Figure 7.4: Governor Stability Result for River Alternative

Figure 7.5: Governor Stability Result for Road Alternative
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Table 8.3:; Cost Results for Low-Pressure Alternative

Item Steel Option Stf ;)Fc))?)rtli(z)n
Intake (MM USD) 0.8 0.8
Settling Basin & Forebay (MM USD) 2.5 2.5
Headrace Conduit & Penstock (MM USD) 33.0 36.6
Powerhouse (MM USD) 121 11.7
Direct Costs Total (MM USD) 48.4 51.6
Indirect Costs Total (MM USD) 14.3 15.3
Unforeseen Expenses (MM USD) 125 134
Total (MM USD) 75.2 80.3

The same costs included in the prior Tables are graphically showed next.
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Figure 8.2: Cost Results for Road Alternative
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Figure 8.3: Cost Results for Low-Pressure Alternative
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The detailed cost analysis Tables are included in Appendix VIII



Observing these values, and as expected, the most expensive item of the power plant

alternatives is given by the headrace conduit and penstock, reaching an average of 44% of the

total cost of the power plant.

As a reference, the top 5 of the most expensive items of direct costs are listed below by

alternative.

e River and Road Alternatives:

1. Headrace conduit and penstock contractor costs

Pipe cost.
Powerhouse electrotechnical equipment.

Large turbine unit.

o > DN

e Low-Pressure Alternative

Pipe cost.
Powerhouse electrotechnical equipment.

Trench in rock for the headrace conduit.

o~ w0 DN e

Large turbine unit.

Headrace conduit and penstock contractor costs

Trench in the soil for the headrace conduit and penstock.

Finally, if energy generation is considered, it is possible to obtain the unit cost of energy

production for each alternative. This is included in Table 8.4.

Table 8.4: Unit Cost of Generation per Alternative

River Alternative

GRP

Steel and

Steel

Installed Capacity (MW) 23.0 23.0

Energy Production (GWh/Year) 62.26 62.29

CAPEX (MM USD) 71.3 76.4
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Road Alternative

Steel

23.0
62.00

73.7

GRP
and
Steel

240
62.83
81.9

Low-Pressure

Alternative
GRP
Steel and
Steel
24.0 23.0
63.26 62.44
75.2 80.3



From an operational point of view, the results translate into that for Piedras Negras HPP, there
is an economic alternative that does not have the capacity of regulating the electrical frequency
of the grid to which will be connected and another two alternatives 4% more expensive (in

terms of unit cost) that will allow performing this task.

Despite this, and as already mentioned in Title 7, the alternatives presented here will need a
detailed analysis of the transient phenomenon at a later engineering stage. This could cause the
alternatives to need tailor-made solutions to reduce this phenomenon, having a differentiated

impact on their final cost.
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Figure 9.1: Turbine Inflow Comparison: Historical vs Climate Change Scenarios
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Similarly, Figure 9.2, Figure 9.3, and Figure 9.4 shows the duration curve evolution of the

energy production for the river, road, and low-pressure alternative respectively.

Figure 9.2: Historical and Climate Change Energy Production for River Alternative
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Figure 9.3: Historical and Climate Change Energy Production for Road Alternative
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Figure 9.4: Historical and Climate Change Energy Production for Low-Pressure Alternative
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Observing these results, the first thing that can be seen is how the energy production increases,
especially for the most extreme climate change scenario, the RCP8.5. As a reference, the
increase percentage in generation is included in Table 9.2.
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Table 9.2: Energy Production Increment with Climate Change

Energy Production

Historical vs RCP4.5

Historical vs RCP8.5

River Alternative  Road Alternative Los-Plessuie

Steel Steel Alternative
Steel

16% 14% 15%

23% 20% 21%
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¢ Regarding the intake design, the construction of a dam to create a regulation reservoir
was discarded. Instead, a typical run-of-the-river scheme with a low dam across the river
and a lateral intake structure was considered.

e One main challenge that will affect the operation of the power plant is the sediments
management. A settling basin was designed, but as seen in San Andrés HPP found
upstream of the project site, this structure will mitigate but not end the sediment
problems, especially the abrasion of the electro-mechanical components.

e Three alternatives of power plants were studied: One going through the floodplain of
the San José river, the second following the access road alignment to San Andrés HPP,
and the third following the contour line at stilling basin outlet. These alternatives were
named river, road a low-pressure respectively.

e Each one of these alternatives contemplated pressure conduits to carry the water from
the intake to the powerhouse. Steel and a combination of GRP and steel where the
materials chosen for the conduits.

e An energy production model was created to define the main aspects of the power plant.
According to the results, Pelton turbines are better suited for this project than Francis
and the design flow of the power plant was set in 10 m3/s.

e For the three alternatives under analysis, and for each of the conduit materials studied,
the obtained installed capacities were 23 MW and 24 MW, the energy production ranged
between 62.0 GWh/year and 63.3 GWh/year. The optimal conduit diameters are 1.80
m, 1.90 m, and 2.10 m.

e All alternatives contemplated two Pelton units with 90%-10% size combination.

e The governor stability assessment showed that only the road and low-pressure
alternative were suitable for frequency regulation of the electrical system. These two
alternatives also consider a surge chamber to dampen the transient effects in the system.

e Cost analysis showed the most attractive power plant layout is the river alternative
closely followed by the road alternative and the low-pressure alternative, all with steel
conduits.

e Considering climate change, the energy production of the most cost-attractive
alternatives will increase 15% for RCP4.5 and 22% for RCP8.5.

The main results data from this Thesis are included as a summary in Table 10.1.
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It is also recommended an environmental assessment study of the sector, that in addition
to following the environmental requirements of the Chilean laws, focus on the aquatic
habitat aiming to define more precisely an environmental flow, and thus, reduce the
uncertainty this parameter could have on the energy generation.

Finally, an electrical connection study must be carried out to evaluate if the existing line

from the San Andrés HPP can absorb the energy production of Piedras Negras HPP.
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Appendix |
Monthly Summary of Precipitation Data
Total Monthly Precipitation at La Rufina (mm)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1978 0.0 00 00 0.0 75.0 2469 7670 540 850 610 168.0 0.0

1979 00 00 00 23.0 1380 220 3800 2320 196.0 3.0 124.0 150.0
1980 0.0 59.0 140 336.0 3857 306.0 3020 510 933 00 200 7.0
1981 00 00 00 830 5530 976 1100 810 650 237 150 0.0
1982 00 0.0 260 150 270.0 718.2 480.0 213.0 2565 955 8.0 0.0
1983 150 30 00 36.0 128.0 227.0 2180 1430 810 8.2 0.0 0.0
1984 00 00 43 3.8 320.7 1295 4641 1405 1450 1043 334 0.0
1985 00 0.0 212 23.0 1927 534 2062 141 563 1131 0.0 0.0
1986 00 0.0 170 1135 3853 4144 353 2206 122 364 701 0.0
1987 00 0.0 52 263 161.7 924 5872 2746 1057 1244 0.0 0.0
1988 00 0.0 300 18.0 17.7 1647 1489 2492 553 51 283 00
1989 00 00 21 202 746 634 1757 3674 322 202 41 131
1990 00 0.0 1003 353 621 39.2 1422 1142 1237 431 441 00
1991 00 00 00 620 218.7 279.6 2735 33.0 1252 500 31 1032
1992 00 00 121 1745 516.7 453.7 582 1581 841 101 181 0.0
1993 20 00 00 1211 360.3 460.1 2200 671 470 350 380 56.0
1994 00 00 00 1200 209.0 2031 461.2 170 878 271 0.0 36.0
1995 00 9.0 00 1801 220 360.1 2420 1222 48.0 440 0.0 0.0
1996 00 00 00 671 370 2192 791 2322 160 241 50 9.0
1997 03 00 151 98.0 2721 638.8 1552 2584 267.0 2180 542 100
1998 00 00 00 84 582 911 00 00 771 0.0 0.0 0.0
1999 00 71 121 91 522 1481 1103 3091 3222 301 0.0 0.0
2000 00 771 00 90 280 8755 1180 191 2785 50 160 0.0
2000 20 00 50 621 3764 624 5831 2821 211 00 0.0 0.0
2002 0.0 00 201 230 2761 2721 2370 5741 1440 56.0 140 0.0
2003 640 0.0 0.0 0.0 158.0 334.0 169.0 100 1380 50.0 103.0 0.0
2004 0.0 00 700 116.0 22.0 189.0 1910 80.0 146.0 520 720 0.0



2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
Min

Ave

Jan
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
13.0
0.0
16.0
0.0
0.0
2.8

Feb
0.0
0.0
31.0
0.0
0.0
0.0
0.0
8.0
0.0
0.0
0.0
0.0
0.0
0.0
4.9

Mar
20.0
0.0
10.0
23.0
0.0
0.0
27.0
0.0
0.0
24.0
18.0
0.0
14
0.0
11.9

Apr
6.0
57.0
0.0
62.0
0.0
0.0
145.0
11.0
0.0
23.0
0.0
300.0
11.9
0.0
61.9

May
281.0
122.5
29.0
411.5
122.0
74.0
0.0
161.0
236.0
931
10.6
67.0
85.9
0.0
176.6

