Master Plan Study for Rural Electrification by Renewable Energy in the Republic of Peru

Appendix I-24  Construction Cost for Huari Huari Power Station

I. Summary of Construction Cost for Huari Huari Power Station

Unit: US$
Work Item Construction Cost Remarks
1. Preliminary Works 33,662
(1) Access Road 24,687
(2) Facilities for Construction Office 2,737 [Cost of Civil Works x 0.05
(3) Transportation cost 6,238 [375.36ton x $16.62/ton
2. Cost for Environmental Mesures 547 |Cost of Civil Works x 0.01
3. Civil Works 54,746
(1) Weir 2,221
(2) Intake 3,498
(3) Settling Basin 3,774
(4) Headrace 5,972
(5) Head Tank 8,625
(6) Penstock & Spillway Channel 17,943
(7) Power House 11,291
(8) Outlet 1,422
(9) Miscellaneous Work 0
4. Hydraulic Equipment 55,800
(1) Gate & Screen 2,198
(2) Penstock 830
(3) PVC (500) 37,503
(4) PVC (¢200) 6,010
(5) Others 9,259
5. Electrical Equipment 53,900
6. Direct Cost 198,655 |1.+2.+3.+4.+5.
7. Engineering Cost 19,866 |6. x 0.1: Detailed Design and Supervision
8. Contingent Budget 19,480 (6.x0.098
9.1GV 45,220 19.00%
10. Total Cost 283,220
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Master Plan Study for Rural Electrification by Renewable Energy in the Republic of Peru

I1. Detailed Statement of Transportation Cost for Huari Huari Power Station

Items Unit Quantity Remarks
(1) Wier 17.05
a. Cements : 3.57 |Cement: 0.27ton per concrete 1m?
b. Coarse aggregate o 13.24 [Coarse aggregate: 1ton per concrete 1m®
c. Reinforcement Bars 0.23
(2) Intake 32.71
a. Gate 0.17
b. Screen 0.08
ton
c. Cements 6.77 |Cement;: 0.27ton per concrete 1m®
d. Coarse aggregate 25.09 [Coarse aggregate: 1ton per concrete 1m?
e. Reinforcement Bars 0.59
(3) Settling Basin 24.64
a. Cements t 4.94 |Cement: 0.27ton per concrete 1m®
b. Coarse aggregate o 18.30 |Coarse aggregate: 1ton per concrete 1m®
c. Reinforcement Bars 141
(4) Headrace 7.73
ton
a. PVC (¢500) 7.73 |Weight: 900m x 51.522kg/6m
(5) Head Tank 4751
a. Cements . 9.71 |Cement: 0.27ton per concrete 1m®
b. Coarse aggregate o 35.97 [Coarse aggregate: 1ton per concrete 1m?
c. Reinforcement Bars 1.83
(6) Penstock & Spillway Channel 173.99
a. Penstock Steel (¢200) 0.27
b. Penstock PVC (¢200) 1.44 |Weight: 173m x 50.000kg/6m
c. Cements o 36.62 |Cement: 0.27ton per concrete 1m®
d. Coarse aggregate 135.62 |Coarse aggregate: 1ton per concrete 1m°
e. Reinforcement Bars 0.04
(7) Power House 67.27
a. Cements on 13.70 [Cement: 0.27ton per concrete 1m®
b. Coarse aggregate 50.73 [Coarse aggregate: 1ton per concrete 1m?
c. Reinforcement Bars 2.84
(8) Outlet 4.47
a. Cements on 0.83 |Cement: 0.27ton per concrete 1m®
b. Coarse aggregate 3.08 |Coarse aggregate: 1ton per concrete 1m®
c. Reinforcement Bars 0.55
(9) Subtotal 375.36
(10) Transportation Cost 6,239 |(9) x $16.62/ton
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Master Plan Study for Rural Electrification by Renewable Energy in the Republic of Peru

I11. Detailed Statement of Civil Works Cost for Huari Huari Power Station

Unit: US$
Work Items Unit Unit Price | Quantity Cost Remarks
(1) Wier 2,221
a. Excavation m® 5.53 67.0 370
b. Concrete m® 93.05 132 1,231
c. Reinforcement Bars ton 1,070.00 0.2 250
d. Others ) 310 Eiar:rcblzsgnxgocltfﬂer dam construction, etc.)
(2) Intake 3,498
a. Excavation m’ 5.53 14.0 77
b. Concrete m® 93.05 25.1 2,334
c. Reinforcement Bars ton 1,070.00 0.6 631
d. Others ) 456 Eiar:rcbI:cCJ?nxgoclolfoer work, etc.)
(3) Settling Basin 3,774
a. Excavation m® 5.53 40.6 224
b. Concrete m® 93.05 18.3 1,702
c. Reinforcement Bars ton 1,070.00 14 1,505
d. Others ) 343 E?r:’cblzgznxg%tlhoerworks)
(4) Headrace 5,972
a. Excavation m’ 5.53|  900.0 4,977
b. Concrete m® 93.05 0.0 0
c. Reinforcement Bars ton 1,070.00 0.0 0
d. Others - 995 [6 g works)
(5) Head Tank 8,625
a. Excavation m® 5.53 154.3 853
b. Concrete m? 93.05 36.0 3,346
c. Reinforcement Bars ton 1,070.00 1.8 1,962
d. Others B 2,464 Enar:rcblzgnxg%:tz screen)
(6) Penstock & Spillway Channel 17,943
a. Excavation m? 5.53 659.6 3,647
b. Concrete m® 93.05 135.6 12,619
c. Reinforcement Bars ton 1,070.00 0.0 46
d. Others - 1,631 E?:g:g?nxg%“ll?ng works)
(7) Power House 11,291
a. Excavation m’ 553| 167.9 928
b. Concrete m® 93.05 50.7 4,720
c. Reinforcement Bars ton 1,070.00 2.8 3,038
d. Others ) 2,605 Eia;cki:tj?n);%rzgnage work, wooden
(8) Outlet 1,422
a. Excavation m® 5.53 65.2 360
b. Concrete m® 93.05 31 286
c. Reinforcement Bars ton 1,070.00 0.6 591
d. Others ) 185 Eiar:rcbI:cCJ?nxgoclolfoer work, etc.)
(9) Miscellaneous Work - 0 |=(1)-(8) x 0.05 not consider
(10) Subtotal 54,746
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IV. Detailed Statement of Hydraulic Equipment Cost for Huari Huari Power Station

Unit: US$
Work Items Unit Unit Price | Quantity Cost Remarks

(1) Weir & Spillway 0

a. Gate ton 8,811.04 0.00 0
(2) Intake 2,198

a. Gate ton 8,811.04 0.17 1,507

b. Screen ton 8,811.04 0.08 691
(3) Penstock Steel (¢200) ton 3,100.00 0.27 830
(4) PVC (9500) for headrace m 41.67 900 37,503
(5) Penstock PVC (¢200) C-10 m 34.74 173 6,010
(6) Subtotal 46,541
(7) Others 9,259 [19.89%
(8) Total 55,800
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Master Plan Study for Rural Electrification by Renewable Energy in the Republic of Peru

V. Quantity
(1) Weir
Excavation: V, = 869 x (Hgx L) = 67.01 (m%)
Concrete: .= 8.64x (HS xL)™ = 1324 (md)
Reinforcement Bars L= 0.0274 x V28 = 0.23 (ton)
Weight of Gate: W, = 0.145 x Q%% = 0.00 (ton) (unconsidered)
Where,
Hq: Height of Dam = 0.30 (m)
L: Length of Dam = 20.00 (m)
(2) Intake
Excavation: V= 171x (RxQ)°® = 1396 (m)
Concrete: V= 147x(RxQ%° = 2509 (m’)
Reinforcement Bars W, = 0.0145 x V%8 = 0.59 (ton)
Weight of Gate: W, = 127x(Rx Q)™ = 0.17 (ton)
Weight of Screen: W, = 0.701x (Rx Q)**® = 0.08 (ton)
Where,
D: Diameter of Waterway = 0.50 (m)
R:  Radius of Waterway = 0.25 (m) D/2 Assumption; Waterway Gradient = 1/1,000
Q: Maximum Discharge = 0.093 (m®s)
(3) Settling Basin
Excavation: V= 515 x Q™ = 4056 (m’)
Concrete: V.= 169 x Q"% = 1830 (m%)
Reinforcement Bars W, = 0.120 x V.8 = 1.41 (ton)
Weight of Gate: W, = 0.910 x Q%% = 0.21 (ton)
Weight of Screen: W, = 0.879 x Q%™ = 0.14 (ton)
Where,
Q: Maximum Discharge=| 0.093 (m%s)
(4) Headrace
In the case of PVCe@500:
Excavation: V,=BxHxL = 900.00 (m?)
Concrete: Vo= (Hxtx2)+(B+2t)xt)xL = - (m®)
Reinforcement Bars W, = 0.577 x (V/L)*®¥ x L = - (ton)
Where,
Q: Maximum Discharge = 0.093 (m°s)
L: Length of Channel = 900.00 (m)
B: Width of Channel = 1.00 (m) for excavation (2D from RIBLOC Brochure)
H: Height of Channel = 1.00 (m) for excavation (2D from RIBLOC Brochure)
t: Thickness of Concrete = = (m)
(5) Head Tank
Excavation: V, = 808 x Q™' = 154.33 (m%)
Concrete: V.= 197 x Q°™* = 3597 (md)
Reinforcement Bars W, = 0.051 x V, = 1.83 (ton)
Where,
Q: Maximum Discharge=| 0.093 (m?%s)
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Master Plan Study for Rural Electrification by Renewable Energy in the Republic of Peru

(6) Penstock & Spillway Channel

Penstock (Steel)200:
Excavation: Ve = 10.9x D, " ¥ x L
Concrete: Vg = 2.14x D, "% x L
Reinforcement Bars W,y = 0.018 x V,
Where,
Dy wg. Diameter of Penstock = 0.20 (m)
L:  Length of Penstock = 17.00 (m)

Weight of Penstock
Thickness of Penstock:
Where,

t, = 0.0362X H X D + 2

W11 Weight of Penstock 0.27 (ton)
tm: Thickness of Penstock 2.78 (mm)
Dy wg. Diameter of Penstock = 0.20 (m)
H: Design Head = 107.50 (m)
L: Length of Penstock = 17.00 (m)
Penstock (PVC)200:
Excavation: V.=BxHXL
Where,
Q: Maximum Discharge =/ 0.093 (m®/s)
L: Length of Channel = 173.00 (m)
B: Width of Channel = 0.87 (m)
H: Height of Channel = 0.87 (m)

Spillway Channel:

Wiy = 7.85X 10 X Dy Xty X10°x1.15 x L

21.79 (m?)
2.44 (m®)
0.04 (ton)

0.27 (ton)
2.78 (mm)

(Tensil allowable Stress: 1,150 kgf/cm?)

