Estudio del Plan Maestro de Electrificacion Rural con Energia Renovable en la Republica del Peru

Apéndice I-18 Costos de Construccion de la Central Hidroeléctrica Quiula

I. Summary of Construction Cost for Quiula Power Station

Unit: US$
Work Item Construction Cost Remarks
1. Preliminary Works 16,482
(1) Access Road 7,053
(2) Facilities for Construction Office 3,677 |Cost of Civil Works x 0.05
(3) Transportation cost 5,752 |492.55ton x $11.68/ton
2. Cost for Environmental Mesures 735 |Cost of Civil Works x 0.01
3. Civil Works 73,555
(1) Weir 2,221
(2) Intake 7,177
(3) Settling Basin 7,465
(4) Headrace 4,299
(5) Head Tank 14,950
(6) Penstock & Spillway Channel 16,810
(7) Power House 17,650
(8) Outlet 2,983
(9) Miscellaneous Work 0
4. Hydraulic Equipment 46,900
(1) Gate & Screen 4,909
(2) Penstock 0
(3) PVC (¢600) 26,851
(4) PVC (¢315) 7,381
(5) Others 7,759
5. Electrical Equipment 53,900
6. Direct Cost 191,572 |1.+2.43.+4.+5.
7. Engineering Cost 19,157 [6. x 0.1: Detailed Design and Supervision
8. Contingent Budget 18,271 [6.x0.095
9.1GV 43,510 19.00%
10. Total Cost 272,510
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I1. Detailed Statement of Transportation Cost for Quiula 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 65.27
a. Gate 0.37
b. Screen 0.18
ton
c. Cements 13.48 |Cement; 0.27ton per concrete 1m®
d. Coarse aggregate 49.93 [Coarse aggregate: 1ton per concrete 1m?
e. Reinforcement Bars 1.30
(3) Settling Basin 50.40
a. Cements . 10.16 |Cement: 0.27ton per concrete 1m’
b. Coarse aggregate > 37.64 |Coarse aggregate: 1ton per concrete 1m®
c. Reinforcement Bars 2.59
(4) Headrace 5.99
ton
a. PVC (¢600) 5.99 |Weight: 450m x 79.8kg/6m
(5) Head Tank 82.50
a. Cements : 16.86 |Cement; 0.27ton per concrete 1m®
b. Coarse aggregate o 62.45 [Coarse aggregate: 1ton per concrete 1m°
c. Reinforcement Bars 3.19
(6) Penstock & Spillway Channel 154.84
a. Penstock Steel (¢p300) 0.00
b. Penstock PVC (9315) 3.48 |Weight: 170m x 122.833kg/6m
c. Cements on 32.18 [Cement: 0.27ton per concrete 1m®
d. Coarse aggregate 119.18 |Coarse aggregate: 1ton per concrete 1m®
e. Reinforcement Bars 0.00
(7) Power House 104.83
a. Cements on 21.33 |Cement: 0.27ton per concrete 1m®
b. Coarse aggregate 78.99 |Coarse aggregate: 1ton per concrete 1m®
c. Reinforcement Bars 452
(8) Outlet 11.68
a. Cements on 2.27 |Cement; 0.27ton per concrete 1m®
b. Coarse aggregate 8.39 |Coarse aggregate: 1ton per concrete 1m°
c. Reinforcement Bars 1.02
(9) Subtotal 492.55
(10) Transportation Cost 5,753 [(9) x $11.68/ton
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I11. Detailed Statement of Civil Works Cost for Quiula 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 3 310 E?:cblzg?nxgoclc?ﬁer dam construction, etc.)
(2) Intake 7,177
a. Excavation m® 5.53 37.0 204
b. Concrete m® 93.05 49.9 4,645
c. Reinforcement Bars ton 1,070.00 13 1,392
d. Others 3 936 E?:cti:(j)in);%jfsfer work, etc.)
(3) Settling Basin 7,465
a. Excavation m® 5.53 925 511
b. Concrete mé 93.05 37.6 3,502
c. Reinforcement Bars ton 1,070.00 2.6 2,774
d. Others - 678 [(r s sihor works
(4) Headrace 4,299
a. Excavation m® 5.53 648.0 3,583
b. Concrete m® 93.05 0.0 0
c¢. Reinforcement Bars ton 1,070.00 0.0 0
d. Others B 716 E?r?cbl;rccj)m);illzl?ng works)
(5) Head Tank 14,950
a. Excavation m® 553| 264.1 1,460
b. Concrete m® 93.05 62.5 5,811
c¢. Reinforcement Bars ton 1,070.00 3.2 3,408
d. Others - 4,271 E?;cbl:?m);%:g screen)
(6) Penstock & Spillway Channel 16,810
a. Excavation m? 5.53 758.4 4,193
b. Concrete m° 93.05 119.2 11,089
c. Reinforcement Bars ton 1,070.00 0.0 0
d. Others - 1,528 E?;!i:ﬁ?nfﬁiﬁ?ng works)
(7) Power House 17,650
a. Excavation m® 5.53 251.7 1,391
b. Concrete m® 93.05 79.0 7,349
c. Reinforcement Bars ton 1,070.00 45 4,837
d. Others - 4,073 E?r:rcblzgznz%ffinage work, wooden
(8) Outlet 2,983
a. Excavation m® 5.53 131.4 726
b. Concrete m® 93.05 8.4 780
c. Reinforcement Bars ton 1,070.00 1.0 1,088
d. Others B 389 E?:cblzg?nxgocﬁ?fer work, etc.)
(9) Miscellaneous Work - 0 [=(1)-(8) x 0.05 not consider
(10) Subtotal 73,555
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IV. Detailed Statement of Hydraulic Equipment Cost for Quiula Power Station

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

(1) Weir & Spillway 0

a. Gate ton 8,811.04 0.00 0
(2) Intake 4,909

a. Gate ton 8,811.04 0.37 3,288

b. Screen ton 8,811.04 0.18 1,621
(3) Penstock Steel (¢315) ton 3,100.00 0.00 0
(4) PVC (9600) for headrace m 59.67 450 26,851
(5) Penstock PVC (9315) C-10 m 43.42 170 7,381
(6) Subtotal 39,141
(7) Others 7,759 119.82%
(8) Total 46,900
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V. Quantity
(1) Weir
Excavation: Ve = 869x (HyxL)'™ = 67.01 (m)
Concrete: V.= 8.64x (HSxL)*® = 1324 (md
Reinforcement Bare W, = 0.0274 x V5% = 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, = 7IxRxQ™™ = 37.02 (m?)
Concrete: V.= 147x(RxQ)™ = 4993 (m%)
Reinforcement Bars W, = 0.0145 x V! = 1.30 (ton)
Weight of Gate: W, = 127x(RxQ)™™® = 0.37 (ton)
Weight of Screen: W, = 0.701 x (Rx Q)% = 0.18 (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 = 0.201 (m%s)
(3) Settling Basin
Excavation: Ve = 515 x Q"' = 92.52 (m%
Concrete: V.= 169 x Q% = 3764 (M)
Reinforcement Bare W, = 0.120 x V227 = 2.59 (ton)
Weight of Gate: W, = 0.910 x Q"% = 0.34 (ton)
Weight of Screen: W, = 0.879 x Q% = 0.25 (ton)
Where,
Q: Maximum Discharge =|  0.201 (m%s)
(4) Headrace
In the case of PVVC@600:
Excavation: Ve=BxHxL = 648.00 (m%)
Concrete: V= (Hxtx2)+(B+2t)xt)xL = - (m%
Reinforcement Bare W, = 0577 x (VJ/L)*%® x L = - (ton)
Where,
Q: Maximum Discharge = 0.201 (m®s)
L: Length of Channel = 450.00 (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™% = 26408 (m%
Concrete: V.= 197 x Q™ = 6245 (m)
Reinforcement Bars W, = 0.051 x V, = 3.19 (ton)
Where,
Q: Maximum Discharge =|  0.201 (m%s)
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(6) Penstock & Spillway Channel

Penstock (Steel)@315:
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,

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

W, Weight of Penstock 0.00 (ton)
tm: Thickness of Penstock 2.00 (mm)
Dy wg. Diameter of Penstock = 0.00 (m)
H: Design Head = 78.00 (m)
L:  Length of Penstock = 0.00 (m)
Penstock (PVC)@315:
Excavation: Ve=BxHXxL
Where,
Q: Maximum Discharge = 0.201 | (m?/s)
L: Length of Channel = 170.00 (m)
B: Width of Channel = 0.92 (m)
H: Height of Channel = 0.92 (m)

Spillway Channel:

(Intake Water Level - Tailrace Water Level)

= 14389 (m?)

