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(1) war;wmm
JICA
ACARESC :
CASAN >
CEDEC :
CELESC :
CEPA .
CIDASC
DNAEE
DNER

DER

DNOS
ELETROBRAS
ELETROSUL
EMATER
EMBRAPA
EMPASC
FATMA
FGV
GAPLAN
GCPS

TRDF

IBGE

IBRD

ITAG

MA
MDUMA
PORTOBRAS
SAMARE
SUDEPE

ITAIPU BINATIOMAL : Entity for hydropower development of Rio Parana, whlch was established based on

(2) EE@I%‘H

Ea

mm : millimeter
cm  © centimeter
m : meler _
km : kilometer

W5

* Japan Intemationat Cooperauon Agency

Associacao de Credito e Assistencia Rural de Santa Catarma
Companhia Catarinense de Aguas e Saneamenio -
Coordenacno Estadual de Defesa Civil

Centrais Eletricas de Santa Catarina

Instituto de Plangjamento ¢ Economia Agricola de Santa Cataring
Companhia Integrada de Desenvolvimento Agricola de Santa Catarina

Departamento Nacional de Agua e Energia Eletrica
Departamento Nacional de Estradas de Rodagem
Departamento Estradas de Rodagem

Departamento Nacional de Obras de Saneamento

: -Centrai$ Bletricas Brasileiras S.A,

Centrais Eletricas do Sul do Brasil §.A,

Empresa de Assistencia Tecnica ¢ Extencao Rural
Empresa Brasileira de Pesquisa Agropecuaria

Empresa de Pesquisa Agropecuaria de Santa Catarina - -
Fundacao de Amparo a Tecnologia e Meic Ambiente - .
Fundacao Gemlio Vargas

Gabinete de Planejamento ¢ Coordenacao Geral

Grupo Coordenador do Plancjamento dos Sistemas Elefricos
Instituto Brasileiro de Desenvolvimento Florestal -
Instituto Brasileiro de Geografia e Estatistica

Internationat Bank for Reconstruction and Development
Instituto Tecnico de Administracao e Gerencia

Ministerio da Agricultura

Ministerio do Desenvolvimento Urbano e Meio Ambiente
Empresa Brasileira de Porios

Servico Autonomo Municipal de Agua ¢ Esgoto
Superintendencia do Desenvolvimento da Pesca

the treaty between Brazil and Paraguay

B

sorsec : second
min : minute
horhr : hour

d : day

yoryr o year



[jiit) ¥ * DA

em® @ square centimeter % i percent '
m?  : squarc meter . 9C - .1 degreeconfigrad
ha  : hectare : 10> @ thousand
km® : square kilometer - 10° : million
10° : billion
B _ .
em®  : cubic centimeter : m’/s - cubic meter per second
1 : liter
m®  : cubicmeter _ .
Jiil iy L Bl o
g T gram . - Cr$ . & Cruzeiro
kg : kilogram . . US$  : US dollar
ton @ metric ton ¥ : Japanese Yen -
50
Bz : Hetz
kv : Kilovolt -

kVA : Kilovolt Ampere
MW . Megawatt

KW : Kilowatt

GWh : Gigawatt hour
MWh : Megawatt hour
kWh : Kilowatt hour

vV : Volt
W T Watt
(3) =z

19006 HRIKBIIZREE USS1=0Cr$61.05=%150

(4) oM

GDP  : Gross Domestic Product

GRDP : Gross Regional Domestic Product
GVA + Gross Value Added

VA ! Value Added

PY ;. Production Value
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SR T2 KBHUIRO TR AR

Agricultural Area (2) _ Evaluaﬁon
No. Name of Scheme | Forest (1) (sq.km) _ Others Total for
(sq.km) | Farmland | Pasture {sq.km) | (sqkm) | (1) §{ @)
1. | Salto Pitao (1) 10 15 65 10
0.12 0.18 0.78 0.12 12] C C
2. | Salto Pilao (2) 10 15 65 10
: . 0.12 0.18 0.78 0.12 1.2 C C
3. | Ibirama - 20 15 50 15
0.10 0.08 0.25 0.08 065] C C
4, | Subida 40 20 25 15 o
0.08 0.04 0.05 0.03 02] C C
5. [ Ascurra 20 .25 45 10
1.40 1.75 3.15 0.70 701 B B
6. | Indaial 15 20 45 20
0.03 0.04 0.09 .04 021 C C
7. | Dalbergia 80 10 5 5
032 0.04 0.02 0.02 044§ C C.
8. | Barrada Pratinha 80 0 15 5
5.04 0 0.95 0.31 634 A C
9. | Barra das Pombas g0 0 10 0 :
19.17 0 2.13 0 21.3 A B
10, | Timbo 30 10 50 190 o
0.30 0.10 0.50 0.10 101 C C
11. | Benedito Novo 70 -0 20 10
_ 0.07 0 0.02 0.01 0.1 C C
12. | Alto Benedito Novo 40 10 40 10
0.04 0.01 0.04 0.01 i} C C
13. } Doutor Pedrinho 60 5 30 5
1.13 0.10 0.57 0.10 i9] B C
14, | Trombudo Centrat (1) 30 10 45 15
3.84 1.28 5.76 1.92 128 | B A
15. | Trombudo Central (2) 20 15 45 20
1.52 1.44 432 1.92 9.6 B A
16. | Botuvera 80 5 .10 5
247 0.16 0.31 .16 311 B C
Note:

(1) Water surface area is excluded from submerged area.

(2) Upper figures show percentages ; lower figures show area in sg. km.
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*#8.3 WELOFN

No. Name of Scheme Name of *1 *2 Assc:?ment
‘ ' River Type | Lithology | Dam Site | Waterway] Powerhouse | Reservoir| Material
1 | Salto Pitao (1) ajai 1 Or, Ss A/B B/C B AfB B
2 | salto Pitao 2 Kajai 1 Gr, Ss A/B B/C C A/B B
3 | Ibirama Itajai 1 Ry, Ss AfB B/C A AB B
4 | Subida Ttajai 1 Ry, 8s A A/B A A B
5 | Ascurra Hajai 1 Ry, Ss A/B BiC C AB B
" 6 | Indaial Tiajat 1 Gr B c/m c/m B ¢
7 | Dalbergia l1ajai do Norie 1 Gs, Gr A B B A B
8 | Barra da Pratinha Itajai do Norte | 2 Ss A - B A B/IC
9 | Baara das Pombas Itajai do Norte | 2 Ss, Md B - B B C/D
10 | Timbo Benedito 2 Gs AfB - B AB B/C
11 | Benedito Novo Benedito 1 Gr, Di AfB B/C B A/B B
12 | Alto Benedito Novo Benedito 1 Gr, Di AR B/C c/D A/B B
13 | Doutor Pedrinho Benedito 2 Ss,Md . C - C B/C c/
14 | Trombudo Central (1) T-rombudo 2 S5, Sh C - C C C¢D
15 | Trombudo Central (2) Trombudo 2 Ss, Sh C - C C cM
16 | Botuvera Ttajai Minim | 2 Ph C ; c c c
*1  Type1: Run-of river Type 2: Reservoir
®2  Lithology; Gr: Granite Ss: Sandstone Ry: Rhyelite
Gs: Gneiss Md: Mudstone Di: Diorite
Sh: Shale Ph: Phyllite
#3  A: Excellent B: Good C: Acceptable D: Poor




£9.1 FAEMHBROFHEN (1/2)

Run-of-River Scheme Reservoir Scheme
Average available flow which is Regulated ontflow (Qo) -
1. Firm discharge defined in item 2 obtained from a storage
_ _ draft curve '
2. Max plant discharge Qp=F(WUF) Qp=Qo/Pf
WUF = Ap f Ao Qp: Max plant discharge

WUF: Water uiilization factor
=0.5,0.6,0.7,0.8,09, 1.0

Qp: Max plant discharge
Ap:Average available flow, which
corresponds o the area below Qp
on a flow duration curve .
Ao: Average riverflow, which
corresponds to total area of the
flow duration curve

Qo: Firm discharge
Pf: Plant capacity factor
(herein assumed at 0.5)

Operating level and Head

1. Operating level

NOL=RL +h+Ho

=RL +h + (Qp/2)