(Intake Water Level - Tailrace Water Level)

130.94 (m®)

from TUBOPLAST Brochure
from TUBOPLAST Brochure

(BxH)"0.5 = 1.09 x Q> = 0.44
Excavation: Ve =622 x ((Bx H)**)* x L = 506.86 (m°)
Concrete: V,=Hxtx2+((B+2t)xL = 13318 (md)
Reinforcement Bars W, = 0577 x (VJ/L)**® x L = 0.00 (ton)
Where,
Q: Maximum Discharge =/ 0.093 (m%s)
L: Length of Channel = 190.00 (m)
B: Width of Channel = 0.40 (m)
H: Height of Channel = 0.60 (m)
t: Thickness of Concrete = 0.15 (m)
Total Quantity of Penstock and Spillway Channel:
Excavation: V= Vei + Ve = 65959 (m%)
Concrete: V.= Ve + Ve = 13562 (m’)
Reinforcement Bars W, = W, + Wy, = 0.04 (ton)
Weight of Penstock W, = Wy = 0.27 (ton)
(7) Power House
Excavation: Ve = 97.8 x (Q x He® x n'2)°™ = 167.87 (m’)
Concrete: V. = 28.1 x (Q x He?® x n'2)°7% = 5073 (m%)
Reinforcement Bars W, = 0.046 x V1% = 2.84 (ton)
Where,
Q: Maximum Discharge =/ 0.093 (m%s)
He: Effective Head = 107.50 (m)
n: uantity Unit of Turbine = 1.00
(8) Outlet
Excavation: V, = 395x (RxQ)™® = 6518 (m)
Concrete: V.= 404x (RxQ)*® = 3.08 (m%)
Reinforcement Bare W, = 0.278 x V%0 = 0.55 (ton)
Where,
D: Diameter of Waterway = 0.50 (m)
R:  Radius of Waterway = 0.25 (m) D/2

Q: Maximum Discharge = 0.093 (m%s)

< Input Cell
: Calculation Cell
: Reference Cell
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VI. Unit Price 1USD = 3.00 S/. (as of November, 2007)
(1) Civil Works
Excavation
* — 3 . .
Open 553 (USsim’) (8.70+2.35) x 0.5 = $5.53./m , from (?APAECO and Fainal study on Omia
<Human power and Machine excavation>
Tunnel - (US$/m?)
Concrete
Open 93.05 (Us$/m®) |* from CAPAECO (average of foundation, wall and structure concrete)
Tunnel - (US$/m®)
Reinforcement Bar 1,070.00 (Uss$/ton) [*$1.07/kg, from CAPAECO
(2) Hydraulic Equipment
Gate & Screen 8,811.04 (Us$/ton) |* from final study on Omia
Steel Penstock 3,100.00 (US$/ton) |including installation
PVC (¢500) 41.67 (US$/m) |RIB LOC for Headrace
PVC (9200) 34.74  (US$/m) |80% of TUBOPLAST( ¢ 315) for Penstock (C-10) = 43.42 x 0.8 = 34.74
(3) Others
Access Road 5,877.89 (US$/m) |Constrruction of Footpath from Powerhous to Intake Site (1.0m Width)
(4) Transportation Cost
Juliaca to the site 16.62 (US$/ton) |237 km (road)
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Master Plan Study for Rural Electrification by Renewable Energy in the Republic of Peru

Appendix I-25 Construction Cost for Porotongo Power Station

I. Summary of Construction Cost for Porotongo Power Station

Unit: US$
Work Item Construction Cost Remarks
1. Preliminary Works 22,011
(1) Access Road 14,106
(2) Facilities for Construction Office 3,221 |Cost of Civil Works x 0.05
(3) Transportation cost 4,684 [413.07ton x $11.34/ton
2. Cost for Environmental Mesures 644 |Cost of Civil Works x 0.01
3. Civil Works 64,437
(1) Weir 2,221
(2) Intake 5,859
(3) Settling Basin 5,176
(4) Headrace 10,510
(5) Head Tank 11,134
(6) Penstock & Spillway Channel 17,205
(7) Power House 9,917
(8) Outlet 2,415
(9) Miscellaneous Work 0
4. Hydraulic Equipment 92,800
(1) Gate & Screen 3,913
(2) Penstock 0
(3) PVC (¢600) 65,637
(4) PVC (¢315) 7,815
(5) Others 15,435
5. Electrical Equipment 35,000
6. Direct Cost 214,892 |1.+2.+3.+4.45.
7. Engineering Cost 21,489 |6. x 0.1: Detailed Design and Supervision

8. Contingent Budget 20,619 (6. x0.096
9.1GV 48,830 (19.00%
10. Total Cost 305,830
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Master Plan Study for Rural Electrification by Renewable Energy in the Republic of Peru

I1. Detailed Statement of Transportation Cost for Porotongo Power Station

Items Unit Quantity Remarks
(1) Wier 17.05
a. Cements . 3.57 |Cement: 0.27ton per concrete 1m°
b. Coarse aggregate o 13.24 |Coarse aggregate: 1ton per concrete 1m?
c. Reinforcement Bars 0.23
(2) Intake 53.71
a. Gate 0.30
b. Screen 0.14
ton
c. Cements 11.10 |Cement: 0.27ton per concrete 1m®
d. Coarse aggregate 41.12 |Coarse aggregate: 1ton per concrete im?
e. Reinforcement Bars 1.04
(3) Settling Basin 34.35
a. Cements . 6.91 |Cement: 0.27ton per concrete 1m°
b. Coarse aggregate o 25.57 |Coarse aggregate: 1ton per concrete 1m’
c. Reinforcement Bars 1.87
(4) Headrace 14.63
ton
a. PVC (¢600) 14.63 |Weight: 1,100m x 79.8kg/6m
(5) Head Tank 61.38
a. Cements t 12.55 |Cement; 0.27ton per concrete 1m®
b. Coarse aggregate o 46.47 |Coarse aggregate: 1ton per concrete 1m®
c. Reinforcement Bars 2.37
(6) Penstock & Spillway Channel 163.93
a. Penstock Steel (¢300) 0.00
b. Penstock PVC (9315) 3.68 |Weight: 180m x 122.833kg/6m
c. Cements on 34.07 [Cement: 0.27ton per concrete 1m’
d. Coarse aggregate 126.18 |Coarse aggregate: 1ton per concrete 1m’
e. Reinforcement Bars 0.00
(7) Power House 59.13
a. Cements on 12.04 |Cement: 0.27ton per concrete 1m®
b. Coarse aggregate 44.60 [Coarse aggregate: 1ton per concrete 1m?
c. Reinforcement Bars 2.48
(8) Outlet 8.89
a. Cements on 1.71 |Cement: 0.27ton per concrete 1m°
b. Coarse aggregate 6.33 |Coarse aggregate: 1ton per concrete 1m°
c. Reinforcement Bars 0.86
(9) Subtotal 413.07
(10) Transportation Cost 4,684 ((9) x $11.34/ton
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Master Plan Study for Rural Electrification by Renewable Energy in the Republic of Peru

I11. Detailed Statement of Civil Works Cost for Porotongo Power Station

Unit: US$
Work Items Unit Unit Price | Quantity Cost Remarks
(1) Wier 2,221
a. Excavation m® 5.53 67.0 370
b. Concrete m® 93.05 132 1,231
c. Reinforcement Bars ton 1,070.00 0.2 250
d. Others ) 370 Eiar:rcblzsgnxgocltfﬂer dam construction, etc.)
(2) Intake 5,859
a. Excavation m’ 5.53 28.1 155
b. Concrete m® 93.05 41.1 3,826
c. Reinforcement Bars ton 1,070.00 1.0 1,114
d. Others ) 764 Eiar:rcbI:cCJ?nxgoclolfoer work, etc.)
(3) Settling Basin 5,176
a. Excavation m® 5.53 59.5 328
b. Concrete m® 93.05 25.6 2,379
c. Reinforcement Bars ton 1,070.00 19 1,999
d. Others ) 470 E?r:’cblzgznxg%tlhoerworks)
(4) Headrace 10,510
a. Excavation mé 5.53 1584.0 8,759
b. Concrete m® 93.05 0.0 0
c. Reinforcement Bars ton 1,070.00 0.0 0
d. Others - 1751 [ g work
(5) Head Tank 11,134
a. Excavation m® 5.53 198.0 1,095
b. Concrete m? 93.05 46.5 4,323
c. Reinforcement Bars ton 1,070.00 2.4 2,535
d. Others B 3,181 Enar:rcblzgnxg%:tz screen)
(6) Penstock & Spillway Channel 17,205
a. Excavation m? 5.53 705.2 3,900
b. Concrete m® 93.05| 126.2 11,741
c. Reinforcement Bars ton 1,070.00 0.0 0
d. Others . 1564 [ g works
(7) Power House 9,917
a. Excavation m’ 553| 149.2 825
b. Concrete m® 93.05 44.6 4,150
c. Reinforcement Bars ton 1,070.00 25 2,654
d. Others ~ 2,288 Eia;cki:tj?n);%rzgnage work, wooden
(8) Outlet 2,415
a. Excavation m® 5.53 107.8 596
b. Concrete m® 93.05 6.3 588
c. Reinforcement Bars ton 1,070.00 0.9 916
d. Others ) 315 Eiar:rcbI:cCJ?nxgoclolfoer work, etc.)
(9) Miscellaneous Work - 0 |=(1)-(8) x 0.05 not consider
(10) Subtotal 64,437

A-1-245

Appendix



ave-I-

Xipuaddy

IV. Detailed Statement of Hydraulic Equipment Cost for Porotongo Power Station

Unit: US$
Work Items Unit Unit Price | Quantity Cost Remarks

(1) Weir & Spillway 0

a. Gate ton 8,811.04 0.00 0
(2) Intake 3,913

a. Gate ton 8,811.04 0.30 2,638

b. Screen ton 8,811.04 0.14 1,275
(3) Penstock Steel (¢315) ton 3,100.00 0.00 0
(4) PVC (9600) for headrace m 59.67 1,100 65,637
(5) Penstock PVC (9315) C-10 m 43.42 180 7,815
(6) Subtotal 77,365
(7) Others 15,435 [19.95%
(8) Total 92,800

n1ad Jo a1jgnday aup ur ABaus ajgqemauay A LUONBDILIYSIT [edny 40} ApNIS ue|d JaISeN