from TUBOPLAST Brochure
from TUBOPLAST Brochure

(BxH)"0.5 = 1.09 x Q%" = 0.59
Excavation: Ve =6.22x (B x H)™)* x L 614.48 (m°)
Concrete: V,=Hxtx2+(B+2t)xL 119.18 (m?)
Reinforcement Bars W, = 0.577 x (V/L)*88 x L = 0.00 (ton)
Where,
Q: Maximum Discharge =/ 0.201 (m%s)
L: Length of Channel = 170.00 (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, = 75837 (m)
Concrete: V.= Vo + Ve, = 11918 (M)
Reinforcement Bars W, = W, +W,, = 0.00 (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 = 25165 (M%)
Concrete: V. = 28.1 x (Q x He?® x n*?)*7 78.99 (m°)
Reinforcement Bars W, = 0.046 x V% = 452 (ton)
Where,
Q: Maximum Discharge =/ 0.201 (m%s)
He: Effective Head = 78.00 (m)
n: uantity Unit of Turbine = 1.00
(8) Outlet
Excavation: V, = 395 x (R x Q)*#"° = 13141 (md)
Concrete: V.= 404x (RxQ)"® = 8.39 (m°)
Reinforcement Bars W, = 0.278 x V. = 1.02 (ton)
Where,
D: Diameter of Waterway = 1.00 (m)
R: Radius of Waterway = 0.50 (m) D/2
Q: Maximum Discharge =/ 0.201 (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 = $5.53_/m , from (?APAECO and Fainal study on Omia
<Human power and Machine excavation>
Tunnel - (US$/m®)
Concrete
Open 93.05 (Us$/m®) |* from CAPAECO (average of foundation, wall and structure concrete)
Tunnel - (US$/Im?)
Reinforcement Bar 1,070.00 (UsS$ton) [*$1.07/kg, from CAPAECO
(2) Hydraulic Equipment
Gate & Screen 8,811.04 (USsiton) |* from final study on Omia
Steel Penstock 3,100.00 (Usston) |including installation
PVC (9600) 59.67 (US$/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  (USS$/m) |190m/6m =30 (joint), 30 x $2.7 =81$, 81$/190m =0.43%$/m, 42.99%/m (PVC) + 0.43%/m (joint) =
43.42%/m
(3) Others
Access Road 979.65 (US$/m) |Repair Work for Existing Unpaved Road
(4) Transportation Cost
Lima to the site 11.68 (US$/ton) |94 km (road)
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Estudio del Plan Maestro de Electrificacion Rural con Energia Renovable en la Republica del Peru

Apéndice I-19 Costos de Construccion de la Central Hidroeléctrica Aichiyacu

I. Summary of Construction Cost for Aichiyacu Power Station

Unit: US$
Work Item Construction Cost Remarks
1. Preliminary Works 58,604
(1) Access Road 0
(2) Facilities for Construction Office 3,058 [Cost of Civil Works x 0.05
(3) Transportation cost 55,546 [463.70ton x $119.79/ton
2. Cost for Environmental Mesures 611 [Cost of Civil Works x 0.01
3. Civil Works 61,171
(1) Weir 2,221
(2) Intake 3,347
(3) Settling Basin 3,487
(4) Headrace 5574
(5) Head Tank 8,089
(6) Penstock & Spillway Channel 30,349
(7) Power House 6,744
(8) Outlet 1,360
(9) Miscellaneous Work 0
4. Hydraulic Equipment 58,200
(1) Gate & Screen 2,092
(2) Penstock 0
(3) PVC (9500) 35,002
(4) PVC (¢200) 11,464
(5) Others 9,642
5. Electrical Equipment 24,800
6. Direct Cost 203,386 |1.+2.+3.+4.+5.
7. Engineering Cost 20,339 |6. x 0.1: Detailed Design and Supervision
8. Contingent Budget 20,275 |6.x0.100
9. 1IGV 46,360 [19.00%
10. Total Cost 290,360
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Estudio del Plan Maestro de Electrificacion Rural con Energia Renovable en la Republica del Peru

I1. Detailed Statement of Transportation Cost for Aichiyacu 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 31.35
a. Gate 0.16
b. Screen 0.07
ton
c. Cements 6.49 |Cement: 0.27ton per concrete 1m?
d. Coarse aggregate 24.05 |Coarse aggregate: 1ton per concrete 1m°
e. Reinforcement Bars 0.56
(3) Settling Basin 22.67
a. Cements . 4.54 |Cement: 0.27ton per concrete 1m®
b. Coarse aggregate o 16.82 |Coarse aggregate: 1ton per concrete 1m®
c. Reinforcement Bars 1.31
(4) Headrace 7.21
ton
a. PVC (¢500) 7.21 |Weight: 840m x 51.522kg/6m
(5) Head Tank 44.55
a. Cements . 9.11 [Cement: 0.27ton per concrete 1m?
b. Coarse aggregate o 33.72 |Coarse aggregate: 1ton per concrete 1m®
c. Reinforcement Bars 1.72
(6) Penstock & Spillway Channel 296.35
a. Penstock Steel (¢200) 0.00
b. Penstock PVC (¢200) 2.75 |Weight: 330m x 50.000kg/6m
c. Cements on 62.42 [Cement: 0.27ton per concrete 1m®
d. Coarse aggregate 231.18 [Coarse aggregate: 1ton per concrete 1m°
e. Reinforcement Bars 0.00
(7) Power House 40.31
a. Cements . 8.22 [Cement: 0.27ton per concrete 1m?
b. Coarse aggregate o 30.43 |Coarse aggregate: 1ton per concrete 1m®
c. Reinforcement Bars 1.66
(8) Outlet 421
a. Cements on 0.78 [Cement: 0.27ton per concrete 1m?
b. Coarse aggregate 2.90 |Coarse aggregate: 1ton per concrete 1m’
c. Reinforcement Bars 0.53
(9) Subtotal 463.70
(10) Transportation Cost 55,546 ((9) x $119.79/ton
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Estudio del Plan Maestro de Electrificacion Rural con Energia Renovable en la Republica del Peru

I11. Detailed Statement of Civil Works Cost for Aichiyacu 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 Eia;cﬁ:;%n);oclsﬁer dam construction, etc.)
(2) Intake 3,347
a. Excavation m’ 5.53 13.2 72
b. Concrete m® 93.05 24.1 2,238
c. Reinforcement Bars ton 1,070.00 0.6 601
d. Others } 436 E?;cﬁ:g?nxgocléfsfer work, etc.)
(3) Settling Basin 3,487
a. Excavation m® 5.53 36.8 203
b. Concrete m? 93.05 16.8 1,565
c. Reinforcement Bars ton 1,070.00 1.3 1,402
d. Others - I P
(4) Headrace 5,574
a. Excavation m? 5.53 840.0 4,645
b. Concrete m® 93.05 0.0 0
c. Reinforcement Bars ton 1,070.00 0.0 0
d. Others ) 929 E?r:rcblzg?n);illzl?ng works)
(5) Head Tank 8,089
a. Excavation m® 553 144.9 801
b. Concrete m® 93.05 33.7 3,137
c. Reinforcement Bars ton 1,070.00 1.7 1,840
d. Others - 2,311 Efn*cﬁ:gf_nng’g;‘_g creen)
(6) Penstock & Spillway Channel 30,349
a. Excavation m? 5.53 1099.4 6,079
b. Concrete mé 93.05 231.2 21,511
c. Reinforcement Bars ton 1,070.00 0.0 0
d. Others B 2,159 E?r:rcblzg?n);illll?ng works)
(7) Power House 6,744
a. Excavation m® 5.53 105.2 581
b. Concrete m® 93.05 30.4 2,831
c. Reinforcement Bars ton 1,070.00 1.7 1,776
d. Others - 1556 | e work wooden
(8) Outlet 1,360
a. Excavation m® 5.53 62.4 345
b. Concrete m® 93.05 2.9 269
c. Reinforcement Bars ton 1,070.00 0.5 569

(at+b+c) x 0.15

d. Others ) 1 (including coffer work, etc.)
(9) Miscellaneous Work - 0 |=(1)-(8) x 0.05 not consider
(10) Subtotal 61,171
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IV. Detailed Statement of Hydraulic Equipment Cost for Aichiyacu 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 2,092

a. Gate ton 8,811.04 0.16 1,436

b. Screen ton 8,811.04 0.07 656
(3) Penstock Steel (¢200) ton 3,100.00 0.00 0
(4) PVC (¢500) for headrace m 41.67 840 35,002
(5) Penstock PVC (9200) C-10 m 34.74 330 11,464
(6) Subtotal 48,558
(7) Others 9,642 |19.86%
(8) Total 58,200
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V. Quantity
(1) Weir
Excavation: V, = 869x (Hgx L)' = 67.01 (md
Concrete: V= 8.64 x (Hy x L)*™*® 13.24 (m®)
Reinforcement Bars W, = 0.0274 x V&0 = 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)% = 13.15 (m%
Concrete: V.= UTXRxQ™® = 2405 (md)
Reinforcement Bars W, = 0.0145 x V% = 0.56 (ton)
Weight of Gate: W, = 127x (RxQ)"# = 0.16 (ton)
Weight of Screen: W, = 0.701 x (R x 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 = 0.085 (m°/s)
(3) Settling Basin
Excavation: V, = 515 x Q%7 = 36.84 (m°)
Concrete: V= 169 x Q"% = 16.82 (m?)
Reinforcement Bars W, = 0.120 x v 8 = 1.31 (ton)
Weight of Gate: W, = 0.910 x Q**® = 0.20 (ton)
Weight of Screen: W, = 0.879 x Q"% = 0.13 (ton)
Where,
Q: Maximum Discharge = 0.085 (m%/s)
(4) Headrace
In the case of PVC¢500:
Excavation: Ve=BxHxL = 840.00 (m?
Concrete: Vo= (Hxtx2)+(B+2t)xt)xL = - (m%
Reinforcement Bars W, = 0.577 x (V/L)**8 x L = - (ton)
Where,
Q: Maximum Discharge = 0.085 (m%/s)
L: Length of Channel =  840.00 (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: Ve = 808 x Q** = 14495 (m’)
Concrete: V.= 197 x Q*™° = 3372 (M)
Reinforcement Bars W, = 0.051 x V, = 1.72 (ton)

Where,

Q: Maximum Discharge =

0.085 (m’/s)
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(6) Penstock & Spillway Channel

Penstock (Steel)200:
Excavation: Vg = 10.9x D, x L
Concrete: Vg = 2.14x D, "% x L
Reinforcement Bars W, = 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,

tn, = 0.0362xH XD, +2

W1t Weight of Penstock 0.00 (ton)
tm: Thickness of Penstock 2.00 (mm)
Dpy: wg. Diameter of Penstock = 0.00 (m)
H: Design Head = 46.90 (m)
L:  Length of Penstock = 0.00 (m)
Penstock (PVC)9200:
Excavation: Ve,=BxHXxL
Where,