NOL: Normal operating level
RL: River bed level

Qp: Max plant discharge

V; Flow velocity at trashrack =0.5 m/s
B: Channel width at trashrack

=4 x Ho {m)

Ho: Water depth at trashrack
=Qp/Bx V=(QpR)"

h; Sill height of intake =t m

Lowest minimum operaling
level: MOLmin = SEDL +

‘1 2xWDLA

MOLmin: Lowest minimum
operating level

SEDL: Reservoir
sedimentation level

[WDLA: Diameter of waterway

at flow velocity
of3~4m/s

2. Operating head

HGROS = NOL - TWL

HGROS: Operating head, gross
NOL: Normal operating fevel (EL.m)
TWL: Tail water level (EL. m)

Average operating level

and head '

AOL=FSL - 1/3 (FSL - MOL)
AHD = AOL - TWL
AOL:Average operating level
(m) |
AHD: Average operating head,
£ross (m)

FSL.: Full supply levet (EL. m)
MOL:Minimum operating level
(EL. m)

TWL: Tail water level (EL. m)




#9.1

S RIJ B ORI (2/2)

Hy’dropower Calculation

1. Power output

2, Annual cnergy

Po = 9.8 x Qo x (HOROS-HLOS})

" X EFE

Pinst=9.8 x Qpx
(HGROS-HLOS) x EFF
HLOS=axLl+bxL2+cx
L3+ Ah.

Po: Firm capacity (kW)

Pinst: Installed capacity (kW)
Qo: Average discharge (mn3/s)
Qp: Max plant discharge (m3/s)

HGROS: Average gross head between
average operating level and TWL (m)

HLOS: Average loss head (m)

L1: Length of headrace (m)

L.2: Length of penstock pipe (m)

L3: Length of tailrace (m)

a: Pressure tunnel; 1100
Non-pressure tannel; 1/1,000

b: Penstock pipe; 1/200

¢: Pressure tailrace;  1/700
Non-pressure tail race; 1/1,000

Al Other loss

EFF: Overall efficiency of

generating equipment = 0.84

(1) Firm energy

Efirm =98 x Qo x
{HGROS-HLOS) x EFF x 8760
Efirm: Firm energy (KkWh/year)

(2) Guaranteed cnergy

Eg =09 Efirm

Eg: Guaranteed energy (kWh/year)
(3) Secondary energy

Ei=98 x I x (HGROS-HLOS) x
EFF x 8760

Es=Ei - Ef

Fi = Average energy (kWh/ycar)
Es = Secondary energy (kWh/year)
I: Long-term average river
discharge excluding the parts of
daily discharges exceeding the
maximum plant discharge (m3/s)

Po = 9.8 x Qo x(AHD-HLOS)
x EFF
Pinst=98xOpx

(AHD-HLOS) x BFE

(1) Firm cnergy
Same as left column,

(2) Guaranteed energy

Eg = 0.9 Efirm

Eg: Guaranteed energy

(3) Secondary energy
Es=98(1-Qo}2x

(HGROS - HLOS) x EFF x 8760
Es: Secondary energy
(kWh/year)

I: Long-term average

discharge {m3/s)
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#13.1 SaltoPilao (1) EOHLLE

Work Irem Unit Unii Price  Quantity Amount
(USSY (J8$x1000)
L. Direct Cost
1. Dam
(1) Excavation cum i 15,800 111
{2) Concreic{Mass) com 80 30,850 2,468
(3) Concrete(Structure) com 140 2,060 288
(4) Reinforcing bar ten 1,100 83 91
(5) Bridge for Mainiehance LS . 26
(5) Spillway Gate ton 4,800 935 4,488
gl River Diversion Works LS - 2,230
8) Miscellaneous Work LS - 149
Sub-toal 9,852
2, Intake
(1) Excavauon cum 7 4,840 34
(2) Concrete cu.m 140 1,740 244
(3) Reinforeing bar ton 1,100 10 11
(4) Intake Gate lon 4.800 78 314
ES; Trashrack ' ton 2,600 43 n2
6) Miscellaneous Work .S - 18
Sub-total 858
3. Headrace tunnel
(1) Tunnel Excavation cu.m g0 250,800 20,064
{2) Lining Concrete cu.m 140 80,030 11,204
ESE Reinforcing bar ton 1,100 2,300 2,530
43 Work adit LS . 1,350
{5) Miscellaneons Work LS - 1,690
Sub-total 36,838
4. Surge Tank
{1) Shaft Excavation en,m 100 20,570 2,057
(2) Lining concrete cu.m 160 3,770 603
(3) Reinforcing bar 1on 1,100 190 209
?4} Surge Tank Gate on 4,800 85 408
5) Miscellaneous Work LS - 143
Sub-to1al 3,421
5. Penstock
(1) Shaft Excavation cu.m 100 < 13,560 1,356
(2} Backdill concrete cwm 164 1,190 1,179
53 Steel Liner ton 2,100 1,710 3,591
4} Work adit L.S - 200
(5) Miscelaneous Work LS 127
Sub-toal 6453
6. Power Station . i
(1) Excavation cu.m 7 73,140 512
{2) Concrete cu.m 140 27,860 3.900
{3) Reinforcing bar 1on 1,100 1,450 1,595
(4) Superstruciute (Main) Ceu.m 180 12,100 3,438
(5) Superstructure {Appurtenant) L.3 . i72
(6) Generating Equipment LS - 24,820
U; T/L&ESSS LS - 4,74)
(8) Miscellaneous Work L5 - 300
Sub-1o1al 39,479
7. Access Road
(1) New Construction Road Km 200,000 2 400
(2) Improvement of Existing Road Ken 90,000 2.5 225
(3; Bridge m 5,000 20 100
(4) Miscellaneous Work LS - 36
Sob-total 61
Total ef Item I 97,662
II. Compensation Cost
1. Relocation Road
{1) Road km 270,000 2 540
(2) Brdge m 5,000 20 100
Sub-otal 640
2. Land and house .
{1) Land sgkm 115000 B 150
(2) House nos. 7,350 74 544
Sub-towal 693
Total of Item IT 1333
IIl. Administration Cost 4,883
IV. Enginecring Service Cost 4,060
V. Physical Contingency 14,649
VI. Grand Total 122,587




%13.2 SaltoPilao (2) K@

Work Item Unit  Unit Price  Quantity Amount
{Us%) (USSx1000)
I. Direct Cost
1. Dam
(1} Excavation cm ¥ 15,800 111
(2) Concrete{Mass) ca.m 80 31,300 2,504
(3) Conaete{Structure) cu.m 140 1,700 238
{4) Reinforcing bar ton 1,100 68 15
{5) Bridge for Maintenance LS - 29
{6) Spillway Gate ton 4,800 855 4,14
& River Diversion Works LS - 2,580
8) Miscellansous Work LS - 148
) Sub-total 9,788
2. Intake
(1) Bxcavation cum 7 3,890 27
(2) Congete cm 140 1,400 196
(3) Reinforcing bar ton 1,1C0 k13 62
(4) Intake Gate on 4,800 56 269
i Trashrack ton 2,600 32 83
6) Miscellaneous Work LS - 14
Sub-total 651
3. Headrace tunnel’
{1) Tunnel Excavation cu.m 81 145,700 11,802
(2) Lining Concrete cLm 141 46,260 6,523
233 Reinforcing bar ton 1,160 1,030 1,155
4) Work adit L.§ - 600
(5) Miscellaneous Work LS - 974
Sub-total 21,033
4. Surge Tank
{1} Shaft Excavation cu.m 100 13,960 1,396
(2} Lining concrete can 160 2,840 454
(3) Reinforcing bar lon 1,100 140 154
(4} Surge Tank Gate ton 4,800 60 288
(5) Misceltanecus Work L.S - 100
Sub-total 2393
5. Penstock
(1) Shaft Excavation cum 100 14,110 1,411
EZE Backfill concrete cu.m 164 7,520 1,233
3) Steel Liner ton 2,100 1,550 3,253
E4) Work adit LS . 300
5) Miscellaneous Work L.S . 132
: Sub-total 6,331
6. Power Station
{1) Excavation cum 7 457380 318
(2) Congrete arm 140 17,290 2421
(3) Reinforcing bar ton 1,100 %00 990
(4} Superstruciure {Main) oLm 180 16,100 2,898
'(5) Supersuwucture (Appurtenant) LS - 145
{6} Generating Equipment L.S - 17,120
(M TLESS L.S - 3,481
(8) Miscellaneous Work L.8S - 186
Subtotal 27,559
7. Access Road
(1) New Construction Road Km 200,000 25 500
(2) Tmprovement of Existing Road Km 90,000 2.5 225
23) Bridge m 5,000 20 100
4) Miscellancous Work LS - 41
Sub-101al B66
Total of Itern I 68,642
11, Compensation Cost
1. Relocation Road
{1) Road km 270,000 2 540
{2) Bridge m 5,000 20 100
Sub-lotal 644
2. Compensation
(1) Land sgkm 115,000 13 150
(2) House nos. 7.350 74 544
Sub-toral 693
* Fota! of Item 11 1,333
- 1L, Administration Cest 3,432
IV, Engineering Service Cost 3,480
V. Physical Contingency 10,296
V1. Grand Total 87,183