Max 64.0 77.1 100.3 336.0 553.0

Jun
472.0
321.0
142.0
199.0
220.0
281.0
141.0
398.0

75.0
163.0

72.0

46.0
131.0

22.0
245.6
875.5

Jul
162.0
416.0
149.0
167.0

49.5
124.0
141.0

10.0

55.0

80.0
237.0
181.0

74.1

0.0
219.0
767.0

Aug
377.0
170.5
103.6
359.0
227.1
14.0
143.0
82.0
80.0
152.0
308.0
23.0
101.0
0.0
161.4
574.1

Sep  Oct
13.0 19.0
69.0 116.0
0.0 5.0
410 0.0
213.0 90.9
11.0 46.0
339 110
0.0 980
40.0 10.0
101.0 15.0
43.7 149.0
171 720
24.5 0.0
0.0 0.0
929 46.8

Nov
48.0
0.0
19.0
0.0
17.0
35.0
18.0
0.0
0.0
28.0
5.0
6.0

0.0
26.0

Dec
7.0
0.0
0.0
0.0
0.0
6.0
0.0
123.0
0.0
17.0
0.0
2.0

0.0
13.8

322.2 2180 168.0 150.0



Appendix Il

Monthly Summary of Temperature Data

1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004

Jan
9.3
12.9
12.7
104
121
115
12.4
10.3
125
13.3
11.8
13.3
13.0
11.7
13.0
125
125
11.4
10.6
11.8
12.9
11.3
12.0
11.9
11.7
12.3
13.8

Average Monthly Temperature at Termas del Flaco (°C)

Feb
10.2
10.6
10.2
11.9
10.2
12.2
12.2
12.8
11.9
14.0
13.1
145
12,5
134
11.6
124
11.9
11.3
11.7
134
10.8
13.8
10.5
15.3
12.7
12.6
12.7

Mar
9.7
10.6
131
11.0
10.3
10.9
10.5
104
111
11.0
11.7
10.8
10.2
12.4
114
12.3
12.2
11.0
11.0
11.9
10.0
10.3
10.5
11.6
11.0
12.8
12.2

Apr
10.3
7.6
5.6
6.4
8.6
7.1
7.7
6.9
7.6
8.2
8.4
8.5
6.6
8.0
55
6.6
7.6
1.7
6.5
9.7
5.8
8.0
8.8
7.1
6.1
8.4
6.6

May
7.2
4.3
6.2
2.4
4.0
21
12
5.2
2.7
15
4.0
5.2
4.7
5.3
11
0.4
5.6
8.0
6.5
6.4
6.0
6.4
4.2
19
4.0
6.0
5.2

Jun
1.9
2.8
2.9
0.6
-0.9
-1.8
-2.0
4.3
0.5
2.1
1.8
3.2
3.6
0.9
-04
14
1.6
1.7
1.7
-2.2
2.6
1.7
-0.7
1.7
-0.3
3.2
2.7

Jul
0.1
3.6
15
2.4
-1.3
-14
-0.5
1.1
4.2
-1.2
15
2.8
2.0
-0.1
-0.7
0.8
0.1
-1.3
4.4
1.4
4.8
24
1.5
0.4
0.7
1.1
15

Aug
-1.6
24
3.0
2.9
0.5
-0.7
-1.7
2.2
1.6
2.1
05
0.5
5.3
1.0
1.3
2.8
1.6
0.8
31
15
3.5
19
1.6
1.0
1.0
4.0
2.8

Sep
0.9
11
4.8
338
1.2
-04
12
4.5
2.6
-0.2
1.3
12
2.9
4.2
4.3
2.8
5.2
4.5
54
2.2
2.8
2.9
1.3
1.8
2.2
4.2
4.7

Oct
3.6
6.4
4.9
4.5
25
6.0
4.5
3.4
5.1
2.7
5.6
6.2
5.3
4.3
5.8
5.6
4.3
5.1
5.9
1.7
8.6
6.1
5.8
6.6
4.9
1.7
4.6

Nov
6.2
7.6
7.2
7.5
6.2
94
6.6

10.0
6.5
9.1

10.0
9.8
9.1
7.8
7.2
7.4
8.5
8.8
9.7
6.4
8.6
7.8
6.2
6.7
1.7
8.6
7.1

Dec
11.7

10.0
10.3
111
11.8
125
9.7

11.6
12.5
10.2
11.6
11.3
111
8.0

10.2
111
11.7
12.3
10.1
9.5

11.3
10.2
10.6
12.6
9.9

9.9

10.7



2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
Min

Ave

Max

Jan
12.2

13.5
13.1
12.2
13.0
13.5
11.9
12.5
13.5
13.4
14.3
125
14.6
9.3

124
14.6

Feb
14.8
13.4
10.6
125
125
12.6
124
12.2
12.2
11.3
12.2
141
13.0
10.2
12.3
15.3

Mar
9.8
114
10.5
111
134
125
10.7
131
10.3
10.2
12.7
12.7
10.6
9.7
11.3
134

Apr
7.4
9.6
7.8
8.1
11.6
7.9
8.0
7.0
8.6
7.8
10.1
55
6.5
55
7.7
11.6

May
18
7.6
4.1
4.3
7.1
4.6
74
6.4
44
4.3
6.3
4.5
2.2
0.4
4.6
8.0

Jun
1.7

1.7
-0.4
0.8
2.2
0.6
-0.2
1.2
1.8
-0.1
4.2
1.7
13
-2.2
1.3
4.3

Jul
1.0
2.3
-1.2
25
0.5
-2.5
-0.7
15
1.9
2.2
0.7
2.2
1.6
-2.5
1.1
4.8

Aug
13
14
-2.2
0.0
13
1.2
-0.8
0.9
18
4.3
1.0
4.0
0.1
-2.2
14
53

Sep
0.6
4.4
31
2.6
0.9
1.8
41
53
1.7
2.7
19
7.2
24
-0.4
2.8
7.2

Oct
4.0
5.6
5.4
5.0
4.8
5.0
3.8
3.4
5.7
7.2
2.3
4.5
-2.8
-2.8
4.8
8.6

Nov
8.5
8.6
8.6
9.9
6.0
6.9
8.1
8.6
8.0
74
5.9
9.3

5.9
7.9
10.0

Dec
11.0
11.2
11.2
11.9
10.2
9.3
12.0
9.3
13.0
10.1
111
10.8

8.0
10.9
13.0



Appendix IlI

Monthly Summary of Calibration Runoff Data

2010
2011
2012
2013
2014
2015
Min

Ave

Max

Jan

20.9
19.8
28.1
16.6
27.3
16.6
22.5
28.1

Feb

21.5
14.0
23.8
8.8
19.3
8.8
17.5
23.8

Average Monthly Runoff at Aquaflow (m3/s)

Mar

14.7
10.7
12.0
4.7

4.7
10.5
14.7

Apr
6.2
8.4
5.4
5.9
1.9

1.9
5.6
8.4

May
4.4
51
4.0
34
2.8

2.8
3.9
5.1

Jun

3.8
4.4
5.7
2.9
2.4

2.4
3.8
5.7

Jul
3.4

3.3
5.1
2.7
2.2

2.2
3.4
5.1

Aug
33
31
4.7
2.9
2.3

2.3
3.3
4.7

Sep
3.7
4.0
5.4
3.7
2.4

2.4
3.8
5.4

Oct
6.4

6.1
5.5
4.4
5.5

4.4
5.6
6.4

Nov

11.8
12.2
12.3
12.7
144

11.8
12.7
14.4

Dec

15.3
20.9
19.4
19.2
19.5

15.3
18.9
20.9
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Appendix IV

Monthly Summary of Runoff Data at the Intake

1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004

Jan

10.0
9.1
4.9
8.4
9.5

10.0
4.9
9.5

11.6
7.4

11.6

10.0

10.3
7.5
8.2
9.1
7.9
7.5
8.5
7.8
7.3
7.3
7.1
8.6
7.0

11.7

Feb

7.8
10.8
6.8
7.9
94
111
6.8
11.2
16.5
10.5
16.8
14.3
111
9.0
11.7
8.8
8.6
7.2
10.1
7.9
13.3
7.4
18.1
10.9
11.0
12.0

Average Monthly Runoff at Intake (m?3/s)

Mar

6.6
111
9.6
5.7
7.8
8.8
10.2
7.5
13.4
9.2
10.5
7.9
12.0
11.7
9.7
10.8
6.8
7.8
13.8
5.7
8.8
6.1
14.6
8.7
11.7
11.5

Apr
3.9
4.1
7.2
4.0
3.9
4.6
4.5
3.8
4.3
4.6
6.9
5.1
3.8
5.7
4.0
4.9
4.9
4.2
3.7

124
3.9
3.6
5.0
6.3
3.4
6.6
5.9

May
2.8
2.0
31
14
2.6
1.8
15
2.0
3.0
1.8
2.0
2.3
19
2.6
15
1.7
2.8
2.6
3.0

10.1
2.5
2.3
2.2
1.8
1.7
31
2.7

Jun
13
1.2
1.9
0.9
11
0.8
0.6
15
1.2
0.8
0.9
1.3
1.3
12
0.8
0.7
1.3
1.7
1.6
2.2
15
11
1.3
0.9
0.9
1.2
14

