480  140.10 257 478 703

The firm energy shown in this table is the energy which can be supplied firmly by whole of
~ generation plants including present ones. These figures were estimated by the JICA team
“from the envisioned generation capacity applying the capacity factor of 0.57 which is the
factor of present system.

(2) Paran State

Parané state has 42 candidates of hydropower projects on the rivers in the state as listed in
Table-7.24. Those candidate projects are located on the rivers of Iguagu and its tributaries,
Tibagi, Ivai, Piquiri, Paranapanema and Parand as welt as on the rivers in coastal basin. Out
of these, 13 projects are tentatively planned to be commissioned up 1o 2015. Location of
- those power stations are indicated on map in Figure-6,3. Total hydropower generation
‘capacity of {3 projects is 8,868 MW as shown in Table-7 25.



Table-7.24 List of Inventoried Hydropower Stations in Paran4 Stale

Name of River . cIntalled _f-‘i_rm - Planned
No. Power Station  Basin System pacity  Energy Start-up
: MW GWh . Year.
1 Jordao Diversion . Iguacu Jordao 6.5 526 Moar. 96
2  SaltoCaxias = . [guacu Tguacu 1,240 4,853 Dec. 98
3 Jataizinho Tibagi Tibagi 156 758 2002
4 Cebolao , Tibagi Tibagi 156 157 - 2003
_ Total {up to 2005) - 1,559 6,894
5  SacJeronimo Tibagi ~ Tibagt . 284 1,386 2006
6 Maua Tibagt Tibagi 388 1,617 - 2007
7 Telemaco Borba Tibagi Tibagt 112 . 541 - 2008
8 AguadoVere Iguacu Chopim 96 411
.9 Curucaca . Iguacu Jordao 52 225
- 10 Erveira- Iguacu - Chopim 96 398
" 11 Fozdo Chopim2 Tguacu - - Chopin 60 252
© 12, Fundao Iguacu Jotrdao 154 T 640 20006-15
- 13 Jacu Iguacu - Jordao 122 527
14 Pinhao Iguacu Jordao 42 . 184
15 Salto Alema Iguacu Chopim - 70 281
16  Salto Chopim Tguacu Chopim 98 - . 410
17  Salto Gr. Chopim~ lguacu Chopim 52 200
18 Sao Joao Iguacu - Chopim 68 265
19 Sao Luiz Iguacu Chopim 42 158
20 Tagua Iguacu Jordao %6 ¢ 136
21 Altamira Piquiri _ Piquirni 116 412
22  Barra Grande Piquiri Piquiri 34 140 - o
23 Bela.V.dolvai Ivai Ivai 96 412 2006-15
24 Frcilandia * Piquiri - Piguiri - 102 - o403
© 25 Fozdo Alonzo Ivai fvai - 138 587 2006-15
- 26 - Foz do Cobre Piquiri Piquiri- 18 - 19 o
27 Guampara Piquiri Piquiri - 320 123
28 lIvatuva Ivai - Ivai . S 144622 2006-15
29 Salto Ariranha Ivai Ivai -168 . - 604 . s
30  8ao Joao do lvai Ivai Ivai .98 420 2006-15
31 Tres Figueiras Ivai Ivai 120 526
32 Ubauna Ivai Ivai 122 508 2006-15
33 VoltaGrande Piquiri Piquiri 34 131 :
34 Ourinhos Paranapanema Paranapanema 48 201
35 Santa Branca Tibagi Tibagi 67 302
36 Tibagi Tibagi Tibagi 47 222
37 Nova Aurora Piquini Piguri 172 639
38 Rio Bonito Piquiri Piquiri 16 - 53
39  Salto Apertados Piquiri - Piquiri - 156 604
40 laoca Ribeira Ribeira 40 1237
41  Capanema fguacu - Iguacu 1,200 3,653
42 Ilha Grande Parana Parana - 1,320 9 408
Tolal (2006 to 201 5) ' 1,536 6,733
Grand Total {1996 - 2015) 3,005 13,627

Remarks : * denoles increment of energy in the existing Segredo plant and Jordao small pla'nl. :



Table-7.25 Hydropower Generation Capacity in Parand State

River . Total lastalled Capacity (MW)

Existing (1993) ' 5,773
Up to 2005 Jordao 6.5
- lguagu ' 1,240
‘Tibagi : 312
Total 1,559

Accumulated - 7.332

Up to 2015 Iguagu, jordao 154 '
: Tibagi S 7 734
lvai ' _ 598
Total 1,536

. Accunyslated R 8,368

7.11.2 Construction Cost of Pla‘nned Hydropower Stations in Parani State

According to data presented by (fOPEL, construction costs of the selected 13 pla}lts arc as
shown in Table-7.26. The cost in the COPEL's data expressed in Brazilian currency was
converied to US$ using a conversion rate table (reference 3) given by COPEL.
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7.12 Intand Navigation Devclopment =
7.12.1 Review of Feasibility Study for Inland Navigation

- SETR has been studying the following commercial waterways at both Ivai river and Tibagi
river on 1985 and 1991 respectively. Both waterway systems aim to link with the existing
railway syslcm in Parané :

: (1) Paran4 - Ivai Walerway System (bctwccn Doutor Camargo and Parané Rwer)

Accordmg to a report of “Bcst Usage of the Lower Course of the Ivai River for
: Transportatlon and Generation of Energy; October 1985” issued by COPEL and SETR, This~
study aims at analyzing the feasibility of necessary investments, focusing the characterization
of the many alternative 1mplcmentauon works, and destining the best usage of the lower
‘course of Ivai nver

This waterway system is characterized as combination of a waterway in the Ivai river (from
its mouth untii the surroundings of Doutor Camargo Mumc:pahty, about 23? kmy), and the
ex1simg rml motorway (PR—323) from Cianorte to Maringa. -

At present, especially from river mouth to 149 km at upstream of Ivai river, the river
presents four sub-streams and depth problem at some points. To increase the sufficient
depth for navigability, Tres Figueiras dam with lock facility should be provided in Ivai river.

1) Type of Vessels

The total length of convoy of both types are same as 137.5 m, and maximum cargo
capacity are 1,200 ton (3 barges) for 9 m width type and 5,000 ton (2 barges) for
16 m width.

~2) Typeof Cargoes

Type of cargoes are expected both agricultural products (soybean, wheat, corn, rice
and others) and industrial product (fimestone, fuels and others), and it depends on
the regional characteristics. :

'3) Necessary Works.

‘The altematives of transport systems were considered as follows, and evaluated the
- best transportation system by a comparative economical analysis;
Aliemative I waterway system
© Altemative II Cianorte-Guaira raitway
Alternative Hl  Guarapuava-Guaira raifway
Altemative TV  rail-waterway '

* The conclusion was that the best transport altemative for regional interest is the
combined watér-railway, using the Ivai river in all the extension of its lower
course, inter-linking the Dr. Camargo existing railway systenn.

The necessary works to be done are as follows; '
~~* Tres Figueiras dani with lock facility
- Improvement of downstream river course in Ivai river
~ . Teirminal port of wates-railway in Dr. Camargo
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4) Cost Bstimation .

The cost to actualize the Ivai waterway system , Tres P‘igueiras hydroclectric dam

with lock was estimated to be US$ 239 million (prices in September 1983) in

maximunt, and Doutor Camargo port facility and other works were estimated to be

US$ 10.9 million, therefore total cost was cstimated to be US$ 2499 million.
- (prices in Scptember 1983)

(2) Tibagi - Paranapanema Waterway System {between Jataizinho and Parana river)

- According to areport of “Navrgatron Study in Paranapanema and leagt Rwer September
19917, issued by SETR, this study aimed to analyze the feasibility of navigability between
“Tibagi and Paranapaneina rivers, and destmmg the useful wateiway by linking to the
: exrstlng ratlway : : . :

This waterway system is charactetized from the conﬂuence of Parané river to lhe end of
Capivara dam rescrvoir, and also towards Canoas' I dam and Tibagi river. The route of
waterway will bc utilized the backwater in reservoirs, - '

The distance of waterway from river mouth to the exlstmg Caprrava dam in Paranapanema
river is estimated 217.2 km, and waterway in Tibagi is 753 km. There exist three dams such
- as Rosana dam, Taquarucu dam and Capivara dam through the planned waterway system,
but none of these existing dams have lock facilities at prescnt

1) Type of Vessels

Type of vessels are considered as two types such as a Tiete convoy type and a
Paranapanema convoy type. The differences between them are mainly total fength
of convoy ( 138 - 256 nvconvoy), gross 1oadmg capacity (2,000 - 3, 300 tontime),
and width of barge (8 - 11 m). Especially, two types of lock facitity are considered
at 12 m width lock and 17 m width lock for Tiete convoy type and Paranapanema
convoy type, respectively. The draught of the vessel adapted as 2.5 m for both
lypes. '

2) Type of Cargoes

Type of cargoes are expected both agricultural products (soybean, wheat, com, rice
and others) and industrial product (soybean bran, cemeént, fertlh?ers and others),
~ and it depends on the regional characteristics.

3) Necessary Works

The following work items are - listed to be necessary to approach the future
waterway of Paranapanema and ‘Trbagr rivers.’

<level Transition Works>

Lock facrlrllcs at the exisling dams such as Rosana (dlfterent water level :
22.5 m), Taquarucu (different water !evel 289 m) and. Capwara dams
(different water lewet 52 4 m)

<Other Necessary Works>

Besides the works mentroned above, the followmg works will be
necessary; .

- lmprovemem at Foz Jatalzmho lrajeetory course
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~ Improvement in the backwater trajectory course of Capivara
reservoir

—~  Trans-shipment Terminal and rait-highway accesses

4y Cost Esumal.on

The cost was estimated to install new lock facilities in the existing dams at least
US$ 210 million (prices in September 1991), and with an extension of waterway in
Tibagi river (beiween Capivara dam reservoir and Jataizinho cily) was estimated to
be US$ 40 million (prices in September 1991), therefore total cost was estimated to
be about US$ 250 million (prices in September 1991).

7.12.2 Necessity for Updaling bf Feasibility Studics

The implementation of the mennonod waterway plans has to satisfy the following conditions
respectively;

< Parani-Ivai Waterway >

It is clear that a requited water depth for smooth navigability will be kept by
the future reservoir of Ilha Grande dam and Tres Figueiras dam with a lock
facitity. According to the plan of hydropower stations in Parani State by
CQOPEL, 1tha Grande dam and Tres Figueiras dam are planned to be operated
in year of 2010 - 2015 and 2005 - 2009 respectively.

< Tibagi-Paranapanema Waterway >

From the extension of 760 km in _Pa:ané river, about 510 km belong to seven
existing hydropower stations with lock facilities and sufficient depth kept by
each reservoir such as Rosana, Taquaracu, Capivara, Salto Grande, Xavantes,
Piraju and Santa Cruz e Jurumim. Paranapanema river is already canalized
more than two-thirds of a target waterway, it mean that adequate waterway
conditions are already provided. The demand of navigability with the
extension of Tibagi-Paranapanema waterway depeads on the implementation
of instalation of lock facilities and other related works for continuous of long
waterway investnients.

The implementation of the future waterway system require long period and huge cost. As
iong period eclapses, transport environment surrounding the inland navigation will be
changed. Generally speaking, road and railway transportation net-works will be developed
‘more than expected. Therefore, the feasibility study for the intand navigation will be
necessary to be updated in near future.