Q: Maximum Discharge = 0.085 (m%s)

L: Length of Channel = 330.00 (m)
B: Width of Channel = 0.87 (m)
H: Height of Channel = 0.87 (m)

Spillway Channel:
(BxHY"05 =1.09x Q™"

Excavation: V=622 x (B x H)>)* x L
Concrete: V,=Hxtx2+(B+2t)xL
Reinforcement Bars W, = 0577 x (V/L)"® x L
Where,

Q: Maximum Discharge =/ 0.085 (m°%s)

L: Length of Channel = 330.00 (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:

W, = 7.85% 10 X Dy X t X10x1.15 x L

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)

249.78 (m°)

from TUBOPLAST Brochure
from TUBOPLAST Brochure

0.43
849.66 (m°)
231.18 (m°)

0.00 (ton)

Excavation: V= Vo1 + Ve = 1,099.44 (m3)
Concrete: V.= Ve + Ve = 23118 (m%)
Reinforcement Bars W, = W, + W, = 0.00 (ton)
Weight of Penstock W, = Wiy = 0.00 (ton)
(7) Power House
Excavation: V. = 97.8 x (Q x He?® x n'?)>"# = 10519 (m%
Concrete: V. = 28.1 x (Q x He”® x n'2)°7% = 3043 (M)
Reinforcement Bare W, = 0.046 x V.- = 1.66 (ton)
Where,
Q: Maximum Discharge =/ 0.085 (m®/s)
He: Effective Head = 46.90 (m)
n: uantity Unit of Turbine = 1.00
(8) Outlet
Excavation: V, = 395 x (R x Q)**"° = 62.43 (m°)
Concrete: V, = 404x(RxQ™™ = 2.90 (m?)
Reinforcement Bare W, = 0.278 x V20 = 0.53 (ton)
Where,
D: Diameter of Waterway = 0.50 (m)
R: Radius of Waterway = 0.25 (m) D/2

Q: Maximum Discharge = 0.085 (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 (USsim’) (8.70+2.35) x 0.5 = $5.53-/m , from C;APAECO and Fainal study on Omia
<Human power and Machine excavation>
Tunnel - (US$/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 (USs$/ton) |including installation
PVC (9500) 41.67 (US$/m) |RIB LOC for Headrace
PVC (¢200) 34.74 (US$/m) |80% of TUBOPLAST( ¢ 315) for Penstock (C-10) = 43.42 x 0.8 = 34.74
(3) Others
Access Road - (US$/m) |-
(4) Transportation Cost
Chachapoyas to the site 119.79 (USS$/ton) |367 km (road) + 117km (river) = 21.12 + 98.67 = 119.79 US$/ton
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Appendix I-4

Apéndice I-20 Costos de Construccion de la Central Hidroeléctrica

Balsapuerto (en el caso de PVC para Aduccidn)

I. Summary of Construction Cost for Balsapuerto Power Station

Unit: US$
Work Item Construction Cost Remarks
1. Preliminary Works 123,973
(1) Service Road 65,597
(2) Facilities for Construction Office 4,199 [Cost of Civil Works x 0.05
(3) Transportation cost 54,177 |Tarapoto to the site, 410ton x $132/ton
2. Cost for Environmental Mesures 839 [Cost of Civil Works x 0.01
3. Civil Works 83,995
(1) Weir 3,248
(2) Intake 4,919
(3) Settling Basin 3,811
(4) Headrace 28,563
(5) Head Tank 9,109
(6) Penstock & Spillway Channel 19,551
(7) Power House 12,483
(8) Outlet 2,311
(9) Miscellaneous Work 0
4. Hydraulic Equipment 150,000
(1) Gate & Screen 3,158
(2) Penstock 1,751
(3) PVC (¢630) 113,373
(4) PVC (¢315) 6,816
(5) Others 24,902
5. Electrical Equipment 57,800
6. Direct Cost 416,607 |1.+2.+3.+4.+5.
7. Engineering Cost 41,661 [6.x0.1: Detailed Design and Supervision
8. Contingent Budget 40,732 |6.x0.098
9.1GV 94,810 [19.00%
10. Total Cost 593,810
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I1. Detailed Statement of Transportation Cost for Balsapuerto Power Station

Items Unit Quantity Remarks
(1) Wier 24.68
a. Cements . 5.18 |Cement: 0.27ton per concrete 1m®
b. Coarse aggregate o 19.18 [Coarse aggregate: 1ton per concrete 1m®
c. Reinforcement Bars 0.32
(2) Intake 44.67
a. Gate 0.24
b. Screen 0.12
ton
c. Cements 9.24 [Cement: 0.27ton per concrete 1m’
d. Coarse aggregate 34.22 [Coarse aggregate: 1ton per concrete 1m’
e. Reinforcement Bars 0.84
(3) Settling Basin 23.91
a. Cements . 4.79 |Cement: 0.27ton per concrete 1m®
b. Coarse aggregate o 17.74 |Coarse aggregate: 1ton per concrete 1m®
c. Reinforcement Bars 1.37
(4) Headrace 25.27
ton
a. PVC (9600) 25.27 |Weight: 1,900m x 79.8kg/6m = 17.3ton
(5) Head Tank 46.41
a. Cements . 9.49 |Cement: 0.27ton per concrete 1m®
b. Coarse aggregate o 35.13 |Coarse aggregate: 1ton per concrete 1m®
c. Reinforcement Bars 1.79
(6) Penstock & Spillway Channel 168.65
a. Penstock Steel (¢p300) 0.57
b. Penstock PVC (¢315) 3.21 |Weight: 157m x 122.833kg/6m = 3.2ton
c. Cements o 35.03 |Cement: 0.27ton per concrete 1m®
d. Coarse aggregate 129.74 |Coarse aggregate: 1ton per concrete 1m?
e. Reinforcement Bars 0.10
(7) Power House 69.97
a. Cements on 14.25 |Cement: 0.27ton per concrete 1m®
b. Coarse aggregate 52.76 |Coarse aggregate: 1ton per concrete 1m?
c. Reinforcement Bars 2.96
(8) Outlet 6.88
a. Cements on 1.31 |Cement: 0.27ton per concrete 1m®
b. Coarse aggregate 4.84 |Coarse aggregate: 1ton per concrete 1m?
c. Reinforcement Bars 0.73
(9) Subtotal 410.44
(10) Transportation Cost 54,177 |(9) x $132/ton: Tarapoto to Balsa Puerto
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I11. Detailed Statement of Civil Works Cost for Balsapuerto Power Station

Unit: US$
Work Items Unit Unit Price [ Quantity Cost Remarks
(1) Wier 3,248
a. Excavation m® 8.70 67.0 582
b. Concrete md 93.05 19.2 1,784
c. Reinforcement Bars ton 1,075.00 0.3 341
d. Others ) 541 E?I:ct::gnztlﬁffer dam construction, etc.)
(2) Intake 4,919
a. Excavation m® 8.70 21.7 188
b. Concrete m® 93.05 34.2 3,184
c. Reinforcement Bars ton 1,075.00 0.8 906
d. Others B 641 Eiar:rcli:g?n);oc‘;fsfer work, etc.)
(3) Settling Basin 3,811
a. Excavation m® 8.70 39.2 340
b. Concrete md 93.05 17.7 1,651
c. Reinforcement Bars ton 1,075.00 14 1,474
d. Others - 346 E?:Ctizzan);%xlhoer works)
(4) Headrace 28,563
a. Excavation md 8.70 2736.0 23,803
b. Concrete m® 93.05 0.0 0
c. Reinforcement Bars ton 1,075.00 0.0 0
d. Others - 4,760 Elarjcli:g?n);(;llzl?ng works)
(5) Head Tank 9,109
a. Excavation m? 8.70 150.8 1,312
b. Concrete m® 93.05 35.1 3,269
¢. Reinforcement Bars ton 1,075.00 1.8 1,926
d. Others B 2,602 E?r:rct::;?n;(;:tg screen)
(6) Penstock & Spillway Channel 19,551
a. Excavation m® 8.70 643.0 5,593
b. Concrete m? 93.05 129.7 12,072
c. Reinforcement Bars ton 1,075.00 0.1 109
d. Others - Lo Elarjcli:g?n);%lll?ng works)
(7) Power House 12,483
a. Excavation m? 8.70 174.0 1,513
b. Concrete m® 93.05 52.8 4,909
c. Reinforcement Bars ton 1,075.00 3.0 3,181
d. Others B 2,880 E?r?cblzsgnz%fgnage work, wooden
(8) Outlet 2,311
a. Excavation m® 8.70 89.4 778
b. Concrete m® 93.05 48 450
c. Reinforcement Bars ton 1,075.00 0.7 782
d. Others - 301 E?r:ct::g?n);ocﬁffer work, etc.)
(9) Miscellaneous Work - 0 [=(1)-(8) x 0.05 not consider
(10) Subtotal 83,995
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IV. Detailed Statement of Hydraulic Equipment Cost for Balsapuerto 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 3,158

a. Gate ton 8,811.04 0.24 2,142

b. Screen ton 8,811.04 0.12 1,016
(3) Penstock Steel (¢315) ton 3,100.00 0.57 1,751
(4) PVC (¢600) for headrace m 59.67 1,900 113,373
(5) Penstock PVC (¢315) C-10 m 43.42 157 6,816
(6) Subtotal 125,098
(7) Others 24,902 |119.91%
(8) Total 150,000
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V. Quantity
(1) Weir
Excavation: .= 8.69x (Hyx L)' = 67.01 (md)
Concrete: = 8.64x (H x )™ = 19.18 (m°)
Reinforcement Bars .= 0.0274 x V¥ = 0.32 (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 = 12.00 (m)
(2) Intake
Excavation: V, = 171 x (R x Q)% = 2168 (m?)
Concrete: V.= 147X RxQ™® = 3422 (m)
Reinforcement Bare W, = 0.0145 x V** = 0.84 (ton)
Weight of Gate: W, = 127xRxQ)*® = 0.24 (ton)
Weight of Screen: W, = 0.701x Rx Q)**® = 0.12 (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 =