Jul
0.8
1.2
0.9
0.4
0.8
0.5
0.5
1.0
0.5
0.8
0.6
0.9
1.0
0.6
0.4
0.4
0.7
0.7
0.9
0.9
1.1
0.6
0.9
0.7
0.4
0.7
0.9

Aug
0.4
0.9
0.5
0.5
0.4
0.2
0.2
0.6
0.4
0.6
05
0.7
11
0.3
0.2
0.3
0.4
0.4
1.0
0.5
0.7
0.8
0.4
04
0.4
0.6
0.8

Sep
0.2
0.6
1.2
0.7
0.3
0.2
0.2
0.8
0.5
0.3
0.3
0.4
0.8
0.5
0.3
0.6
0.4
0.5
11
0.4
0.6
0.8
0.4
0.3
0.3
1.0
14

Oct
0.3
15
1.1
1.0
0.2
0.8
0.4
1.1
0.7
0.3
0.8
0.7
1.2
0.8
0.8
15
0.8
0.7
15
0.4
1.6
14
0.8
0.8
0.5
1.8
1.7

Nov
1.0
1.9
2.0
1.8
0.8
2.0
11
2.6
1.7
1.8
3.6
24
2.7
16
1.7
1.7
1.8
2.2
2.8
11
2.8
21
14
12
1.2
2.8
1.9

Dec
4.1

4.8
4.8
4.1
4.7
9.2
3.1
6.6
6.0
4.6
5.3
5.5
6.7
2.7
3.1
4.0
9.5
6.0
4.7
3.1
5.1
3.6
41
6.9
3.1
4.3
44



2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
Min

Ave

Max

Jan
111

9.7
11.6
10.1
10.9

8.8

5.9
11.5

9.5
17.8
111

9.4
13.8

4.9

9.3
17.8

Feb
14.4

17.0
8.6

10.3
12.1
13.0
10.4
11.8
11.5
9.8

151
13.9
155
6.8

11.3
18.1

Mar
10.2
8.6
1.7
7.3
13.2
111
9.0
11.3
7.2
6.5
13.9
12.7
9.7
5.7
9.7
14.6

Apr
3.7
5.8
4.4
4.9
9.9
6.6
4.9
6.1
4.9
3.6
6.5
4.8

3.4
5.2
124

May
18
4.5
1.9
2.4
4.5
24
3.2
21
2.7
2.0
34
19

14
2.6
10.1

Jun
0.8
1.6
0.8
1.2
15
11
13
13
1.2
0.9
14
0.9

0.6
1.2
2.2

Jul
0.5
1.0
0.4
0.5
0.5
0.5
0.6
0.5
0.6
0.4
0.8
0.6

0.4
0.7
1.2

Aug
0.3
0.5
0.2
0.4
0.3
0.2
0.3
0.2
0.4
0.6
0.5
0.7

0.2
0.5
11

Sep
0.3
0.5
0.2
0.3
0.2
0.2
0.4
0.9
0.7
0.6
0.4
16

0.2
0.5
1.6

Oct
0.5
1.3
0.7
0.4
0.4
0.5
0.8
0.9
0.8
1.4
0.3
1.8

0.2
0.9
1.8

Nov
15
25
2.0
2.2
11
14
15
24
18
25
0.9
3.5

0.8
1.9
3.6

Dec
4.5
4.5
5.3
5.8
2.9
25
5.3
35
7.4
4.0
3.5
5.7

2.5
4.8
9.2



Appendix V

Maximum Runoff per Year at Aquaflow

Year Maximum
Runoff (m?3/s)

1978 95
1979 12.2
1980 14.6
1981 147
1982 11.3
1983 13.1
1984 141
1985 17.7
1986 154
1987 22.3
1988 13.0
1989 19.0
1990 20.1
1991 17.2
1992 147
1993 15.1
1994 143
1995 12.8
1996 11.7
1997 33.5
1998 11.0
1999 17.8
2000 11.4
2001 24.6
2002 13.3
2003 13.3
2004 15.9

2005 18.8



Year

2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017

Maximum
Runoff (m?3/s)

19.6
15.9
14.2
16.3
18.0
13.5
16.1
16.6
26.0
20.0
18.9
24.6



Appendix VI
Monthly Summary of Runoff Data with Climate Change at the Intake
Average Monthly Runoff at Intake for RCP4.5 (m?3/s)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2021 79 134 125 57 2.1 0.8 0.4 0.3 0.4 0.6 1.8 5.4

2022 105 136 99 4.0 1.6 0.7 0.4 0.3 0.3 0.7 2.0 4.9
2023 117 125 112 6.8 2.7 1.0 0.5 0.3 0.3 0.6 1.9 6.1
2024 113 141 98 4.9 2.2 0.9 0.5 0.4 0.3 0.6 2.0 6.7
2025 110 151 114 51 2.2 1.0 0.5 0.4 0.4 0.9 2.4 6.1
2026 119 139 108 5.2 21 0.8 0.5 0.3 0.3 0.7 1.6 4.6
2027 104 155 100 5.2 18 0.8 0.4 0.3 0.4 0.7 2.1 6.0
2028 108 134 100 5.7 2.0 1.0 0.6 0.4 0.4 0.7 2.3 6.6
2029 104 13.0 89 4.8 1.9 1.0 0.5 0.4 0.5 0.8 2.2 5.5
2030 101 131 97 4.7 2.4 11 0.6 0.4 0.5 0.7 1.9 4.9
2031 110 142 118 59 2.0 0.9 0.5 0.4 0.5 0.8 1.9 4.8
2032 107 173 119 55 2.2 0.9 0.6 0.4 0.4 11 2.1 5.6
2033 113 154 122 46 18 0.8 0.4 0.4 05 1.0 2.9 6.4
2034 122 148 112 438 2.0 0.8 0.4 0.4 0.6 11 3.0 6.8
2035 116 139 103 4.7 2.0 0.9 0.5 0.4 05 0.8 2.9 7.1
2036 147 188 111 6.0 2.6 0.9 0.5 0.3 0.3 0.7 2.2 6.3
2037 119 145 139 6.3 1.9 0.9 0.5 0.4 0.6 0.9 2.2 6.3
2038 150 171 106 56 2.5 1.0 0.6 0.5 0.5 0.9 2.1 6.9
2039 114 140 94 5.1 2.0 11 0.6 0.4 0.4 1.0 3.2 7.3
2040 102 143 110 54 2.0 0.9 0.5 0.4 0.6 1.2 3.6 8.9
2041 135 153 120 59 2.0 1.0 0.6 05 05 0.8 2.3 7.4
2042 117 140 107 53 2.2 11 0.6 0.4 05 0.8 2.0 6.1
2043 115 161 117 6.5 2.2 11 0.6 0.4 0.3 0.8 1.7 6.2
2044 113 128 105 59 2.3 1.0 0.6 0.6 0.8 0.9 2.4 5.4
2045 98 125 105 54 2.2 0.9 0.5 0.4 0.6 1.4 3.7 6.3
2046 10.7 145 113 6.7 2.4 1.0 0.6 0.4 0.5 0.9 2.6 6.7
2047 126 156 103 53 2.0 0.9 0.5 0.4 0.6 11 2.1 5.6



2048
2049
2050
2051
2052
2053
2054
2055
2056
2057
2058
2059
2060
2061
2062
2063
2064
2065
2066
2067
2068
2069
2070
Min

Ave

Max

Jan
115
111
13.3
14.8
13.8
12.7
13.0
131
155
13.7
15.2
12.8
14.4
17.4
14.8
14.0
17.7
155
13.6
142
15.3
15.0
16.6
7.9
12.7
17.7

Feb
16.0
145
17.6
16.4
14.8
13.8
18.1
15.1
15.7
16.2
15.2
13.9
15.2
15.9
16.8
16.1
154
16.6
16.1
16.4
15.2
18.8
17.9
12.5
15.2
18.8

Mar
114

10.9
114
11.9
12.7
10.6
124
12.7
12.3
121
121
13.6
124
10.4
11.9
13.0
11.6
11.2
12.3
14.6
11.6
12.8
121
8.9

11.5
14.6

Apr
4.9
6.0
6.0
6.1
6.6
5.6
5.1
6.6
6.2
6.9
6.9
7.6
6.2
6.6
55
6.9
6.3
5.7
6.9
7.1
6.3
5.6
5.9
4.0
5.8
7.6

May
25
2.2
2.4
2.3
2.4
2.2
25
2.7
2.0
2.7
2.3
2.6
25
24
25
3.0
2.3
2.3
2.8
25
2.7
2.5
2.1
1.6
2.3
3.0