61



#F1 3.3 Dalbergia O

Work ltem Unit UnitPrice . Quantity Amount
. {Us$) (LSS 1000
L Direct Cost
1. Dam
¢1) Excavation crm 7 22400 - 157
{2) Concrete{Mass) cirm 80 32,250 2,580
(3) Concrete(Structure) co.m 140 1,700 238
(4) Reinforeing bar 1on 1,100 68 - - 75
(5) Bridge for Maintenance L.S . : 21
(6} Spillway Gate ton 4,800 615 3,096
E?) River Diversion Works L.§ - 2,840
8) Miscellaneous Work LS - 154
Sub-toral Q168
2. Intake
(1) Excavation c.m 7 2,4%0 17
(2) Concrele : cum 140 900 i26
(3} Reinforcing bar ton 1,100 35 40
(4} Intake Gate - ton 4,800 30 144
{5} Trashrack ton 2,600 16 42
(6) Miscellaneous Work LS - : g
Sub-toral 378
3. Headrace tunnel Co
(1} Tunnel Excavation cu.m 84 158900 © 13,348
(2) Lining Cencrele cu.m 148 49,970 7396
(3) Reinforcing bar ton 1,100 : 820 902
(4) Work adit LS - . 1,900
(5)-Miscellaneous Work LS - 1,082
Sub-total 24,627
4. Surge Tank
(1} Shaft Excavation co.m 100 8,560 856
(2) Lining concrete cu.m 160 2,140 312
(3) Reinforcing bar ton 1,100 110 121
Ei? Surge Tank Gate ton 4,300 40 192
%) Miscellaneous Work LS - i 66
Sub-total 1,577
5. Penstock - .
El) Shaft Excavation cu.m 108 6,890 744
2) Backfill concrete - cu.m 164 3,720 610
(33 Steel Liner - ton 2,100 420 882
54) Work adit LS N 600
5} Misceilaneous Work LS - 68
Sub-total 2904
6. Power Station :
{1) Excavation cu.m 7 13,920 97
(2) Concrete cuam 140 5310 743
{3) Reinforcing bar ton 1,100 280 308
{4) Superstucture (Main} aLm 180 10,370 1,867
{3) Superstructure { Appurienant) LS - 1M
{6) Generating Equipment LS - 6,500
(D T/L&SS LS - 942
(8) Miscellaneons Work Ls - 57
Sub-total 10,646
7. Access Road |
{1) New Construction Road Km 200,000 33 650
(2) Improvernent of Existing Road Km 90,000 1.5 675
23; Bridge : m 5,000 0 0
43 Miscellaneous Work L5 - 67
Sub-total 1,402
Total of Item I 50,700
II. Compensation Cost
1. Relocation Road
(1) Road km 260,000 2.5 500
{2) Bridge m 5,000 5 25
Sub-total 525
2. Compensation
(1) Land sqkm 115,000 0.5 58
{2) House nos. 7,350 & 44
Sub-totaf 102
Total of tem I1 827
11L. Administration Cost ' : 2,535
IV. Engineering Service Cost _ 3,760
V. Physical Contingency : ©1.603
V1. Grang Total : 65,227




1 3.4 . Benedito Novo EOHEGRH

Work Item Unit Unit Price Quantity Amount
(US5) (USSx1000)
1. Direct Cost
1. Dam
(1) Excavation cLm ki 22,000 154
() Concrete{Mass) cum 80 26,100 2,088
(3} Concrete(Struciure) cu.m 140 1,170 164
(4} Reinforcing bar: ton 1,100 47 52
{5) Bridge for Maintenance LS -o- 12
(6) Spillway Gate ton 4,800 250 1,200
s River Diversion Works L.S - 640
8) Miscellaneons Work L.S - 123
Sub-total 4,433
2. Intake
(1} Excavation arnm 7 1,560 11
(2) Concrele cu.m 140 360 18
(3) Reinforcintg bar on 1100 22 24
(4) Intake Gate ton 4,800 14 67
E Trashrack ton 2,600 3 21
6) Miscellaneous Work LS - 6
i Sub-total 207
3. Headrace tunne
{1) Tuinel Excavation cum 92 22,200 2,042
{2) Lining Concrete com 158 7,600 1,201
Elg Reinforcing bar ton 1,100 107 118
4} Work adit L.S - 4]
(5) Miscellaneous Work LS - 168
Sub-total 3,529
4, SurgeTank .
1) Shafi Excavation cu.m 100 2,950 295
{2) Lining concrete cu.m 160 870 139
{3) Reinforcing bar ton 1,100 44 48
4) Surge Tank Gale ion 4,800 8]
ES} Miscellancous Work LS - 24
Sub-1otal 507
5. Penstock
1) Shaft Excavation cu.m 120 3230 388
§2) Backfill concrete cu.m 164 1,780 292
3) Steel Liner won 2,100 230 483
4} Work adit L5 - 200
: ES) Miscellancous Work L.S - 34
Sub-o1a] 1396
6. Power Station :
(1) Excavation cH.m 7 9,600 67
(2} Concrete arm 140 3,660 512
{3) Reinforcing bar lon 1,100 150 209
{4} Superstructure (Main) ci.m 180 8,780 1,580
(5) Supersrructure (Appurienant) LS - 126
{6) Generating Equipment LS - 4,300
%7) TILASSS LS - 1,140
8) Misceitaneons Work LS - 39
Sub-tolal 8,475
7. Access Road
(1} New Construction Road Km 200,000 1.4 280
{2) Improvement of Existing Road Km 90,000 0 0
{3)' Bridge m 5,000 3] 0
4} Miscellaneous Work LS - 14
Sub-tolal 294
Total of Item | 18,841
1L. Compensation Cost
1. Relocation Road
(1) Road km 200,000 i 200
(?) Bridge m 5,000 10 50
Sub-10tal 250
2. Compensation
{1) Land sqkm 115,000 02 23
{2) House nos. 71350 4 29
Sub-total 52
Total of em II 302
11I. Administration Cost 942
IV. Engineering Service Cost 34380
V. Physical Contingency 2,826
26,392