7.12.3 Effect of Inland Navigation on Water Environment

The Team considered that even if the above mentioned project is implemented in the future, it
will not have an important effect upon water environment in terms of water consumption for
inland navigation, because required depth of waterway will be kept by dam reservoirs. Of
course, construction of dams and teservoirs involved in the project, of which primary
purpose is hydroelectric power generation, will affect water environmenl such as ecosystem,
‘sedimentation, flooding and others, and therefore have to be carefu]ly assessed for their

~ environmenial impact.
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CHAPTFR 8 ENVIRONMENTAL CONSERVATION AND IMPROVEMENT
8.1 Flood _

8.1.1 Historic Flood Recorﬂs in Parvani State

(1) General .

Record of monetary damage, detailed description of social, economic and structural damage,
and maps of flood inundation areas ar¢ not available in Parand State, except for some
fraction of information kept in several mumcnpa] offices and states institutions. The National
Department of Sanitation Works (DNOS) was in charge of the flood control management at
national level. The DNOS had a function of flood investigation, study and keeping flood
damage record. The historic record and inivestigation reports made by DNOS seems to be
~ disappeared. : Aftec DNOS was abolished in 1990, the Civil Defense (CD) is the only
institution that hds officially kept historic record of floods in Parana State. However, the
record of CD is limited to number of persons, houses, buildings and bridges that suffered
flood damage, since it takes charges of security of people and rescue actwmes, instead of
flood control managcment _ :

: 'I'he National Department of Water and Eleciric Energy (DNAER) keeps a few secondary
information about flood obtained from other organizations including photographs and
newspaper atlicles. The Superintendency of Erosion Control and Environmental Sanitation
(SUCEAM) has been taken over the management of flood conteol in Parand State and
Curitiba Meiropolitan area after reorganization in February, 1995. SUCEAM keeps some
information on flood which are related to the Environmental Sanitation Program of Curiliba
Metropolitan Region (PROSAM), but those information do not include monelary damage.
The Coordination of the Metropotitan Area of Curitiba (COMEC) assesses flood control
projects in terms of change in land value, since there is not available record of monetary

“damage caused by floods. The Institute of Investigation and Planning of Urban Curitiba
(IPPUC) made a partial survey of the damage caused by major floods in Curitiba city.

{2) Flood Records by Civil Defense

The historic record of flood damage kept by the Civil Defense covers number of people
dislodged, injured and dead, number of houses damaged or destroyed, and damage to
bridges and roads. Table-8.1 summarizes the historic distribution of damage caused by
floods in Parani State in terms of number of affected people (total number of people
dislodged, injured, and dead) in the period from 1980 to 1993, The 1983 and 1992 floods
are the two largest floods in Parani State since 1931, It is difficult to make a precise
assessmient of the magnitude of floods that occurred i m a year other than 1983, 1992 and
1995 because of the scarcnty of damage data '

(3) Flood Pronc Areas in Parané State

The location distributions of municipalilies which suffered the floods of 1983 and 1992, the
two major floods in Parand State during the last two decades, are shown in Figure-8.1 and
Figure-8.2 respectively. The location distribution of municipalities affected by floods in a
year other than 1983 and 1992 are shown in Figure-8.3. From Figures-8.1, 8.2 and 8.3 it
can be seen that the majority of urban flood prone areas of Paran4 State are located within the



Tguagu river basin,

Since flood inundation maps are niot available in the institutions of Parana State, JICA Study
Team conducted a reconnaissance survey in the flood susceptible areas listed below.,

Iguagu river basin

Region-1: Curitiba metropolitan area
Region-2: Porto Amazonas, Sio Mateus do Sul
" Region-3: Rebouicas, Guarapuava, Irati (Tibagi river basin)
' Region-4: Unifio da Vuona, Poito Unifio (Santa Calarma State), Porto Vitoria
Reg:on -5: Rio Negro, Mafra( Sania Calarma state)
Reglon -8: Capanema

Parané nvcr basm

Region-6: Foz do Iguag:u, Del Ilste cnty (Paraguay), Upslream of Itaipu dam -

Coastal basin (Luoranea reglon)

Region-7: Morreics

Ipiranga and lvai cities were investigaled as a part of thc leagl nver basm “The- location -
“map of these regions is shown in Fi 1gure 8.4. L SUEE T

(4) Flood Inundatlon and Maps .

The available recorcls of ﬂood in Parané Statc md;catc lhat ﬂood mundation causmg
significant economic and social damage occurred generally in urban or semi-urban flood
prone areas. Those urban flood prone lands are of relalwcly small size. In many cases the
-flood prone areas in Parand State are occupied by low income families,  Most of the urban
fleod prone areas arc located within the Iguagu niver basin. Interview with the authonly
from the Department of Agrlcuhurc confirmed that there was not sngmficant flood inundation
affecting large agricultural Jand area in Parand State. ‘There are only verbal reporls of
eelatively small and scattered flood inundation damage to agriculture and livestock.: :

Further flood inundation information and maps of -the rcglons i to 8 are presented in the
Sectoral Report vol.H, Flood Control. EOR . _ . T

(5) Bsumalmn of Flood I)amagc

Comprehensnve evalnation of tanglble ﬂood damagc. specmlly monctary damage. has nol
been done yet in Paran state. Probable flood damage was roughly estimated with reference
to the data and information gathered during the ficld survey done during Phase Il and 11l of
the Flood Control Study. The results of estimated probable flood inundation damage are
simiply notional to get a general idea of the magnitude of probable ftood mundalion damage'
for different flood !cvcl at each selected ﬂood prone area.




Tab!;:-&l Number of people Affected by Historic Flood in Parans State

Municipality

1980 1981 1982 1983 1984 1986 1987 1988 1989 1990 1991

1992 1993
Uniao da Vitoria 1151 #3572 30003 140 815 14129 1378
S5 Mateus do Sul ' 5800 50 55 970 70
Rio Negro ' : §502 8BGO 50 53001
Curitiba 2000 2000 547 5000 500 281 405
Francisco Beluzo 4000 60
“Ivai 3200
Porto Vitéria 3150 130
lapejara do Oesie 306060
Ipiranga 3000
Iraii 4 . 21892 160 90 700
Coronel Yivida . 2001 50
Sio Jose dos Pinhais 10800 1000 4000 2062 300
Piraqquara - 1000 1000 2038 2040
Paula Freitas 1500 240
Porto Amazonas 1301 80 20 352 130
Capanema 1200 400
Ties Barras do Parana 1200 150
Criigueira 1002
Bituruna - 10600 18
Palmas . 700
- Vitorino 600
Chopinzinho 5§00 197
Sao Jozo 690
Sao Jorge do Oeste . 5012
Mangueirinha 500 120
General Carneiro 500 12
Croz Machado sS40 1140
Araucaria 580
Candido de Abreu 490
Rebaucas 3s¢ 450
Dois Vezinhos 340 305
Quitandinha 300 228
Allo Piquiri 250
- Imbituva . 2512
Balsa Nova 241
Veeé 240 120
Campo Tenente 200 . 240
Castro 200
Pauto Frontim 2090 42
Pien 200
- Mariépolis 102
Mallet o 50 278
Colombo 4060 400 600
Sania Mariana 7660
Cambar§ 2000
Foz do Jguacu 830
Altonia. 80
Marilena 200
Sa0 Pedro de Parana 230 - 15
Porto Rice 350
Laranjeiras do Sul ' 100 :
Capitao L. Marques 239
Guarapuava 587
. Sulina g0
" Rio Azul 50
Lepa 200
N. Prata Tguacu 150
Pinhais 400
Salio do Lonira 10
Realeza. 12

“Sousce: CIVIL DEFENSE,

~ Note: The data rcbr&scm the totat number of people affected by floods (total of dislodged, injured, and dead).

- ¥ Intwo flood events, June and November 1982
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Figure-8.1 Location Distribution of Municipalities Which Suffered Flood in 1983
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Figure-8.2 Location Distribution of Municipalities Which Suffered Flood in 1992
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" For Curiliba metropolitan arca the estimated probable flood damage is as high as US $ 20
milion for a flood similar to that of 1993, and some US $ 44 mitlion for a large flood similar
to that of January 1995. For Unifio da Vitoria-Porto Unifo area the estimated probable flood
damage is in the range of US $ 10 million for a flood inundation event sinilar to that of 1982
to US $ 78 million for a flood event similar to that of 1983, For Rio Negro-Mafra area the
range of estimated probable flood damage is US $ 3 million for a flood event similar to that
of 1984 and US $ 17 million for a large flood event similar to that of 1983. For Sio Mateus
do Sul the estimated range of probable flood damage is US'$ 0.1 million for a small flood
event simitar to that of 1993 and US $ 9 miltion for large flood event similar to that of 1983,
- For Porto Amazonas area the estimated ftood damage are in the range between US $ 0.2
million for a relatively small flood similar to that of 1993, 10 some US $ 2 million for a
relatively largé flood similar to that of 1983. For Foz do Iguagu area the estimated probable
flood damage are in the range between US $ 0.02 million for relatively srall flood of
maximum water level reaching the 119 meter counter and some US $ 3 million if relatively
large flood occur, up to the 130 meter level. For Morretes area the estimated probable flood
damage are in the range between US $ 5 miltion if refatively small floods occur, and some
US $ 10 miltion for a large ﬂood simitar to that of February 1995.

8.1.2 Des:gn Flood Dlscharge
(1) Probable Pcak Flood Dlscha:ge

The frequency analysis of the maximum daily mean dlscharge was made for the selected
steeam flow gauging stations in the Sectoral Report, Vol. B, Hydrology. The 100 year
probable peak flood dlSCharges of the selected stations are plotted on Figure-8.5. Further
mformauon of the ﬂood dischargcs are prcscnted in the Scctoral Report, Vol. H, Flood
Control '

' (2) Des: gn Fiood stchargc

Itis prachcally dlfﬁcult to apply the recorded maximum flood as 1he design flood discharge
in Parang State. Practical flood contro} level is to be determined based on damage level,
social signilicance, regional development policy, etc. The recurrence interval of the design
flood for the urban areas in the major mumcnpalmes is assumed tematwely to be 100 years as
a target for the fulure S

8.1.3 Problems and Needs in Water Excess Management
(1');(}enera'l. o

Flood control is referred to as the management of waler excess. Flood contro] deals with
water excess that endangers lives, causes cconomic damage and disrupt the normal
50Ci0econonlic human activities, Concept of water excess management is broadly divided
into Flood Plain management and Urban Storm Waler management.  Flood plain
management considers the integrated views of all structural and non-structural measures for
minimizing the damage caused by floods on a comprehensive scale. Urban storm water
management, besides the above framework of flood plain management, also considers the
~ integrated view on urban sewage and storm drainage management.  For the purpose of
“Strategy study, the flood prone areas of Parané state were divided into eight regions as
previously described. Flood plain management issues were identified in all the eight

‘§-8



regions. At present urban storm water managcment issues are 1denuﬁed only in Regnon 1,
specifically i in Curmba metropolitan arca.