Jun
1.4

0.9
1.2
11
11
1.0
1.2
1.2
0.9
1.0
1.0
1.0
11
1.0
1.3
1.2
0.9
0.9
11
1.0
13
11
1.0
0.7
1.0
14

Jul
0.7
0.5
0.6
0.6
0.5
0.5
0.7
0.6
0.5
0.5
0.6
0.5
0.5
0.6
0.7
0.7
0.6
0.5
0.6
0.6
0.7
0.6
0.6
0.4
0.5
0.7

Aug
0.5
0.4
0.5
0.5
0.5
0.5
0.5
0.5
0.3
0.5
0.4
0.5
0.4
0.4
0.5
0.4
0.5
0.3
0.5
0.6
0.5
0.4
0.5
0.3
0.4
0.6

Sep
0.6
0.5
0.5
0.8
0.6
0.6
0.6
0.5
0.6
0.5
0.6
0.7
0.4
0.7
0.5
0.5
0.5
0.4
0.6
0.6
0.7
0.6
0.5
0.3
0.5
0.8

Oct
0.9
1.0
1.0
11
0.9
1.1
0.8
0.8
1.2
0.8
1.5
0.9
0.9
1.0
1.1
1.0
1.0
0.9
0.9
11
11
1.2
0.9
0.6
0.9
1.5

Nov
1.9
3.3
25
2.2
1.9
2.8
2.3
2.7
3.3
1.9
2.8
2.3
2.6
2.8
25
3.6
25
2.3
24
2.9
2.5
2.3
2.8
1.6
24
3.7

Dec
6.4
8.6
7.2
6.7
6.1
6.4
6.1
7.6
6.7
6.4
7.5
6.7
7.2
9.5
7.3
11.7
7.1
6.1
7.0
8.7
8.1
7.5
7.0
4.6
6.7
11.7



2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049
2050

Jan
8.4

12.2
11.5
10.1
10.4
14.7
115
10.9
12.0
12.3
11.2
12.9
10.9
11.6
10.8
12.2
14.2
11.9
13.6
12.8
11.8
17.3
11.3
16.6
131
16.2
11.8
13.2
14.9
13.9

Feb
15.8

14.6
15.8
13.8
15.2
17.9
13.2
155
13.8
145
154
14.9
14.5
13.4
141
16.3
14.0
16.7
16.9
17.7
15.7
21.5
16.1
18.8
15.7
18.8
16.4
15.4
14.3
16.6

Average Monthly Runoff at Intake for RCP8.5 (m3/s)

Mar
10.9
9.2
10.5
9.7
11.8
124
10.3
11.2
9.5
11.6
11.8
111
10.2
10.9
11.8
11.3
104
11.6
125
14.1
12.6
14.9
10.5
11.0
12.4
13.4
13.4
11.8
12.4
14.3

Apr
5.3
5.6
4.9
4.9
5.2
5.9
5.1
6.5
55
5.3
55
55
5.4
5.3
6.4
5.2
4.3
5.8
5.8
6.2
7.2
6.7
6.2
5.7
6.7
6.5
7.4
6.9
6.0
6.9

May
1.9
2.3
2.0
1.9
1.9
2.2
2.2
25
24
2.0
19
2.0
2.3
2.3
24
2.2
19
25
21
24
2.5
2.9
2.7
2.3
2.5
2.2
3.0
24
2.2
2.6

Jun
0.9

1.0
1.0
1.0
0.8
1.0
0.9
11
1.0
0.8
0.9
0.9
1.0
1.0
1.0
1.0
0.9
13
0.9
1.0
1.0
1.2
1.3
11
12
1.0
14
1.0
0.9
1.6

Jul
0.5

0.7
0.6
0.6
0.4
0.5
0.6
0.5
0.5
0.5
0.5
0.6
0.6
0.6
0.5
0.5
0.5
0.7
0.5
0.5
0.5
0.8
0.7
0.7
0.7
0.6
0.9
0.5
0.5
0.7

Aug
0.5
0.4
0.5
0.5
0.4
0.4
0.5
0.4
0.4
0.4
0.4
0.5
0.4
0.5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
1.0
0.4
0.5
0.6
0.4
0.7
0.4
0.4
0.5

Sep
0.5
0.5
0.5
0.6
0.5
0.3
0.5
0.4
0.4
0.4
0.6
0.7
0.3
0.6
0.5
0.5
0.4
0.6
0.4
0.5
0.5
0.7
0.5
0.7
0.7
0.5
0.7
0.6
0.5
0.6

Oct
0.6

1.0
0.9
11
1.0
0.6
0.9
0.8
0.6
0.8
1.0
0.9
0.7
0.7
1.2
0.9
0.8
1.0
0.9
1.1
0.8
1.0
1.0
11
13
0.9
11
1.0
0.9
1.0

Nov
14
2.9
2.2
2.0
2.0
19
2.6
1.7
1.7
21
24
24
2.7
1.8
2.7
2.6
21
2.9
2.7
2.7
24
25
3.0
2.5
2.8
2.7
2.7
2.9
2.8
2.1

Dec
4.9

6.7
5.9
5.9
5.4
7.1
5.8
7.0
5.9
5.6
6.2
7.0
7.1
6.5
7.1
7.5
6.8
7.5
7.5
7.3
7.9
6.2
8.3
8.0
7.8
7.2
7.8
8.4
6.7
6.5



2051
2052
2053
2054
2055
2056
2057
2058
2059
2060
2061
2062
2063
2064
2065
2066
2067
2068
2069
2070
Min

Ave

Max

Jan
125
145
17.6
14.4
185
14.2
14.2
14.8
17.4
14.2
17.3
17.3
18.7
15.2
19.7
17.9
22.8
194
19.3
16.2
8.4
14.2
22.8

Feb
17.4

15.9
17.9
19.9
17.9
18.0
15.1
17.8
20.9
16.8
17.1
16.0
19.7
18.1
20.8
22.0
22.8
19.7
20.0
20.7
13.2
17.0
22.8

Mar
12.3
11.3
121
16.7
13.0
13.2
11.7
13.0
15.9
124
131
14.9
16.5
13.3
141
15.2
14.8
14.8
154
154
9.2
12.6
16.7

Apr

6.5
6.7
5.7
7.2
6.9
6.4
7.5
7.6
6.8
6.5
6.5
6.2
6.7
6.8
6.6
7.8
6.4
7.5
7.1
7.5
4.3
6.2
7.8

May

2.8
3.0
2.4
2.4
3.2
2.5
2.8
3.1
2.9
2.7
2.9
2.4
2.6
2.8
2.5
3.3
2.6
3.3
2.8
3.0
19
2.5
3.3

Jun
1.2

1.2
14
11
11
1.2
1.3
1.3
1.2
1.3
13
1.0
11
1.2
1.3
1.3
1.3
1.5
11
13
0.8
11
1.6

Jul
0.7
0.8
0.9
0.6
0.6
0.8
0.7
0.7
0.7
0.9
0.6
0.5
0.6
0.6
0.8
0.7
0.9
0.9
0.9
0.6
0.4
0.6
0.9

Aug
0.5
0.5
0.7
0.5
0.5
0.6
0.6
0.5
0.6
0.6
0.6
0.5
0.5
0.6
0.5
0.7
0.8
0.7
0.6
0.6
0.4
0.5
1.0

Sep
0.5
0.7
0.8
0.6
0.7
1.0
0.8
0.7
0.8
0.6
0.9
0.8
0.8
0.8
0.6
0.7
1.0
0.9
0.8
0.8
0.3
0.6
1.0

Oct
1.2

1.2
1.3
1.0
1.3
2.0
1.2
11
1.2
1.2
15
11
14
14
1.1
1.2
14
14
15
13
0.6
1.1
2.0

Nov
25
3.8
3.1
2.9
3.1
35
2.8
4.6
3.4
3.7
4.4
3.6
3.3
3.7
3.0
3.2
35
3.9
34
3.5
14
2.8
4.6

Dec
7.2

8.0
9.0
9.7
7.7
8.0
8.5
9.8
8.8
8.2
10.9
9.2
9.6
10.6
8.8
10.5
8.8
10.9
8.7
8.8
4.9
7.7
10.9



Appendix VI
Hydraulic Simulation Results
Hydraulic Characteristics San José River Complete Reach