Master Plan Study for Rural Electrification by Renewable Energy in the Republic of Peru

V. Quantity
(1) Weir
Excavation: V, = 869 x (Hgx L) = 67.01 (m%)
Concrete: .= 8.64x (HS xL)™ = 1324 (md)
Reinforcement Bars L= 0.0274 x V28 = 0.23 (ton)
Weight of Gate: W, = 0.145 x Q%% = 0.00 (ton) (unconsidered)
Where,
Hq: Height of Dam = 0.30 (m)
L: Length of Dam = 20.00 (m)
(2) Intake
Excavation: V= 171x(RxQ)°® = 2812 (m)
Concrete: V= 147xRxQ%° = 4112 (md)
Reinforcement Bars W, = 0.0145 x V% = 1.04 (ton)
Weight of Gate: W, = 127x(Rx Q)™ = 0.30 (ton)
Weight of Screen: W, = 0.701x (Rx Q)**® = 0.14 (ton)
Where,
D: Diameter of Waterway = 1.00 (m)
R:  Radius of Waterway = 0.50 (m) D/2 Assumption; Waterway Gradient = 1/1,000
Q: Maximum Discharge = 0.133 (m®%s)
(3) Settling Basin
Excavation: V= 515 x Q™ = 59.47 (m°)
Concrete: V.= 169 x Q"% = 2557 (m%)
Reinforcement Bars W, = 0.120 x V.8 = 1.87 (ton)
Weight of Gate: W, = 0.910 x Q%% = 0.26 (ton)
Weight of Screen: W, = 0.879 x Q°7® = 0.18 (ton)
Where,
Q: Maximum Discharge =/ 0.133 (m%s)
(4) Headrace
In the case of PVCeg600:
Excavation: V,=BxHxL = 1,584.00 (m?)
Concrete: Vo= (Hxtx2)+(B+2t)xt)xL = - (m®)
Reinforcement Bars W, = 0.577 x (V/L)*®¥ x L = - (ton)
Where,
Q: Maximum Discharge = 0.133 (m’s)
L: Length of Channel = 1,100.00 (m)
B: Width of Channel = 1.20 (m) for excavation (2D from RIBLOC Brochure)
H: Height of Channel = 1.20 (m) for excavation (2D from RIBLOC Brochure)
t: Thickness of Concrete = = (m)
(5) Head Tank
Excavation: V, = 808 x Q™' = 198.03 (m%)
Concrete: V.= 197 x Q°™* = 4647 (M%)
Reinforcement Bars W, = 0.051 x V, = 2.37 (ton)
Where,
Q: Maximum Discharge =/ 0.133 (m%s)
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(6) Penstock & Spillway Channel

Penstock (Steel)@315:
Excavation: Ve = 10.9x D x L
Concrete: Vg = 2.14x D, x L
Reinforcement Bars Wy = 0.018 x V,
Where,
Diy: wg. Diameter of Penstock = 0.00 (m)
L:  Length of Penstock = 0.00 (m)
Weight of Penstock W1 = 7.85X 1 X Dy X ty x10%x1.15 x L
Thickness of Penstock: tn, = 0.0362 x Hx D, + 2
Where,
W,1: Weight of Penstock 0.00 (ton)
tm: Thickness of Penstock 2.00 (mm)
Diy: wg. Diameter of Penstock = 0.00 (m)
H: Design Head = 49.30 (m)
L:  Length of Penstock = 0.00 (m)
Penstock (PVC)@315:
Excavation: Ve=BxHxL
Where,
Q: Maximum Discharge = 0.133 (m%fs)
L: Length of Channel =  180.00 (m)
B: Width of Channel = 0.92 (m)
H: Height of Channel = 0.92 (m)

Spillway Channel:

0.00 (m®
0.00 (m®
0.00 (ton)

0.00 (ton)
2.00 (mm)

(Tensil allowable Stress: 1,150 kgf/cm?)

(Intake Water Level - Tailrace Water Level)

152.35 (m°)

from TUBOPLAST Brochure
from TUBOPLAST Brochure

(B x H)*0.5 = 1.09 x Q°*"° = 0.51
Excavation: Ve=6.22x ((BxH)")"x L = 55290 (m?)
Concrete: Ve=Hxtx2+(B+2t)xL 126.18 (m?)
Reinforcement Bars W, = 0.577 x (V/L)*®E x L = 0.00 (ton)
Where,
Q: Maximum Discharge = 0.133 | (m%/s)
L: Length of Channel =  180.00 (m)
B: Width of Channel = 0.40 (m)
H: Height of Channel = 0.60 (m)
t: Thickness of Concrete = 0.15 (m)
Total Quantity of Penstock and Spillway Channel:
Excavation: V= Ve + Ve, = 70525 (m%)
Concrete: V.= Vg + Ve 126.18 (m®)
Reinforcement Bars W, = Wy + W, = 0.00 (ton)
Weight of Penstock W, = Wy = 0.00 (ton)
(7) Power House
Excavation: Ve = 97.8 x (Q x He?® x n¥3)>7% = 14923 (m%)
Concrete: V. = 28.1 x (Q x He?® x n?)*7% = 4460 (m})
Reinforcement Bars W, = 0.046 x V"% = 2.48 (ton)
Where,
Q: Maximum Discharge = 0.133 | (m?/s)
He: Effective Head = 49.30 (m)
n: uantity Unit of Turbine = 1.00
(8) Outlet
Excavation: V, = 395 x (R x Q)*#"° = 107.83 (m’)
Concrete: V= 404x (RxQ)"™® = 6.33 (m°)
Reinforcement Bars W, = 0.278 x V0 = 0.86 (ton)
Where,
D: Diameter of Waterway = 1.00 (m)
R: Radius of Waterway = 0.50 (m) D/2
Q: Maximum Discharge = 0.133 | (m?/s)

: Input Cell
: Calculation Cell
: Reference Cell
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V1. Unit Price 1USD = 3.00 S/ (as of November, 2007)
(1) Civil Works
Excavation
* — 3 . .
Open 553 (USs/m) (8.70+2.35) x 0.5 = $5.53./m , from (?APAECO and Fainal study on Omia
<Human power and Machine excavation>
Tunnel - (US$/m®)
Concrete
Open 93.05 (Us$/m®) |* from CAPAECO (average of foundation, wall and structure concrete)
Tunnel - (US$/m®)
Reinforcement Bar 1,070.00 (USS$/ton) [*$1.07/kg, from CAPAECO
(2) Hydraulic Equipment
Gate & Screen 8,811.04 (US$iton) |* from final study on Omia
Steel Penstock 3,100.00 (US$/ton) |including installation
PVC (9600) 59.67 (US$/m) |RIB LOC for Headrace
TUBOPLAST for Penstock (C-10), The number of joints is 215. This price include joint price.
PVC (¢315) 43.42  (US$/m) |190m/6m =30 (joint), 30 x $2.7 =81%, 81$/190m =0.43%/m, 42.99%/m (PVC) + 0.43%/m (joint) =
43,423/m
(3) Others
Access Road 979.65 (US$/m) [Repair Work for Existing Unpaved Road
(4) Transportation Cost
Chachapoyas to the site : 11.34 (US$/ton) [84 km (road)
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Appendix I-26  Construction Cost for Selecachi Power Station

I. Summary of Construction Cost for Selecachi Power Station

Unit: US$
Work Item Construction Cost Remarks
1. Preliminary Works 9,171
(1) Access Road 0
(2) Facilities for Construction Office 2,918 |Cost of Civil Works x 0.05
(3) Transportation cost 6,253 |471.28ton x $13.27/ton
2. Cost for Environmental Mesures 583 [Cost of Civil Works x 0.01
3. Civil Works 58,369
(1) Weir 1,282
(2) Intake 2,451
(3) Settling Basin 1,992
(4) Headrace 6,454
(5) Head Tank 5,139
(6) Penstock & Spillway Channel 34,120
(7) Power House 5,938
(8) Outlet 993
(9) Miscellaneous Work 0
4. Hydraulic Equipment 64,000
(1) Gate & Screen 1,476
(2) Penstock 0
(3) PVC (9400) 40,021
(4) PVC (9150) 11,852
(5) Others 10,651
5. Electrical Equipment 24,800
6. Direct Cost 156,923 |1.+2.+3.+4.+5.
7. Engineering Cost 15,692 |6. x 0.1: Detailed Design and Supervision
8. Contingent Budget 15,385 [6.x0.098
9.1GV 35,720 [19.00%
10. Total Cost 223,720
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I1. Detailed Statement of Transportation Cost for Selecachi Power Station

Items Unit Quantity Remarks
(1) Wier 9.48
a. Cements . 1.98 [Cement: 0.27ton per concrete 1m’
b. Coarse aggregate > 7.35 |Coarse aggregate: 1ton per concrete 1m°
c. Reinforcement Bars 0.14
(2) Intake 23.22
a. Gate 0.12
b. Screen 0.05
ton
c. Cements 4.82 [Cement: 0.27ton per concrete 1m’
d. Coarse aggregate 17.84 |Coarse aggregate: 1ton per concrete 1m°
e. Reinforcement Bars 0.40
(3) Settling Basin 12.57
a. Cements t 2.50 |Cement: 0.27ton per concrete 1m°
b. Coarse aggregate o 9.27 |Coarse aggregate: 1ton per concrete 1m>
c. Reinforcement Bars 0.79
(4) Headrace 10.44
ton
a. PVC (9400) 10.44 |Weight: 1,520m x 41.214kg/6m
(5) Head Tank 28.25
a. Cements . 5.77 |Cement; 0.27ton per concrete 1m®
b. Coarse aggregate o 21.39 |Coarse aggregate: 1ton per concrete 1m’
c. Reinforcement Bars 1.09
(6) Penstock & Spillway Channel 349.02
a. Penstock Steel (¢150) 0.00
b. Penstock PVC (9150) 2.08 |Weight: 390m x 32.000kg/6m
c. Cements on 73.76 [Cement: 0.27ton per concrete 1m’
d. Coarse aggregate 273.18 |Coarse aggregate: 1ton per concrete 1m®
e. Reinforcement Bars 0.00
(7) Power House 35.51
a. Cements . 7.24 |Cement; 0.27ton per concrete 1m°
b. Coarse aggregate o 26.81 |Coarse aggregate: 1ton per concrete 1m’
c. Reinforcement Bars 1.45
(8) Outlet 2.79
a. Cements on 0.51 |Cement; 0.27ton per concrete 1m®
b. Coarse aggregate 1.88 |Coarse aggregate: 1ton per concrete 1m°
c. Reinforcement Bars 0.41
(9) Subtotal 471.28
(10) Transportation Cost 6,254 ((9) x $13.27/ton
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I11. Detailed Statement of Civil Works Cost for Selecachi Power Station