Curiliba metropolitan area has experimented an exponemlal growlh of the urban populallon
- and expansion of urban areas. Because of topographic constraint and increasing occupancy
of low incoine population in flood prone arcas the existing urban drainage systems became
not enough for handling the urban flood runoff of large magnitu'dc Beslde this, some of the
fast growing areas in the peripheries of the metropolitan region are not prowdcd with the
basic infrastructures required for managcmcnt of urban stornn. :

inali enght reglons, the most significant flood mundatlon damagc occur in urban flood pronc
areas.. In many cases the urbani flood prone areas along rivers regime are occupied by low
_income famities. 'In few cases, such as Unido da Vitoria-Porto Unifio and Rio Negro-Mafra -
- areas, the urban flood prone areas are occupied with relatively high cost infrasteuctures,

important industries, commercial cstabllshmcms, and hlgh value houses

(2 A_ssegsm,ent of P_roblems and Needs_

Problems and Needs in flood control were assessed by' region, taking as main criteria the
“magnitude of daniages caused by the past flood inundation. :The major flood inundation
events in Parana state were the floods of 1983 and 1992. During the last fourteen years the
largest damage caused by flood inundation occurred within the Iguagu river basin, The
regional assessment of flood inundation damagc and related issues are Stlmmanzed as in
- Tables-8.2 in terms of flood rchon : , :

| (3) lnstitution in Charge of Flood Control

The Brazilian constitution defines that flood contro! is a mater under the responsibility of the
federal government. The National Department of Sanitation Works (DNOS), within the
organizational structure of the Ministry of Agriculture, used to be the institution in charge of
flood control at national level. DNOS was abolished in 1990, and since then in Paran4 state
there- was not any specific ‘institution responsible for plannmg, designing, promoting,’
construciing, operating and maintaining projects, structures and activities for flood control -
and mitigation of flood damage. Seme¢ institutions have projects or activities related to flood
-control for some-specific areas, such as PROSAM in Curitiba meiropolitan region.-. The
National Department of Water and Electric Energy (DNAEE) has responsnblhly on flood
warning, while the Cm! Defense lns responsnb:hly for rescue achvmes :

In Parané state there is a need for cslabhshmg an institution in charge at s!atc levcl of

coordinating all the aspects related to flood control and mitigation of flood inundation

damage, including plan, design, promotion and implementation of projects, operallon and

maintenance of structures, flood warning, rescue of people affected by flood, and keeping

systemalic record of flood imindation damage. SUCEAM has taken over the position after

the re-organization in Fcbruary, ]995 but ns admmlstrahve power and spec:ﬁc funcuon is
“not clanﬁcd clcarly yet. :
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Table-8,2 Assessment of Flood Damage by Region in Parani Stale

River Basin Region Degres of Flood Main Related Issues
_ _ Damage '
Iguagu river  From region 1 to region'ﬁ 4forthcentirc  Rescltlement, reservoirs

Parana river

Costal basin

Tvai river
Tibagi river

Others

Region 1 (Curitiba
metropolitan area) -

Region 2 (530 Matcus do Sui)
Region 3 (Rebolicas asca)
Region 4 {Uniio da Vitoria)’

Region 5 (Rio Negro area)
Region 8 (_Célpanema)

Region 6 (Foz do Iguagu area)

Upstream of ITAIPU dam

Region 7 (Mokretes area) -

Itarraré, Cinzas, Pirap3,

basin

W

3 for the entire
basin

2
"3
1 for the entire
basin_

} for the entire
basin

1 for all these

Piquiri, Ribeira, Paranapariema  basins

operation

“Resettlement

Reseltlement
R_cselﬂemem

Reservoir operation of Foz do.
Aseia dam; Zoning and
Res¢ttlement '

Rescitlement -

* Resetilement

Reseltlement, reseivoirs

- operation related to ITAIPU

dam, and those dams on Iguagu
river .

Reseltlement

Note: The degree of flood damage are classified as follows:

Degree 5 is serious damage; Degree 4 is high level of damage;
Degree 3 is medium level of damage; Dégree 2 is low level;
Degree 1 is negligible level, and Degree 0 is no damage.




8.1.4 Strategy for Water Excess Management
(1) Alicmative Flood Control M_cas(_lrcs

The study of flood control considers both, structural and non-structural means as altemative
o provide protection from flood inundation and to reduce the risk of flooding and the
magnitude of damage caused by floods. The prospective structural flood control measures
include flood control dams or gates, retardmg basins, levees or dikes, flood walls, river
channel improvement, and diversion or floodways. The prospective non-structural
measures include flood proofing, flood forecasting, resculemcnt or relocation, flood
_warning and evacuation, and land use contro] S

(2) Management Po]xcy - : .
1} - Goal and Principle of Waler Excess Management

The goal of the flood control (broadly water excess management) is to protect the
people in the flood prone areas from the risk of death, injuries and property
~damages including infrastructures.

Non-structural measures with appropriate combmauon of land use contro! and
flood forecaslmg. warning and evacuation systems are to be pnncnpal flood contro!
measures in Parand State because present population density is generally not

* significantly high in the flood prone arcas and altemative land IESOUrces are
expected to be available in Parand State,

| Structural measres are also to be provided in addltlon to the non- slmctural'
measures for the areas where existing land use is bighly enhanced and property
~ value in the flood prone areas is significantly high.

2) Flood Comrol Level and Design Standard

The ftood conteol (or protection )} level must be dctemuncd appropriately taking into
account social significance of damage level and efficiency of benefit and cost with

~the Principle of Risk and Benefit (refer to the Sectoral Report Vol. L, Water
Environnent Managemem)

3) Model Area

It lS fecommended to designate the following regions as the Model Area for Water
~ Excess Management to which specific monitoring and / or financial arrangement
and support are to be provided in long term:

‘ Reglon I: Curitiba Metropolitan area
* Region-2: Porto Amazonas, Sio Mateus do Sul
Region-4: Unifio da Vitoria
Region-5: Rio Negro _
Region- -6; Fozdo Iguac;u Upstream of Itaipu Dam
Region-7: Morvetes

: The location miap is shown in Flgure 8. 4
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(3) Long 'Term Plan for Water BExcess Management
I} Flood Plain Management

~ Combination of structural and non-structural measures w:ll be necessary for lhe

“municipalities of the Curitiba melropol:tan area, Sao Mateus do Sul and Unifio da

Vitoria/Porto Unifio. Non-structural measures ate to be pnmanly employed for the
flood prone areas of the other municipalities.

2) Urban Slorm Water Management

Integrated view of urban sewage, flood. protcchon storm drainage and
environmental protection - will be - required. for "Curitiba meteopolitan ~area.

- Environmental protection includes waste disposal conlrol, water quality control,
prolection of aqua ecosysters, and prescrvation of riverine landscape. View of
urban storm water managcment might be evolved in other mummpalltles after the
year 2005.

'3)  Non-structural Measurcs

‘Zomng for land us¢ control is the most effective measure for all the flood prone .
~ areas in and around the urban areas in Parana State (Raglon -1 to 8). - Zoning for =
land use control includes restricted area, river regime, natural preservation and
recteational park, and retarding basin arca. Zoning and resettlement are a tandem
for 1mplcmcntatmn Reseitlement includes relocation of illegal residents occupying
the river regime and legal residents in the flood prone areas. - Zoning and
rescttlement have been widely applied in several municipalilies in Parana State such
as the Curitiba metropolilan area, S#o Mateus do Sul, Porto Amazonas, Reboucas,

Guarapuava, Irati, Unifio da Vltona, Rio Negro, etc

lmprovcment of the exlsung flood forccaslmg and wammg sys{em will be
necessary in the future together with enhancement of flood warning, evacuation and
rescue activities which are mainly executed by the Civil Defense.  Flood proofing
such as elevating structures and re-arrangement of structural working space will be -
* effective for some locally inundated areas. - Review of the: operation rule of the
existing and planned dams and reservoirs will be necessary taking ﬂood control
function into consideration for integrated and cf fecnvc operanon "

. 4)  Structural Measures

Continuation and extension of lhe ﬂood control and drainage 1mprovement prolecls
of PROSAM is the first priorily in the Curiliba metropolilan area. . Supplemental
provision of dams, dikes, floodways, retarding basins, and channel improvement
may be necessary together with the integrated view of urban sewage and storm
drainage after the year 2005 depending on the expans;on of the urban area and the
deterioration of the urban environment. '

In Sdo Mateus do Sul a dike system on the rlght bank of the Iguagu river may be
effective for the flood prone area where demand of development of low. cost
housing for low income people are very high in spite of the city's zoning’
requirement. A detailed cngineeting slUdy=will be neccs'sany‘for technical
evaluation. ' ' ‘

Flood protection for the Unido da Vitoria and Porto Unifio area will not be
materialized by the provision of non-structural measures only.
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It is recommended to conduct a feasibility study on provision of zoning and a sct of
structural measures which are composed of a dike system and sluice gates, because
the property value and town function in the inundated areas affected during the
1983 and 1992 floods are significant. '

Non-structural measures are most effective in particular by zoning in the Rio Negro

and Mafra area, Structural measures for the mainstream of the Negro river will not

~ be financially viable due to topographlc constraints in this area. However channel

improvement of the Passa Tress in Rio Negro municipality side and the da Lanca
river in Mafra municipality side may be effective in the future.

~ Channel improvemem inctuding a short cut and channel excavation may be effective

- for the flooding along the Nhundiaguara river in Morretes. However, some
detailed engineering study will be necessary for technical evalualion because there
is a back water effect by the high tide of the Paranagua bay.

5) . Flood Forecasting and Warning Systems

The Strategy for the flood forecasting and warning system (FEWS) in Parana State
~ aims to up-grade the existing system as a part of the integraled telemetic
~ monitoring and operation system discussed in the Sectoral Report, Vol. L, Waler
Environment Management . It wiil also aims to reinforce a part of the nationwide
flood forecasting and warning system under DNAEE.

6) Implementation Schedule

The - implementation schedule for the water excess management is lentatively
recommended in two stages as shown in Table-8.3 for non-structural measures and
in Table-8.4 for structural measures.