VI. Grand Total




#1 3.5 AltoBenedito Novo REOHR

Work ltem Unit Unit Price  Quantity Amount
(USS) (LISSx1000)
L Direct Cost
1. Dam
{1) Excavation cum 1 28,000 196
(2) Concrete(Mass) cu.m 80 12,000 960
(3) Concrete{Structure) cum 140 1,100 154
(4) Reinforcing bar . ton 1,100 44 48
(5) Bridge for Maintenance L8 - 10
(6) Spillway Gate ton 4,800 210 1,008
River Diversion Works L3 - 930
ES Miscellancous Work LS - 68
Sub-total 33715
2. Intake -
(1} Excavation cu.m 7 1,630 1
{2) Concrete cu.m 140 550 83
{3) Reinforcing bar ton 1,100 24 26
(4) Intake Gate ton 4,800 15 72
25 Trashrack ton 2,600 2 23
6) Miscellaneous Work LS - 6
Sub-total 222
3. Headrace tunnel
{1) Tunnel Excavation cu.m N 20,250 1,843
{2) Lining Concrete cu.m 157 . 6310 91
3} Reinforcing bar lon [,100 90 99
34 Work adit L.S - 0
S; Miscstaneous Work LS - 147
Sub-total 3,079
4. Surge Tank
(1) Shaft Excavation cu.m 100 3,130 313
(2) Lining concrete cum 160 500 144
(3) Reinforcing bar ton 1,100 45 50
Ed} Surge Tank Gate ton 4,300 0
5} Miscellaneous Work LS . 25
Sub-otal 532
5. Penstock
1} -Shaft Excavation cu.m 120 4,410 529
2} Backfill concrete ci.m 164 2430 399
3} Steet Liner ton 2,160 330 693
4) Work adit LS - 400
5; Miscellaneous Work LS - 46
Sub-total 2,067
6. Power Station
{1} Excavation cum 7 9,980 10
{2) Concrete cwm 140 3,800 532
{3} Reinforcing bar ton 1,100 200 220
{4} Land Slide Protection Work LS - 10,000
(5) Superstructure (Main) cu.m 180 8,780 1,580
(6) Superstruciure (Appurtenant) L3 - 126
(7) Generating Equipment LS - 5,000
%8 T/L&SSS LS - 1,353
N Miscellaneous Work LS - 41
Sub-total 18,923
7. Access Road )
(I} New Construction Road Km 200,000 2.1 420
(2) Improvement of Existing Road Km 90,000 0 i}
EB) Bridge m 5,000 10 50
4) Miscellaneous Work LS - 24
Sub-total 494
Total of Item [ 28,691
il. Compensation Cost
1. Relocation Road
{1} Road km 200,046} 0 0
(2) Bridge m 5,000 50 250
Sub-total 230
2. Compensation .
(1) Land sqdan 115,000 0.2 23
{2) House nos. 7,350 6 44
Sub-wotal 67
Total of Irem 11 317
Ili. Administration Cost §,435
1V. Engineering Service Cost 3,480
V. Physical Contingency 4,304
¥YI. Grand Total

38,226

64



i)

(i)

(iii)

(iv)

$£13.6 P—KRAZ V-V TR NL-REAEOHE (1/5)

Scheme identification
information

Hydrological and
topographic information

Scheme information

a)} Type of development
b) Development ratio

¢} Reservoir/pondage

d) Dam

e) Waterway

f} Discharge and head

g) Transmission line

h) Access road

i) Power

i} Preliminary cost

Onher information

’

¢

:

+

¥

1

i

+

‘

No. of scheme
Name of schemne
Name of river

Calchment arca

Average basin mean rainfail
Average runoff for the critical period
from April 1949 to November 1956
Key siream gauge

Full supply level/

normal operating level
Minimum operating level
Average operating Level
Gross siorage volume
Active storage volume
Dead storage volume
Sediment volume

Type of dam

Crest elevation

Crest length

Dam height
Embankment volume
Concrete volume

Number

Tunnel length
Channel length
Diameter of tunnet

Maxirnum plant discharge (Qp)
Firm discharge (Qf)

Effective head for Qp

Effective head for Qf
Tailwater level

Length
kV
Destinated sub-station

New access road
Improvement of existing road

Installed capacity
Firm energy
Guarantced energy
Secondary energy

Total construction cost
Cost per kW

Cost per MWh

Unit cost of guaranteed
energy

Submerged area
Submerged houses
Submerged farm land
Relocation road length
Bridge to be replaced

: 1
1 Salto Pildo (1)
: Itajai

(sq.km)
(mm)

1 5,597
: 1,530

1 911

(cu.mfsec)

: Riodo Sul

1 Run-of-river
: 0.7

(EL.m)
(EL.m)
(EL.m)
{mil. cu.m)}
{mil. cu.m)
(mil. cu.m)
{mil. cu.m)

: Concrete dam

(EL.m)
(m)

(m)

(mil. cu.m)
{cum)

(nos.)
(km)

(km)

(m)
{cu.my/sec)
(cu.m/sec)
(m)

(m)
(EL.m}

(km)

: 332
s 210
: 18

- 32,910

.
: 6.65

: 52

: T1.9
: 503
: 2005
: 2089
- 113

: 7

: 138
: Transmission line

(km)
{km)

(MW}

(GWh)
(GWh)
(GWh)

(mil. US$)
USSAW)
(USS/MWh) :

(USS/MWin) :

(sq.km)
(nos.)
{(sq.km)
(km)
(m)

(Rio do Sul II - Blumenau)

: 2.0
2.5

. 118.7

: I57.7 .
: 682.0

: 66,0

;1226

1,0327
161.8

17.2

: 4.65
: M4
: 0.18
;2

: 20
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(i) Scheme identification
information

(i) Hydrological and
topographic information

(iii) Scheme information
a) Type of development
b) Development ratio
¢) Reservoirfpondage

d) Dam

¢) Waterway

f) Discharge and head

g) Transmission line

‘h)  Access road

iy Power

i} Preliminary cost

(iv) Other information

b

|

+

:

f

r

No. of scheme
Name of scheme
Name of river

Catchment area _
Average basin mean rainfall

Average runoff for the critical period
from April 1949 o November 1956

Key stream gauge

Full supply level/
normal operating level
Minimum operating level
Average operating Level
Gross storage volume
Active storage volume
Dead storage volume
Sediment volume -

Type of dam

Crest clevation

Crest length

Dam height
Embankment volume
Concrete volume

Number

Tunnel length
Channel length
Diameter of tunnel

Maximum plant discharge (Qp)
Firm discharge (Qf)

Effective head for Qp
Effective head for Qf
Tailwater level

Length
kV
Destinated sub-staiion

New access road
Improvement of existing road

Installed capacity
Firm energy
Guarantced energy
Secondary energy

Total construction cost
Cost per kW

Cost per MWh

Unit cost of guaranteed
energy

Submerged area
Submerged houses
Submerged farm land
Relocation road length
Bridge to be replaced

(sq.km)
(mm) _

(cuam/fsec)

(EL.m)
(EL.m)
(EL.m)
(mil. cu.m)
(mil. cu.m)

‘(mil. cu.m)

(mil. cu.m)

(EL.m)
(m)

(m)

(mil. cu.m)
{cu.m)

(nos.)
(km)
(km)
(m)

{ch.m/sec)
{cu.m/sec)
(m)

(m)
{EL.m)

(km)

(krm)
(k)

(MW)

(GWh)
(GWh)
(GWh)

(mil. US$)
US$/KW)
(US$/MWh)

(US$/MWh)

(5q.km)
(nos.)
(sq-km)
{km)
{m)

2

: Salo Pildo (2)

t Ttajai

5,597
1,530
911

: Rio do Sul

. Run-of-river
: 0.8

+ 330

1’145

: Concrete dam
1 332 .

2 270

: 18

: 13,000

01
: 4.9

. 4.6

: 52.6
1 42,1
1 156.6
: 161.4
: 160

|
: 138

: Transmission line
{Rio do Sul 1l - Blume

1 2.5
1 2.5

: 67.8
1 490.0
1 441.0
: 279

: 87.2
: 1,2859
: 1779

: 199

: 4,65
: 74
- 0.18
2

: 200



(i} Scheme identification
information

(ii) Hydrological and
topagraphic information

(i) Scheme information

a)
b)
e

d)

<)

8

h)

i)

i)

Type of development
Development ratio
Reservoir/pondage

Watcrway

Discharge and head

Transmission line

Access road

Power

Preliminary cost

(iv) Other information

Y

i - No. of scheme

- Name of scheme
- Name of river

1 - Caftchinent arca

- Average basin mean rainfall
Average runoff for the critical period
from April 1949 1o November 1956
Key stream gauge

.