0.090 (m%s)

(3) Settling Basin

Excavation: Ve =

Concrete: V.=

Reinforcement Bars W, =

Weight of Gate: W, =

Weight of Screen: W =
Where,

Q: Maximum Discharge =

515 x Q"
169 x Q9
0.120 x V.27
0.910 x Q%%
0.879 x Q%%

0.090 | (m®js)

39.16 (m%)
17.74 (m%)
1.37 (ton)
0.21 (ton)
0.13 (ton)

(4) Headrace

In the case of PVC@600:
Excavation:
Concrete:
Reinforcement Bars
Where,
Q: Maximum Discharge =

Ve=BxHxL
Vo= (Hxtx2)+(B+2t)xt)xL
W, = 0.577 x (V/L)*** x L

0.090 | (m®js)

L: Length of Channel = 1,900.00 (m)

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

1.20 (m)
1.20 (m)

(m)

2,736.00 (m°)
- ()
- (ton)

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

(5) Head Tank

Excavation: V, =

Concrete: V, =

Reinforcement Bars W, =
Where,

Q: Maximum Discharge =

808 x Q"Y'

197 x Q%"
0.051x V,

0.090 (m%s)

150.84 (m%)
35.13 (m%)
1.79 (ton)
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(6) Penstock & Spillway Channel

Penstock (Steel)@315:

Excavation: Ve = 109x D, ¥ x L = 4396 (m%)
Concrete: Vg = 2.14x D, x L = 5.66 (m°)
Reinforcement Bars W, = 0.018 x V., = 0.10 (ton)
Where,
Dy wg. Diameter of Penstock = 0.30 (m)
L:  Length of Penstock = 20.00 (m)
Weight of Penstock Wy, = 7.85x 1w X Dy X t, x10°x1.15 x L = 0.57 (ton)
Thickness of Penstock: tn = 0.0362 x Hx D, + 2 = 3.32 (mm)
Where,
W1t Weight of Penstock 0.57 (ton) (Tensil allowable Stress: 1,150 kgf/cm?)
tm: Thickness of Penstock 3.32 (mm)
Dp,: wg. Diameter of Penstock = 0.30 (m)
H: Design Head = 121.60 (m) (Intake Water Level - Tailrace Water Level)
L: Length of Penstock = 20.00 (m)
Penstock (PVC)@315
Excavation: Ve=BxHxL = 13288 (m’)
Where,
Q: Maximum Discharge =/ 0.090 (m%/s)
L: Length of Channel = 157.00 (m)
B: Width of Channel = 0.92 (m) from TUBOPLAST Brochure
H: Height of Channel = 0.92 (m) from TUBOPLAST Brochure
Spillway Channel:
(BxH)"0.5 = 1.09 x Q**™® = 0.44
Excavation: Ve =6.22x ((BxH)*)"™x L = 46611 (m°)
Concrete: V.=Hxtx2+(B+2t)xL = 12408 (m%
Reinforcement Bars W, = 0577 x (VJ/L)**® x L = 0.00 (ton)
Where,
Q: Maximum Discharge = 0.090 (m%s)
L Length of Channel = 177.00 (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, = 64296 (m%)
Concrete: V.= Ve + Ve = 12974 (m?)
Reinforcement Bars W, = W, + W, = 0.10 (ton)
Weight of Penstock W, = Wy = 0.57 (ton)
(7) Power House
Excavation: Ve = 97.8 x (Q x He™® x n*?)*7%" = 17401 (m?)
Concrete: V, = 28.1 x (Q x He?® x n'/?)°7% = 5276 (m°)
Reinforcement Bars W, = 0.046 x V1% = 2.96 (ton)
Where,
Q: Maximum Discharge = 0.090 (m%/s)
He: Effective Head = 121.60 (m)
n: uantity Unit of Turbine = 1.00
(8) Outlet
Excavation: V= 395 x (R x Q)**"° = 8943 (m)
Concrete: A 404x (Rx Q)™ = 4.84 (m%
Reinforcement Bars W, = 0.278 x V20 = 0.73 (ton)
Where,
D: Diameter of Waterway = 1.00 (m)
R:  Radius of Waterway = 0.50 (m) D/2
Q: Maximum Discharge = 0.090 (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
Open 8.70 (US$/m’) |* $8.70/m’, from CAPECO <only Human power excavation>
Tunnel - (US$/m®)
Concrete
Open 93.05 (US$/m®) |* from CAPAECO (average of foundation, wall and structure concrete)
Tunnel - (US$/m®)
Reinforcement Bar 1,075.00 (US$/ton) [* $1.075/kg, from CAPAECO
(2) Hydraulic Equipment
Gate & Screen 8,811.04 (Us$/ton) |* from final study on Omia
Penstock & Conductior : 3,100.00 (Us$/ton) fincluding installation
PVC (¢600) 59.67 (US$/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) |157m/6m =25 (joint), 25 x $2.7 =67.5$, 67.5$/157m =0.43%/m, 42.99%/m (PVC) + 0.43%/m
(ioint) = 43.428/m
(3) Others
Access Road (1) 979.65 (US$/m) |Balsa Puerto - Canoa Puerto
Access Road (2) 5,877.89 (US$/m) |Canoa Puerto - Powerhouse
Access Road (3) 2,938.94 (US$/m) |Powerhouse - Intake Site
(4) Transportation Cost
Tarapoto to the site 132.00 (Us$/ton) |US$33.33/ton (Tarapoto-Yurimaguas) + US$98.67/ton (Yurimaguas-Balsa Puerto) =132US$/ton
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)

TRANSPORTATION COST TO BALSAPUERTO

Balsapuerto

1ST STAGE: (by road)

truck by 10ton

LIMA - LAMBAYEQUE -TARAPOTO - YURIMAGUAS - alternative 1

103.05|US$/TON

LIMA - CAJAMARCA -TARAPOTO - YURIMAGUAS - alternative 2

128.42|US$/TON

TARAPOTO - YURIMAGUAS - alternative 3

33.33]US$/TON

2ND STAGE: (by river)

|YURIMAGUAS - BALSAPUERTO

98.67[US$/TON |

TOTAL
FROM LIMA TO BALSAPUERTO 201.72|US$/TON
FROM TARAPOTO TO BALSAPUERTO 132.00{US$/TON
BY ROAD:
ALTERNATIVE 1:
ACCUM. ACCUM. Source: Ministry of Trasnport and
ROUTE DIS-II—(?ANCE DISTANCE g/O/ST COST Communications MTC
KM ) S/./ton Upgraded up to June 2007
Lima - Lambayeque 775.64 775.64 128.09 128.09 .
Lambayeque - Tarapoto 889.63 1665.27 146.91 275.00 48.97 91.67
Tarapoto - Yurimaguas 206.90 1872.17 34.16 309.16 11.39 103.05
ALTERNATIVE 2:
ACCUM. ACCUM. Source: Ministry of Trasnport and
ROUTE DISL?ANCE DISTANCE g/O/ST COST Communications MTC
KM Jitem S/./ton Upgraded up to June 2007
Lima - Trujillo 557.24 557.24 92.01 92.02
Trujillo - Cajamarca 317.87 875.11 52.49 144.51 17.50 48.17
Cajamarca - Chachapoyas 841.35 1716.46 138.94 283.45 46.31 94.48
Chachapoyas - Moyobamba| 299.35 2015.81 49.44 332.89 16.48 110.96
Moyobamba - Tarapoto 110.95 2126.76 18.32 351.21 6.11 117.07
Tarapoto - Yurimaguas 206.12 2332.88 34.04 385.25 11.35 128.42
ALTERNATIVE 3:
ACCUM. ACCUM. SOURCE: Upner Av- Tours de la
ROUTE DIS-}I-(?ANCE DISTANCE gﬁtST COST selva - Tarapoto Telf.
KM fton Sl./ton (042) 531489
Tarapoto - Yurimaguas 206.12 206.12 100.00 100.00 33.33 33.33
BY RIVER:
ACCUM. ACCUM. ACCUM. |SOURCE: Agencia Fluvial Dos
ROUTE DIS-:;?ANCE DISTANCE g/o/tST COST ch(;i-r COST Mil EIRL - Yurimaguas. Telf.
KM on Sl./ton on USSiton__|(065) 352174
Yurimaguas - Balsapuerto 136.00 136.00 296.00 296.00 98.67 98.67
US$ 1.00 = S/. 3.00

Informe Final Apéndices
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Apéndice I-21 Costos de Construccion de la Central Hidroeléctrica San Antonio