Table-8.3

Schedule for Parand Stateé

Proposed Non-structural Flood Control Mcasures and lmplcmentauon

Region

Mumc;pahilcs

Non-Structoral
Measures

" 1st Stage
Present - 2005

2nd'Stagc

20062015 onward

1. Curitiba Melrobolitan Region

2. Sz0 Mateus do Sul -

Porio Amazonas

3. Rebougas, Guarapuava

Irati, Ipiranga

4. Unizoda Vilbria

.5. Rio Negro

6. Foz do lguagu

T. Moireles

8. Capanema

*Zoning
FFWS$

- «Evacuation

*Proofing
+Opcration Rule

sZoning
*FFWS
sEvacuation
*Proofing

Zoning
*FEWS
«Evacuation
Proofing

sZoning -
*FFWS

-~ «Evacuation -

“vZoning

*FFWS
sEvacuation.
*Proofing
Operation Rule

7.-2.()'ning

FFWS§
+*Evacuation
+Proofing

»Zoning

*FFWS
*Evacuation
*Proofing
*Operation Rule

sZoning
sEvacuation
+*Proofing

- «Zoning

*FFWS

B e -~

b=

o

DD

v B D b b

="

>$or-o§>o-

>0 O

OO o

o OppOp QO

="

Notes

sEvacuation

{1) Zoning = zoning for land use control with rescitfement and parks; , :
FFWS = Flood Fowcastmg and Waming Systems ; Evacuation = evacuation and rescue aclivities;
Proofing = raising of ground level and buildings, efc.; Operation Rule = opcrahon rule for reservoirs,

-

Nood control Macilitics, ¢lc,
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8.2  Water Quality and Sewerage

Studies on the strategy of water quality conservation and sewerage system improvement in
Parani state were conducted for the 11 river basins within the state. Existing data were
collected and reviewed to understand the current condition of water quality and scwerage -
system.. Then based on the population analysis conducted in the socio-economic secter, the
water quality in the years of 2005 and 2015 was predicted. The characteristics and problems
of water quality in each siver basin was clicited from the analysis results. On this basis, -
plans for poltutant load reduction and water qualily 1mprovement were workcd out toward
the target year of 2015. :

8.2.1 Preseat Conditions of ‘Water Quality and Sewerage System
(1) Water Quahly |

In this study, "Result of the Study on the Water Quality in Pa:anﬁ state " prepared by
SUREHMA (the former IAP) and TAP was used as the major data source on water quality.
These data were based on the water qualily monitoring conducted from 1982 to 1993 for the
13 rivers in Parand state, Figure- 8 6 shows the loc'mons of 1hc 151 observation pomls

The items of water quality momlormg include water lempemlure DO fecal cohfonn p}I
BOD, T-N, T-P, turbidity and T-S. Among them, BOD (biological oxygen demand) is
thought to be the characteristic water quality parameter because organic pollutants from both
domeslic sewerage and industrial waste water are the main sources of water po]lutmn In
Brazil, the quality of river water has been classified accordmg to BOD concentration as
follows:

A} Class 1 -BOD less than 3 mg/i

B) Class2 - BOD 3-5mg/l

C) Class3 -BODS-10 mgh

D) C!ass4 - BOP morc than 10 mg!l
The existing data show that in most of the rivers in Parana statc the water quality bclong to’
Class 1 or Class 2, i.e. BOD < 5 mg/l, except for Iguagu river where BOD has been
measured as high as 10-102 mg/l at some monitoring points. - The higher BOD mainly

appears in the upper stream of the river near Curitiba M.A. due to the high poliutant. load of
domestic sewage and industrial discharge from this densely populated area, -

{2) Sewer System

In Parana state, only urban areas are served by sewer systems, and the percentage of the
served population differs with river basin, According to the data of 1990 provided by
SANEPAR, the lowest percentage is 1.2 % in Ribeira river basin while the highest
percentage is 46.8% in Paranapanema river basin. The overall percentage of population
served by sewer system in Parand slate is 23.5%. '

(3) Sewage T reatment

As for scwage treatment, lhe pcrcemage of the served populatlon is only 15.4% in Parané
state. :

3-17







[‘ LEGEND

""""""" Boundary of River Basin
——ayeg wnt o mmemm 0 eeme Stafe Boundary

Bl A [ | Obscrvation  Station
AR ' . SCALE

1\1'%‘:'"« 17-5 Wen 0 10 20 X 4okm

A e P SR

&,\dl{ C‘:‘%;\N
'/"

S

/A

A TN \l\ A

- PIQUIRN, o T1-4 ] /. tLi':f_\ ~ (G162 (163 1164 )
acyPorbpe 1114 ) (168 {160 (1615 [iG-16]
) ~ fG3711G-18](1G-19 {1G-20]

[iG-21)

RN b
TI-3 ]
z.f:.L ' !
/‘L N . [t
TR S
- - %, A
\.?oﬁwt"'ﬁrcsgjaz’_ﬁ_;;‘ A \
- t‘
y 3

\

77 3

i “):p /;j. : .

7 { 1G-12iG 11
igamt g
%

4
. =z JSJ
P {PCD.M?J]!T\O,E i e
e E
. /...- Y

|- 2o

T — e = 4}ﬁ._. -
»
i‘l“

rig/ e

7 L. 1\\ 3
1G-42 72 I
e"p‘{unm,
Lo A
/ "\4"/’“‘
e i E
3 .
A ] N ; e e e o '

SANTA CATA R INA " Figure-8.6 Locations of Observalion Polats for Water Quatity

8-18 -







{4) Industrial Wastewater Treatment

Most of the industrics in Parand state are equipped with wastewaler treatment facilities. On

-the average, BOD removal ranges between 83 to 100% in all the river basin areas except a
lower removal of 65% in Iguagu river basin. The average BOD removal in Paran4 state is 97
%. Although the BOD rémoval is comparatively high as a whole, there ar¢ some industries
which discharges industrial effluents of high BOD concentration to rivers. The cfflucnts
from some paper mills and tanners have a BOD concentration as high as 600-800 mg/l.

8.2.2 Pollution Analysis

In order to formulate a Strategy of water quahty 1mprovement toward the target year of
2015, pollution analysis was conducted on the 11 rivers in Parani state. The condition of
river water pollution by the years of 2005 and 2015 was predlcled Based on the analysis
result, pollutant load reduction plan was for mul'ited

. (1) Poltution Sources and Pollutant Load

- Generally speaking, pollutants discharged into rivers are from arificial and natural sources.
‘The artificial source includes domestic sewage, industeial wastewater and livestock wastes,
- and the natural source includes the pollutants induced by ecological phenomena and so on.

In this study, the above mentioned pollution sonrces are cons:dercd and the corresponding
pollutant load (as BOD) are calculated as follows: :
- Domestic pollutant ioad: using a pollutant load factor of 54 g/person,’day
—  Industrial poliutant load: using ex:snng data

- Lwesto_ck_p-ollutam_ load: using po]I_utant foad factors of 600 g/head/day for
~ caltle, 200 g/head/day for pig and 9 g/head/day for chicken

; Natu.ral’pollulanl load: using a pollutant load factor of 0.7 kg/Kin’/day

*(2) Analysis of Prgas_en{_cng_ition | |

| 1) . Method of Aﬁalysis _

:; Anélys;s of lhé p}ésenl ééndlllon was conducted i in order to determine some of the
fundamental parameters for the prediction of river waler quality in future (the

~ definition of the parameters used for the pollution analysis is shown in Table-8.5).
VThe procedures of analysns are as follows:

a) Divide each river basm into several blocks and select water quality control
points -

| b) Calcalaie the d;scharge BOD load from each po!lunon source

.C) Calculale the run- off BOD load by lakmg into censideration the run-off
- ratio o _

R (,alculate the ﬂow—out BOD load bascd on the current water quantity

e) __'bvaluatc the punﬁcauon-rcsndual ralio |



Table-8.5 Definilion of the Parameters Used for POlIutiqn Analysis

Parameter Deflinition
Discha:{;c BOD Load Quantity of BOD l‘rom any of the po!luhon SQUICES (Kg/day)
Run-off BOD Lood Quantity of BOD enlering a river (Ijgfday) '

Flow-out BOD Load

Quantity of BOD flowing out of a cross section of the river course al a waler qu ahty
control point (Kg/day)

Run-off Ratio

The eatio of the Fin-off BOD load to the discharge BOD load of the same origin

Purification-residual

Ratip_| The ratio of the flow-out BOD load to the run-off BOD load of the same origin

2) Analysis Result

The r@suit of analysis‘i_s"sl_l_bwn in Table-8.6..

(2) Analysis for Future Peediction

)] Method of Analysis

Method of analysis for the fumfc prcdictio.n of river water quality is as follows: :

a)

Predict the discharge BOD load of each pollution source;

- Domestic_lload: according to future p’o‘pulation'

~ ~  Industrial load: according {0 a proportional increase of BOD load

b)

wuh the increase of GRDP _
~  Livestock load: according to fu ture livestock number

Calculate the run-off BOD load by muluplymg discharge BOD load by
BOD run-off ralto, :

Calculate the ﬂow out BOD load by usmg the punf'cauon residual ratio
obtained by the above mentioned’ analysis of present condition, and
evaluate water quality at each control poml by usmg the draught river flow

- rate Q)

d)

e)

2) Res

Calculate the permissible flow-out BOD load at each conlrol pomt in
accordance with the target waler quality of BOD < 5 mg/i; '

Calculate the difference betwcen the predicted flow-out BOD load and the
permissible flow-out BOD Ioad and estimate the quanuty of BOD load to
be reduccd in future.

ult of Water Quality Prediction by the Year 2005

a) The result of the polluuon analysis for each rwcr in Parané siate is
shown in Table-8.7. '

b) The result of the water quality prcdicnon for cach river in Parani state
is shown in Table-8.8.

¢)  Asis shown jn Table-8.8, for the Rivers of szas, leagl Pirapo,
Ivai, and Iguagu, BOD concentration is of higher value than 5 mg/l at
some of the control points and the calculated flow-out load exceeds
the permissible flow-out load,  In order to improve waler quality,

~ measures have to be taken for pollitant load reduction.







Table-8.6 Pollution Analysis of River Basin (1993)