Cross Return Riverbed  W.S. El. Energy  Flow Vel. Flow

Section  Period El. (masl) (masl) El. (masl) (m/s) Depth (m) Areuet
5,600 Tr5y 1,828.1 1,829.0 1,830.5 5.37 0.88 2.18
Tr100y 1,828.1 1,829.2 1,831.3 6.47 1.08 2.29
Tr200y 1,828.1 1,829.3 1,831.5 6.69 1.12 231
5,500 Tr5y 1,815.9 1,816.8 1,818.5 5.75 0.97 2.35
Tr100y 1,815.9 1,817.0 1,819.5 6.93 1.17 2.46
Tr200y 1,815.9 1817.1 1,819.7 7.16 121 248
5,400 Troy 1,810.0 1,810.9 1,811.9 4.36 0.90 1.79
Tr100y 1,810.0 18111 1,812.5 5.20 1.11 1.88
Tr200y 1,810.0 1,811.2 1,812.6 5.36 1.15 1.90
5,300 Tr5y 1,802.6 1,803.8 1,805.1 5.01 1.20 1.92
Tr100y 1,802.6 1,804.1 1,805.9 6.00 1.44 1.99
Tr200y 1,802.6 1,804.1 1,806.1 6.19 1.49 2.00
5,200 Trby 1,792.6 1,793.7 1,794.9 4.86 1.08 2.21
Tr100y 1,792.6 1,793.9 1,795.6 5.87 1.24 2.32
Tr200y 1,792.6 1,793.9 1,795.8 6.07 1.28 2.34
5,100 Trby 1,781.0 1,781.9 1,783.3 5.30 0.86 241
Tr100y 1,781.0 1,782.0 1,784.1 6.34 1.03 2.50
Tr200y 1,781.0 1,782.1 1,784.2 6.53 1.07 2.52
5,000 Troy 1,770.3 1,771.2 1,772.8 5.65 0.84 2.33
Tr100y 1,770.3 1,771.4 1,773.7 6.77 1.03 2.45
Tr200y 1,770.3 1,771.4 1,773.8 6.99 1.07 247
4,900 Troy 1,763.3 1,764.4 1,765.8 5.25 1.04 191
Tr100y 1,763.3 1,764.6 1,766.5 6.12 1.32 1.99
Tr200y 1,763.3 1,764.7 1,766.7 6.31 1.36 2.01
4,800 Trby 1,756.7 1,757.8 1,758.6 3.98 1.07 1.82
Tr100y 1,756.7 1,757.9 1,759.1 4.82 1.23 1.92

Tr200y 1,756.7 1,758.0 1,759.2 4.98 1.26 1.94



Cross
Section

4,700

4,600

4,500

4,400

4,300

4,200

4,100

4,000

3,900

3,800

Return
Period

Tr5y
Trl00y
Tr200y
Tr5y
Tr100y
Tr200y
Tr5y
Tr100y
Tr200y
Tr5y
Trl00y
Tr200y
Tr5y
Tr100y
Tr200y
Tr5y
Trl00y
Tr200y
Troy
Trl00y
Tr200y
Tr5y
Tr100y
Tr200y
Troy
Trl00y
Tr200y
Troy
Trl00y
Tr200y

Riverbed
El. (masl)

1,751.1
1,751.1
1,751.1
1,743.0
1,743.0
1,743.0
1,733.1
1,733.1
1,733.1
1,726.1
1,726.1
1,726.1
1,719.6
1,719.6
1,719.6
1,714.0
1,714.0
1,714.0
1,711.0
1,711.0
1,711.0
1,707.4
1,707.4
1,707.4
1,699.0
1,699.0
1,699.0
1,693.7
1,693.7
1,693.7

W.S. El.

(masl)
1,751.8
1,752.0
1,752.0
1,743.9
1,744.1
1,744.2
1,734.1
1,734.3
1,734.4
1,727.0
1,727.2
1,727.2
1,720.5
1,720.7
1,720.7
1,714.6
1,714.8
1,714.8
1,711.9
1,712.1
1,712.1
1,708.3
1,708.5
1,708.5
1,699.6
1,699.7
1,699.7
1,694.7
1,694.8
1,694.9

Energy
El. (masl)

1,752.5
1,753.0
1,753.1
1,745.1
1,745.8
1,745.9
1,735.6
1,736.4
1,736.6
1,728.1
1,728.7
1,728.9
1,721.4
1,722.0
1,722.2
1,715.1
1,715.4
1,715.5
1,712.2
1,712.6
1,712.7
1,708.8
1,709.2
1,709.3
1,700.4
1,700.9
1,701.0
1,695.3
1,695.7
1,695.8

Flow Vel.
(m/s)

3.72
4.48
463
4.75
5.68
5.85
5.43
6.47
6.67
4.65
5.55
5.73
4.22
5.11
5.28
3.15
3.62
3.72
2.70
3.15
3.24
3.13
3.78
3.01
4.08
4.92
5.09
3.44
4.06
4.19

Flow
Depth (m)

0.75
0.91
0.94
0.93
1.13
1.17
1.00
1.22
1.26
0.85
1.05
1.08
0.95
1.12
1.16
0.63
0.77
0.80
0.85
1.07
1.11
0.88
1.06
1.09
0.55
0.69
0.72
0.93
1.10
1.13

Froude

1.72
1.81
1.82
1.96
2.02
2.03
2.20
2.28
2.30
1.94
2.04
2.06
1.83
1.93
1.94
1.61
1.66
1.67
1.12
1.14
1.14
1.33
1.40
141
2.01
2.10
2.13
1.55
1.62
1.63



Cross
Section

3,700

3,600

3,500

3,400

3,300

3,200

3,100

3,000

2,900

2,800

Return
Period

Tr5y
Trl00y
Tr200y
Tr5y
Tr100y
Tr200y
Tr5y
Tr100y
Tr200y
Tr5y
Trl00y
Tr200y
Tr5y
Tr100y
Tr200y
Tr5y
Trl00y
Tr200y
Troy
Trl00y
Tr200y
Tr5y
Tr100y
Tr200y
Troy
Trl00y
Tr200y
Troy
Trl00y
Tr200y

Riverbed
El. (masl)

1,688.9
1,688.9
1,688.9
1,684.8
1,684.8
1,684.8
1,679.5
1,679.5
1,679.5
1,675.0
1,675.0
1,675.0
1,670.5
1,670.5
1,670.5
1,666.8
1,666.8
1,666.8
1,662.0
1,662.0
1,662.0
1,658.6
1,658.6
1,658.6
1,655.1
1,655.1
1,655.1
1,650.0
1,650.0
1,650.0

W.S. El.

(masl)
1,689.8
1,690.0
1,690.1
1,685.6
1,685.8
1,685.8
1,680.6
1,680.8
1,680.8
1,675.8
1,675.9
1,676.0
1,671.5
1,671.7
1,671.7
1,667.7
1,667.8
1,667.9
1,663.0
1,663.2
1,663.3
1,659.6
1,659.7
1,659.7
1,656.0
1,656.2
1,656.2
1,650.9
1,651.2
1,651.2

Energy
El. (masl)

1,690.5
1,691.0
1,691.1
1,686.1
1,686.5
1,686.5
1,681.2
1,681.6
1,681.7
1,676.4
1,676.8
1,676.9
1,672.1
1,672.6
1,672.7
1,668.1
1,668.5
1,668.6
1,663.7
1,664.2
1,664.3
1,659.9
1,660.2
1,660.2
1,656.5
1,656.9
1,657.0
1,651.8
1,652.4
1,652.5

Flow Vel.
(m/s)

3.70
4.45
459
3.05
3.57
3.67
3.41
4.08
4.21
3.43
4.10
4.23
3.58
4.17
4.30
3.00
3.58
371
3.82
450
4.62
2.53
3.07
3.19
3.16
3.74
3.85
4.08
4.86
5.00

Flow
Depth (m)

0.92
1.11
1.15
0.89
1.05
1.08
1.06
1.23
1.26
0.76
0.93
0.96
0.98
1.20
1.24
0.88
1.04
1.07
0.96
1.20
1.25
0.97
1.10
1.13
0.85
1.06
1.11
0.93
1.17
1.22

Froude

1.56
1.62
1.63
1.44
1.51
1.52
1.54
1.61
1.62
1.56
1.63
1.64
1.48
1.53
1.55
1.38
1.46
1.47
1.50
1.52
1.52
1.26
1.34
1.36
1.30
1.32
1.32
1.59
1.63
1.63



Cross
Section

2,700

2,600

2,500

2,400

2,300

2,200

2,100

2,000

1,900

1,800

Return
Period

Tr5y
Trl00y
Tr200y
Tr5y
Tr100y
Tr200y
Tr5y
Tr100y
Tr200y
Tr5y
Trl00y
Tr200y
Tr5y
Tr100y
Tr200y
Tr5y
Trl00y
Tr200y
Troy
Trl00y
Tr200y
Tr5y
Tr100y
Tr200y
Troy
Trl00y
Tr200y
Troy
Trl00y
Tr200y

Riverbed
El. (masl)

1,646.0
1,646.0
1,646.0
1,639.7
1,639.7
1,639.7
1,631.1
1,631.1
1,631.1
1,625.0
1,625.0
1,625.0
1,619.4
1,619.4
1,619.4
1,614.3
1,614.3
1,614.3
1,608.6
1,608.6
1,608.6
1,605.5
1,605.5
1,605.5
1,601.1
1,601.1
1,601.1
1,592.4
1,592.4
1,592.4

W.S. El.