I. Summary of Construction Cost for San Antonio Power Station

Unit: US$
Work Item Construction Cost Remarks
1. Preliminary Works 219,084
(1) Access Road 105,801
(2) Facilities for Construction Office 7,384 [Cost of Civil Works x 0.05
(3) Transportation cost 105,899 [1,073.27ton x $98.67/ton
2. Cost for Environmental Mesures 1,476 |Cost of Civil Works x 0.01
3. Civil Works 147,687
(1) Weir 2,221
(2) Intake 7,159
(3) Settling Basin 7,432
(4) Headrace 13,855
(5) Head Tank 14,896
(6) Penstock & Spillway Channel 74,690
(7) Power House 24,458
(8) Outlet 2,976
(9) Miscellaneous Work 0
4. Hydraulic Equipment 157,400
(1) Gate & Screen 4,896
(2) Penstock 20,717
(3) PVC (9600) 86,521
(4) PVC (9315) 19,104
(5) Others 26,162
5. Electrical Equipment 107,800
6. Direct Cost 633,447 |1.+2.43.4+4.+5.
7. Engineering Cost 63,345 [6. x 0.1: Detailed Design and Supervision
8. Contingent Budget 63,208 |6.x0.100
9.1GV 144,400 |19.00%
10. Total Cost 904,400
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I1. Detailed Statement of Transportation Cost for San Antonio 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 65.11
a. Gate 0.37
b. Screen 0.18
ton
c. Cements 13.45 |Cement: 0.27ton per concrete 1m°
d. Coarse aggregate 49.81 |Coarse aggregate: 1ton per concrete 1m*
e. Reinforcement Bars 1.30
(3) Settling Basin 50.17
a. Cements on 10.12 |Cement: 0.27ton per concrete 1m®
b. Coarse aggregate 37.47 |Coarse aggregate: 1ton per concrete 1m’
c. Reinforcement Bars 2.58
(4) Headrace 19.29
ton
a. PVC (¢600) 19.29 [weight: 1,450m x 79.8kg/6m
(5) Head Tank 82.21
a. Cements o 16.80 |Cement; 0.27ton per concrete 1m®
b. Coarse aggregate 62.23 [Coarse aggregate: 1ton per concrete 1m?
c. Reinforcement Bars 3.17
(6) Penstock & Spillway Channel 682.89
a. Penstock Steel (¢300) 6.68
b. Penstock PVC (9315) 9.01 |Weight: 440m x 122.833kg/6m
c. Cements on 141.61 |Cement: 0.27ton per concrete 1m®
d. Coarse aggregate 524.47 |Coarse aggregate: 1ton per concrete 1m*
e. Reinforcement Bars 112
(7) Power House 144.93
a. Cements . 29.46 |Cement: 0.27ton per concrete 1m?
b. Coarse aggregate > 109.12 |Coarse aggregate: 1ton per concrete 1m’
c. Reinforcement Bars 6.35
(8) Outlet 11.64
a. Cements on 2.26 |Cement: 0.27ton per concrete 1m°
b. Coarse aggregate 8.36 |Coarse aggregate: 1ton per concrete 1m°
c. Reinforcement Bars 1.02
(9) Subtotal 1,073.27
(10) Transportation Cost 105,900 |(9) x $98.67/ton
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I11. Detailed Statement of Civil Works Cost for San Antonio 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 3 310 E?:cblzg?nxg%gﬁer dam construction, etc.)
(2) Intake 7,159
a. Excavation m® 5.53 36.9 204
b. Concrete m® 93.05 49.8 4,634
c. Reinforcement Bars ton 1,070.00 13 1,388
d. Others - 933 E?:cli:(ci)in);%jfsfer work, etc.)
(3) Settling Basin 7,432
a. Excavation m® 5.53 92.0 508
b. Concrete mé 93.05 375 3,486
c. Reinforcement Bars ton 1,070.00 2.6 2,763
d. Others - 675 E?r:cblzcci)in);%tlhir works)
(4) Headrace 13,855
a. Excavation m’ 5.53| 2088.0 11,546
b. Concrete m® 93.05 0.0 0
c¢. Reinforcement Bars ton 1,070.00 0.0 0
d. Others - 2,300 |6 g wori
(5) Head Tank 14,896
a. Excavation m® 553| 263.2 1,455
b. Concrete m® 93.05 62.2 5,790
c¢. Reinforcement Bars ton 1,070.00 3.2 3,395
d. Others - 4,256 Ef;cblzg)mz%:g screen)
(6) Penstock & Spillway Channel 74,690
a. Excavation m? 5.53 3236.9 17,900
b. Concrete m® 93.05 524.5 48,801
c. Reinforcement Bars ton 1,070.00 11 1,199
d. Others 3 6,790 E?r:rcblzgznzoﬂlll?ng works)
(7) Power House 24,458
a. Excavation m® 5.53 338.2 1,870
b. Concrete m® 93.05 109.1 10,153
c. Reinforcement Bars ton 1,070.00 6.3 6,791
d. Others - 5644 E?r:rcblzgznz(zrsz?inage work, wooden
(8) Outlet 2,976
a. Excavation m® 5.53 131.1 724
b. Concrete m® 93.05 8.4 778
c. Reinforcement Bars ton 1,070.00 1.0 1,086
d. Others B 388 E?:cblzg?nxg%(};er work, etc.)
(9) Miscellaneous Work - 0 [=(1)-(8) x 0.05 not consider
(10) Subtotal 147,687
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IV. Detailed Statement of Hydraulic Equipment Cost for San Antonio 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 4,896

a. Gate ton 8,811.04 0.37 3,279

b. Screen ton 8,811.04 0.18 1,617
(3) Penstock Steel (¢315) ton 3,100.00 6.68 20,717
(4) PVC (600) for headrace m 59.67 1,450 86,521
(5) Penstock PVC (¢315) C-10 m 43.42 440 19,104
(6) Subtotal 131,238
(7) Others 26,162 119.93%
(8) Total 157,400
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V. Quantity
(1) Weir
Excavation: V.= 869 x (Hgx L)' = 67.01 (m%)
Concrete: .= 8.64x (HS xL)"™ = 1324 (md)
Reinforcement Bars W, = 0.0274 x V&0 = 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, = 171 x (R x Q)% = 36.90 (m®)
Concrete: V= 147x(RxQ)% = 4981 (m’)
Reinforcement Bars W, = 0.0145 x V' = 1.30 (ton)
Weight of Gate: W, = 127x (Rx Q)™ = 0.37 (ton)
Weight of Screen: W, = 0.701x (Rx Q)**¥ = 0.18 (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 = 0.200 (m®s)
(3) Settling Basin
Excavation: V= 515 x Q™ = 92.03 (m®)
Concrete: V.= 169 x Q*%*° = 3747 (mY)
Reinforcement Bars W, = 0.120 x VCO'847 = 2.58 (ton)
Weight of Gate: W, = 0.910 x Q%% = 0.34 (ton)
Weight of Screen: W, = 0.879 x Q°7® = 0.25 (ton)
Where,
Q: Maximum Discharge=| 0.200 (m®%s)
(4) Headrace
In the case of PVCe@600:
Excavation: V,=BxHxL = 2,088.00 (m?)
Concrete: V= (Hxtx2)+(B+2t)xt)xL = - (m®)
Reinforcement Bars W, = 0577 x (V/L)*®® x L = - (ton)
Where,
Q: Maximum Discharge = 0.200 (m®/s)
L: Length of Channel = 1,450.00 (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: Ve = 808 x Q™' = 26317 (m’)
Concrete: V.= 197 x Q*™* = 6223 (m)
Reinforcement Bars W, = 0.051 x V, = 3.17 (ton)
Where,
Q: Maximum Discharge=| 0.200 (m?%s)
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(6) Penstock & Spillway Channel

Penstock (Steel)@315:
Excavation: Ve = 109x D, ¥ x L = 48353 (m%)
Concrete: Vg = 2.14x D, ® x L = 6229 (md)
Reinforcement Bars W, = 0.018 x V, = 1.12 (ton)
Where,
Dpy: wg. Diameter of Penstock = 0.30 (m)
L:  Length of Penstock = 220.00 (m)
Weight of Penstock Wp1 = 7.85X T X Dy X ty x10°x1.15x L = 6.68 (ton)
Thickness of Penstock: tn = 0.0362 X Hx D, + 2 = 3.57 (mm)

Where,

W, Weight of Penstock 6.68

tm: Thickness of Penstock 3.57

Dpn:wg. Diameter of Penstock = 0.30

H: Design Head = 144.60

L:  Length of Penstock = 220.00
Penstock (PVC)@315:

Excavation: Ve=BxHxL
Where,

Q: Maximum Discharge = 0.200

L: Length of Channel = 440.00

B: Width of Channel = 0.92

H: Height of Channel = 0.92

Spillway Channel:

(ton) (Tensil allowable Stress: 1,150 kgf/cm?)
(mm)
(m)
(m) (Intake Water Level - Tailrace Water Level)
(m)
= 37242 (M)
(m'/s)
(m)
(m) from TUBOPLAST Brochure
(m) from TUBOPLAST Brochure

(B x H)*0.5 = 1.09 x Q°*" = 0.59
Excavation: Ve=6.22x ((BxH)**)"x L = 2380.96 (m°)
Concrete: Vo= HXtx2+(B+2)xL = 46218 (m°)
Reinforcement Bars W, = 0577 x (V/L)**® x L = 0.00 (ton)
Where,
Q:  Maximum Discharge = 0.200 (m’s)
L: Length of Channel = 660.00 (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, = 3,236.90 (m°)
Concrete: V.= Ve + Ve = 52447 (md)
Reinforcement Bars W, = Wiy + Wy, = 1.12 (ton)
Weight of Penstock W, = W1 = 6.68 (ton)
(7) Power House
Excavation: Ve = 97.8 x (Q x He?® x n*3)%™ = 33818 (m)
Concrete: V. = 28.1x (Q x He?® x n¥3)°7% = 109.12 (m?)
Reinforcement Bars W, = 0.046 x V% = 6.35 (ton)
Where,
Q: Maximum Discharge = 0.200 | (m®/s)
He: Effective Head =/  144.60 (m)
n: uantity Unit of Turbine = 1.00
(8) Outlet
Excavation: V= 395 x (R x Q)**"° = 13110 (m%)
Concrete: V, = 404x (RxQ)"® = 8.36 (m’)
Reinforcement Bars W, = 0.278 x V. = 1.02 (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