. River Dischasge BOD Load (keBOD day) ‘Rin-off Ratio Run-off BOD Load {kgBODday) Purification
River River Controb | Ave. Water| Aserage Flow-outl Domestic Industiial | Livestock Matural Domestic industrial | Livestock | Natusal Domestic Industeial | Livestock | Natural Total Residual
Basin Name Point | Quality | ~ Flow - BOD Load Wastewater - waste | Waste Lead Wastewales Waste Waste Load Wastewater | Wasle Waste Load - Ratio
(mgl)- | (m3’sec) | (keBOD'day) Usban Rura) | Water Water Urban Rural Walter Water Urban Rural Waler Water '
ITARARE JAGUARIAIVA IT-02 1.33 18.13 2,083 1,247 659 314 39,961 - 3,137 08 0.10 0] 0.05 0.1 998 65 814 1,998 | 14 3890 | 0.52
CINZAS  [CINZAS C7-0 155 | 1809 2423 19ss| st 204 31,852 14N o8] o1l 1o 0.05 ot 1sed| . 11s 200 soos| | en23| 040
CZ05 1.38 EERL:S 4,075 5454 3,245 563 228,604 3.936 03 .10 1.0 - 0.05 0.1 4,363 325 . 568 11,430 394 | 17,080 024
TIBAGH TIBAGH 01 | 126] 4036 qa16|  ou19|  2000| 2802| ssam | 3m4] o3 0.10 0] 0os]  od| 7343 200  2802] 4400 | asomat 029
o3 | 193] 4072 6790 | isass|  1200]  sexs| 177322 e262| 08] - o010 10 005 o] 14764 | a0  sews] sses| - e 30312f 022
mos | 200] isias aen| 37| 7mz|  9sa| 309090 to916| e8|  oa0f 1o 0.05 o] 253 72| osxa| 1sass|  n092] s2mt0] 052
1110 ‘145 21173 26,526 30662 10,298 13,824 434,979 15,362 0.8 0.10 1.0 .05 Q.1 24,530 1,030 13,324 20,7491 1,536 ] 62,669 0.42]
PIRATO PIRAPO Pl-13 204 4543 8,712 18,225 2,398 6,342 323,559 . 3,238 0.8 6.10 1.0 0.05 0.1 14,580 240 6,342 16,178 3M | 37664 023
VAl VAL 1V-02 216 | 2187 4398 | o8] 2t06|  eso| 122,337 2,512 038 010] 10 0.05 01| 3214 a1 | esa| sser|  2si| w3202 | a3
ver | 14] 6789 6687 | 9eao|  sosal  1sso| 425248 | 6024 ogl o10 1.0 0.05 o 7,711 sos| usso| 20262  eo2) 3660 021
1V-12 pa9| 199a3| 20474 ] 27i08) 14218 4444 ] 1196323 ) 1694s| 08 0.10 1.0 00s]  oa|l 21686| 1422]  s4a4| s9806| 1e95| so0s3| 023
wis | naz]| e 26557 | 3usa2| ae697f 5217 | 1408223 | 19,893 08] 010 1.0 0,05 o] 25458| 1em|  sa17| 10211 1,989 [ 104,545 | 025
1V-19 .25 135597 18 445 38,545 20,223 6,320 1,700,992 24,097 08 0.10 1.0 - 0.05 Q.1 30,836 2022 6,320 85,050 2410 | 126,638 0.30
PIQUIRI  [PIQUIRI pot 1 toof 33ss| 2001|3791 2819 497 |  1soad0| 2935 08l 010 10 0.05 o1f  3033]  esa} w07 oo 296 | 13,130 022
PQS | 138| uns7| 33| nogs2|  7s19]  am | 4sdaes| 7915 08| 010 1of  eos]  oa| sa22|  ass| o nam| 24064 | 792 35164 0.38
PQO? 129 | 21941 | 2455 as7ial aneor| 2061 |  7smas2| 2252 . 08 0.10 1.0 0.05 01| 1257 Liss | 2061 | ard07|  i22s] saan3)  0a4s
. PQ-11 1.00 262.97 22,11 18,841 14,013 2471 896,926 14,689 0.8 0,10 1.0 0.05 .1 15,073 1,401 2471 44,846 1469 { 65260 (.35
IGUACU  [fGUACU 18 | 1o3| a2el  ms| es|. | s} 23] 9 08 ot 10 0.05 0.1 1 - T ) T e 0.47]
G | sas| 2203 | waa| wodes| 22| erz|  anuaa| agoz|  eal  onof  aef  ees) s oz en| aas7| | essas| oas
1G-13 438|073 | 129s57| 800871 - 1976 o2 | rasse| 2515 o8| . oiaof 10 005 01 198 9712|3743 5| 60238 | 009
1G24 201|  soss|  ssn| suisst 39| new| i2a76s|  g241 os) ool o[ _oos|  on| ensss|  mw| Twerof e2ms| 4| mzsso|  oa2
1G-28 159 | 23203 31,875 | sod61 | waim | e4so| 499,060 | | 16964 o8] 0.10 1.0 0.05 oa| 769 |  um7|  ea4s0| 24953 | 1696 |10s01s]  0.30]
16:36 Vs | saaz | wsses| seomaz| 2asie} izzss | oaess| 3200 |  os  esel  wol  ees] o] mass| 2402| 12258 | 73| 2209 |mae0l 052
e fo0 101 ee2n 59495 ) 101358 | 30237 | 15020 | 1aeeazs | sass2| o osf omol  vol ees| oa| sess|  xom| 1size} ssa2aaf  dessflerdez] o
NEGRO . Jtoas | tet| 7ean|  womes | asn| a0l 2a2a| uedssi| o sssof o8| omo| wel oo oaf _3ssof emf 2124f sare)  sse) sl o7
0RDAO___ liG39 | wser | T T senn | 200 | 2az2| aouel soaos] 2733 e8] oaol ol ees|  oa| _isss|  212] voss| 4e0] om) 74w 0.76
CHOPIN (G-31 132 7813 8911 3039 | 3623} 1,782 132,241 4,665 0.8 0.10 10 0.05 04f 323 2| 1782 6862 167 | 12,704 0.70
RIBEIRA RIBEIRA RB-03 1.3} 86,87 9982 2,592. 3,553 N 48,490 5074 0.8 0.10 1.0 005 X! 20M | - 355 1 2,425 501 5,362 1.00
LITORANEA Junnniaquasalecos | aae| - ase| maf e ss| 2] s, s o8| omo| ol eesl  oa| 22 ol 2| o us|aes|weo
MARUMBI BLAOS 1.10 1.61 153 70 22 0 | 142 6y 08 0.10 1.0 0.05 0.1 56 2 0 7 4 69 1.00



Table-8.7 Pollulio_h analysis of R_iver Basin (2005)

Discharge BOD Load (kgBOD/day) - Run-off Ratio Run-off BOD Load (kgBOD'day)
River River Control Domestic Industrial | Livestock | Natural Domestic Industriat | Livestock § Natural Domestic Industrial | Livestock | Natural | Total
Basin " Name Point Wastenater Waste Waste - Load_ Wastewater Waste Waste Load Wastewater ’ Waste | Waste " Load
Urban Rural Water “Water Urbaa Rural Water Water . Urban Rural Water Water
ITARARE [JAGUARIAIVA |iT-02 2,095 443 1,531 49,522 1,137 0.8 0.1 10] 005 0.1 1,676 44 1,531 2476 114 5,841
CINZAS  |CINZAS CZ.-01 2,425 718 383 100,540 1A . 0.1 1.0 ~ 005 0.1 1,940 72 383 5,027 141 7,563
CZ-05 6,765 2,609 1,069 280,453 3,926 0.8 0.1 1.0 0.05 01 5413 201 1,069 14,023 394 21,100
TIBAG!  |TIBAGI TI-01 1225 | s34 s2es 109,076 | 34| o8 o1l 1ol . ops 0.1] = 9330 53| szes| 5459 | 2057
Ti-03 23,584 3,089 10,595 219,566 | 6,262 08 01| 10 0.05 0.1 18 867 309 | 10,595 10,978 626 41,375
1106 a06)  s3ea | asdes | 32724 10918 08 0.1 10 0.08 0.0} 32885 s3g ) 1sass | 19436 1092 48526
Ti-10 43,305 7,576 | 25,990 538,604 15,362 038 0.1} - 1.0 0.05 0.1]  H.644 758 25,990 26,930 1,536 53,633 |
PIRAPO PIRAFO Pi-13 23,744 1,188 | - 145,923 393,219 3,238 0.8 0.1 10 0.05 0.1 18,995 119 11,923 19,636 324 51,047
VAL ival V02 5,054 1,355 1,239 214,170 2512 0.8 0.1 1.0 0.05 01| 4043 136 1,239 10,709 251 16,378
1v-04 12,118 3,245 2,970 5135721 | 6,024 0.3 0.1 10 (.05 0.1 4,694 325 2970 25,67.9 602 39,270
1V-12 34079 | 9a31| 8354 1444555 | 16945 0.8 0.1 10 0.05 01l 21263 o13| 23s4] 72228|  1,695| 110453
ivis | 40003| 10724  9m08| 1,695877] 19,893 08 el 10 0.05 oaf 2002|  1072{ osos| sa794| 1989 | 129,668
1V-19 43,460 12,987 1,881 2,054,284 24,097 0.8 0.1 10 0.05 0.1 38,768 1,299 }1,888 | 102,714 2410 | 157,072
PIQUIRI PIQUIRE [ PQ-01 4,941 1,777 935 219,915 2,955 0.8 ol] 1o 0.05 0.1 3,953 178 935 10,969 296 16,361
PQ0S 13235 4763 | 2,503 s89,073 | 7815 03 04 1.0 0.5 0.1] 10,588 416 | 2503 29459 792] 43818
Q07 20,488 737 1,875 912,060 12,252 0.8 0.1 10 0.05 0.1 16,350 737 31875 45,603 i 2251 67830
PQ-11 : 24.559 £.814 - 4,645 1,093.443 14,689 0.8 -0l 1.0 0.05 01 19,647 8§33 4,645 54,672 1,469 81,316
IGUACU  [IGUACY 1G-18 81 59 63 |- 3,519 94 03 0.1 10]  00s 0.1 65| . 6 sl 16| 9 324
iG-14 109,053 1,053 1,151 59,824 1,602 0.8 0.1 1.0 0.05 .01 87,242 105 1,151 . 2,991 160 91,649
1G-13 109,891 1,674 1,827 95,014 2,545 0.8 0.1 1.07 0.05 0.1 87913 - 167 1,827 4,751 255 94,913
1624 man | 2392 3046 158357 | 4,241 08 0.1 1.0 00s] . o1| 89,097 29| seds|  7onsl 424 100784
1G-28 122,550 | 1,156 - 12,182 633430 | 16964 ] 0.8 0l 1.0 0.05 “0.H 9B047 1,16 12,182 31,672 1,696 | 144,713
1G-36 135,380 21,169 23,045 1,198,238 | 32,090 0.8 01 1.0 0.05 0.1 108,704 2111 | 23,045 59912 3,200 | 196,981
1G40. | 139,697| 260391 28426| 1478003 30582| 08 0. 1.0 0.05 oa| 15| 26041 28426 | 73900 3958 220646
NEGRO 10-25 6043 3,656 3,993 H01.624 5,560 .08 03] 1.0 0.05) 0.1] 4834 356 3,993 10,38} 556 20,130
JORDAO 1G-39 2,963 1,798 | - 1,963 102,083 2,733 08 0.1 1.0 008 01| 23n 180 | 1963 5,103 21 9,801
CHOPIM 1G-31 5,076 3,067 3,350 174,193 4,665 0.3 0.1 1.0 0.05 0.4 4,061 307 3,350 8,710 467 16,895
RIBEIRA  [RIBEIRA RBO3 3,429 3,175 ' 2 62,864 50714 03 0.1 - 1.0 0.05 .1 2,143 kit] 2 3,143 507 6713
LITORANEANHUNDIAQUAHBL 1 367 81 3 753|183 o8] 01 10/ 003 0.1 94| 8 3 8 s 358
MARUMBIL _ |BL-05 86 2 1 178 36 0.8 0l 1.0 0.1 69 2 1 9 4 85

0.0%
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3) Resultof Water Quality Prediction by the Year 2015

a) The result of the pollution analysis for each river is shown in Table-
8.9. -

b) The result 6_f the water quality prediction is'shown'in_'l’able-&10.