- Full supply level/

normal operating Ievel
Minimum operaling level
Average operating Level
Gross storage volume
Aclive storage volume
Dead storage volume
Scdiment volume

1

Type of dam

Crest elevation

Crest length

Dam height
Embankment volume
- Concrete volume

Number

Tunnel length
Channel length
Diameler of tunnel

Maximum plant discharge (Qp)
Firm discharge (QD)

Effective head for Qp

- Effective head for Qf

- Tailwater level

+

Length

Distinated sub-station

New access road
- Improvement of existing road

.Instalfed capacity
Finn energy
Guaranteed energy
Secondary energy

Total construction cost
Cost per kW

Cost per MWh

Unit cost of guarantced
energy

Submerged area
Submerged houses
Submerged farm land
Relocation road length .
Bridge to be replaced

i

]

'

F13.6 H—XKRA2 Y-y /ORI EREBRWOHE (3/5)

I .
: Dalbergia

: Itajai do Norte

(sq.km)
{mm)

1 3,212
+ 1,520

1 387

{cu.m/sec)

: Ibirama

1 Run-of-river
: 0.7

(EL.m)
(EL.m)
{EL.m)
{mil. cium)
(mil. cu.m)
(mil. cu.m)
(mil. cu.i)

1 215

1 1.85

: Concrete dam

{EL.m)
(m)

(m)

(mil, cu.m}
{cu.m)

(nos.)
Gk}
(km)
(m)

{cu.mfsec)
(cu.m/sec)
(m)

(m)
(EL.m)

(km)

: 217
: 210
21

: 33950

: Ibirama

(km)
(km)

(MW)

(GWh)
(GWh)
(GWh)

(mil. USS)
USS/KW)
(US$/MWh) :

(USS/MWh)

(sq.km)
(nos.)
(sq.km)
(km)
{m)

;33
e

: 159
: 1095
: 98.6
: 11.7

: 652
: 4102.3

595.5
65.6

.04



&)

(i)

(i)

(v)

F£13.6 MKy

Scheme identification
information

Hydrological and
topographic information

Scheme information

2} ‘Type of development
b) Development ratio
¢) Reservoir/pondage

d) Dam

e) Waterway

f) Discharge and head

g} Transmission line

h) Accessroad

) Power

)  Preliminary cost

Other information

Jem VSR B NSRBI OHE (4/5)

: - No. of scheme

- Name of scheme
- Name of river

: « Catchment area

Average basin mean rainfall -

- Average nunoff for the critical period
from April 1949 to November 1956
Key stream gauge

Full supply level/

normal operating level
Minimum operating level
Average operating Level
Gross storage volume
Active storage volume
Dead storage volume
Sediment volume

]

'

Type of dam

Crest clevation

Crest length

Dam height

- Embankment volume
Concrete volume

'

. . Number

Tunnel length

- Channel length

Diameter of tunnel”

Maximum plant discharge (Qp)
Firm discharge (Qf) -
Effective head for Qp
Effective head for Qf
Tailwater level

: - Length

- kV
Destinated sub-station

~ New access road
Improvement of existing road

+

Installed capacity
Firm energy
Guaranteed encrgy
- Secondary cnergy

Total construction cost
Cost per kW

Cost per MWh

- Unit cost of guaranteed
energy

Submerged area
Submerged houses
Submerged farm land
Relocation road length -
Bridge to be replaced

(5¢.Jm)
(mm) -

(cu.m/sec)

(EL.m)
(EL.m)
(EL.m)

(mil. cumn) - :

(mil. cu.m)
{mil. cu.m)
(mil. cu.m)

(EL.m)
(m)

(m)

(mil. cu.m)
(cu.m)

{nos.)
(km)
(km)
(m)

{cu.m/sec)
(cu.m/fsec)
(m)

(m)
(EL.m)

(km)

(km)
(km)

(MW)
(GWh)
(GWh)
(GWh)

(mil. US$)
(USS/KW)
(USS/MWh)

(USS/MWh)

(sq.km)
(nos.)
(sq.km)
(km)
(m)

1
: Benedito Novo
1 Benedito

1 386

: 1,510
113

: Timbo

: Run-of-river

1 0.6
1 277

. ¢ Concrete dam
1 279
170
23

. 27270

: 1
: 1.9

;2.8

: 13.9

: 84

: 1122
: 1153
1 160
;14

: Timbo
14
:12.8

: 69.8

: 62.9

: 11

: 264

: 2,061.9
: 377.9
: 40,6

: 0.18

: 10
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() Scheme identification
information

(i) Hydrological and
topographic information

(iii) Scheme information
a) ‘Type of development
b} Development ratio
¢) Reservoirfpondage

d) Dam

e} Waterway

f) Discharge and head

g) Transmission line

h) Accesstoad

1) Power

j}  Preliminary cost

{iv) Other information

[

Sy SCRE A NI oOESE (5/5)

No. of scheme
Name of scheme
Name of river

Catchment area
Average basin mean rainfall

Average runoff for the critical period
from April 1949 to November 1956

Key stream gauge

Full supply levelf

normal operating level
Minimum operating level
Average operating Level
Gross storage volume
Active storage volume
Dead storage volume
Sediment volume

Type of dam

Crest elevation

Crest length

Dam height
Embankment volume
Concrete volume

Number

Tunnel length
Channe! length
Diameter of tunnel

Maximum plant discharge (Qp)

Firm discharge (Qf)
Effective head for Qp
Effective head for Qf
Tailwater level

Length
kY
Destinated sub-station

New access road
Improvement of existing road

Insialled capacity
Firm energy
Guaranteed energy
Secondary energy

Totsl construction cost
Cost per kW

Cost per MWh

Unit cost of guaranteed
energy

Submerged area
Submerged houses
Submerged farm land
Relocation road length
Bridge to be replaced

.

(sq.km)
(mm)

{cu.m/sec)

112
Alto Benedito Novo
: Benedito

1 473
1 1,520

9.7

: Timbo

: Run-of-river
: 05

(EL.m)
(EL.m)
(El..m)
(mil, cu.m}
(mil. cu.m)
{mil. cu.m)
(mil. cu.m)

1 430

: Conerete dam

(EL.m)
(m)

{m)

(mil. cu.m)
{cum)

{nos.)
km)
(km)
(m)

(cu.m/fsec)
(cuan/fsec)
{m)

{m)
{EL.m)

(km)

1 432
: G0
1 19

. 13,100

21
: 165

. 29

147
: 1.3
: 109.2
: 1128
: 316

: 18

. Timbo

(kny)
(k)

(MW)

(GWh)
(GWh)
(GWh)

(mil. US$)
(USS/W)
(US$/MWh)

(US3/MWh)

(sq.km)
(nos.)
{sq.km)
(km)
{m})

21

;132
: 594
1 534
;111

: 38.2
: 2,8059
: 643.8

70.1

s 017
: 0.01

. 50












Work lem 1930 1991 1992 Work
s[slelzislehiolnalz|n12talals 6]z s ofioluiziviaja] hems
1st Stage | L
1. Field works 211
{1) Collection of data and their review i 11141} ]
(2) Preparation of desipn standard and plan of operation s ! 200 |
(3) Preparation of Inception Report ':L
(4) Hydrological investigation and sdy — 21.i64)
{5} Socio-economic survey T i rrrrrtae TLIGS)
(6) Present power marker survey eed | B 2).1(8)
(7} Review of planned power development scheme I ERREC]
(8} Map study on power development site 2.1.148)
{9) Preliminary enviroamental impact sarvey = 21119}
{10} Survey regarding cost estimate - 2.0, 1(10
2. Home works
2.1 Preparation of inventory for power potentia] sites i 212
(1) Calcularion of power output and energy ; 212()
(2) Eqtimare of construction cost = 21,242
(3} st screening e ! 21.2(3)
(4) Preparation of invemory for power potennal sizes = i 1.2 (4)
{5) Peeparation of Progress Report 1
2.2 Selection of promising projects | 213
{1} Formulation of basic power development plan Foi= 2.13¢1
(2) Estimate of constraction cosl i 21.3(2)
(3) 2nd screening = ) 23
(4) Preparazion of invenzory for promising project sites 2 2134
2.3 Preparation of power development plan i 264
(1} Srady on power demand forecas and system network =i b 11400
(2) Preparation of meny for hydroelecwic power development plan ik Hi 4
“(3) Preparaion of meau for altemarive thermal power sebeme = 114(3)
(4) Formuviation of power development plas = 21.4(4)
(5) Preparation of master program * = 11.445)
(6) Preparaion of Interio Report | A
204 Stage R
1. Derailed fiedd works H 211
(1) Topographic survey T | | 221405}
(2) Geological and construction marerisd surveys i : 22.1¢)
T(3) Faviroamental impaa suvey : : : 22113
(1) Compensatian meeey i - | P ojanie
(5) Survey for construction plaa i || i i 22.1(5)
2. Pre feasibility design i i 132 |
(f) Design of major facilities i | i . ] ] 23248}
(2) Coastruction plan and cost estimae I | { i 22212
(3} Calculaion of power energy [ - i P gy
(%) Economic analysis i o N XIS
{5) Environmental impact stody - HEE e i i (122
{6) Gverall evalvaion [ = IR R
(7) Pecparaion of investigation plan | o i P bofraae
] i H
(8) Preparstion of Draft Finat Repers ! " !
i e i
€53 Preparation of Final Report o ! i 2 E ;

omomm ; Field Work

: Home Work A 2 : Repon

B1.1 T
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Hydrological
investigation and
study