Unit: US$
Work Items Unit Unit Price | Quantity Cost Remarks
(1) Wier 1,282
a. Excavation m® 5.53 422 233
b. Concrete m® 93.05 7.3 683
c. Reinforcement Bars ton 1,070.00 0.1 153
d. Others B 213 E?r:cblzgan);oc.ozﬁer dam construction, etc.)
(2) Intake 2,451
a. Excavation m? 5.53 8.6 47
b. Concrete m® 93.05 17.8 1,659
c. Reinforcement Bars ton 1,070.00 0.4 426
d. Others B 319 Eiar:cblzganxgocl;fsfer work, etc.)
(3) Settling Basin 1,992
a. Excavation m® 5.53 18.7 103
b. Concrete m® 93.05 9.3 862
c. Reinforcement Bars ton 1,070.00 0.8 846
d. Others B 181 E?r:cblzggnxg%tlhzr works)
(4) Headrace 6,454
a. Excavation m® 553| 97238 5,379
b. Concrete m® 93.05 0.0 0
c¢. Reinforcement Bars ton 1,070.00 0.0 0
d. Others - 1075 | e works)
(5) Head Tank 5,139
a. Excavation m® 5.53 93.0 514
b. Concrete m® 93.05 214 1,990
c. Reinforcement Bars ton 1,070.00 1.1 1,167
d. Others - 1468 E?r:cblzgfn);%;ﬁ screen)
(6) Penstock & Spillway Channel 34,120
a. Excavation md 5.53 1012.7 5,600
b. Concrete m? 93.05 273.2 25,419
c. Reinforcement Bars ton 1,070.00 0.0 0
d. Others - 3,101 [ g works
(7) Power House 5,938
a. Excavation m® 5.53 93.7 518
b. Concrete me 93.05 26.8 2,495
c. Reinforcement Bars ton 1,070.00 15 1,555
d. Others - 1,370 E?r?cblsga_n);ﬁnage k. wooden
(8) Outlet 993
a. Excavation m® 5.53 46.0 254
b. Concrete m® 93.05 1.9 174
c. Reinforcement Bars ton 1,070.00 0.4 436
d. Others - 129 Eiar:rctl’:g?n);%;fsfer work, etc.)
(9) Miscellaneous Work - 0 |Z(1)-(8) x 0.05 not consider
(10) Subtotal 58,369
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IV. Detailed Statement of Hydraulic Equipment Cost for Selecachi Power Station

Unit: US$
Work Items Unit Unit Price | Quantity Cost Remarks

(1) Weir & Spillway 0

a. Gate ton 8,811.04 0.00 0
(2) Intake 1,476

a. Gate ton 8,811.04 0.12 1,023

b. Screen ton 8,811.04 0.05 453
(3) Penstock Steel (¢150) ton 3,100.00 0.00 0
(4) PVC (9400) for headrace m 26.33 1,520 40,021
(5) Penstock PVC (¢150) C-10 m 30.39 390 11,852
(6) Subtotal 53,349
(7) Others 10,651 |19.96%
(8) Total 64,000

n1ad Jo a1jgnday aup ur ABaus ajgqemauay A LUONBDILIYSIT [edny 40} ApNIS ue|d JaISeN



Master Plan Study for Rural Electrification by Renewable Energy in the Republic of Peru

V. Quantity
(1) Weir
Excavation: .= 869X (HyxL)"™ = 4221 (md)
Concrete: V.= 8.64 x (Hy x L)' = 7.35 (M)
Reinforcement Bars L= 0.0274 x V28 = 0.14 (ton)
Weight of Gate: W, = 0.145 x Q%% = 0.00 (ton) (unconsidered)
Where,
Hg: Height of Dam = 0.20 (m)
L: Length of Dam = 20.00 (m)
(2) Intake
Excavation: Ve = 171x(RxQ)™™ = 8.61 (m°)
Concrete: V= 147xRxQ%° = 1784 (m’)
Reinforcement Bars W, = 0.0145 x V*° = 0.40 (ton)
Weight of Gate: W, = 127xRx Q)™ = 0.12 (ton)
Weight of Screen: W, = 0.701x (Rx Q)**®# = 0.05 (ton)
Where,
D: Diameter of Waterway = 0.50 (m)
R:  Radius of Waterway = 0.25 (m) D/2 Assumption; Waterway Gradient = 1/1,000

Q: Maximum Discharge =

0.045 (m’/s)

(3) Settling Basin

Excavation: Ve = 515 x Q" = 1865 (m’)
Concrete: V.= 169 x Q*%*° = 9.27 (m%
Reinforcement Bars W, = 0.120 x V.8 = 0.79 (ton)
Weight of Gate: W, = 0.910 x Q%% = 0.14 (ton)
Weight of Screen: W, = 0.879 x Q"% = 0.08 (ton)
Where,
Q: Maximum Discharge = 0.045 (mP%s)

(4) Headrace

In the case of PVC@400:
Excavation: Ve=BxHxL = 97280 (m?)
Concrete: Vo= (Hxtx2)+(B+2t)xt)xL = - (m®)
Reinforcement Bars W, = 0577 x (V/L)*®® x L = - (ton)

Where,
Q: Maximum Discharge =

0.045 (m¥/s)

L: Length of Channel = 1,520.00 (m)

B: Width of Channel =
H: Height of Channel =
t: Thickness of Concrete =

0.80 (m)
0.80 (m)

(m)

for excavation (2D from RIBLOC Brochure)
for excavation (2D from RIBLOC Brochure)

(5) Head Tank

Excavation: e

Concrete: V, =

Reinforcement Bars W, =
Where,

Q: Maximum Discharge =

808 x Q"%

197 x Q*™¢
0.051 x V,

0.045 (m3/s)

93.05 (m°)
21.39 (m%)
1.09 (ton)
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(6) Penstock & Spillway Channel

Penstock (Steel)150:
Excavation: Ve = 109x D, ¥ xL = 0.00 (m®)
Concrete: Vo = 2.14xD,"®xL = 0.00 (m®)
Reinforcement Bars Wy, = 0.018 x V, = 0.00 (ton)
Where,
Dyy: wg. Diameter of Penstock = 0.00 (m)
L: Length of Penstock = 0.00 (m)
Weight of Penstock Wp; = 7.85X 1 X Dy X ty x10%x1.15x L = 0.00 (ton)
Thickness of Penstock: t,=0.0362x Hx D, +2 = 2.00 (mm)
Where,
Wp1: Weight of Penstock 0.00 (ton) (Tensil allowable Stress: 1,150 kgf/cmz)
tm: Thickness of Penstock 2.00 (mm)
D wg. Diameter of Penstock = 0.00 (m)
H: Design Head = 95.90 (m) (Intake Water Level - Tailrace Water Level)
L: Length of Penstock = 0.00 (m)
Penstock (PVC)@150:
Excavation: Ve=BxHxL = 23123 (md)
Where,
Q: Maximum Discharge =/ 0.045 (m®/s)
L: Length of Channel = 390.00 (m)
B: Width of Channel = 0.77 (m) from TUBOPLAST Brochure
H: Height of Channel = 0.77 (m) from TUBOPLAST Brochure

Spillway Channel:

(BxH)"0.5 =1.09 x Q"% = 0.34
Excavation: Ve=6.22x (B x H)*%)** x L = 78150 (m%
Concrete: V= Hxtx2+((B+2t)xL = 27318 (md
Reinforcement Bars W, = 0577 x (V/L)** x L = 0.00 (ton)
Where,
Q: Maximum Discharge =|  0.045 | (m®/s)
L: Length of Channel = 390.00 (m)
B: Width of Channel = 0.40 (m)
H: Height of Channel = 0.60 (m)
t: Thickness of Concrete = 0.15 (m)
Total Quantity of Penstock and Spillway Channel:
Excavation: Ve = Vet + Ve = 1,012.73 (m%)
Concrete: V.= Vg + Ve = 27318 (m)
Reinforcement Bars W, = W + W,y = 0.00 (ton)
Weight of Penstock W, = Wp, = 0.00 (ton)
(7) Power House
Excavation: Ve = 97.8 x (Q x He?® x n¥3)°™ = 9370 (md)
Concrete: V. = 28.1 x (Q x He?® x n¥3)*7% = 2681 (m)
Reinforcement Bars W, = 0.046 x V% = 1.45 (ton)
Where,
Q: Maximum Discharge =|  0.045 | (m®s)
He: Effective Head = 95.90 (m)
n: uantity Unit of Turbine = 1.00
(8) Outlet
Excavation: V.= 395 x (R x Q)**"® = 46.04 (m®)
Concrete: V= 404xRxQ)"™ = 1.88 (m°)
Reinforcement Bars W, = 0.278 x V50 = 0.41 (ton)
Where,
D: Diameter of Waterway = 0.50 (m)
R:  Radius of Waterway = 0.25 (m) D/2

Q: Maximum Discharge =/ 0.045 (m%/s)

> Input Cell
: Calculation Cell
: Reference Cell
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VI. Unit Price 1USD = 3.00 /. (as of November, 2007)
(1) Civil Works
Excavation
* — 3 - .
Open 553 (Ussin) (8.70+2.35) x 0.5 = $5.53/m , from QAPAECO and Fainal study on Omia
<Human power and Machine excavation>
Tunnel - (US$/Im?)
Concrete
Open 93.05 (us$/m’) [* from CAPAECO (average of foundation, wall and structure concrete)
Tunnel - (US$/m?)
Reinforcement Bar 1,070.00 (USS$/ton) [*$1.07/kg, from CAPAECO
(2) Hydraulic Equipment
Gate & Screen 8,811.04 (USs$iton) |* from final study on Omia
Steel Penstock 3,100.00 (USS$/ton) [including installation
PVC (9400) 26.33 (US$/m) |RIB LOC for Headrace
PVC (9150) 30.39 (US$/m) [80% of TUBOPLAST( ¢ 315) for Penstock (C-10) = 43.42 x 0.7 = 30.39
(3) Others
Access Road - (US$/m) |-
(4) Transportation Cost
Tarapoto to the site 13.27 (US$/ton) |140km
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Appendix I-27 Construction Cost for Quebrada Tahunia Power Station