- ¢) Asisshownin Table-8.10, besides the S rivers mentioned above, the

-calculated flow-out” BOD load in Ribeira river also exceeds the

- permissiblé flow-out BOD load. Therefore, poltutant load reduction
~_plans have to be formutated for the G river basms

8 2. 3 Water Quahty lmprovcment P!an
(1) Tﬂrgc! Water Quallty

"'Fhe targel water quahly is BOD concentration of Iess than S mg/l, i.e. waler quahly Class 2
for rivers in Brazil. The values of the permissible flow-out BOD load shown in T'tb]e-S 8
and ‘Table-8.10 are calculated in accordance with lhlS target water quahty '

(2) BOD Load Rcduchon Plan

The BOD load to be reduced for each of the 6 river basins can be obtained from the
calculation results shown in ‘Table-8.8 and Tablc-8.10 for the years of 2005 and 2015,
respectively. At cach of the water quality control points, the difference between the
calculated flow-out BOD load and the permissible flow-out BOD load, if it is a posilive

valué, is the minimum value of BOD load to be reduced in order to meet the target water
quality. Therefore, the BOD load to be reduced for the whole river basin can be decxdcd by
choosing the largest value. The results are shown in Table- 8 1i.
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Table-8.9 Pollution Analysis of River Basin (2015)

Discharge BOD Load (kgBOD 'day) - o : . Run-off Ratio Run-off BOD Load (kgBOD day)

River . Rives Controt Domestic industrisl | Livestock | Natural . Domestic Industrial | Livestock | Nawral | - Domestic Industrial | Livestock | Watural | Total
Basin Name . Puint Wastewater . Waste Waste Load - Wastewater Waste Waste {.cad Wastewater Waste Waste Load
Usban Rueal Water " Waler |- Utban Rural Water Water Urban Rural Water |- Water

ITARARE JAGUARIAIVA JIT-02 Co3332] - 297 2,573 56903 | 1,137 -08 0.1] . 1.0 - 005 0.1 2,666 30 2,573 2,845 1141 - 8228
CINZAS  [CINZAS cz0l | 2881 448 614 nsuas | an T Y 1.0 oos|  oa] _2307| 45 6| sas7| 11| 3894 |
CZ.05 3046 | 1,247 17961 anz203) 3es| ol ol 10 0.05 o1l 6431 12s| 1798 16060 394 | 24812

TIBAGI  [TIBAG Tor | s | 1is0|  s8ss (24,680 | 3,118 0.8 0.1 10]  oes| - oa] 1107 ns{  gsss| 623 3it | 26,591
To3 | o27sst]|  amz| 17309 2507641 6,262 0.8 o1f 18 0.05 oa| 222m3{ 232 17s09| 12538 e8] 53418

Ti-06 43526 4039 moa2|  dnged| 10916 03 04l 10 oos] o] assxn a4] 3ton| agss| 1e92] szerw

1110 53,633 5,681 43,685 615,133 15,362 03| 0.1 1.0 (.05 0.1 42,906 568 43,685 30,757 1,536 1 111,131

PIRAPO PIRAPO -1 28,172 605 20,041 451,822 3,238 0.8 - 01 1.0 0051 - 0.1 228381 8 20,041 22,591 324 65,555
iVAI IVAI V02 | 5972 oso | 20s2| 25247 2512 osl o1l 10 0.05 01| 4718 os | 2082 12262|  2s1| 19468 |
v s | 221  as93| sssos2|  sou 08 0.1 1.0 0.0 o1 mas2| 28|  aose3| 2040s|  eo2| 46680

vz | 40268] sd1s| raesal  esspes| 1eoss| o8| o1 1.0 oos]  oa| 32214 o12| 14043 | s2708| 1695 | 131302

w-1s | 47212f  752| 16as6] 1941956 19893  es| o ol oos] o] sms|. 7s3]| seass | 9n008| 99| 154144

1v-19 57,262 9,421 19,970 2,352,370 24,097 081 0.1 1.0 - (0S Q.1 45810 912 19,970 117,619 2410 | 185,221

PIQUIRI PIQUIRI PQ-01 5929 1,172 1,571 250,992 2,955 081 0.1 10 0.05 011 4743 - 117 1,571 12,550 286 ) 19,217
pQos | 1sere| 3037|4207 | 61249 | 7915 o8] - _orf 1o 005 o1} 12701} 34| 4207 3ze2| - 792| s1626

PQ-07 21581 | a8ss| 6313 |  nos0ees | 1225 o8| o1 1.0 003 0] 19,665 a6 | es13] s20m| 1225|9922

PQ-11 29,468 5,821 7,808 | . 1,247,623 14,689 08 0.1 1.0 0.05 .0l 23,514 | . 582 7,808 62,381 1,469 95,814
IGUACU  [IGUACU G-18 | 91 Y Y 399 94 038 0.1 L0 005} o1 18 5 14 200 o 408
G4 | 141,149 869 | 1934  ens3xl| 1s02| 08 oal 1ol eos| o1] tse| 87| 1934|  3392]  160| 118492

1G-13 | 1921601  13s2] 307 107234 258s| o8] oal- 1o 0.05 oi] n3me| 1s{ o 53 25s | 122,580
1621 | 13950 | 2300 smol| 179553} a2ar| e8] - o1 10 0os]  oaf nsuso 20 suo| s 424 129911

28 | 152499 | s207| 20477 - mis22| 196t | o8| . 01| 10 0.05 o] 125959 921 | 20477 35911 | 1,696 ] 184964
636 | 173526 12a1s| 3smas|  13ssete| 32090)| . . o8]  ad 10 0.05 o] 13ssa1 | 12| 3s33s| er932| 3200 250439
| lioao }imsses| 2416 azaie | versses| oss2| osf o oxf . 10l 005 oa| 12877 2ras| azr79 | s3ze3| 3953 | 280355

NEGRO  liG2s | zom | ;9| em2 nsael sseo|  os| o 10 0.05 01| 5625 300 e12| 1 ss6 | 24,966
ORDAO - lic3s | 3ast| vass| maoe) . msmay 2m3i e8| - o] 10l 005 01| 2161 Mol 3299|5786 3| 12268

CHOPIM 1G-34 5,908 2,533 - . 5,631 197,512 4,665 - 08 01 10} . .05 Q1 4,726 253 5631 9876 467 20,951

RIBFIRA  |RIBEIRA RB-01 " 65,518 5,081 2 71,385 5041 08 0l . LG 008] - 01 52,414 08| 2 1,569 507 57,000
LITORANEANIUNDIAQUARBL-0s | 7| 70 6| ss| s3] es 01 1.0 Y Y Y ) ) T2 O £ Y
MARUMBDI BL-OS 103 _16 1 : 200 36 o8] 0.1 . _1.0 .03 0.1 82 2 i : 10 4 99
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Table-8.11 BOD Load Reduction Plan
Unit: Kg /day {(as un-off BOD load)__

River Basin 2005 2015
CINZAS 5,258 8,971
TIBAG] 26,443 37,412
PIRAPO 13,153 21,495
VAL 38,712 48,302
IGUACU 97,123 - 150,581
RIBEIRA - ' - 25,550

(3) Sewage Treatment Plan

Of the pollutants from various pollution sources, reduction of the natural pollutan{ load is
difficult, and industrial wastewater have already been tiealed at a relatively high BOD
removal. Therefore domestic pollutant load should be the main objective of reduction, This
needs implementation of sewage treatment tacnlltics cspcc;ally in the densely popu!aled urban
areas.

‘The sewage treatmient plans to thé years of 2(}05 and 2015 are shown in Table-8.12. The

sewage quantities are calculated from the BOD load values in consideration of the BOD load
factor (54 g/person/day), runoff ratio (0.8), BOD removal of treatment process (0.95 for
standard activated sludge {reatment, 0.80 for anacrobic + aerobic trcatment) and unit
discharge quantity (170 litter/person/day). .

Table-8.12 Sewage Treatment Plan for 2005 and 2015

-~ 2005 Total -

Period 2005 ~ 2015 :
River Freatment | Population | Treatment | Population | Treatment | Population | Treatment
Basin Quantity 1o be Quantity to be Quantity | * tobe. Method
- (mYday) Served (m’day) | - Served {m’/day) Served '
CINZAS 16,000 94,000 12,000 71,000 28,000 165,000 b
TIBAGI .83,000] - 488,000 35,000 206,000]  118,000] : 694,000 b
PIRAPO 42,000 247,000 26,0004  153,000]  68,000] 400,000]: b
IVAIL 122,000 718,000 30,000] - 176,000 132,000] - 894,000 b .
IGUACU 300,000] 1,765,000  174,000] 1,024,000 474,000] 0 2,789,000]:  -a- -
RIBEIRA - - 80,000 471,000 80,000 b

a: Standard Activated Sludge Process
b: Anaerobic (RALF) + Aerobic Treatment

8.2.4 Cost Estimation

471,000

Table-8.13 shows the estimated costs for implementation of the sewage treatment facilities
by the years of 2005 and 2015. The current unit construction cost in Parané state, including
that for sewage treatment plant and that for sewer pipelines, is referred in the calculation. By
the year of 2005, a total amount of US$ 430.5 million will be needed for the construction of
the sewage trcatment facilitics, and by 2015 US$ 273.1 million will be further needed. ‘The
total construction cost will amount to US $ 703.6 mllllon.



‘Table-8.13 Cost of the Water Quality Improvement Project

Unit: 1,000 US$

River Basin 2005 2015

CINZAS =~ 12,200 - 9,200
TIBAGI 63,500 26,800
PIRAPO - | 32,100 19,900
VAL 93300 - 22,900
IGUACU - | 229,400 . 133,100
RIBEI{RA L e S 61,200
' Subtotal 430,500 273,100
" Total - : 703,600




8.3 Soil Exosion
8.3.1.  Current Gross Soil.Loss

Universal Soil Loss Equation, USLE, expresses in the following equation is a popular tool
to estimate annual soil loss from the tand surfdce. For the determination of each factor in
USLE equation, it requires a long term experiment or observation. However, considering -
time allowed and objectives of the Strategy study, USLE was applicd roughly to grasp soil
erosion and examine the effectiveness of soil conservation practices. The delemunatlon of
~each factor in USLE equanon and the resull arc descrlbed in the followmg section,”

A=R- K- LS C P TR e, (H

where  A: annual gross erosion’ (ton/ha), R: rainfall factor (M} mmlha hr) K: soil
erodibility (ton-ha-hr/ha-M}J. mrn), : slope length and steepness factor (dmlensmnless)
C: cover and management faclor (dsmcnsnonlcss), P: support practice factor-
(dimensionless) : :

USLE was applicd to 8 river basms excluding Llloranea, Paranapanema and Parané duc to
the data availability. Since forest is well conserved in Litoranea, the soil loss is negligibly
small. Soil loss from Parani and Paranapanema river basins are expected to be similar
magnitude of nearby river basins. :

(DR

Rainfall factor depends on size and intensities of individuval rainstorm and not annual
rainfall. However, Rufino et al. (1993) correlated rainfall factor with the average monthly
and annual rainfalls dividing the state in 9 regions. Their equation is as follows.

R=a+b:Re
Rce=p'l P

where R; rainfall factor, a and b: coefficient, Re: rainfall coefhclen! p: averagc nionthly
rainfall (mm), : avcrage annual rainfatl {mm)

Since correlation coef ficient of their equation in each river basin is high, it was adopted to
compute the rainfall factor and the result ranges between 5,167 and 11,723 MJ-mm/hahr.
depending on the location.

(2K

Available values of the soil erodibility in Parana state are only for two soil classifications,
Latossolo Roxo Distrofico and Latossolo Vermelho Escuro.” These soils are characterized
as resistant to crosion and the values obtained from the experiment ranges between 0 007
and 0.012 corresponding to the approximation of Foster et al. (1981). -

Soils in Parand state were classified in three categories in terms of the erodibility and K
values approximated by Foster et al. (1981) were adopted. High erodible soils cover
approximately 37 % of the state area, while soils resistant to soil erosion caver
approximately 30 % of the state area.
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‘Table-8.14 K Factor Adopled

Soil Group K Erodibility

. | Latossolo Vermelho Escure, clay (LE clay) 001 résistant
Eatossolo Roxo (LRa) ) 0.01 resistant
Laiossolo Bruno (LBa) . 0.01 resistant
Latossolo Vermelho Escuro, sand (LB sand} 003 moderate
Terra Roxa Estruturada (VR¢) 0.03 moderate
Podzotico (PV) 0.06 high
Cambissolo (Ca) 006  high
Litolicos {Ra) - : 0. 06 high

(3)LS

Since contour maps or slope steepness maps are not dlgmzed in Pamné to enable GIS
- computation, the slope steepness was assessed using the soit map. Each class of soil is
* located in specific slope steepness. For example, 62 % of Latossolo Vermelho Escuro
exists on the slope with 0 to 8 % gradient. The slope steepness where each soil class is
located is available in Agricultural Land Aptitude of Paran4 (1981). -

Regardmg the slope lcngt‘n of dlfferent Jand use, the assumptions made are, 1) Slope
" lengths of terracing for crop ‘field and pasture depend on its steepness, 6 % slope: 30 m
length, 8 % slope: 25 m length, 10 % stope: 20 m length, 20 % slope: 15 m length, 2)
Slope lengths of forest and secondary vegetation arc 100 m, regardless of their steepness.,
~3) Slope length of crop field where only contouring is practiced follows the slope length
: limits described in Agriculture Handbook Number 537 (Wtschmeter and Smith, 1987).