Review of planned
power development

scheme

Map study on
power
development site

Survey, regarding
cost estimate

Y

Calculation of power
output and energy

v

(1st)

Estimate of
construction cost

Preparation of

——® inventory for all of

power potential sites

4

1 st screening

Y

Preparation of
basic drawings

1

Estimate of
construction cost
(2 nd)

Preparation of
inventory for
promising project
sites

Y

2 nd screening

%

Preparation of
master program

4.1

AR O Ui




-POWER DEMAND (GW)

70

50

40

B6. 1 Hils PSR 5V 2 T B & R

—
e
POWER EXPANSION PROGRAM
(INSTALLED CAPACITY) I
-
_1._-_J .
R 'DEMAND_FORECAST '
] (MAX. DEMAND) |~
L~
”/
T -
//
By
1989 1990 1995 2000
YEAR

— 74 —




r'3‘

ENERGY DEMAND (x10 GWh)

300 .
/
/
/
//
I
- /
] /
B /
256 //
- POWER EXPANSION PROGRAM ]
- (FIRM ENERGY) fﬂ
] ////
//EmmomscAsT
200 |- [ A
e ///
{1/
150
1989 1990 1995 2000

YEAR .

B6.2 TS/ TR ARSEC B 2 THBEEET M & BRI I E




HEYOTHES

e

LWUU L BID LY TR

1'8H

&
"
-\Q.
£
e
g 0
e e JouBE » o
aor 5z 07 S5 0F 5 0 o) AN
31vos ) A
awanos worussay o & orpuprosnag
IWIHOS HIAM ~o-NRH T . .
oRqw}
HIOAHISIY PR YD DONLLSIXE 'l@
@] sbuvsdn); oiepiw o) A
NMODL/ALID A ol
o
wBAl e wnh o
Pl
anaoni3i
& ey
ROJIN :
sjuppiEely g o5 o1y p——
Di0AN OB . o % ”
o A7 § 80 0p o1y
rort @ =) \@@O
VO §04{U0Y 0.0 oy
:,.,‘p 2t .\.Q.\. 0L
erbEnJg W Y I\l‘ﬂ
0, - v ojinies %
,.7,.& & o e BLUBPILOLI
BqAI|GonS s
iy Y ~
= : S a1018 o odwog op oy
HW = L ar P
=2 AR on
=3
m.n.u. . ucn...om.o foiopul \ o DAnEY ey
= ol ooy 0, \.I..l\..\/\)\éza_m o 5 ojepoy
llllﬂOJ saiupbasn ) /\\ . g
mm ~ \‘ By o
= one_w/o\h.._«umc“m
A
pYudg v &
— 20000400 | aypoung Nzt
pre— TR © .

Q
010 50D Ol
’\/?l\

—

).

VEIANLOE | 8!
Z)MYYLNSD OGNBNOWL | G
() IVHLNDD 0onemodL] b1
" OHNI¥Q34 HoLnod gt
QAON -04123N38 07w | 21
OADN DLIGINEZE | 13

7 eawILot
SYBWOd Y0 YHEYB| 6
WHNILYHd va veuve| 8
L TR UL

avivani| 8

YHENOSY| &

vaians | ¢

YWYHIBI] &

{2) OYid OLIVS] 2

(L) ovud o1we |1

AN3KOE J40 IWYN 5N

SINIHIS Q3MHLNACI 40 LS

76



BRI ¢ Ls I RYR M B AR B

"6

=X
78 0% St oL 59 4 0s St ge pE6l
0
0s
A
| ' |CaoN ogbT~1dv §p6T)
| powsd monudl T
? 0t

|

£

il

JVY

WY

WV

W

&

<
a

00t

(qmopwmgo[) 23vi01§ J10ALaSIY 01 WB[EAInbY mding temod

77



2\3 [ 26 ¥ 25— Co ¥ (1) or1d 0ifES .ﬂ.mﬂﬂ

AVMEILYM 40 3THOMd
000°L 0009 000°S 000 000°¢ 000t 000°1 0
001

[

T -
S1LTAL T ﬂ/
/ / QT o
‘ ¢
woceo =1 m..
A [ S V2 P
% \/\//._\/ﬁomm TONS | 8
™ _ \ — g
. 0oy 1
; -
% /I\.\\\\)Itgr soeyms punoid euduo A
S | &

1 \peot ssa00v
AREZZ M G

o

: =4
8 NG *

RS
5 IS

Py

5300V g
. [

78




(€/2)

ooejros punoad [raifug

w 0Z o1 O EIVOS
w 007 oo 3V FTvOS
5 A1¥08
g4 NOLLDHES

———— ot

7
aut] paq JoAng

0£ETON

O FIv0S
V-V NOILDHES

Tar et

,,_.
Ul Poq 10ATY

I"

i

0LETON

IR ZE Y 3H — o 3z (1) O®lld OIES

I'¢e 1Tl

- g AIVOS.
NOLLVAETH WVHELSd

_|1<

_lm

>

)3

7|

NS L

280 _.|< B o
005'Z8 000's01 005°Z8
000'0LZ

mw
0se

@

¥ Z1V0S NV Id

=,
£

—

G0 038IPEaL]

<§Q

v

)

[ouum uoIsICAlg

PROI $ST00Y

NN

€

79



VENOYIBMOY

(€,/¢) NREWH—ox(Doedors ['¢I1H
JAIVOS. DAIVIS

q-9 NOLLDIS V-¥ NOLLOAS : _ 4 DUIVOS

w 01 S 0
- oot o.m o gEIVOS
) _ . VIIVOS

Iouf NS w 0% 00T 0

g J gRIvos
w g =AY ADOLSNAL A0 HIOAd
. —— poisuag
S TAL ™ ﬁi.}_w

2SNOYISMO]

vEIVOS Z<1E

-

m

Tinjai river

jipe %03’%
vu.—

l gogpms punotd rpundug
|

umoh $$900V

C._.J k! ang

f?

yuey 23ing

80



(¢ /1) RBEZ@WH—o¥@ordors z°¢ 1R
AVMYEELY A 40 FHOUd
000°¢S 000"y 000'€ 1000'T 0001 0
081 TAL © _w/ #
/ w 006'y =1
EM 9% = {| rouum povIpesyy
R d e
PP NN ==
W [ ooepins puncid [puifr
— " PSR !
= Sl
N A i AT \\.N d{.ﬂ@om qm_.._ v 27V
~ ] k\\\ =~
owzoﬁoaom\\\% \ m v g

h

m_ ﬁ%
i

o

i)
820
r,\
3

o D] v §T AR
17 - )y A
4 I N
4 f %

001

002

00t

ooy

SIOIRW UL UONIBAD[H

81



(€/2) REEMH—O0¥@OUCGOES Z2°¢ 1K

0 . 2 D FIVIS . q.37V0S
wok O . g FTVOS © NOILYAZTE WVTALSAN
w 001 05 0 v
; \ , W S g
w 00 001 g v EIVO : r _1

. \@\o_m ron e |
) & ,,._ g [28 ] i S B 4 Mll m R K’
2 92upns punoad jewdu
DHIVOS : a.w Ly 3 18 jeursug
g-4 NOILOIS 0SL'SOL 005911 0SL'9L
_ 000°0LT
7 vV JIV0S NV Id.
U] pOq 19ATY

JoULR] UOISISAKT

DETVOS
V-¥ NOLLDIS:
kv
N ~ . ,
_ N RS QU] PRq DAY
g eQrETa o
= N
Hemopiin =
i 40 TON.©
ﬁ 5 [ouun: RLIPBIH, N
oD / / ™~ PEOI §5300Y