(masl)
1,646.8
1,647.0
1,647.0
1,640.7
1,640.9
1,640.9
1,632.0
1,632.2
1,632.2
1,625.9
1,626.1
1,626.2
1,620.8
1,621.1
1,621.2
1,615.0
1,615.2
1,615.2
1,609.5
1,609.7
1,609.7
1,606.3
1,606.4
1,606.4
1,602.8
1,603.2
1,603.3
1,593.4
1,593.6
1,593.6

Energy
El. (masl)

1,647.3
1,647.7
1,647.8
1,641.6
1,642.2
1,642.3
1,633.4
1,634.1
1,634.3
1,627.0
1,627.7
1,627.8
1,622.0
1,622.8
1,622.9
1,615.8
1,616.4
1,616.5
1,610.1
1,610.4
1,610.5
1,606.6
1,606.8
1,606.9
1,603.4
1,604.0
1,604.1
1,594.9
1,595.8
1,596.0

Flow Vel.
(m/s)

3.17
3.81
3.94
4.19
5.00
5.16
5.21
6.15
6.34
4.50
5.45
5.63
4.81
5.70
5.87
4.02
4.86
5.02
3.37
3.66
3.74
2.44
2.92
3.03
3.44
4.04
4.15
5.51
6.69
6.92

Flow
Depth (m)

0.78
0.94
0.97
0.96
1.17
121
0.92
1.14
1.18
0.89
1.10
1.14
1.42
1.73
1.79
0.71
0.89
0.93
0.97
1.16
1.19
0.71
0.85
0.87
1.72
2.15
2.25
0.96
1.16
1.20

Froude

1.46
1.54
1.56
1.71
1.76
1.77
2.10
2.17
2.19
1.83
1.92
1.94
1.64
1.68
1.69
1.73
1.83
1.85
1.63
1.63
1.66
1.26
1.32
1.33
0.94
0.96
0.96
2.20
2.33
2.36



Cross
Section

1,700

1,600

1,500

1,400

1,300

1,200

1,100

1,000

900

800

Return
Period

Tr5y
Trl00y
Tr200y
Tr5y
Tr100y
Tr200y
Tr5y
Tr100y
Tr200y
Tr5y
Trl00y
Tr200y
Tr5y
Tr100y
Tr200y
Tr5y
Trl00y
Tr200y
Troy
Trl00y
Tr200y
Tr5y
Tr100y
Tr200y
Troy
Trl00y
Tr200y
Troy
Trl00y
Tr200y

Riverbed
El. (masl)

1,584.0
1,584.0
1,584.0
1,579.0
1,579.0
1,579.0
1,571.6
1,571.6
1,571.6
1,564.3
1,564.3
1,564.3
1,559.4
1,559.4
1,559.4
1,554.1
1,554.1
1,554.1
1,549.1
1,549.1
1,549.1
1,544.8
1,544.8
1,544.8
1,539.2
1,539.2
1,539.2
1,535.6
1,535.6
1,535.6

W.S. El.

(masl)
1,584.6
1,584.8
1,584.8
1,579.9
1,580.2
1,580.2
1,572.4
1,572.5
1,572.6
1,565.3
1,565.5
1,565.5
1,560.3
1,560.5
1,560.5
1,554.8
1,554.9
1,555.0
1,550.0
1,550.2
1,550.2
1,545.9
1,546.1
1,546.1
1,540.5
1,540.5
1,540.5
1,536.5
1,536.7
1,536.7

Energy
El. (masl)

1,585.4
1,585.9
1,586.0
1,580.7
1,581.2
1,581.3
1,573.3
1,573.9
1,574.1
1,566.0
1,566.3
1,566.3
1,560.9
1,561.3
1,561.4
1,555.4
1,555.8
1,555.9
1,550.7
1,551.2
1,551.3
1,546.5
1,546.9
1,547.0
1,540.9
1,541.5
1,541.7
1,537.0
1,537.4
1,537.5

Flow Vel.
(m/s)

3.91
4.70
4.86
3.82
4.49
4.62
4.37
5.28
5.46
3.62
3.94
4.03
3.44
4.08
4.20
3.39
4.10
4.23
3.79
4.50
4.63
3.34
4.04
4.17
2.78
4.60
4.86
3.05
3.71
3.84

Flow
Depth (m)

0.64
0.76
0.79
0.94
1.18
1.22
0.79
0.95
0.98
1.05
1.22
1.24
0.90
1.09
1.12
0.70
0.85
0.88
0.85
1.07
1.11
1.16
1.34
1.38
1.24
1.22
1.24
0.96
1.12
1.15

Froude

2.01
2.13
2.15
1.53
1.56
1.56
1.96
2.07
2.09
1.73
1.85
1.85
1.52
1.56
1.56
1.63
1.71
1.73
1.55
1.59
1.60
1.45
1.53
1.54
0.99
1.64
1.72
1.37
1.45
1.47



Cross
Section

700

600

500

400

300

200

100

Return
Period

Tr5y
Trl00y
Tr200y
Tr5y
Tr100y
Tr200y
Tr5y
Tr100y
Tr200y
Tr5y
Trl00y
Tr200y
Tr5y
Tr100y
Tr200y
Tr5y
Trl00y
Tr200y
Troy
Trl00y
Tr200y
Tr5y
Trl00y
Tr200y

Riverbed
El. (masl)

1,532.0
1,532.0
1,532.0
1,528.1
1,528.1
1,528.1
1,523.7
1,523.7
1,523.7
1,520.2
1,520.2
1,520.2
1,517.8
1,517.8
1,517.8
1,515.1
1,515.1
1,515.1
1,512.6
1,512.6
1,512.6
1,510.0
1,510.0
1,510.0

W.S. El.

(masl)
1,533.0
1,533.1
1,533.2
1,528.9
1,529.0
1,529.0
1,524.5
1,524.6
1,524.7
1,521.2
1,521.4
1,521.4
1,518.8
1,519.1
1,519.2
1,516.2
1,516.4
1,516.4
1,513.5
1,513.7
1,513.7
1,510.7
1,510.9
1,510.9

Energy
El. (masl)

1,533.4
1,533.7
1,533.8
1,529.3
1,529.6
1,529.6
1,524.9
1,525.2
1,525.2
1,521.6
1,522.0
1,522.1
1,519.1
1,519.4
1,519.4
1,516.6
1,516.9
1,517.0
1,513.9
1,514.2
1,514.3
1,511.1
1,511.4
1,511.4

Flow Vel.
(m/s)

2.78
3.38
3.50
2.71
3.26
3.37
2.66
3.19
3.29
2.93
3.50
3.61
2.64
242
2.39
281
3.37
3.48
2.67
3.24
3.37
2.57
3.11
3.21

Flow
Depth (m)

0.99
1.14
1.17
0.77
0.89
0.91
0.78
0.90
0.93
1.01
1.20
1.23
0.93
1.28
1.35
1.04
1.25
1.29
0.93
1.09
1.12
0.70
0.86
0.89

Froude

1.30
1.38
1.40
1.39
1.46
1.48
141
1.48
1.49
1.26
1.30
131
1.15
0.83
0.79
1.15
1.20
1.21
1.19
1.27
1.29
1.18
1.25
1.26



Hydraulic Characteristics San José River Powerhouse Reach

Crogs Retprn Riverbed  W.S. EL Energy Flow Vel. Flow Eroude
Section  Period El. (masl) (masl) El. (masl) (m/s) Depth (m)
1,500 Trby 1,572.0 1,572.8 1,573.5 3.85 0.77 1.73
Tr100y 1,572.0 1,573.0 1,574.0 4.62 0.95 1.81
Tr200y 1,572.0 1,573.0 1,574.1 4.76 0.98 1.82
1,475 Troy 1,569.2 1,570.3 1,571.5 491 1.13 1.98
Tr100y 1,569.2 1,570.6 1,572.0 5.36 1.38 2.12
Tr200y 1,569.2 1,570.6 1,572.1 5.47 1.42 2.13
1,450 Tr5y 1,568.0 1,568.7 1,569.4 3.68 0.70 1.80
Tr100y 1,568.0 1,568.9 1,569.9 4.40 0.84 1.93
Tr200y 1,568.0 1,568.9 1,570.0 455 0.87 1.95
1,425 Troy 1,566.2 1,567.0 1,567.9 4.10 0.83 1.76
Tr100y 1,566.2 1,567.3 1,568.1 4.04 1.13 1.69
Tr200y 1,566.2 1,567.4 1,568.2 4.08 1.17 1.75
1,400 Troy 1,564.6 1,565.8 1,566.1 2.39 1.29 1.00
Tr100y 1,564.6 1,566.1 1,566.4 2.64 1.54 0.98
Tr200y 1,564.6 1,566.1 1,566.5 2.70 1.58 0.99
1,375 Trby 1,563.0 1,564.0 1,564.4 2.54 1.03 1.00
Tr100y 1,563.0 1,564.3 1,564.7 2.96 1.28 1.01
Tr200y 1,563.0 1,564.3 1,564.8 3.00 1.34 0.99
1,350 Troy 1,562.0 1,563.2 1,563.5 2.49 1.15 0.99
Tr100y 1,562.0 1,563.5 1,563.8 2.59 1.45 1.03
Tr200y 1,562.0 1,563.5 1,563.9 2.60 1.50 1.00
1,325 Troy 1,560.6 1,561.6 1,562.2 3.52 0.99 1.64
Tr100y 1,560.6 1,561.8 1,562.6 3.91 1.19 1.61
Tr200y 1,560.6 1,561.8 1,562.6 3.99 1.23 1.60
1,300 Troy 1,559.6 1,560.5 1,561.1 3.34 0.91 1.51
Tr100y 1,559.6 1,560.7 1,561.4 3.87 1.10 1.53
Tr200y 1,559.6 1,560.7 1,561.5 3.94 1.14 1.51
1,275 Trby 1,558.1 1,559.4 1,559.8 2.73 131 0.99