After detemtinin’g the slope steepness and length LS was assessed entering the table or
figure of LS in Agnculture Handbook Number 537 (Wlschmeler and Smith, 1987)..

() C .

" “The cover and management factor is the ratio of soil loss from cropping land under certain
~ conditions to the soil loss from clean-tilled continuous fallow. Since Cis an integrated

value of végetation cover on soil sutface and management practices to grow crops, it is
dependent on many factors, such as combination of soil surface cover, crop sequence,
tillage method and so on. Therefore, C value is a local dependent variable and obtainable
- through the field measurgment.

: Smce reprcsentatwe values of C are not available in Parand, they were approxmtated from

~the result of soil loss measurement in IAPAR expenmental field (Biscaia and Osaki,
1994). Neglecting the spatral variation of C, C factors in Table-8.15 were adopted for
_USLE computatton

A‘The sorl loss in potato culture is the worst due to the heavy mechanization and no
" conservation practlces, such as terracing. Since the soil conservation is well practiced in
soybean and maize fields, their soil toss is con31derably low. :
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Table-8.15 C Factor

o Soil Loss _
‘Type of Crop (tonvhalyear) - | Clacor
Bare Soil (no culture) ~up to BOp -
Potato 60 - 70| 0.750}.
Coiton - 50| -0.625
Cassava — ] - 0.625
Coffee 30] - 0,375
Maize _A0-20] 0.250
Soybeans 10-2¢] . .0.250
Wheat .- - 5-10}] - 0.250
Qther Crops — 0.250
Pasture ' 19] 0.125
Forest — 0.001

- {Secondary Vegetation L— 0,003

Source: Biscaia and Osaki (1994) for Soil Loss
)P

EMATER has classified the crop land either conserved or not conserved. The conserved
area means; a) terracing, b) contour bunds and buffer strips, ¢) improvement of rural roads,
d) s0il 1mprovement with grccn manure and hmc. f) reforestauon 2) gmdance of adequate
~use of machmery : :

As of 1992, the conserved arca covered more than 40 % of the fegional area in Totedo,
Maringa, Londrina and Campo Moura EMATER regions (refer to section 6.3) according to
EMATER. However, the sate average of conserved area in 1992 was 22.8 %. Thus, there
are stilt lots of areas remained in Paran4 without any soil conservation.

For the computation sake of USLE, it was assumed that terracing with contousing is
implemented in the whole conserved area in EMATER classification and only contouring
is a conservation measure practiced in non conserved crop land. Entering the tables in
Agriculture Handbook Number 537 (Wlschmeler and Smith, 1978) with the assumptions
‘mentioned above, P values for different slope steepness were obtained. P values for
pastare not conserved, forest and secondary vegetation are 1.0 due to theie natures.

(6) Land Use

Based on the result of satellite imagery analysis by IAP and GIS computatson by
SANEPAR, the landuse of each river basin was identified. Although the satellite i imagery

analysis is based on the data in 1990, it was assumcd that lhc currenl landuse does not vary

from the one in 1994,

To calegorize the crop land with specific crops, EMATER data for the year of 1993
associated with number of producers, crop area, area of specific crops, conserved area etc.
was used. Since the data is EMATER division wise ( refer to section 6.3), it was necessary
to convert the data to the river basm wise by neans of area welghted average. '

(7) Result

The result of USLE approximation of the gross soil erosion is shdwn in Table-8.16. The
average gross soil erosion from 8 river basins is 28 ton/ha. This is a rough approximation;

however, the value is considered as adequate accuracy to compare the magnitude of sml _
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crosion of 8 river basins. Cinzas, Ivai and Ribeira river basins are ranked as high gross
soil erosion. The gross crosion of Itarﬂrc river basin is low compared to other basins due
to the low rainfall croswuy

Table-8.16 Gross Soil Erosion in 1994

Soil Loss from

River Basin| ~ Whole Basin - Area - Gross Soil Loss

. (1000 ton/yéar) {1,000 ha) (toivha-year)
Cinzas © 33,066 © 9329 36
Teuacu | 154,804 5,532 28
Harare ~ - 2,439 s _ 5
Ivai ' 115,309 ' 3,588] 32
Piquiri - 66,328] 2,471 27
Pirapo ' - - 9,387 S0 ) 19
Ribeira 27,471 . o3} . 30
Tibagi - 58,568 2,464 ' 24
Total 467,372 16918 — ,
Average -— ) — 28

Area; area only within Parana state

Problems associated with current soil érosion are summarized as follows. Althourgh each
problem interacts with one 'molher simple identification was tried to figure out main

problems.
-at ﬁeld

- low crop productivity induced by soil degradation

- increase in fertilizer application resulting higher cost

- abandonment of lari_d and stimulation of migration to urban area
in a river basin .

- higﬁ sediment yield

- - degradation of ecosystem

- water contaminz_itioﬁ
8..3,2 Suspended Scdiment
(1) Suspended Sediment Load

The eroded soil is transported downward with runoff and some is deposited more flat place
duc to the reduction of flow velocity, while some reaches 1o a stream and moves further as -
suspended sediment and béd load. A correlation between suspended sediment and

- discharge was examined i n ordcr to assess the average annual suspcnded sediment yield of
" each rwer basin.

The dala of suspcndcd wdlmcnt mcasurcd is available in 1AP, DNAEE and COPEL. The
sediment in mass per time and discharge were plotted in logarithm, Logarithm of
suspended scdiment, S (g/s), somchow correlates linearly to logarithm of discharge, Q
(m3/s). The relation between S and Q of each river basin obtained is shown in Table-8.17.
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Table-8.17 Q vs. S Relation” -

Log 8§ = aLogQ+tb

River Basin a_ L. b
Cinzas ' 1.728 0569
Iguacu . 1,269 0.487
Itarare i.839 0580
Tvai 2.191 1,423
Litorainca . 1.162] 1.089
Pirapo . 1.957 0,208
Piguiri . s . -0.229
Ribeira = ' - 23601 0.7341.
Tibagi - 1,167 1.193

Flow regime of each river basin is available as a sesult of the hydrol()gical. analysis in the

last 20 years (sce scction 4. 3). From the flow regime, the mean discharge of a specific

penod in a year is obtainable, Annual unit suspended sediment (ton/kniZ-year) of each :

river basin was computed applymg the flow reglme to S and Q relation. The result is
- shown in Tablc-S 18. :

- Each river basm was comparcd 1o olhers in terms of unit suspendcd sedlmcnl per year,
ton/km2.year. As a result, Ivai, Piguiri, Itarare and Cinzas yield suspended sediment
higher than others.: The annual suspended sediment in the Fguagu river basin is low on the
contrary to the expectation. The reason is that there are several dams in Iguagu river basin
and some of suspended sediment is deposited in dam reservoirs. Since no estimation of
sediment deposit in the reservoirs is available, the effect of reéscrvoirs on sediment
transport is not predictable. '

(2) Sediment Delivery Ratio

The sediment yield is defined as the total sediment, thé suni of suspended ‘Scdiment_a_nd
bed load, delivered to a cerlain point of a river basin from its upstream area, and the
sediment delivery ratio, SDR, is a fraction of the sediment yi-j:I_d to the gross erosion.

Since suspended sediment is a main problem in Paran4 associated with water quality, bed
load was assumed not significant compared to suspended sediment. Thus, SDR was
computed by means of the fraction of suspended sediment to gross erosion. SDR was also
computed with the following equation determined by the United States Soit Conservation
Service (1971), USSCS. The equation shows the rough rclauonship between sedlmcnt and
river basin area.

SDR =0.3320x"022%
where . SDR: s:edin'lcnt delivery ratio, x: river Eésin afcé (kh'@) '

The result is shown in Table-8.18. Although SPR computed by gross erosuon fmd
suspended sediment excludes the bed toad and SDR by USSCS is just area dependable,
thosc figures are similar order magnitude, except Itarare. It implies that sediment yicld in
a large scale is more dependent on area dug to sediment dcposntlon. -
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Table-8.18 Estimation of Sediment Delivery Ratio

. ; . 1 GSL - UAS - AS -
R“?r_ Basin | Atea (km.) (1,000 tonfyear) | (ton/km’year) { (1000 tov/year)
Cinzas 9,290.7 - 33,066 - R4 780
Iguacut 55,318,0 154,304 ' 138 996
Itarare* - 5,197.9 2,419 .97 504

lvai 35,878.9] 115,309 137 4915
Piquiri 24,707.9 66,328 ' 106 2,619
Pirapo - §,0059 9,387 : 69 . 345
Ribeifa* . 9,129.3 27,471 hYi ‘5201
Tibagi -1 24,634.7 . 58,568 31 : 764

- GSL: Gross Soil Loss, UAS: Unit Annual Suspended Scdiment, AS: Total Suspended Sediment,
_-SDR: Sediment Delivery Ratio, SDR US: Sediment Delivery Ratio estimated by USSCS relation
Note: SDR in Fguacu is low due to reserv olrs.