I. Summary of Construction Cost for Quebrada Tahunia Power Station

Unit: US$
Work ltem Construction Cost Remarks
1. Preliminary Works 153,548
(1) Access Road 77,588
(2) Facilities for Construction Office 4,514 |Cost of Civil Works x 0.05

(3) Transportation cost 71,446 |724.09ton x $98.67/ton
2. Cost for Environmental Mesures 902 |Cost of Civil Works x 0.01
3. Civil Works 90,283

(1) Weir 2,221

(2) Intake 3,042

(3) Settling Basin 2,939

(4) Headrace 9,343

(5) Head Tank 7,043

(6) Penstock & Spillway Channel 55,621

(7) Power House 8,838

(8) Outlet 1,236

(9) Miscellaneous Work 0

4. Hydraulic Equipment 97,600

(1) Gate & Screen 1,881

(2) Penstock 2,663

(3) PVC (9400) 57,926

(4) PVC (9200) 18,933

(5) Others 16,197

5. Electrical Equipment 41,100

6. Direct Cost 383,433 |1.42.+3.+4.45.

7. Engineering Cost 38,343 |6. x 0.1: Detailed Design and Supervision
8. Contingent Budget 38,224 16.x0.100

9.1GV 87,400 [19.00%

10. Total Cost 547,400
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I1. Detailed Statement of Transportation Cost for Quebrada Tahunia Power Station

Items Unit Quantity Remarks
(1) Wier 17.05
a. Cements . 3.57 |Cement: 0.27ton per concrete 1m’
b. Coarse aggregate o 13.24 |Coarse aggregate: 1ton per concrete 1m*
c. Reinforcement Bars 0.23
(2) Intake 28.60
a. Gate 0.15
b. Screen 0.07
ton
c. Cements 5.93 |Cement; 0.27ton per concrete 1m®
d. Coarse aggregate 21.96 [Coarse aggregate: 1ton per concrete 1m?
e. Reinforcement Bars 0.51
(3) Settling Basin 18.94
a. Cements t 3.79 |Cement; 0.27ton per concrete 1m®
b. Coarse aggregate o 14.02 |Coarse aggregate: 1ton per concrete 1m°
c. Reinforcement Bars 1.12
(4) Headrace 15.11
ton
a. PVC (400) 15.11 |Weight: 2,200m x 41.214kg/6m
(5) Head Tank 38.77
a. Cements . 7.92 [Cement: 0.27ton per concrete 1m®
b. Coarse aggregate > 29.35 [Coarse aggregate: 1ton per concrete 1m?
c. Reinforcement Bars 1.50
(6) Penstock & Spillway Channel 549.18
a. Penstock Steel (¢200) 0.86
b. Penstock PVC (¢200) 4.54 Weight: 545m x 50.000kg/6m
c. Cements o 115.58 [Cement: 0.27ton per concrete 1m?
d. Coarse aggregate 428.06 |Coarse aggregate: 1ton per concrete 1m’
e. Reinforcement Bars 0.14
(7) Power House 52.74
a. Cements on 10.74 |Cement: 0.27ton per concrete 1m®
b. Coarse aggregate 39.79 |Coarse aggregate: 1ton per concrete 1m®
c. Reinforcement Bars 2.20
(8) Outlet 3.71
a. Cements on 0.69 [Cement: 0.27ton per concrete 1m®
b. Coarse aggregate 2.54 |Coarse aggregate: 1ton per concrete 1m®
c. Reinforcement Bars 0.49
(9) Subtotal 724.09
(10) Transportation Cost 71,446 |(9) x $98.67/ton
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I11. Detailed Statement of Civil Works Cost for Quebrada Tahunia Power Station

Unit: US$
Work Items Unit Unit Price | Quantity Cost Remarks
(1) Wier 2,221
a. Excavation m° 5.53 67.0 370
b. Concrete mé 93.05 13.2 1,231
c. Reinforcement Bars ton 1,070.00 0.2 250
d. Others B 370 E?r:rcb;:g?nzoclsﬁer dam construction, etc.)
(2) Intake 3,042
a. Excavation m° 5.53 116 63
b. Concrete mé 93.05 22.0 2,042
c¢. Reinforcement Bars ton 1,070.00 0.5 541
d. Others ) 3% E?:ct::g?nz%ifier work, etc.)
(3) Settling Basin 2,939
a. Excavation m® 5.53 29.9 165
b. Concrete m® 93.05 14.0 1,305
c¢. Reinforcement Bars ton 1,070.00 1.1 1,202
d. Others ) 267 E?:cﬁ:g?nz%tlhoer works)
(4) Headrace 9,343
a. Excavation mé 5.53 1408.0 7,786
b. Concrete m° 93.05 0.0 0
c. Reinforcement Bars ton 1,070.00 0.0 0
d. Others - LT [ g works)
(5) Head Tank 7,043
a. Excavation m® 5.53 126.6 700
b. Concrete m 93.05 29.3 2,730
c¢. Reinforcement Bars ton 1,070.00 15 1,601
d. Others - 2,012 Ef;j;gf_nxg;g ereen)
(6) Penstock & Spillway Channel 55,621
a. Excavation m® 553| 1914.0 10,584
b. Concrete me 93.05 428.1 39,830
c. Reinforcement Bars ton 1,070.00 0.1 151
d. Others - 5,056 [(1ocin iling works)
(7) Power House 8,838
a. Excavation m° 5.53 134.4 743
b. Concrete mé 93.05 39.8 3,702
c. Reinforcement Bars ton 1,070.00 2.2 2,354
d. Others B 2,039 E?r:rcb;:g?n)é%ffinage work, wooden
(8) Outlet 1,236
a. Excavation m® 5.53 56.9 314
b. Concrete m® 93.05 25 236
c¢. Reinforcement Bars ton 1,070.00 0.5 525
d. Others ) 161 E?:ct::g?nz%ifier work, etc.)
(9) Miscellaneous Work - 0 [=(1)-(8) x 0.05 not consider
(10) Subtotal 90,283
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IV. Detailed Statement of Hydraulic Equipment Cost for Quebrada Tahunia Power Station

Unit: US$
Work Items Unit Unit Price | Quantity Cost Remarks

(1) Weir & Spillway 0

a. Gate ton 8,811.04 0.00 0
(2) Intake 1,881

a. Gate ton 8,811.04 0.15 1,295

b. Screen ton 8,811.04 0.07 586
(3) Penstock Steel (¢200) ton 3,100.00 0.86 2,663
(4) PVC (¢400) for headrace m 26.33 2,200 57,926
(5) Penstock PVC (¢200) C-10 m 34.74 545 18,933
(6) Subtotal 81,403
(7) Others 16,197 (19.90%
(8) Total 97,600
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Q:

Maximum Discharge =

0.070 | (m%s)

V. Quantity
(1) Weir
Excavation: V, = 8.69x (Hgx )™ = 67.01 (md)
Concrete: V.= 8.64x (HS xL)’™ = 1324 (md)
Reinforcement Bars W, = 0.0274 x v 8% = 0.23 (ton)
Weight of Gate: W, = 0.145 x Q%% = 0.00 (ton) (unconsidered)
Where,
Hg: Height of Dam = 0.30 (m)
L: Length of Dam = 20.00 (m)
(2) Intake
Excavation: V= 171 x (R x Q)*%%® = 11.56 (m%
Concrete: V= UIxRxQ)™ = 2196 (m?)
Reinforcement Bars W, = 0.0145 x V1 = 0.51 (ton)
Weight of Gate: W, = 127xRx Q)™ = 0.15 (ton)
Weight of Screen: W, = 0.701x (Rx Q)™ = 0.07 (ton)
Where,
D: Diameter of Waterway = 0.50 (m)
R: Radius of Waterway = 0.25 (m) D/2 Assumption; Waterway Gradient = 1/1,000
Q:  Maximum Discharge = 0.070 (m%s)
(3) Settling Basin
Excavation: V, = 515 x Q%' = 29.93 (m%
Concrete: V= 169 x Q%3¢ = 14.02 (m?)
Reinforcement Bars W, = 0.120 x V28 = 1.12 (ton)
Weight of Gate: W, = 0.910 x Q"3 = 0.18 (ton)
Weight of Screen: W, = 0.879 x Q%" = 0.11 (ton)
Where,
Q: Maximum Discharge = 0.070 (m°%s)
(4) Headrace
In the case of PVC@400:
Excavation: Ve=BxHxL = 1,408.00 (m%
Concrete: Vo= (Hxtx2)+(B+2)xt)xL = - (m?
Reinforcement Bars W, = 0.577 x (V/L)*®¥ x L = - (ton)
Where,
Q: Maximum Discharge =" 0.070 | (m%s)
L: Length of Channel = 2,200.00 (m)
B: Width of Channel = 0.80 (m) for excavation (2D from RIBLOC Brochure)
H: Height of Channel = 0.80 (m) for excavation (2D from RIBLOC Brochure)
t: Thickness of Concrete = - (m)
(5) Head Tank
Excavation: V, = 808 x Q%" = 126,60 (m?)
Concrete: V= 197 x Q7 = 2935 (M)
Reinforcement Bars W, = 0.051 x V, = 1.50 (ton)
Where,
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(6) Penstock & Spillway Channel

Penstock (Steel)9200:
Excavation: Ve =
Concrete: Vg =
Reinforcement Bars W, =
Where,
Dy, wg. Diameter of Penstock = 0.20
L: Length of Penstock = 55.00

Weight of Penstock
Thickness of Penstock:

Where,
W1t Weight of Penstock 0.86
tm: Thickness of Penstock 2.75
Dp,: wg. Diameter of Penstock = 0.20
H: Design Head = 104.10
L: Length of Penstock = 55.00
Penstock (PVC)200:
Excavation: Ve=BxHxL
Where,
Q: Maximum Discharge = 0.070
L Length of Channel = 545.00
B: Width of Channel = 0.87
H Height of Channel = 0.87

Spillway Channel:

10.9x D, " x L
2.14x D, x L
0.018 x V,

(m)
(m)

Wiy = 7.85X X Dy X tyy x10°x1.15x L =
t, = 0.0362 X HX D, +2

(ton)
(mm)
(m)
(m)
(m)

(m'ls)
(m)
(m)
(m)

7050 (m?)
7.88 (m%)
0.14 (ton)

0.86 (ton)
2.75 (mm)

(Tensil allowable Stress: 1,150 kgf/cm?)