X /.lo.nm

AN

872




(¢/¢) RHERHE—@¥@oegonrs Z ¢1H

r O g1V0S
2 dIvos 2 ATVOS w 1 s 0
g-4 NOLLOFS V-V NOLLOZS | . 4 F1v0s
w 001 0$ 0
r , Y JTVOS
w Q0¥ 00T 0
Bliti iy
¢ 4 g Z1v0S
w =Yg ] .. _
Ho0I5UDg FD0OLSNEd 40 d11d0¥d
o
T"TACL
OSNOYIIMOJ
v 3Iv0s woy=q v .1_
ouun) 95BIpUILL
N¥1d~ \ :
2oejns punosd puiduo P T

H
v
oD

DRI 55003y

1IPE oA, jue 23408
_

60z
[ouun] 93LIPUIH

B

83




(/1) REWH~o¥eSqrq £ ¢ 1R
AVAIELYM 0 TTH0Ud

000°6 000°'8 000°L 000'0 000'S 000'y .000°€ 000'T 000"t 0 001
- “.I.Iﬂ woos'g=1 |
8TL"TM'L H I . W 9°E = ( [ouun) 20eIpeay]
M T { _ S NP, . - 00T
. ﬁ | . e
< ava?o “ N— aoejans punoad jenug 00¢
= L
) (Y
%6% o&% 00t

,, e Q,_m hsm\\.&“_.wv.pw“wp%\m.
VIR S j :.,\w,w\w\mx\gd, ge
“., AN T 4,r“. . kK ._ O“ﬁ\\%ﬁﬂ&@ﬁ

mu

SI19)aui Ut UDHEAD[T

84




(£./2) EERMHE—Oo¥ebreq ¢ ¢ 1
3 2 FIVDS g 3IVOS
¢ 21vos zoﬁ<>mMm<2<m5mmD T_m

w00l 05 0
w00T 0T o BT | \9@ = //

EON.I o1 -

e TON— 5 ] : :
j—— i uzljvivt:_ g /ﬁ/
g-9 NOILLOZS . L v goepts punosd [pudug’
|
O 0082w 00052 oSty
———
000°012.

o] pog 3A1Y

V aIvos NYId

LT TON & J _ : \ \ \
[AtAgi} & ToATI SIION00 BRI\,
eIu] _ =
. N
000'01ZY ¢

| _
23IV0S /,/ 3
Y¥-¥ NOILOHS [ouuny poRIPEI] ] _-
, Butt o9 10wty
N . I o _
N1 0T 1E \\

JUUnN] UOTSIJAI]

%

|

S
=
mﬂm |Mw|.\\ ././
M SpInDy
{184 Spingy / \J,\ ) pROJ $5370Y £
A stz ToN ® ) f
ETs) ] W 05z !

85




(£/8) BEME—o¥uird ¢S TE

D TIVOS oEIVOS : . D TIVOS
g-9 NOILLOHES Y-¥ NOLLOAS w 01 & 0
: : g TIVOS
w001 08 o
~ - ¥ FIVOS
w 007 00T o

g FIVOS
MOOLSNAd 0 FTHONd

Joul 1g | i
. g
l.~ wog=Avq
H2015Udg
8T T LY g v =
wge=qg
[PUUN} 9TBIPLOH
R
- oy
¥ A1VOS 2BNCUIIMO] ooejans punosd [ew S0 L
. NV1d . *
e \ | ey v
\ S DEOI 58200 :
. | . ﬁ yuey 9dung

T9UUN} SORIPEIY
SNOUIOMACT

B6



Elevation in meters

200

1A% ecess road
g~ - N

¢
S

Original ground surface

<
/ﬁﬁ( W :

SEYenr

Headrace tunnel D =28m
: L=190m

\|
M&:LT.W.L. 160

0 1.000 2,000

PROFILE OF WATERWAY

1 3.4 Benedito Novo £ —#uix  (1.73)

a Al
X4
g

- 87 -




{(¢/2)
EON o1 3 2 d7V0S
w 001 g5 o & ATVOS
w 002 00l o ¥ IIVOS.
SEC
-4 NOLLO™S
QUL PG JSATY

6T 1

29IvVOs
V-V NOLLOHES

23,000

Sy LToNS

ausg poq 9Ty

T IeorETE

o
q b LT TON Y

FEFEHH—OF oroNONpIweg 7 ¢ T[H

g J51vOs
NOLLVAZTE WVTILSIO

ﬁli

_||..m

_u_.HE: ao_EozD

LLTTON™ 7
S esisi
L v r g
00008 000°0L 000°08
000°0LT
Y YOS

/

ooeHns punoid EUISLIO

88



= O

2SNOYIDMOJ

(€/¢€) REBEWH—0¥oroNopewg ¥ ¢ 17

—— D TIVOS

w $ 0
2 TIVOS O FIVOS
€-d NOLLOHS ¥-¥ NOILLOHS o, TS
E .
t — ¥ ATVOS
w 0P 002 0
Iauy (91§
g VoS
V 2IVOS MDOOLSNEd J0 AT1HO™d
NV1d
=7 wer=tvg
! Noo15UDg
L TMLS A
[ouun] 93EIpEIY / Y-
ASNOYIDMO, w gz=d

d [ouum 93mIpra]

oy,

/s TR
2ouns punodd jewSug -
ue omEmL .
(oo -
_ : X uw 08:ng
\ ~proz ssoow~

QQW

89



~ Dol :
' &

- A , drEs
VRS (g

agesp =i
Uil o eadrace tunnel =

y ‘_‘ i ‘| s Iﬁ o P Iy
At Befpdite N &
et A R
T 7 DA

SN

o _:

Py

Elevation in melers

500

400

300

200

100

.\-“il\_‘
e e

i "
o) Original ground sarface \;,s\\:
W= y, 12 |

NOL430 ¥
. .~

B /]

Headrace tunnel. p=2.9 1

L=1650m

0 1,000 2,000
PROFILE OF WATERWAY

13.5 AloBenedito NQVO'%U);F&LﬂEE}E (1/3)




(€./2)

\ . D FIVOS
w 02 01 0
00T Y 3 & E1VOS
: . ¥ TIVOS
w002 001 0
5 IIVOS
-2 NCILOES:
dusrs ..\»»_ :
ouly paq 1oAY
DEIVOS
Y¥-¥V NOLLDHS

19,000

VT

BN

¥ osoNONpIUI Ay G ¢ T
§ AIVOS
NOILVAHTA WVZILSdN
ﬁli j.m
e e A
0EF "1 O N2 #
\ oS A, T A T SN
S a ~ B 1 1% 72
oen
Ly g
| 0sL91 005°9$ 05L'91
00006
¥ a1vos
NYId

N

L ./“
OUJ] POq I0ATY

e U

0P TOR &~

peoI m884

soepns punosd jeurdzg
N

—

10UURN] UOISIOAICT

U

91.



(€/¢) HEBEWFH—O}]ooNoupugony G- ¢ 1[F

2 TIV0S

0 4108 O 4IVOS ¢ A 3
g-d NOILLOHES V=¥ NOILDdS

r g 9Iv0s
w 001 05 0

e . : ¥ A1¥0S
.\\_ : w 0ov 00z 0
</

Tout] 9918

g AIVOS
MOOLSNEd 40 FILIOUd
v AIVoS
NVId : g 11_ weT=AYq
JOALL O}TpaUag o094

— '
\(\,\\I\ 9LE TM'L
1PE HIOM,

DEOI $5200W

) — \N ENOYIIMOG

. Touurn) 90eIpEdH ooepans purosd rewt 8y

vﬁ A4 J
wgz=a
[QuuUnt 92eIpeoL]

Nue 98ang _w A A4 .o._

yum ofIng

92




EEEE S  EE ML

el Tamod Jo Suuoissiuwo)y
wenuo) pue Suuspudl,  D/L

A

¢ LMD IEE 9°C T

uS1S(] PR : /g
2INPAOIJ UROT ¢ "]