*: Area is only »\nhln Parana state,

* (4) Eroston Suéi:eplibi!ily of River Basin's '

Erosion susceptibility of 8 river basins was evaluated based on estimations of gross

erosion and suspended sediment as shown in Table-8.19. Most of river basins in Paran4,

- except Itarare, are suffered from exceeding permissible level of soil erosion and
contamination of water. Among them, Ivai, Piquiri and Cinzas arc ranked at hlgh erosion

susceplibility and high riegative effect on ‘the water environment. " Therefore, proper land
management and urgent 1mplcmcntallon of countermeasures are required, especially in
lhosc basms

“lable-8.19 Evaluation of Erosion Susceptibility of River Basins

River Basin GSL 58
Cinzas I
Tguacu 4 ]
* Itarage - -1 4
. [vai S 3
~ Piquin 4 4
Pirapo 3. 3
Ribeira 4 2
. Tibagi 3 2
[~ Ran o ;
i tolerant 0-8 - 0-30
2 moderate g-16 31-60
3 medium 17 - 24 61 - 90
[4 severe - 25-3 91 - T20
3 very severe < 1215 .
§ torvha tonkm*year

unit
GSL: Gross Soil Loss
$5: Suspended Sediment

833" .Slratégy for Soil Conservation
(1) Criteria

The sml conservat:on is to comrol lhe erosion bclow a lhrcshold level depending on

cnter:a. Thréshold which only maintenance of soil fertility is considered as eriteria will be

dlﬂerenl from one ‘which both soil femhly and water environment are considered. Since

one of objec(wes of this s{udy is to improve the water environment, it is necessary to
“suppress the effect of soil erosion on the downstream. However, criteria to determine the
: lhreshold of erosncm control are not available in Parané SO far '

-'Based on worldwnde researches Morgan (1980) approx:mated Ihe appmpnatc values of
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the maximum pcrmissiblc soil loss in terms of area. The permissible soil loss from the

area more than 10 km? is 2 ton/ha-year and ones from medium scale and field siz¢ are 11 -

and 25 ton/ha-year, respectively. Since the areas of subjected river basins range from
5,000 to 55,000 km*, 2 toi/ha-year is a threshold, However, this value is considered as too
strict to be unplemcmed in next twenty years. Therefore, 11 ton/ha-year was adopted as
the threshold of soil loss to propose the Strategy by the year of 2015 and 2 ton/ha-year will
be dchieved in successuon

2) Countermeasmes‘

Soil conservation measures consist of agronomic measures, soil management and
mechanical measures.  Agronomic measures and soil management are effective on
detachment and transport of soil pacticles, while mechanical measures are mostly effective
on transport. The combination of agronomic measures and soil managément usually
results in successful soil conservation, and mechanical measures without agronomic
measures are rarely effective to soil conservation. '

1) Mechanical Measures

Terracmg is a slrong measure (o reduce mnoff velocity and induce sedlment deposmon in
the drains. As a resull, sediment yleld from a field decreases Besides, terracing has a
~ multiplicative effect on erosion by means of reducing slope length

The effect of terrace on the suppression of soil erosion was exammed assumring'lhat slope
is 8 %, soil erodibility is 0.03 and no cover and management factor, C=1. Regardless of
rainfall energy, the soil Joss is reduced to 13 % of one with the appllcatlon of contouring
alone.

According to EMATER, several types of terracing has been currently applicd to 3,000,000
ha of crop land, about 50 % of the total crop arca. By the year of 2015, 300 % cover of
terracing is essenual for soil consérvation.

Olher mechanical measures should be conmdered for lhe soil conservation in Paranﬁ are as
follows. :

a) contour bunds and buffer s(rtps, especnal!y where sandy soil is dominant and
terracing does not work well :

b) contouring

¢) road improvement with proper surface cover and dramagc syslem is
essential.

d) gully erosion control

Gully erosion is induced by the concentralion of mnoff ‘Therefore, runof f
must be reduced by land use management aid controlled by dramage system.
Land use management is mulches, grasses, (rees and their combination to
decrease flow veloc:ly with surfacc roughness and mcrease mﬁl{ranon '

In the Northwestern region of Parané the gully eros:on in urban areas is a
serious problem due to the improper drainage system. In these areas, drain

-water from a town must be conducted 1o several outlets if possible to avoid

- the concentration of drainage and measures to reduce flow velocity, such as
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encrgy dissipator at an outlet, must be applied. .
-e)} sediment sctllemcnt pond

For the river basin management, sediment scttlement ponds locatcd at
downstream cnd of a field are effective to reduce sediment yicld. Concrete

- lining ponds ar¢ casy to clean sediment setiled. This measure is costly and
only recommended to where other measures do not satisfy the permissible
sediment yield. '

2) Agronomic Measures and Soil Management

The aim of agronomic measures is to increase surface cover and infiltration, As a result,
surface runoff is minimized and permissible soil loss is achieved. Since mechanical -
measures must be combined with agronomic measures, agronomlc measures are crucial
factors for soil conservation.

Agronomic measures and soil management vary with crop, rainfall energy, land relicf and
so on. Therefore, the determination of countermeasures involves the careful evaluation of
each factor associated with soil erosion. Common agronomic measures and soil
management are summarized hereunder and the detailed is not discussed.

a} proper spacing of crop strips

b) propér crop calendar

¢) maintenance of soil fertility with application of fertilizers and green manure
- d) intercropping '

¢} mulching'and residue cover

f) permén'e'nt vegetation cover

2). stabilization of aggregate
" h) tillage practices

Inadequate application of tiltage induces negative effects on soil properties,
such'as generating a hard pan due to excess operation of heavy machinery,
soil crosion due to excess clearing and so on. Thercfore, the proper
management must be guided to farmes.

Non tillage was first introduced to Paran4 state in 1972, At present, the area
- has expanded to approximately 760,000 ha which covers about 10 % of the

crop land. Considering the advantages, non tillage is expected to expand 50
" % of applicable crop land by the year of 2015. Main posilive effect of non

tillagc on soil crosion is 1o maintain surface cover throughout the year.

3) Assessment of futurc soil erosion with stralegy

As a resu!t of exammauon of countenneasurcs, the sonl conservation strategy in Parana
state is summarized hereonder and the effect of the strategy was examined by USLE
application. To achieve the final goal by the year of 2015, countermeasures of soil erosion
slipulated must be implemented through the close cooperation among individuals and
_authorities concerned.



Soil Conservation S!ralegy by the year of 2015 are summarized below.,

threshold 11 ton/ha-year
esscnual nieasures
1) 100 % application of tcrracmg wnlh contourmg to crop land and pasture
- "lmprovemem of farm roads with proper drainage ' -
3} 50 % application of non tiilage to crop land

4) application of agronomic measures and soil managemcnt depcndmg on
factors associated w:lh erosion problem

. 5) . proper land use
6) increase foresi area
micasures if required

)} sedlment setlement pond

2) 1mprovemcm of urban dramagc syslcm for gully erosmn

3) - drainage system with colleclmg channel, conduit and box at crop land

Among the countermeastures, terracing and non tillage are the most effectlve measures to
suppress soil crosion. Therefore, only these two were applied to assess the gross erosion
in 2015 quantitatively and examine the cost and benefit of measures.

The result is shown in Table-8.20 with suspended sediment expected. The gross erosion
from each river basin is drastically reduced to 32 % - 19 % of the current gross erosion.
Since other measures are not counted in estimation, the result is considered as an
underestimation. It means that less gross erosion would be expecled than estimated vatue
if the strategy was 1mplemenled fully. :

Assuming that the sediment delivery ratio does not vary with any soil conservation
practices, the future suspended sediment yield was computed. The reduction of suspended

sed:mcnt load would contr:bute to better ecosyslml and water quahly §;
Table-8.20 Grass erosion and 'SuSpc'nded_‘Se(_limén!: in2015
\ o 2015
Eeosion from . g i
River Basin _ Arca Whole Basin . | GrossSoitLoss { - Sediment - . - AS
. {1,000 ha) {E000 tor/year) {ton'ha-year) Dclnery Raho (IOCO tory¢ar)
Cinzas 929 6,521 ' 1 0.024 - 157
|1 geacu 5,532 - 45873 g 0.006 -7
{tardare - ) 618 | . 0.207 B © 140
Ivai 1,588 26,468 8 0.041 ) 1,267
Piquicl 241 17,955 3 - 0,036 ¥ 00
Pirapo 501 2,845 -8 0037 T B
Ribeira 213 7,229 8 0.019 oo 13T
Tibagi 1 2,454 17195 B oo1a] - o amf
Average - - 8] nE : '“w]

AS: annal suspeaded sediment
AS for 2015 was mmpuls:d applying me same SDR for I9‘94
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~ (5) Cost and Benefit
i) Cost -

The costs for terracing in Paran4 are available in EMATER. The costs vary with type of
terracing and machinery applied. For example, the cost of impoundment terrace is
approximately 120 US$/ha and one for large base terrace is 35 US$. Considering the
popularity of type of terrace, 40 US$/ha was adopted to estimate the cost for terracing.

The costs for non tillage are mainly purchase of planters and herbicides. According to
Derpsch et al. (1991), the costs for soybean and corn planters, 6 and 3 rows respectively,
range from 4,700 to 7,900 US$, and farmers usvally have two kinds of planters, one for
- narrow space planting and another for medium or wide space planting due to less

efficiency of universal machmery For the calculation sakc, the followmg assumption was
made. . :

a)  Average machinery cost is US$ 6,500
"b) Machiriery lasts ten years, Therefore purchase within 20 years will be twice.

<) Universal machmery overcomes its less cfﬁc:ency Consequently, farmers
have only oné niachinery.

d) Maintenance costs are ncgl:giblc.l _
¢) - Farmers already adopting non tillage also purchase machinery lwice by 2015.
i f)- -The costs for herblcldes is not considered, _
g) ,Non lrllage is apphcable to crops consrdercd except coffce and pasture.
L h)- One machinery covers 200 ha planting in accordance with the average area

of medium size farmers who are major to practice non tillage.

The total cost for soil conservation measures in next twenty years is US$ 443 million as
i :shown in Table-8.21.. If the measures were implemented evenly in next twenty years, the
cost per year would be US$ 22.2 million .

- 2) Benefit

Paran4 Rural Project has estimated nutrient loss compensated by fertilizers assuming the
average soil loss of 20 ton/ha-year and enrichment ratio of 1.0. Consequently, the losses in
" whole Paran4 statc are US$ 60 million per year for nitrogen and US$ 5 million per year for
potassium.

. H soil conservation measures were implemcnted according to the sirategy, 28 ton/ha-year
‘in 1994 would be reduced to 8 ton/ha-year in 2015. Applying simply the ratio of nutrient
loss to average soil erosion, nutricat loss in 1994 and 2015 were compared.
1994  US$ 84 million per year for N US$ 7 million per year for K
2015 US$ 24 miltion per year for N US$ 2 million per year for K
| ~The cost to compensate the nutrient loss will be reduced to 30 % of the current one. This

_saved cost is considered as benefit. The benefit is effective one year later after the
implementation of countermeasures. - ' '
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SANEPAR has estimated the annual cost to purify water due to the suspended sediment at
US$ 217 thousand. The cost for water purification in 2013 was estimated by a comparison
between the total annual suspended sediment in 1994 and 2015 assummg that US$ 217
1housand was spen! for water punﬁcai:on n 1994

1994 - US$ 217 thousand
2015 US$ 57 thousand

The benefit for watcr purification was approximated by the same way as lhc soil nutrient -
loss. :

The cffeci, total cost and bcncﬁt by the year of 2015 with the implemen‘talion of Strategy
are summarized in Table-8.21. The benefit is the saved capital with soil conservation
- measures. The total benefits by the year of 2015 arc US$ 683 million for fertilizer and 2
million for water purification, while the total cost for conservation measures is US$ 443
miliion. :

‘The increase in crop productivily is not analyzed; however, many researches show
increase and stabilization of the productivity by means of soil conservation practices. The
improvement of soif physical and chemical properties with soil conservation results in high
productivity and less inputs, such as fernh?efs :

3} Conclusion

According to the gross income of agricultural sector estimated (refer to Sectoral Report
Vol. E, Agriculture), 3,955, 4,993 and 5,659 million US$ in the year of 1993, 2005 and
2015, respectively. Annual’ cosls of conservation measures in 2005 and 2015 are 0.44 %
and 0.39 % to the gross income, respectively. Therefore, lhe cost is considercd as
affordable level and lots of capital would be saved,

Although the benefit estimation is very rough, the result shows that soil conservation
nieasures are worth to be 1mplememed and cost can be compensatcd by capalal saved and
gained. : :
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