(Intake Water Level - Tailrace Water Level)

= 41251 (M)

from TUBOPLAST Brochure
from TUBOPLAST Brochure

(BxH)"0.5 = 1.09 x Q°¥"° = 0.40
Excavation: Ve=6.22x ((Bx H)*)" ™ x L = 1,431.03 (m?)
Concrete: Ve=Hxtx2+(B+2t)xL = 42018 (m?)
Reinforcement Bars W, = 0577 x (VJL)**® x L = 0.00 (ton)
Where,
Q: Maximum Discharge = 0.070 (m%s)
L Length of Channel = 600.00 (m)
B: Width of Channel = 0.40 (m)
H Height of Channel = 0.60 (m)
t: Thickness of Concrete = 0.15 (m)
Total Quantity of Penstock and Spillway Channel:
Excavation: Ve = Ve + Ve = 1,914.04 (m®)
Concrete: V.= Ve + Ve, = 42806 (m°)
Reinforcement Bars W, = W, + Wy, = 0.14 (ton)
Weight of Penstock W, = W1 = 0.86 (ton)
(7) Power House
Excavation: Ve = 97.8 x (Q x He™® x n*%)>"%’ = 13444 (md)
Concrete: V. = 28.1 x (Q x He?® x n*?)°7% = 3979 (md)
Reinforcement Bars W, = 0.046 x V2 = 2.20 (ton)
Where,
Q:  Maximum Discharge =/ 0.070 (m®/s)
He: Effective Head = 104.10 (m)
n: uantity Unit of Turbine = 1.00
(8) Outlet
Excavation: V, = 395 x (R x Q)*#"° = 56.89 (m’)
Concrete: = 404x (Rx Q™™ = 254 (md)
Reinforcement Bars W, = 0.278 x V0 = 0.49 (ton)
Where,
D: Diameter of Waterway = 0.50 (m)
R:  Radius of Waterway = 0.25 (m) D/2

Q: Maximum Discharge =

. Input Cell
: Calculation Cell
: Reference Cell

0.070 | (m?/s)
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VI. Unit Price 1USD = 3.00 S/ (as of November, 2007)
(1) Civil Works
Excavation
* — 3 - .
Open 553 (USsim) (8.70+2.35) x 0.5 = $5.53./m , from (?APAECO and Fainal study on Omia
<Human power and Machine excavation>
Tunnel - (US$/m®)
Concrete
Open 93.05 (Us$/m®) [* from CAPAECO (average of foundation, wall and structure concrete)
Tunnel - (US$/m®)
Reinforcement Bar 1,070.00 (US$/ton)|*$1.07/kg, from CAPAECO
(2) Hydraulic Equipment
Gate & Screen 8,811.04 (US$/ton) [* from final study on Omia
Steel Penstock 3,100.00 (Us$/ton) |including installation
PVC (¢400) 26.33 (US$/m) [RIB LOC for Headrace
PVC (9200) 34,74 (US$/m) |80% of TUBOPLAST( ¢ 315) for Penstock (C-10) = 43.42 x 0.8 = 34.74
(3) Others
Access Road 5,877.89 (US$/m) [Constrruction of Unpaved Road (3.0m Width)
(4) Transportation Cost
Pucallpa to the site 98.67 (US$/ton)|261 km (river)
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Quebrada Tahunia Map
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Appendix I-28 Construction Cost for Rio Iparia Power Station

I. Summary of Construction Cost for Rio Iparia Power Station

Unit: US$
Work Item Construction Cost Remarks
1. Preliminary Works 372,766
(1) Access Road 47,023
(2) Facilities for Construction Office 50,127 |Cost of Civil Works x 0.05

(3) Transportation cost

275,616

2,793.32ton x $98.67/ton

2. Cost for Environmental Mesures 10,025 |Cost of Civil Works x 0.01
3. Civil Works 1,002,551

(1) Weir 4,454

(2) Intake 17,026

(3) Settling Basin 24,762

(4) Headrace 256,863

(5) Head Tank 38,977

(6) Penstock & Spillway Channel 612,610

(7) Power House 40,363

(8) Outlet 7,496

(9) Miscellaneous Work 0

4. Hydraulic Equipment 203,300

(1) Gate & Screen 12,837

(2) Penstock 0

(3) PVC for Headrace 0

(4) PVC (¢630) 156,639

(5) Others 33,824

5. Electrical Equipment 168,000

6. Direct Cost 1,756,642 [1.+2.+3.+4.+5.
7. Engineering Cost 175,664 |6. x 0.1: Detailed Design and Supervision
8. Contingent Budget 167,694 |6.x0.095

9. IGV 399,000 |19.00%

10. Total Cost 2,499,000
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I1. Detailed Statement of Transportation Cost for Rio Iparia Power Station

Items Unit Quantity Remarks
(1) Wier 35.73
a. Cements . 7.50 [Cement: 0.27ton per concrete 1m?
b. Coarse aggregate > 27.79 |Coarse aggregate: 1ton per concrete 1m’
c. Reinforcement Bars 0.43
(2) Intake 149.03
a. Gate 0.95
b. Screen 0.51

ton

c. Cements 30.66 |Cement: 0.27ton per concrete 1m®
d. Coarse aggregate 113.57 |Coarse aggregate: 1ton per concrete 1m°
e. Reinforcement Bars 3.35
(3) Settling Basin 175.57
a. Cements . 35.73 |Cement: 0.27ton per concrete 1m®
b. Coarse aggregate o 132.33 |Coarse aggregate: 1ton per concrete 1m°
c. Reinforcement Bars 7.52
(4) Headrace 525.09
a. Cements t 74.84 |Cement: 0.27ton per concrete 1m®
b. Coarse aggregate o 277.20 |Coarse aggregate: 1ton per concrete 1m’
c. Reinforcement Bars 173.05
(5) Head Tank 215.82
a. Cements . 44.11 [Cement;: 0.27ton per concrete 1m°
b. Coarse aggregate o 163.38 |Coarse aggregate: 1ton per concrete 1m°
c. Reinforcement Bars 8.33
(6) Penstock & Spillway Channel 1416.44
a. Penstock Steel 0.00
b. Penstock PVC (¢630) 12.08
c. Cements o 207.17 |Cement: 0.27ton per concrete 1m°
d. Coarse aggregate 767.30 [Coarse aggregate: 1ton per concrete 1m®
e. Reinforcement Bars 429.89
(7) Power House 238.26
a. Cements t 48.38 |Cement: 0.27ton per concrete 1m®
b. Coarse aggregate o 179.20 |Coarse aggregate: 1ton per concrete 1m°
c. Reinforcement Bars 10.68
(8) Outlet 37.35
a. Cements on 7.49 |Cement: 0.27ton per concrete 1m’
b. Coarse aggregate 27.75 |Coarse aggregate: 1ton per concrete 1m?
c. Reinforcement Bars 211
(9) Subtotal 2,793.32
(10) Transportation Cost 275,617 [(9) x $98.67/ton
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I11. Detailed Statement of Civil Works Cost for Rio Iparia Power Station

Unit: US$
Work Items Unit Unit Price | Quantity Cost Remarks
(1) Wier 4,454
a. Excavation m® 5.53 120.0 663
b. Concrete m® 93.05 27.8 2,586
c. Reinforcement Bars ton 1,070.00 0.4 463
d. Others - 742 E?r:rcblzg)inz(gffer dam construction, etc.)
(2) Intake 17,026
a. Excavation m® 5.53 118.6 656
b. Concrete m? 93.05 113.6 10,567
c. Reinforcement Bars ton 1,070.00 3.3 3,583
d. Others - 2,220 E?:cli:(ci?n);ocljfsfer work, etc.)
(3) Settling Basin 24,762
a. Excavation m’ 553| 389.4 2,153
b. Concrete m® 93.05 132.3 12,312
c. Reinforcement Bars ton 1,070.00 7.5 8,046

(a+b+c) x 0.10

d. Others - 2,251 (including other works)
(4) Headrace 256,863
a. Excavation m? 5.53 560.0 3,096
b. Concrete m? 93.05 277.2 25,793
c. Reinforcement Bars ton 1,070.00 173.1 185,164
d. Others - 22,810 |10 S0 ok
(5) Head Tank 38,977
a. Excavation m? 5.53 673.4 3,724
b. Concrete m® 93.05 163.4 15,202
c. Reinforcement Bars ton 1,070.00 8.3 8,915

(a+b+c) x 0.40

d. Others - 11,136 |,. :
(including gate, screen)
(6) Penstock & Spillway Channel 612,610
a. Excavation m® 553| 4,618.1 25,537
b. Concrete m? 93.05 767.3 71,397
c. Reinforcement Bars ton 1,070.00 429.9 459,985
(atb+c) x 0.10
d. Others - 55,691 | including filling works)
(7) Power House 40,363
a. Excavation m? 5.53 532.3 2,943
b. Concrete m? 93.05 179.2 16,674
c. Reinforcement Bars ton 1,070.00 10.7 11,432
(atb+c) x 0.30
d. Others - 9,314 (including drainage work, wooden
(8) Outlet 7,496
a. Excavation m® 5.53 303.7 1,679
b. Concrete m 93.05 27.8 2,582
c. Reinforcement Bars ton 1,070.00 2.1 2,258
(a+b+c) x 0.15
d. Others - 9rt (including coffer work, etc.)
(9) Miscellaneous Work - 0 |=(1)-(8) x 0.05 not consider
(10) Subtotal 1,002,551
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IV. Detailed Statement of Hydraulic Equipment Cost for Rio Iparia Power Station