Apmig Anpiqiseay: g/

SMON
. ($ SN 1A _
9°0¢ &L 1 901 | 6L L' T | juswasingsip
[eriIY
h uotansHo) o QAQN O
b L] . 1IPAUD
DLF AT v b SWaiy NOuPILRg
a/a Eﬂ.ﬂ.! oM oL €1
S/d UMDY (M
[BI0L 000Z ;6661 8661 { LO6L | 9661 | S661 | ¥661 | €661 1eax ASz0ug / 19m04 auatag jo auEN
. . ($ SO THBA)
769 §9 19T g6l | 0¢l LT ¢ JUDWIISINGSIP
[pnuuy
EE
V ‘o udiaansuo Eﬂhﬂrﬂ e1810qte(]
o/ILEdM !uuaﬂ\gg SwaT
Q| yopm | 01T | 91
/4 Umo) KM
801 0107 | 600T | 800T | L00T | 900Z | S00T | v00T .| €£00CT | 700Z Jedx AS1oug [ Imad SUBYIS JO SURN]
‘1
8971 | €TI | 06F | 89€ | S¥T Lz §1 u%ammhm%
[enuy
Lpuannsuop et (1) oeiig 0lfeS
/Ll ST SUIN} :
a/q !Hﬁmxmhaﬂﬂn HIOM, o 611
UMDY (M)
[e10L 000T | 6661 8661 | L66] | 9661 | S661 | ¥661 E66L | 7661 I KS1ouq / Iomog DUYDG JO FUIEN

93



PEFMBRUTAY V¥ —28—Frny X}

JICA Study Team

L KUNO

S. OHNUMA

0. NAKAHIRA

M. SAKAMOTO
S.IKEDA

M. KANDA
R.KUBOTA

S. MINATO

T. HIRUTA

J. IWAMOTO (Interpreter)

g4

CELESC

JOSE ARFONSO DA SILVA JARDIM
ALVARO CAMARGO

HARILTON SAVI

PEDRO PAULO ALVES CUNHA
BENHOUR DE CASTRO ROMARIZ FILHO
IVO D'AQUINO

NORBERTO SCHAEFFER

OLGA MARIA CARNEIRO DOS SANTOS
NICOLAU JORGGE SARDA

MARIO CONSUELO SILVA SANTOS
ROBERTO MASSAO TATEMOTO

JOAO ALCIONE COVOLAN

AGUINALDO CHILOMER

MARCIO FERNANDO ZIESEMER
ALTAIR WAGNER






f
- .
. - . . ) '
- 1 . . ;! + . ‘
o B . . .
i > 1
! ’ i .
. . . .
'
. . .




	表紙
	中表紙
	16包蔵水力地点の位置図
	目次
	略号
	Ⅰ. 序論
	1.1 調査の背景
	1.2 調査の目的及び範囲
	1.3 調査実施の経緯
	1.4 報告書の構成
	1.5 謝辞

	Ⅱ. 背景
	2.1 ブラジルの概要
	2.2 ブラジルにおける発電及び電力供給
	2.2.1 発電及び電力供給に関する行政及びその機構
	2.2.2 発電計画実施に伴なう法的手続き

	2.3 サンタカタリナ州
	2.3.1 人口
	2.3.2 経済
	2.3.3 土地利用
	2.3.4 インフラストラクチャー


	Ⅲ. イタジャイ河流域
	3.1 自然状況
	3.1.1 地形及び地質
	3.1.2 気象、水文
	3.1.3 土壌及び植生

	3.2 土地利用
	3.3 地域経済
	3.3.1 人口
	3.3.2 産業構造
	3.3.3 交通


	Ⅳ. 計画検討手法及び方針
	4.1 計画検討の基本構想
	4.2 計画検討手法

	Ⅴ. 水文調査
	5.1 序論
	5.2 低水流量
	5.3 洪水解析

	Ⅵ. 電力の需要と供給
	6.1 電力事業の機構
	6.2 既存の電力供給組織
	6.2.1 南部／南東部地区の電力供給組織
	6.2.2 CELESCの電力供給系統

	6.3 電力供給市場
	6.3.1 CELESC系統における電力需要
	6.3.2 負荷曲線
	6.3.3 CELESC系統における電力供給市場の経年的動向
	6.3.4 電気料金

	6.4 電力需要想定
	6.5 電力需給バランス

	Ⅶ. 環境調査
	7.1 序論
	7.2 環境影響予備評価
	7.2.1 評価の方法
	7.2.2 自然環境に対する評価
	7.2.3 社会環境に対する評価


	Ⅷ. 包蔵水力地点の確認
	8.1 序論
	8.2 水力開発の形式
	8.3 図上検討方法及び検討基準
	8.4 図上検討で確認された発電計画地点
	8.5 包蔵水力地点に対する地質的評価

	Ⅸ. 発電量計算
	9.1 序論
	9.2 ELETROBRASによる計画基準
	9.3 開発規模代替案
	9.4 発電量算定のための基準
	9.5 発電量算定

	Ⅹ. 概略設計及び概略工事費積算
	10.1 序論
	10.2 概略設計
	10.3 概略工事費積算

	XI. 包蔵水力のインベントリー
	11.1 比較案を含む包蔵水力のインベントリー
	11.2 各包蔵水力計画の最適案に対するインベントリー

	XII. 第一次スクリーニング
	12.1 スクリーニングに対する基準
	12.2 第一次スクリーニングを通過した発電計画

	XIII. 計画実施案の作成
	13.1 一般概要図の作成及び第二次スクリーニング用工事費積算
	13.2 第二次スクリーニング
	13.3 選定された発電計画案に対する計画実施案の作成

	付表
	表7.1 環境影響評価
	表7.2 水没地域の土地利用状況
	表7.3 水没面積、想定水没家屋数とその人口との関係
	表7.4 水没地域内における既設道路及び橋梁
	表8.1 図上検討で確認された発電計画案
	表8.2 地質上の評価基準
	表8.3 地質上の評価
	表9.1 発生電力量の計算基準(1/2)
	表9.1 発生電力量の計算基準(2/2)
	表11.1 確認された発電計画の最適案の目録(1/2)
	表11.1 確認された発電計画の最適案の目録(2/2)
	表13.1 Salto Pilao (1)案の建設費
	表13.2 Salto Pilao (2)案の建設費
	表13.3 Dalbegia案の建設費
	表13.4 Benedito Novo案の建設費
	表13.5 Alto Benedito Novo案の建設費
	表13.6 第一次スクリーニングで選出された発電計画の目録(1/5)
	表13.6 第一次スクリーニングで選出された発電計画の目録(2/5)
	表13.6 第一次スクリーニングで選出された発電計画の目録(3/5)
	表13.6 第一次スクリーニングで選出された発電計画の目録(4/5)
	表13.6 第一次スクリーニングで選出された発電計画の目録(5/5)

	付図
	図1.1 全体作業工程
	図1.2 全体作業の流れ図
	図4.1 計画検討の流れ図
	図6.1 南部／南東部電力系統における電力需要予測と電力供給計画図
	図6.2 南部／南東部電力系統における電力量需要予測と電力量供給計画図
	図8.1 図上検討で確認された発電計画地点の位置図
	図9.1 南部及び南東部電力系統における最渇水期間
	図13.1 Salto Pilao (1)案の一般概要図(1/3)
	図13.1 Salto Pilao (1)案の一般概要図(2/3)
	図13.1 Salto Pilao (1)案の一般概要図(3/3)
	図13.2 Salto Pilao (2)案の一般概要図(1/3)
	図13.2 Salto Pilao (2)案の一般概要図(2/3)
	図13.2 Salto Pilao (2)案の一般概要図(3/3)
	図13.3 Dalbergia案の一般概要図(1/3)
	図13.3 Dalbergia案の一般概要図(2/3)
	図13.3 Dalbergia案の一般概要図(3/3)
	図13.4 Benedito Novo案の一般概要図(1/3)
	図13.4 Benedito Novo案の一般概要図(2/3)
	図13.4 Benedito Novo案の一般概要図(3/3)
	図13.5 Alto Benedito Novo案の一般概要図(1/3)
	図13.5 Alto Benedito Novo案の一般概要図(2/3)
	図13.5 Alto Benedito Novo案の一般概要図(3/3)
	図13.6 3発電計画案に対する計画実施案と年支出計画

	調査団員及びカウンターパートのリスト
	裏表紙