0.200 (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 = $5.5§/m , from C;APAECO and Fainal study on Omia
<Human power and Machine excavation>
Tunnel - (US$/m®)
Concrete
Open 93.05 (uUs$/m®) |* from CAPAECO (average of foundation, wall and structure concrete)
Tunnel - (US$/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$/ton) |including installation
PVC (¢600) 59.67 (US$/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 $2.7 =81$, 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
Yurimaguas to the site 98.67 (US$/ton) |75 km (river)

d 19p ea1jqnday e] us ajqeAcUSY BIBIBUT U0I [Ny UOIORDILIIN|T 9P OJISRIAl Ue|d [3p O1pnIsT

nJs,



San Antonio Map

300000

MOYOBAMBA & 7 s

$ FUERTO LIBRE
[ ]

- |
; ‘ :
e ‘ ‘
3 -
s0
LOS ANGELES
L
o A 3
0 , S
. ‘ b
- NUEVA VIDA
0
NUEVA BARRANQUITA
..
.
L 3
% g j 5
3o w
e ey
A i
LIBERTAD'%,
.
.
i =
.
& : ‘SAN JUAN DE PALOMETAYACU
- ASAN JUAN $ 5
| » i3
g+ . BOCATOMA . 5 ‘
= CASA DE MAQUINAS X ATAHUALPA
<'SAN ANTONIO | = %
&
L]
* SN MIGUEL 5
NUEVO SAN LORENZO .
] [EYO HORIZONTE
\ % L 3 )
. Su x o PAMPA HERMOSA &
Y ’.,.
- o 4 LORETO,
z SOLEDAD 'l'
. gy
AREA DEL PROYECTO '_Nggyf]-um-_ug,q‘nga .,
e . Y
B . 3
AW = Prtmo unioo e
=Y & 3 HARANJILLO
VILLA ALEGRE ?
£ b .
v '
.
]
B ginose 5
)
s .
.
.
‘!
. S
SANTA MERCEDES . i
.
amn’ b}
g - -~ g .
= ANTIOOWIA
* -
» -
e
N_UEVUCUICO
z $ % ALTO AMAZONAS
& N BELLAVISTA
e (]
L SHiintpy,,
canoa pueRTo NUEVA LUZ
® -
g ! £
S —| SAN LORENZO 3
a SAN MARCOS
- @ MONTE ALEGHE
® SANTA CLARA.
BALSAPUERTO L ]
] .NHEVE CACHIYACU FUERTO LIBAE
NUEVAZARAMIRIZA & HUEVA ESPERANZA
NUEVA REFORMA
1 =
o o JersaLen PUENOS AIRES
% ®
SAN JOSE DE CABALLITO
{ ==,
, NUEVG JUNIN
S E .
& ¥y SANTA'RITA
; .
“ ; LALOMA = s
s_|
8 SANTA ROSA DE PUCAYACU
NUEVO PROGRESO
o BARFANOUITA
.saupznnnn;ponommcu LEYENDA
=
< B BOCATOMA
e o
oo » CASA DE MAQUINAS
SANVIGENTE B
susiTo PORVENR - LOCALIDADES
——  CANAL
SRR : TUBERIA DE PRESION
"
N — " SAN GABRIEL DE VARADERO L2 RED EN MENATENSION
. - VIA ASFALTADA
=— VIA AFIRMADA
NUEVA UCHIZA
DAMASCO VIA TROCHA
SANTA ROSA
s .uuzvo TOGACHE oA TR
™ — RIO
POTENCIA : 200 kW NARANJILLO GURVAS DE NIVEL (msnm)
CAUDAL : 0.200 m3's LI e NUEVA PACHIZA NEVADOS
FRAY MARTIN |
VIVIENDAS : 1420 [ ] ® LOYORAMBILLO [ LIMITE DEPARTAMENTAL
NUEVD YURIMAGUAS NUEVA ALIANZA —
g ALTITUD BOCATOMA : 700 m.s.n.m AR SAN CARLOS. ® (CENTRO AMERICA NUE‘U ocuLza LIMITE PROVINCIAL
8
§— ALTITUD CASA DE MAQUINAS : 550 m.s.nm SAN JUAN DE ARMAHAYACU SAN PEDRO o caa  NIEDISTRIB
F [ Lacos
ALTURA BRUTA : 150 m — — g
LONGITUD CANAL : 1.45 km CUENCA
LONGITUD TUBERIA DE PRESION : 0.66 km
HUEVO MIRAFLORES
DATOS CUENCA : AREA 77.8 km2 [ ] 3 15 U] Ikm
[ —
PERIMETRO 43 km ESCALA GRAFICA
SANISIDRO
| I
9340000 9360000 360000
PROYECTO Ne:
UBICACION
PROYECTO C.H. Q. SAN ANTONIO ESCALA: DEPATIAMENTO:
MINISTERIO DE ENERGIA Y MINAS | iy LORETO
DIRECCION EJECUTIVA DE PROYECTOS 2 it R ST
TITULO: VARIOS
HOuA: DISTATO
n VARIOS
UBICACION DEL AREA DEL PROYECTO
DISERADD. DIBUJADO: REVISADO. APROBADO: FECHA: FORMATO: PLANG FE:
Ne FECHA REVISIONES REV. APROB. R.AA. FEB 2008 A3

220000

8400000

340000

360000

9380000

A-1-211




Estudio del Plan Maestro de Electrificacion Rural con Energia Renovable en la Republica del Peru

Apéndice |-22 Costos de Construccién de la Central Hidroeléctrica Santa Catalina

I. Summary of Construction Cost for Santa Catalina Power Station

Unit: US$
Work Item Construction Cost Remarks
1. Preliminary Works 693,643
(1) Access Road 176,336
(2) Facilities for Construction Office 78,346 |Cost of Civil Works x 0.05
(3) Transportation cost 438,961 [4,448.78ton x $98.67/ton
2. Cost for Environmental Mesures 15,669 |Cost of Civil Works x 0.01
3. Civil Works 1,566,932
(1) Weir 11,523
(2) Intake 22,080
(3) Settling Basin 39,664
(4) Headrace 1,083,303
(5) Head Tank 56,635
(6) Penstock & Spillway Channel 265,592
(7) Power House 78,174
(8) Outlet 9,961
(9) Miscellaneous Work 0
4. Hydraulic Equipment 69,900
(1) Gate & Screen 17,126
(2) Penstock 41,179
(3) PVC for Headrace 0
(4) PVC for Penstock 0
(5) Others 11,595
5. Electrical Equipment 291,200
6. Direct Cost 2,637,344 |1.42.+3.+4.+5,
7. Engineering Cost 263,734 |6.x 0.1: Detailed Design and Supervision
8. Contingent Budget 258,922 [6.%0.098
9.1GV 600,400 [19.00%
10. Total Cost 3,760,400
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I1. Detailed Statement of Transportation Cost for Santa Catalina Power Station

Items Unit Quantity Remarks
(1) Wier 97.57
a. Cements . 20.53 |Cement: 0.27ton per concrete 1m®
b. Coarse aggregate o 76.04 |Coarse aggregate: 1ton per concrete 1m’
c. Reinforcement Bars 1.00
(2) Intake 190.87
a. Gate 1.25
b. Screen 0.69
ton
c. Cements 39.22 [Cement: 0.27ton per concrete 1m®
d. Coarse aggregate 145.26 |Coarse aggregate: 1ton per concrete im’
e. Reinforcement Bars 4.44
(3) Settling Basin 285.76
a. Cements . 58.33 [Cement: 0.27ton per concrete 1m®
b. Coarse aggregate o 216.04 |Coarse aggregate: 1ton per concrete 1m®
c. Reinforcement Bars 11.39
(4) Headrace 222351
a. Cements . 318.57 |Cement: 0.27ton per concrete 1m°
b. Coarse aggregate o 1179.90 |Coarse aggregate: 1ton per concrete 1m®
c. Reinforcement Bars 725.04
(5) Head Tank 314.02
a. Cements . 64.18 [Cement: 0.27ton per concrete 1m®
b. Coarse aggregate o 237.71 |Coarse aggregate: 1ton per concrete 1m°
c. Reinforcement Bars 12.12
(6) Penstock & Spillway Channel 825.10
a. Penstock Steel (¢700) 13.28
b. Penstock PVC 0.00
ton
c. Cements 136.65 |Cement: 0.27ton per concrete 1m®
d. Coarse aggregate 506.11 |Coarse aggregate: 1ton per concrete 1m®
e. Reinforcement Bars 169.05
(7) Power House 458.89
a. Cements . 93.05 [Cement: 0.27ton per concrete 1m®
b. Coarse aggregate o 344.61 |Coarse aggregate: 1ton per concrete 1m®
c. Reinforcement Bars 21.23
(8) Outlet 53.05
a. Cements on 10.72 [Cement: 0.27ton per concrete 1m®
b. Coarse aggregate 39.71 [Coarse aggregate: 1ton per concrete 1m®
c. Reinforcement Bars 2.63
(9) Subtotal 4,448.78
(10) Transportation Cost 438,961 [(9) x $98.67/ton
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I11. Detailed Statement of Civil Works Cost for Santa Catalina Power Station