Unit: US$
Work Items Unit | Unit Price | Quantity Cost Remarks

(1) Weir & Spillway 0

a. Gate ton 8,811.04 0.00 0
(2) Intake 12,837

a. Gate ton 8,811.04 0.95 8,350

b. Screen ton 8,811.04 0.51 4,487
(3) Penstock Steel ton 3,100.00 0.00 0
(4) PVC for headrace m - 0 0
(5) Penstock PVC (¢630) C-10 m 265.49 590 156,639
(6) Subtotal 169,476
(7) Others 33,824 [19.96%
(8) Total 203,300
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V. Quantity
(1) Weir
Excavation: Ve = 8.69x (Hyx L) = 119.96 (md)
Concrete: .= 8.64x (HxL)*® = 2779 (m®
Reinforcement Bars \= 0.0274 x V&0 = 0.43 (ton)
Weight of Gate: W, = 0.145 x Q> = 0.00 (ton) (unconsidered)
Where,
Hg: Height of Dam = 0.50 (m)
L: Length of Dam = 20.00 (m)
(2) Intake
Excavation: V= 171xRx Q)™ = 11863 (m’)
Concrete: V= U47xRxQ™° = 11357 (md)
Reinforcement Bars W, = 0.0145 x V*° = 3.35 (ton)
Weight of Gate: W, = 127x Rx Q> = 0.95 (ton)
Weight of Screen: W, = 0.701 x (R x Q)*** 0.51 (ton)
Where,
D: Diameter of Waterway = 1.50 (m)
R:  Radius of Waterway = 0.75 (m) D/2 Assumption; Waterway Gradient = 1/1,000

Q: Maximum Discharge = 0.770 (m%/s)

(3) Settling Basin

Excavation: V= 515 x Q%' = 389.36 (M)
Concrete: V.= 169 x Q%% = 13233 (M%)
Reinforcement Bars W, = 0.120 x V.87 = 7.52 (ton)
Weight of Gate: W, = 0.910 x Q*®** = 0.78 (ton)
Weight of Screen: W, = 0.879 x Q*™® = 0.72 (ton)
Where,
Q: Maximum Discharge = 0.770 (m¥/s)

(4) Headrace

In the case of Opoen Channel (1,000 x 1,000):
Excavation: Ve=BxHxL = 560.00 (m%)
Concrete: Vo= (Hxtx2)+(B+2)xt)xL = 27720 (m%)
Reinforcement Bars W, = 0.577 x (V/L)*®¥ x L = 173.05 (ton)

Where,

Q: Maximum Discharge = 0.770 (m%/s)

L: Length of Channel = 560.00 (m)
B: Width of Channel = 1.00 (m) for excavation
H: Height of Channel = 1.00 (m) for excavation
t: Thickness of Concrete = 0.15 (m)
(5) Head Tank
Excavation: Ve = 808 x Q"% = 67343 (M)
Concrete: V.= 197 x Q%™ = 163.38 (m)
Reinforcement Bars W, = 0.051 x V, = 8.33 (ton)
Where,

Q:  Maximum Discharge =|  0.770 (m%/s)
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(6) Penstock & Spillway Channel

Penstock (Steel):

Excavation: V,, = 10.9x D, M x L = 0.00 (m°)
Concrete: Vg = 2.14x D, % x L = 0.00 (m%
Reinforcement Bars W, = 0.018 x V, = 0.00 (ton)
Where,
Dy wg. Diameter of Penstock = 0.00 (m)
L:  Length of Penstock = 0.00 (m)
Weight of Penstock Wy, = 7.85x X Dy X t, x10%x1.16 x L = 0.00 (ton)
Thickness of Penstock: t, = 0.0362 X Hx D, +2 = 2.00 (mm)

Where,

W,1: Weight of Penstock 0.00

tm: Thickness of Penstock 2.00

Dy wg. Diameter of Penstock = 0.00

H: Design Head = 48.80

L:  Length of Penstock = 0.00
Penstock (PVC)@630:

Excavation: Ve=BxHxL
Where,

Q: Maximum Discharge = 0.770

L: Length of Channel = 590.00

B: Width of Channel = 1.30

H: Height of Channel = 1.30

Spillway Channel:

(ton) (Tensil allowable Stress: 1,150 kgf/cm?)
(mm)
(m)
(m) (Intake Water Level - Tailrace Water Level)
(m)
= 997.10 (m?)
(m’ls)
(m)
(m) from TUBOPLAST Brochure
(m) from TUBOPLAST Brochure

(BxH)"0.5 = 1.09 x Q**"° = 0.99
Excavation: Ve=6.22x (B x H)*)" " x L = 362097 (md
Concrete: V,=Hxtx2+(B+2t)xL = 76730 (m?)
Reinforcement Bars W, = 0.577 x (V/L)*88 x L = 429.89 (ton)
Where,
Q: Maximum Discharge =/ 0.770 (m%s)
L: Length of Channel = 590.00 (m)
B: Width of Channel = 1.00 (m)
H: Height of Channel = 1.00 (m)
t: Thickness of Concrete = 0.15 (m)
Total Quantity of Penstock and Spillway Channel:
Excavation: V.= Ve + Ve, = 4,618.07 (m%)
Concrete: V.= Vo + Ve, = 767.30 (M%)
Reinforcement Bars W, = W, + W, = 429.89 (ton)
Weight of Penstock W, = Wy = 0.00 (ton)
(7) Power House
Excavation: V. = 97.8 x (Q x He?® x n¥3)%7%7 = 53228 (M)
Concrete: V. = 28.1 x (Q x He?® x n*?)*7 = 179.20 (m°)
Reinforcement Bare W, = 0.046 x V% = 10.68 (ton)
Where,
Q: Maximum Discharge =/ 0.770 (m%s)
He: Effective Head = 48.80 (m)
n: uantity Unit of Turbine = 1.00
(8) Outlet
Excavation: V, = 395 x (RxQ)*® = 30366 (m’)
Concrete: V.= 404x(RxQ)P"® = 2775 (md)
Reinforcement Bars W, = 0.278 x V. = 2.11 (ton)
Where,
D: Diameter of Waterway = 1.50 (m)
R: Radius of Waterway = 0.75 (m) D/2
Q: Maximum Discharge =/ 0.770 (m%s)

: Input Cell
: Calculation Cell
: Reference Cell
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V1. Unit Price 1USD = 3.00 /. (as of November, 2007)
(1) Civil Works
Excavation
* - 3 - .
Open 553 (Ussim) (8.70+2.35) x 0.5 = $5.53./m , from QAPAECO and Fainal study on Omia
<Human power and Machine excavation>
Tunnel - (US$/m)
Concrete
Open 93.05 (Us$/m®) |* from CAPAECO (average of foundation, wall and structure concrete)
Tunnel - (US$/m®)
Reinforcement Bar 1,070.00 (US$/ton) [*$1.07/kg, from CAPAECO
(2) Hydraulic Equipment
Gate & Screen 8,811.04 (USs$fton) |* from final study on Omia
Steel Penstock 3,100.00 (US$/ton) |including installation
PVC for Headrace - (US$/m)
PVC (¢630) 265.49 (US$/m) [611% of TUBOPLAST(315) for Penstock (C-10) = 43.42 x 6.11 = 265.49
(3) Others
Access Road 5,877.89 (US$/m) |Constrruction of Unpaved Road (3.0m Width)
(4) Transportation Cost
Pucallpa to the site 98.67 (US$/ton) [97 km (river)
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Master Plan Study for Rural Electrification by Renewable Energy in the Republic of Peru

Appendix I-29 Construction Cost for Shinipo Power Station

I. Summary of Construction Cost for Shinipo Power Station

Unit: US$
Work Item Construction Cost Remarks
1. Preliminary Works 129,591
(1) Access Road 77,588
(2) Facilities for Construction Office 3,863 [Cost of Civil Works x 0.05
(3) Transportation cost 48,140 |487.90ton x $98.67/ton
2. Cost for Environmental Mesures 772 |Cost of Civil Works x 0.01
3. Civil Works 77,268
(1) Weir 2,221
(2) Intake 7,504
(3) Settling Basin 8,089
(4) Headrace 9,555
(5) Head Tank 15,944
(6) Penstock & Spillway Channel 15,951
(7) Power House 14,879
(8) Outlet 3,125
(9) Miscellaneous Work 0
4. Hydraulic Equipment 86,100
(1) Gate & Screen 5,159
(2) Penstock 0
(3) PVC (¢600) 59,670
(4) PVC (9315) 6,947
(5) Others 14,324
5. Electrical Equipment 45,800
6. Direct Cost 339,531 |1.+2.+3.+4.+5.
7. Engineering Cost 33,953 (6. x 0.1: Detailed Design and Supervision
8. Contingent Budget 33,516 |6.x0.099
9.1GV 77,330 |19.00%
10. Total Cost 484,330
Appendix
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I1. Detailed Statement of Transportation Cost for Shinipo Power Station

Items Unit Quantity Remarks
(1) Wier 17.05
a. Cements . 3.57 |Cement; 0.27ton per concrete 1m°
b. Coarse aggregate o 13.24 |Coarse aggregate: 1ton per concrete 1m’
c. Reinforcement Bars 0.23
(2) Intake 68.11
a. Gate 0.39
b. Screen 0.19
ton
c. Cements 14.06 |Cement: 0.27ton per concrete 1m®
d. Coarse aggregate 52.09 [Coarse aggregate: 1ton per concrete 1m?
e. Reinforcement Bars 1.37
(3) Settling Basin 54.81
a. Cements on 11.06 |Cement; 0.27ton per concrete 1m®
b. Coarse aggregate 40.96 |Coarse aggregate: 1ton per concrete 1m*
c. Reinforcement Bars 2.79
(4) Headrace 13.30
ton
a. PVC (¢600) 13.30 |Weight: 1,000m x 79.8kg/6m
(5) Head Tank 88.01
a. Cements o 17.99 |Cement; 0.27ton per concrete 1m®
b. Coarse aggregate 66.63 |Coarse aggregate: 1ton per concrete 1m’
c. Reinforcement Bars 3.40
(6) Penstock & Spillway Channel 145.74
a. Penstock Steel (¢300) 0.00
b. Penstock PVC (9315) 3.28 |Weight: 160m x 122.833kg/6m
c. Cements on 30.29 [Cement: 0.27ton per concrete 1m?
d. Coarse aggregate 112.18 |Coarse aggregate: 1ton per concrete 1m’
e. Reinforcement Bars 0.00
(7) Power House 88.48
a. Cements . 18.01 |Cement; 0.27ton per concrete 1m®
b. Coarse aggregate o 66.69 |Coarse aggregate: 1ton per concrete 1m’
c. Reinforcement Bars 3.78
(8) Outlet 12.39
a. Cements on 2.41 |Cement: 0.27ton per concrete 1m°
b. Coarse aggregate 8.93 |Coarse aggregate: 1ton per concrete 1m°
c. Reinforcement Bars 1.06
(9) Subtotal 487.90
(10) Transportation Cost 48,141 |(9) x $98.67/ton
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I11. Detailed Statement of Civil Works Cost for Shinipo Power Station