Tr100y 1,558.1 1,559.4 1,560.4 4.34 1.32 1.56



Cross
Section

1,250

1,225

1,200

1,175

1,150

1,125

1,100

1,075

1,050

1,025

Return
Period

Tr200y
Trby
Tr100y
Tr200y
Tr5y
Tr100y
Tr200y
Tr5y
Tr100y
Tr200y
Tr5y
Tr100y
Tr200y
Tr5y
Tr100y
Tr200y
Trby
Tr100y
Tr200y
Troy
Tr100y
Tr200y
Tr5y
Tr100y
Tr200y
Troy
Tr100y
Tr200y
Troy
Tr100y

Riverbed
El. (masl)

1,558.1
1,556.8
1,556.8
1,556.8
1,555.8
1,555.8
1,555.8
1,554.0
1,554.0
1,554.0
1,552.7
1,552.7
1,552.7
1,551.1
1,551.1
1,551.1
1,550.0
1,550.0
1,550.0
1,549.0
1,549.0
1,549.0
1,548.2
1,548.2
1,548.2
1,547.0
1,547.0
1,547.0
1,546.2
1,546.2

W.S. El.

(masl)
1,559.5
1,557.9
1,558.0
1,558.1
1,556.9
1,557.1
1,557.1
1,555.2
1,555.2
1,555.2
1,553.7
1,554.0
1,554.0
1,552.2
1,552.4
1,552.5
1,551.1
1,551.4
1,551.4
1,550.1
1,550.3
1,550.4
1,549.2
1,549.5
1,549.5
1,548.0
1,548.2
1,548.3
1,547.3
1,547.5

Energy
El. (masl)

1,560.5
1,558.6
1,559.1
1,559.2
1,557.5
1,557.9
1,557.9
1,555.5
1,556.1
1,556.2
1,554.4
1,554.8
1,554.8
1,553.1
1,553.5
1,553.5
1,551.9
1,552.3
1,552.4
1,550.8
1,551.3
1,551.4
1,549.9
1,550.4
1,550.5
1,548.8
1,549.3
1,549.4
1,547.9
1,548.3

Flow Vel.
(m/s)

4.43
3.70
4.54
4.68
3.37
3.91
4.01
2.40
4.34
456
3.73
3.94
4.05
4.22
455
454
3.72
4.21
4.29
3.82
4.29
4.39
3.65
4.29
4.41
3.93
4.65
4.79
3.69
4.44

Flow
Depth (m)

1.37
1.08
1.24
1.28
1.12
1.32
1.36
1.22
1.15
1.17
1.03
1.28
1.31
1.07
1.34
1.40
1.10
1.34
1.38
1.05
1.32
1.37
0.98
1.22
1.26
0.97
1.18
1.23
1.05
1.24

Froude

1.56
1.61
1.76
1.77
1.49
1.51
1.52
0.99
1.89
1.96
1.49
1.64
1.65
1.76
1.70
1.66
1.54
1.61
1.62
1.49
1.50
1.50
1.44
1.48
1.49
1.60
1.66
1.67
1.45
1.56



Cross
Section

1,000

975

950

925

900

875

850

825

800

775

Return
Period

Tr200y
Trby
Tr100y
Tr200y
Tr5y
Tr100y
Tr200y
Tr5y
Tr100y
Tr200y
Tr5y
Tr100y
Tr200y
Tr5y
Tr100y
Tr200y
Trby
Tr100y
Tr200y
Troy
Tr100y
Tr200y
Tr5y
Tr100y
Tr200y
Troy
Tr100y
Tr200y
Troy
Tr100y

Riverbed
El. (masl)

1,546.2
1,545.1
1,545.1
1,545.1
1,544.0
1,544.0
1,544.0
1,542.0
1,542.0
1,542.0
1,541.0
1,541.0
1,541.0
1,539.5
1,539.5
1,539.5
1,538.0
1,538.0
1,538.0
1,537.6
1,537.6
1,537.6
1,536.5
1,536.5
1,536.5
1,535.9
1,535.9
1,535.9
1,535.0
1,535.0

W.S. El.

(masl)
1,547.5
1,546.0
1,546.2
1,546.2
1,544.9
1,545.1
1,545.1
1,543.1
1,543.0
1,543.0
1,541.9
1,541.9
1,541.9
1,540.6
1,540.7
1,540.8
1,539.1
1,539.4
1,539.4
1,538.6
1,538.8
1,538.8
1,537.7
1,537.9
1,537.9
1,536.7
1,536.9
1,536.9
1,536.0
1,536.2

Energy
El. (masl)

1,548.4
1,546.8
1,547.3
1,547.4
1,545.6
1,546.0
1,546.1
1,543.5
1,544.3
1,544.4
1,542.2
1,542.7
1,542.7
1,541.1
1,541.5
1,541.5
1,539.9
1,540.4
1,540.5
1,539.1
1,539.5
1,539.5
1,538.2
1,538.6
1,538.6
1,537.2
1,537.6
1,537.7
1,536.4
1,536.8

Flow Vel.
(m/s)

459
4.14
4.84
4.95
3.65
4.28
4.41
2.71
5.08
5.19
2.29
3.79
3.92
3.17
3.76
3.88
4.13
4.50
4.60
3.08
3.61
3.64
3.07
3.61
3.71
3.20
3.80
3.89
3.05
3.60

Flow
Depth (m)

1.28
0.92
1.13
1.18
0.90
1.08
1.12
1.11
1.00
1.04
0.93
0.91
0.94
1.09
1.27
1.30
1.07
1.37
1.43
1.06
1.24
1.28
1.17
1.35
1.40
0.81
0.98
1.02
0.92
1.13

Froude

1.58
1.65
1.72
1.72
1.63
1.68
1.69
1.00
1.97
1.96
0.99
1.65
1.67
1.39
1.49
1.51
1.63
1.54
1.56
1.37
1.48
1.45
1.36
1.38
1.37
1.48
1.53
1.52
1.26
1.28



Cross
Section

750

725

700

675

650

625

600

575

550

525

Return
Period

Tr200y
Trby
Tr100y
Tr200y
Tr5y
Tr100y
Tr200y
Tr5y
Tr100y
Tr200y
Tr5y
Tr100y
Tr200y
Tr5y
Tr100y
Tr200y
Trby
Tr100y
Tr200y
Troy
Tr100y
Tr200y
Tr5y
Tr100y
Tr200y
Troy
Tr100y
Tr200y
Troy
Tr100y

Riverbed
El. (masl)

1,535.0
1,534.0
1,534.0
1,534.0
1,533.0
1,533.0
1,533.0
1,532.1
1,532.1
1,532.1
1,531.4
1,531.4
1,531.4
1,530.0
1,530.0
1,530.0
1,529.0
1,529.0
1,529.0
1,528.4
1,528.4
1,528.4
1,527.2
1,527.2
1,527.2
1,526.3
1,526.3
1,526.3
1,525.0
1,525.0

W.S. El.

(masl)
1,536.2

1,535.0
1,535.3
1,535.4
1,534.1
1,534.1
1,534.1
1,533.0
1,533.1
1,533.2
1,532.3
1,532.4
1,532.4
1,530.9
1,531.2
1,531.2
1,529.8
1,530.0
1,530.1
1,529.1
1,529.3
1,529.3
1,528.0
1,528.1
1,528.1
1,527.0
1,527.1
1,527.1
1,525.6
1,525.7

Energy
El. (masl)

1,536.9
1,535.7
1,536.1
1,536.2
1,534.5
1,534.3
1,534.3
1,533.3
1,533.6
1,533.6
1,532.7
1,532.9
1,533.0
1,531.6
1,532.0
1,532.0
1,530.5
1,530.9
1,531.0
1,529.5
1,529.8
1,529.8
1,528.3
1,528.6
1,528.7
1,527.3
1,527.6
1,527.6
1,526.0
1,526.2

Flow Vel.
(m/s)

3.70
3.56
3.98
4.07
2.85
2.56
2.68
2.82
3.33
3.41
2.99
3.47
3.57
3.80
4.19
4.26
3.46
4.07
4.19
291
3.34
3.42
249
3.10
3.21
2.62
3.15
3.24
2.96
3.49

Flow
Depth (m)

1.18
1.00
1.30
1.35
1.07
1.07
1.09
0.86
1.03
1.07
0.86
1.01
1.04
0.93
1.16
1.20
0.84
1.02
1.06
0.75
0.92
0.95
0.84
0.96
0.98
0.71
0.81
0.83
0.56
0.67

Froude

1.28
1.37
1.35
1.34
1.05
0.94
0.97
1.27
131
1.30
1.35
1.41
1.43
1.64
1.57
1.57
1.54
1.64
1.65
1.43
1.45
1.45
1.27
1.39
1.41
1.43
1.54
1.54
1.65
1.72



Cross
Section

500

475

450

425

400

375

350

325

300

275

Return
Period

Tr200y
Trby
Tr100y
Tr200y
Tr5y
Tr100y
Tr200y
Tr5y
Tr100y
Tr200y
Tr5y
Tr100y
Tr200y
Tr5y
Tr100y
Tr200y
Trby
Tr100y
Tr200y
Troy
Tr100y
Tr200y
Tr5y
Tr100y
Tr200y
Troy
Tr100y
Tr200y
Troy
Tr100y

Riverbed
El. (masl)

1,525.0
1,523.9
1,523.9
1,523.9
1,523.0
1,523.0
1,523.0
1,522.0
1,522.0
1,522.0
1,521.0
1,521.0
1,521.0
1,520.4
1,520.4
1,520.4
1,520.0
1,520.0
1,520.0
1,519.1
1,519.1
1,519.1
1,518.6
1,518.6
1,518.6
1,518.0
1,518.0
1,518.0
1,517.0
1,517.0

W.S. El.