Unit: US$
Work Items Unit Unit Price | Quantity Cost Remarks
(1) Wier 11,523
a. Excavation m’ 553 2644 1,461
b. Concrete m? 93.05 76.0 7,075
c. Reinforcement Bars ton 1,070.00 1.0 1,067
d. Others ) 1,920 E?r:’ct::g?nzocljﬁer dam construction, etc.)
(2) Intake 22,080
a. Excavation m® 5.53 168.1 929
b. Concrete m® 93.05| 1453 13,516
c. Reinforcement Bars ton 1,070.00 4.4 4,755
d. Others B 2,880 E?;ck::g?nz%if?fer work, etc.)
(3) Settling Basin 39,664
a. Excavation m® 553| 6819 3,770
b. Concrete m® 93.05 216.0 20,102
c. Reinforcement Bars ton 1,070.00 11.4 12,187
d. Others B 3,605 Eiar:fcblsggnz(itlhoerworks)
(4) Headrace 1,083,303
a. Excavation mé 5.53] 3,105.0 17,170
b. Concrete m® 93.05| 1,179.9 109,789
¢. Reinforcement Bars ton 1,070.00 725.0 775,794
d. Others - 180,550 [ e worke)
(5) Head Tank 56,635
a. Excavation m’ 553 9701 5,364
b. Concrete mé 93.05 237.7 22,119
c. Reinforcement Bars ton 1,070.00 12.1 12,971
d. Others - 16,181 Efn*cblsgﬁi;:_t‘i ereen)
(6) Penstock & Spillway Channel 265,592
a. Excavation mé 553 | 2,435.6 13,468
b. Concrete m’ 93.05| 506.1 47,093
c. Reinforcement Bars ton 1,070.00 169.1 180,887
d. Others - 24,10 [ o)
(7) Power House 78,174
a. Excavation m’ 553| 967.9 5,352
b. Concrete m® 93.05 344.6 32,066
c. Reinforcement Bars ton 1,070.00 21.2 22,716
d. Others B 18,040 E?;cl::cg?nz%rsa(znage work, wooden
(8) Outlet 9,961
a. Excavation m’ 553 3902 2,158
b. Concrete m’ 93.05 39.7 3,694
c. Reinforcement Bars ton 1,070.00 2.6 2,810
d. Others ) 1,299 Eiar:fcblsggng(iisfer work, etc.)
(9) Miscellaneous Work - 0 |=(1)-(8) x 0.05 not consider
(10) Subtotal 1,566,932
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IV. Detailed Statement of Hydraulic Equipment Cost for Santa Catalina 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 17,126

a. Gate ton 8,811.04 1.25 11,040

b. Screen ton 8,811.04 0.69 6,086
(3) Penstock Steel (¢700) ton 3,100.00 13.28 41,179
(4) PVC for headrace m - 0 0
(5) Penstock PVC m - 0 0
(6) Subtotal 58,305
(7) Others 11,595 |19.89%
(8) Total 69,900
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V. Quantity
(1) Weir
Excavation: V, = 8.69x (HgxL)™ = 26436 (m°)
Concrete: V, = 8.64x (H xL)*™ = 76.04 (m%)
Reinforcement Bars W, = 0.0274 x V& = 1.00 (ton)
Weight of Gate: W, = 0.145 x Q%% = 0.00 (ton) (unconsidered)
Where,
Hg: Height of Dam = 1.00 (m)
L: Length of Dam = 20.00 (m)
(2) Intake
Excavation: Ve = 171x (Rx Q) = 16814 (m%
Concrete: V, = 47xRxQ)™° = 14526 (md)
Reinforcement Bars W, = 0.0145 x V- = 4.44 (ton)
Weight of Gate: W, = 127x (Rx Q)™ = 1.25 (ton)
Weight of Screen: W, = 0.701x (Rx Q)*%® = 0.69 (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 = 1.300 (m%s)
(3) Settling Basin
Excavation: V, = 515 x Q%7 = 68191 (md
Concrete: V.= 169 x Q%% = 216.04 (m%
Reinforcement Bars W, = 0.120 x V8 = 11.39 (ton)
Weight of Gate: W, = 0.910 x Q%% = 1.07 (ton)
Weight of Screen: W, = 0.879 x Q"% = 1.08 (ton)
Where,
Q: Maximum Discharge =/ 1.300 (m%fs)
(4) Headrace
In the case of Opoen Channel (1,500 x 1,000):
Excavation: V,=BxHxL = 3,105.00 (m?)
Concrete: Vo= (Hxtx2)+(B+2)xt)xL = 1,179.90 (m°)
Reinforcement Bars W, = 0.577 x (V/L)*®8 x L = 72504 (ton)
Where,
Q: Maximum Discharge =/ 1.300 (m%fs)
L: Length of Channel = 2,070.00 (m)
B: Width of Channel = 1.50 (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"% = 970.13 (m%
Concrete: V.= 197 x Q*™*® = 23771 (m%
Reinforcement Bars W, = 0.051 x V. = 12.12 (ton)
Where,
Q: Maximum Discharge =|  1.300 | (m%/s)

Informe Final Apéndices
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(6) Penstock & Spillway Channel

Penstock (Steel)@700:
Excavation: Vo = 109x D" x L = 1,153.07 (m°)
Concrete: Vg = 2.14xD,"®x L = 19981 (md)
Reinforcement Bars W, = 0.018 x V, = 3.60 (ton)
Where,
Dp:wg. Diameter of Penstock = 0.70 (m)
L: Length of Penstock = 170.00 (m)
Weight of Penstock W1 = 7.85X X Dy Xty x10%x1.15x L = 13.28 (ton)
Thickness of Penstock: tn=0.0362 xHx D, +2 = 3.94 (mm)
Where,
W1 Weight of Penstock 13.28 (ton) (Tensil allowable Stress: 1,150 kgf/cm?)
tm: Thickness of Penstock 3.94 (mm)
Diy: wg. Diameter of Penstock = 0.70 (m)
H: Design Head = 76.40 (m) (Intake Water Level - Tailrace Water Level)
L: Length of Penstock =/ 170.00 (m)
Penstock (PVC):
Excavation: V,=BxHxL = 0.00 (m%
Where,

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

Spillway Channel:

1.300 (m?ss)

0.00 (m)
0.00 (m) from TUBOPLAST Brochure
0.00 (m) from TUBOPLAST Brochure

(B x H)*0.5 = 1.09 x Q" = 1.20
Excavation: Ve=6.22x (B x H)*) x L = 128255 (m’)
Concrete: V= Hxtx2+(B+2t)xL = 306.30 (m®)
Reinforcement Bars W, = 0577 x (VL) x L = 165.46 (ton)
Where,
Q: Maximum Discharge =/ 1.300 (m%s)
L Length of Channel = 170.00 (m)
B: Width of Channel = 1.50 (m)
H Height of Channel = 1.00 (m)
t: Thickness of Concrete = 0.15 (m)
Total Quantity of Penstock and Spillway Channel:
Excavation: Ve = Vet + Ve = 243562 (m%
Concrete: V.= Ve + Ve = 50611 (m%
Reinforcement Bars W, = W, + Wy, = 169.05 (ton)
Weight of Penstock W, = W1 = 13.28 (ton)
(7) Power House
Excavation: Ve = 97.8 x (Q x He™® x n"3)°7 = 967.94 (m)
Concrete: Ve = 28.1 x (Q x He™® x n'2)°7% = 34461 (M)
Reinforcement Bars W, = 0.046 x V1 ® = 21.23 (ton)
Where,
Q: Maximum Discharge =/ 1.300 (m%s)
He: Effective Head = 76.40 (m)
n: uantity Unit of Turbine = 1.00
(8) Outlet
Excavation: V, = 395 x (R x Q)**"® = 39024 (m®)
Concrete: V= 404x(RxQ™® = 3971 (md)
Reinforcement Bars W, = 0.278 x V5 = 2.63 (ton)
Where,
D: Diameter of Waterway = 1.50 (m)
R: Radius of Waterway = 0.75 (m) D/2

Q: Maximum Discharge =

> Input Cell
: Calculation Cell
: Reference Cell

1.300 (m?ss)

Informe Final Apéndices
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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 = $5.53_/m , from (_IAPAECO and Fainal study on Omia
<Human power and Machine excavation>
Tunnel - (US$/m®)
Concrete
Open 93.05 (uss$/m®) |* from CAPAECO (average of foundation, wall and structure concrete)
Tunnel - (US$/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 (Uss$/ton) |including installation
PVC for Headrace - (US$/m)
PVC for Penstock - (US$/m)
(3) Others
Access Road 5,877.89 (US$/m) |Constrruction of Unpaved Road (3.0m Width)
(4) Transportation Cost
lquitos to the site 98.67 (US$/ton) | 745 km (river)

d 19p ea1jqnday e] us ajqeAcUSY BIBIBUT U0I [Ny UOIORDILIIN|T 9P OJISRIAl Ue|d [3p O1pnIsT
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Estudio del Plan Maestro de Electrificacion Rural con Energia Renovable en la Republica del Peru

Apéndice I-23 Costos de Construccién de la Central Hidroeléctrica Challapampa

I. Summary of Construction Cost for Challapampa Power Station

Unit: US$
Work Item Construction Cost Remarks
1. Preliminary Works 20,442
(1) Access Road 11,755
(2) Facilities for Construction Office 2,447 |Cost of Civil Works x 0.05
(3) Transportation cost 6,240 [385.46ton x $16.45/ton
2. Cost for Environmental Mesures 489 |Cost of Civil Works x 0.01
3. Civil Works 48,952
(1) Weir 2,221
(2) Intake 2,823
(3) Settling Basin 2,565
(4) Headrace 2,972
(5) Head Tank 6,309
(6) Penstock & Spillway Channel 22,974
(7) Power House 7,943
(8) Outlet 1,145
(9) Miscellaneous Work 0
4. Hydraulic Equipment 35,000
(1) Gate & Screen 1,729
(2) Penstock 1,123
(3) PVC (¢9400) 18,431
(4) PVC (9200) 7,885
(5) Others 5,832
5. Electrical Equipment 35,000
6. Direct Cost 139,883 |1.+2.+3.+4.+5.
7. Engineering Cost 13,988 [6. x 0.1: Detailed Design and Supervision
8. Contingent Budget 13,129 |6.%0.094
9.1GV 31,730 |19.00%
10. Total Cost 198,730
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I1. Detailed Statement of Transportation Cost for Challapampa Power Station