Unit: US$
Work Items Unit Unit Price | Quantity Cost Remarks
(1) Wier 2,221
a. Excavation m? 5.53 67.0 370
b. Concrete m? 93.05 13.2 1,231
c. Reinforcement Bars ton 1,070.00 0.2 250
d. Others B 370 E?r:rct::;?n);%gﬁer dam construction, etc.)
(2) Intake 7,504
a. Excavation m® 5.53 39.3 217
b. Concrete me 93.05 52.1 4,847
c. Reinforcement Bars ton 1,070.00 14 1,462
d. Others - 978 Ef;ct::gnzijfsfer work, etc.)
(3) Settling Basin 8,089
a. Excavation m® 5.53 101.9 563
b. Concrete m’ 93.05 41.0 3,811
c. Reinforcement Bars ton 1,070.00 2.8 2,980
d. Others - 735 E?r:rcti:g?nz%tlhoer works)
(4) Headrace 9,555
a. Excavation md 5.53 1440.0 7,963
b. Concrete m® 93.05 0.0 0
c. Reinforcement Bars ton 1,070.00 0.0 0
d. Others 3 1,592 E?r:rctizgn);oﬂlzl?ng works)
(5) Head Tank 15,944
a. Excavation me 5.53 281.2 1,555
b. Concrete me 93.05 66.6 6,199
c. Reinforcement Bars ton 1,070.00 3.4 3,635
d. Others - 4,555 E?r:ct::gzn);%:tz screen)
(6) Penstock & Spillway Channel 15,951
a. Excavation m® 553| 7347 4,063
b. Concrete m? 93.05| 1122 10,438
c. Reinforcement Bars ton 1,070.00 0.0 0
d. Others - 1450 |6 e worke)
(7) Power House 14,879
a. Excavation m® 553 2156 1,192
b. Concrete m® 93.05 66.7 6,205
c. Reinforcement Bars ton 1,070.00 3.8 4,049
d. Others - 3433 Eiar:rct::g%n);%?;inage work, wooden
(8) Outlet 3,125
a. Excavation m? 5.53 137.2 758
b. Concrete m? 93.05 8.9 830
c. Reinforcement Bars ton 1,070.00 1.1 1,130
d. Others B 407 E?r:rct::g?n);%;fsfer work, etc.)
(9) Miscellaneous Work - 0 [=(2)-(8) x 0.05 not consider
(10) Subtotal 77,268
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IV. Detailed Statement of Hydraulic Equipment Cost for Shinipo Power Station

Unit: US$
Work Items Unit Unit Price | Quantity Cost Remarks

(1) Weir & Spillway 0

a. Gate ton 8,811.04 0.00 0
(2) Intake 5,159

a. Gate ton 8,811.04 0.39 3,450

b. Screen ton 8,811.04 0.19 1,709
(3) Penstock Steel (¢315) ton 3,100.00 0.00 0
(4) PVC (9600) for headrace m 59.67 1,000 59,670
(5) Penstock PVC (9315) C-10 m 43.42 160 6,947
(6) Subtotal 71,776
(7) Others 14,324 [19.96%
(8) Total 86,100
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V. Quantity
(1) Weir
Excavation: V.= 8.69x (HyxL)" = 67.01 (m)
Concrete: V.= 8.64x (HSxL)*™® = 1324 (m%)
Reinforcement Bars W, = 0.0274 x v 8% = 0.23 (ton)
Weight of Gate: W, = 0.145 x Q%% = 0.00 (ton) (unconsidered)
Where,
Hg: Height of Dam = 0.30 (m)
L: Length of Dam = 20.00 (m)
(2) Intake
Excavation: V, = 171xRx Q)™ = 3932 (md
Concrete: V.= 147xRxQ™® = 5209 (md)
Reinforcement Bare W, = 0.0145 x V' = 1.37 (ton)
Weight of Gate: W, = 127x (Rx Q™ = 0.39 (ton)
Weight of Screen: W= 0.701x Rx Q)" = 0.19 (ton)
Where,
D: Diameter of Waterway = 1.00 (m)
R:  Radius of Waterway = 0.50 (m) D/2 Assumption; Waterway Gradient = 1/1,000
Q: Maximum Discharge = 0.220 (m%s)
(3) Settling Basin
Excavation: o= 515 x Q"”’ = 10191 (md)
Concrete: V.= 169 x Q%% = 4096 (M)
Reinforcement Bare W, = 0.120 x V28 = 2.79 (ton)
Weight of Gate: W, = 0.910 x Q%% = 0.36 (ton)
Weight of Screen: W, = 0.879 x Q°7® = 0.27 (ton)
Where,
Q: Maximum Discharge =/ 0.220 (m®s)
(4) Headrace
In the case of PVC@600:
Excavation: Ve=BxHxL = 1,440.00 (m%
Concrete: Vo= (Hxtx2)+(B+2)xt)xL = - ()
Reinforcement Bars W, = 0.577 x (VJL)*®¥8 x L = - (ton)
Where,
Q: Maximum Discharge = 0.220 (m’/s)
L Length of Channel = 1,000.00 (m)
B: Width of Channel = 1.20 (m) for excavation (2D from RIBLOC Brochure)
H Height of Channel = 1.20 (m) for excavation (2D from RIBLOC Brochure)
t: Thickness of Concrete = - (m)
(5) Head Tank
Excavation: o= 808 x Q"% = 28124 (M}
Concrete: = 197 x Q"¢ = 6663 (m)
Reinforcement Bars W, = 0.051 x V. = 3.40 (ton)
Where,
Q: Maximum Discharge =/ 0.220 (m’/s)
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(6) Penstock & Spillway Channel

Penstock (Steel)@315:
Excavation: Ve = 10.9 x D,nl'33 x L
Concrete: Vg = 2.14x D, x L
Reinforcement Bars Wy, = 0.018 x V,
Where,
Dpy: wg. Diameter of Penstock = 0.00 (m)
L:  Length of Penstock = 0.00 (m)

Weight of Penstock
Thickness of Penstock:
Where,
W,1: Weight of Penstock

tm: Thickness of Penstock

Dpn:wg. Diameter of Penstock =
H: Design Head =
L:  Length of Penstock =

Penstock (PVC)@315:
Excavation:
Where,

Q: Maximum Discharge =
L: Length of Channel =
B: Width of Channel
H: Height of Channel

Spillway Channel:

Wi = 7.85X T X Dpp X t X10°x1.15 x L

t, = 0.0362X HX Dy + 2

0.00 (ton)
2.00 (mm)
0.00 (m)
49.50 (m)
0.00 (m)

Ve=BxHxL

0.220 (m®fs)

160.00 (m)
0.92 (m)
0.92 (m)

0.00 (m%
0.00 (m®
0.00 (ton)

0.00 (ton)
2.00 (mm)

(Tensil allowable Stress: 1,150 kgf/cm?)

(Intake Water Level - Tailrace Water Level)

135.42 (m°)

from TUBOPLAST Brochure
from TUBOPLAST Brochure

(B x H)*0.5 = 1.09 x Q°*"° = 0.61
Excavation: Ve=6.22 x (B x H)**)* x L = 599.30 (m°)
Concrete: Ve=Hxtx2+(B+2t)xL 112.18 (m?)
Reinforcement Bars W, = 0.577 x (V/L)*®E x L = 0.00 (ton)
Where,
Q: Maximum Discharge = 0.220 | (m®/s)
L: Length of Channel = 160.00 (m)
B: Width of Channel = 0.40 (m)
H: Height of Channel = 0.60 (m)
t: Thickness of Concrete = 0.15 (m)
Total Quantity of Penstock and Spillway Channel:
Excavation: V, = Vet + Ve = 73472 (md)
Concrete: V.= Vg + Ve 112.18 (m®)
Reinforcement Bars W, = Wy + W,y S 0.00 (ton)
Weight of Penstock W, = Wy = 0.00 (ton)
(7) Power House
Excavation: Ve = 97.8 x (Q x He?® x n¥3)>7 = 21558 (m%)
Concrete: Ve = 28.1 x (Q x He?® x n?)%7® = 66.69 (m°)
Reinforcement Bars W, = 0.046 x V"% = 3.78 (ton)
Where,
Q: Maximum Discharge = 0.220 | (m?/s)
He: Effective Head = 49.50 (m)
n: uantity Unit of Turbine = 1.00
(8) Outlet
Excavation: V, = 395 x (R x Q)*#"° = 13722 (m?)
Concrete: V= 404x (RxQ)™ = 8.93 (m°)
Reinforcement Bars W, = 0.278 x V5 = 1.06 (ton)
Where,
D: Diameter of Waterway = 1.00 (m)
R: Radius of Waterway = 0.50 (m) D/2

Q: Maximum Discharge =

: Input Cell
: Calculation Cell
: Reference Cell

0.220 (m®/s)
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VI. Unit Price 1USD = 3.00 S/. (as of November, 2007)
(1) Civil Works
Excavation
* — 3 . .
Open 553 (USs/m) (8.70+2.35) x 0.5 = $5.53./m , from (?APAECO and Fainal study on Omia
<Human power and Machine excavation>
Tunnel - (US$/m?)
Concrete
Open 93.05 (us$/m’) [* from CAPAECO (average of foundation, wall and structure concrete)
Tunnel - (US$/m®)
Reinforcement Bar 1,070.00 (US$/ton) [*$1.07/kg, from CAPAECO
(2) Hydraulic Equipment
Gate & Screen 8,811.04 (USs$iton) |* from final study on Omia
Steel Penstock 3,100.00 (Uss$/ton) [including installation
PVC (9600) 59.67 (US$/m) |RIB LOC for Headrace
TUBOPLAST for Penstock (C-10), The number of joints is 215. This price include joint price.
PVC (9315) 43.42  (US$/m) |190m/6m =30 (joint), 30 x $2.7 =813, 81$/190m =0.43%$/m, 42.99$/m (PVC) + 0.43$/m (joint) =
43.42%/m
(3) Others
Access Road 5,877.89 (US$/m) |Constrruction of Unpaved Road (3.0m Width)
(4) Transportation Cost
Pucallpa to the site 98.67 (Us$/ton) [272 km (river)
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