Items Unit Quantity Remarks
(1) Wier 17.05
a. Cements . 3.57 |Cement: 0.27ton per concrete 1m®
b. Coarse aggregate > 13.24 |Coarse aggregate: 1ton per concrete 1m?
c. Reinforcement Bars 0.23
(2) Intake 26.60
a. Gate 0.14
b. Screen 0.06
ton
c. Cements 5.51 |Cement: 0.27ton per concrete 1m?
d. Coarse aggregate 20.42 [Coarse aggregate: 1ton per concrete 1m®
e. Reinforcement Bars 0.47
(3) Settling Basin 16.41
a. Cements . 3.28 |Cement: 0.27ton per concrete 1m?
b. Coarse aggregate > 12.14 |Coarse aggregate: 1ton per concrete 1m?
c. Reinforcement Bars 0.99
(4) Headrace 4.81
ton
a. PVC (9400) 4.81 |Weight: 700m x 41.214kg/6m
(5) Head Tank 34.72
a. Cements ) 7.10 [Cement: 0.27ton per concrete 1m®
b. Coarse aggregate > 26.28 [Coarse aggregate: 1ton per concrete 1m®
c. Reinforcement Bars 1.34
(6) Penstock & Spillway Channel 228.98
a. Penstock Steel (¢200) 0.36
b. Penstock PVC (¢200) 1.89 |Weight: 227m x 50.000kg/6m
c. Cements o 48.19 |Cement: 0.27ton per concrete 1m°
d. Coarse aggregate 178.48 [Coarse aggregate: 1ton per concrete 1m®
e. Reinforcement Bars 0.06
(7) Power House 47.42
a. Cements ) 9.66 [Cement: 0.27ton per concrete 1m®
b. Coarse aggregate > 35.79 [Coarse aggregate: 1ton per concrete 1m®
c. Reinforcement Bars 1.97
(8) Outlet 3.36
a. Cements on 0.62 |Cement: 0.27ton per concrete 1m®
b. Coarse aggregate 2.28 |Coarse aggregate: 1ton per concrete 1m?
c. Reinforcement Bars 0.46
(9) Subtotal 379.34
(10) Transportation Cost 6,240 |(9) x $16.45/ton
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I11. Detailed Statement of Civil Works Cost for Challapampa 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 ) 310 EiarTclJI:cCJ?n)(goégﬁer dam construction, etc.)
(2) Intake 2,823
a. Excavation m® 5.53 104 57
b. Concrete m? 93.05 20.4 1,900
c. Reinforcement Bars ton 1,070.00 0.5 498
d. Others ) 368 E?;ck::((;?n);%jfsfer work, etc.)
(3) Settling Basin 2,565
a. Excavation m® 5.53 254 140
b. Concrete m? 93.05 12.1 1,129
c. Reinforcement Bars ton 1,070.00 1.0 1,063
d. Others - 233 [ e e works)
(4) Headrace 2,972
a. Excavation m’ 553 4480 2,477
b. Concrete m® 93.05 0.0 0
c¢. Reinforcement Bars ton 1,070.00 0.0 0
d. Others - 495 [ g wors)
(5) Head Tank 6,309
a. Excavation m® 5.53 1137 628
b. Concrete m® 93.05 26.3 2,445
c¢. Reinforcement Bars ton 1,070.00 1.3 1,434
d. Others . 1802 [ e soreen)
(6) Penstock & Spillway Channel 22,974
a. Excavation m? 5.53 762.4 4,216
b. Concrete m® 93.05 178.5 16,607
c. Reinforcement Bars ton 1,070.00 0.1 63
d. Others B 2,088 E?:ct::gznzoﬂlll?ng works)
(7) Power House 7,943
a. Excavation m® 5.53 122.0 674
b. Concrete m® 93.05 35.8 3,330
c. Reinforcement Bars ton 1,070.00 2.0 2,106
d. Others B 1,833 E?:cti:g%nz(zfgnage work, wooden
(8) Outlet 1,145
a. Excavation m® 5.53 52.8 292
b. Concrete m® 93.05 2.3 212
c. Reinforcement Bars ton 1,070.00 0.5 492
d. Others ) 149 E?:cl::cci?n)(goc;ffer work, etc.)
(9) Miscellaneous Work - 0 |=(1)-(8) x 0.05 not consider
(10) Subtotal 48,952
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IV. Detailed Statement of Hydraulic Equipment Cost for Challapampa 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 1,729

a. Gate ton 8,811.04 0.14 1,193

b. Screen ton 8,811.04 0.06 536
(3) Penstock Steel (¢200) ton 3,100.00 0.36 1,123
(4) PVC (9400) for headrace m 26.33 700 18,431
(5) Penstock PVC (¢200) C-10 m 34.74 227 7,885
(6) Subtotal 29,168
(7) Others 5,832 (19.99%
(8) Total 35,000
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V. Quantity
(1) Weir
Excavation: V, = 869X (HgxL)™ = 6700 (m)
Concrete: V.= 8.64x (H xL)™ = 1324 (m?)
Reinforcement Bars W, = 0.0274 x VCO'830 = 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= 171xRxQ)*® = 1043 (m°)
Concrete: V.= U7xRxQ™° = 2042 (m?)
Reinforcement Bare W, = 0.0145 x V1 = 0.47 (ton)
Weight of Gate: W, = 127x (Rx Q)™ = 0.14 (ton)
Weight of Screen: W, = 0.701 x (R x Q)O'582 = 0.06 (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 = 0.060 (m%s)
(3) Settling Basin
Excavation: V, = 515 x Q%' = 25.38 (m%)
Concrete: V= 169 x Q%% = 12.14 (m%)
Reinforcement Bare W, = 0.120 x V%7 = 0.99 (ton)
Weight of Gate: W, = 0.910 x Q"5*3 = 0.16 (ton)
Weight of Screen: W, = 0.879 x Q"% = 0.10 (ton)

Where,
Q: Maximum Discharge

0.060 (m%s)

(4) Headrace

In the case of PVC@400:

Excavation: V.=BxHxL = 44800 (m%
Concrete: Vo= (Hxtx2)+(B+2)xt)xL = - (M)
Reinforcement Bars W, = 0.577 x (VJL)* ¥ x L = - (ton)
Where,
Q: Maximum Discharge = 0.060 (m%s)
L: Length of Channel = 700.00 (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"' = 11371 (M)
Concrete: V.= 197 x Q*™¢ = 2628 (m)
Reinforcement Bars W, = 0.051 x V. = 1.34 (ton)
Where,
Q:  Maximum Discharge =/ 0.060 (m®s)
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(6) Penstock & Spillway Channel

Penstock (Steel)200:
Excavation: Ve =
Concrete: V=
Reinforcement Bars W, =
Where,

Dyy: wg. Diameter of Penstock =
L: Length of Penstock =

Weight of Penstock
Thickness of Penstock:
Where,

109 x D, " x L
214X D, x L =
0.018 x V

0.20 (M)
23.00 (m)

Wiy = 7.85X X Dy X ty X10°%1.15 X L =
t,, = 0.0362 X HX Dy, + 2

29.48 (m?)
3.30 (m%)
0.06 (ton)

0.36 (ton)

= 2.78 (mm)

W1t Weight of Penstock 0.36 (ton) (Tensil allowable Stress: 1,150 kgf/cm?)
tm: Thickness of Penstock 2.78 (mm)
Dpy: wg. Diameter of Penstock = 0.20 (m)
H: Design Head = 107.40 (m) (Intake Water Level - Tailrace Water Level)
L: Length of Penstock = 23.00 (m)
Penstock (PVC)200:
Excavation: V,=BxHxL = 17182 (m)
Where,
Q: Maximum Discharge = 0.060 (m%s)
L Length of Channel = 227.00 (m)
B: Width of Channel = 0.87 (m) from TUBOPLAST Brochure
H Height of Channel = 0.87 (m) from TUBOPLAST Brochure
Spillway Channel:
(BxH)"0.5 = 1.09 x Q°" = 0.38
Excavation: Ve =6.22x ((Bx H)*)" x L = 56L11 (m)
Concrete: Ve=Hxtx2+(B+2t)xL = 17518 (m?)
Reinforcement Bars W, = 0577 x (VJL)**® x L = 0.00 (ton)
Where,
Q: Maximum Discharge = 0.060 (m%s)
L Length of Channel = 250.00 (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 = 76241 (m?)
Concrete: V.= Ve + Ve = 17848 (m°)
Reinforcement Bars W, = W + W, = 0.06 (ton)
Weight of Penstock W, = Wy = 0.36 (ton)
(7) Power House
Excavation: Ve = 97.8 x (Q x He™® x n*?)*"%" = 122,02 (md)
Concrete: Ve = 28.1 x (Q x He?® x n'/?)°7% = 3579 (m)
Reinforcement Bars W, = 0.046 x V% = 1.97 (ton)
Where,
Q: Maximum Discharge = 0.060 (m®/s)
He: Effective Head = 107.40 (m)
n: uantity Unit of Turbine = 1.00
(8) Outlet
Excavation: V, = 35x Rx Q)™ = 5284 (md)
Concrete: V, = 404x (Rx Q)™ = 2.28 (m%)
Reinforcement Bars W, = 0.278 x V0 = 0.46 (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

0.060 (m®/s)
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VI. Unit Price 1USD = 3.00 /. (as of November, 2007)
(1) Civil Works
Excavation
— 3 - .
Open 553 (Ussim) *(8.70+2.35) x 0.5 = $5.53_/m , from (?APAECO and Fainal study on Omia
<Human power and Machine excavation>
Tunnel - (US$/m®)
Concrete
Open 93.05 (uss$/m®) |* from CAPAECO (average of foundation, wall and structure concrete)
Tunnel - (US$/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 (Uss/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 979.65 (US$/m) |Repair Work for Existing Unpaved Road
(4) Transportation Cost
Juliaca to the site 16.45 (US$/ton) [232 km (road)
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