(masl)
1,525.7
1,524.7
1,524.8
1,524.9
1,523.7
1,523.9
1,523.9
1,522.9
1,523.0
1,523.1
1,522.0
1,522.2
1,522.2
1,521.6
1,521.7
1,521.7
1,521.1
1,521.3
1,521.3
1,520.1
1,520.3
1,520.3
1,519.4
1,519.5
1,519.6
1,518.9
1,519.1
1,519.1
1,517.8
1,518.0

Energy
El. (masl)

1,526.3
1,525.0
1,525.3
1,525.3
1,524.1
1,524.3
1,524.4
1,523.2
1,523.5
1,523.5
1,522.3
1,522.6
1,522.6
1,521.7
1,522.0
1,522.0
1,521.3
1,521.5
1,521.6
1,520.4
1,520.7
1,520.7
1,519.6
1,519.8
1,519.9
1,519.1
1,519.4
1,519.4
1,518.2
1,518.5

Flow Vel.
(m/s)

3.60
2.65
3.06
3.13
2.76
3.20
3.28
2.51
2.90
2.98
2.50
2.90
297
1.85
2.45
2.56
2.01
2.35
242
2.60
2.83
2.93
2.02
2.37
244
2.06
242
2.50
2.69
3.11

Flow
Depth (m)

0.69
0.78
0.91
0.94
0.69
0.84
0.87
0.90
1.03
1.05
0.99
1.12
1.15
1.13
1.22
1.24
1.06
1.22
1.25
1.01
1.17
1.20
0.74
0.89
0.92
0.93
1.08
1.10
0.82
0.97

Froude

1.73
1.37
1.43
1.44
1.40
1.44
1.45
1.35
1.39
1.39
1.34
1.37
1.37
0.90
1.08
1.11
0.99
0.99
1.00
1.28
1.33
1.34
0.98
1.00
1.01
1.01
1.07
1.07
1.36
1.35



Cross
Section

250

225

200

175

150

125

100

75

50

25

Return
Period

Tr200y
Trby
Tr100y
Tr200y
Tr5y
Tr100y
Tr200y
Tr5y
Tr100y
Tr200y
Tr5y
Tr100y
Tr200y
Tr5y
Tr100y
Tr200y
Trby
Tr100y
Tr200y
Troy
Tr100y
Tr200y
Tr5
Tr100
Tr200
Tr5
Tr100
Tr200
Tr5
Tr100

Riverbed
El. (masl)

1,517.0
1,516.0
1,516.0
1,516.0
1,516.0
1,516.0
1,516.0
1,515.0
1,515.0
1,515.0
1,514.7
1,514.7
1,514.7
1,514.0
1,514.0
1,514.0
1,513.2
1,513.2
1,513.2
1,512.9
1,512.9
1,512.9
1,512.1
1,512.1
1,512.1
1,511.6
1,511.6
1,511.6
1,511.0
1,511.0

W.S. El.

(masl)
1,518.0
1517.2
1,517.4
1,517.5
1,516.8
1,517.0
15171
1,516.2
1,516.5
1,516.5
1,515.8
1,516.0
1,516.0
1,514.7
1,514.8
1,514.9
15141
1514.4
1514.4
1,513.7
1,513.9
1,513.9
1,513.1
1,513.2
1,513.2
1,512.5
1,512.6
1,512.7
1,511.8
1,512.0

Energy
El. (masl)

1,518.5
1,517.4
1,517.7
1,517.7
1,517.1
1,517.4
1,517.4
1,516.5
1,516.8
1,516.9
1,516.1
1,516.4
1,516.5
1,515.2
1,515.5
1,515.6
15145
1,514.9
1,514.9
1,514.0
1,514.3
1,514.3
1,513.4
1,513.7
1,513.8
1,512.8
1,513.1
1,513.1
1,512.1
1,512.4

Flow Vel.
(m/s)

3.18
2.04
2.36
2.43
2.26
2.67
2.74
241
2.71
2.76
2.43
2.85
2.93
3.05
3.69
3.80
2.87
3.08
3.17
2.30
2.73
2.99
2.09
3.13
3.20
2.51
3.00
3.09
2.52
3.06

Flow
Depth (m)

1.00
1.20
1.40
1.45
0.84
1.03
1.07
1.22
1.46
151
1.12
1.34
1.39
0.67
0.83
0.87
0.89
1.17
1.21
0.81
0.99
0.98
1.06
1.12
1.16
0.87
1.01
1.04
0.80
0.94

Froude

1.35
0.87
0.88
0.88
1.00
1.00
1.01
0.99
0.99
1.00
1.00
1.01
1.01
1.40
1.47
1.48
1.13
1.16
1.16
1.03
1.05
1.15
0.81
1.16
1.16
1.26
1.30
1.30
1.25
1.32



Cross
Section

Return
Period

Tr200
Tr5

Trl00
Tr200

Riverbed
El. (masl)

1,511.0
1,510.0
1,510.0
1,510.0

W.S. El.

(masl)
1,512.0
1,510.7
1,510.9
1,510.9

Energy
El. (masl)

1,512.5
1,511.2
15115
1,511.6

Flow Vel.
(m/s)

3.13
3.01
3.53
3.62

Flow
Depth (m)

0.97
0.69
0.85
0.88

Froude

131
1.47
1.50
1.49
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Appendix VI
Detailed Cost Analysis Results

Cost Analysis River Alternative - Steel

. Unit Cost

Direct Costs ‘

Stripping - L:35 m Lm 35 279 9,767

Formwork - L:35 m Lm 35 1,919 67,148
Concrete - L:35m Lm 35 4,883 170,922
Reinforcement - L:35 m Lm 35 165 5,763
Trashracks - 5 m? gl 4 13,004 52,015
Sliding Gate - 10 m? gl 1 215,824 215,824
Contractor Expenses - H:3.5 m L:35 m Lm 35 6,593 230,742
C sewmmmsrawe s
Stripping - L: 128 m Lm 128 279 35,719
Excavations - L: 128 m Lm 128 1,842 235,747
Settling Basin Concrete - L:95 m Lm 95 12,209 1,159,830
Forebay Concrete - L:33 m Lm 33 2,965 97,844
Formwork - L: 128 m Lm 128 4,988 638,482
Reinforcement - L: 128 m Lm 128 318 40,720
Flushing Gates - 2.5 m? gl 2 98,997 197,994
Trashracks - 4 m? gl 1 11,515 11,515
Forebay Emergency Gate - 4 m? gl 1 128,937 128,937

Pipe Cost - Steel - D:1.9 m ton 3,998 1,900 7,596,466

Trench in Soil - H:6.0 m B:2.5 m Lm 3,797 775 2,943,811

Trench in Rock - H:6.0m B:2.5m Lm 949 2,644 2,509,855
Segments Protected with Concrete Lm 655 652 427,253

Contractor Costs m 4,747 3,628 17,219,141

Turbine 1 (Dist., Inlet Valve, Freq. Gov.) - Q:9 m3/s H:282 m kw 20,700 158 3,278,023
Turbine 2 (Dist., Inlet Valve, Freq. Gov.) - Q:1 m*/s H:282 m kw 2,300 632 1,453,045
Electro Technical Work (Gen., Trans., Control, Etc.) gl 1 6,366,990 6,366,990
Miscellaneous Mechanical Equipment kw 23,000 22 513,240
Civil Works gl 1 100,000 100,000

L

Direct Costs Total 45,706,795



Unit Cost

Indirect Costs

Transport and Insurance of Equipment (5%) gl - - 990,702
Equipment Customs Taxes (4%) gl - - 443,922
Equipment Spare Parts (3%) gl - - 364,622
Pre-Engineering (1.5%) gl - - 685,602

Tender Documents (2.5%) gl - - 1,142,670

Detailed Engineering (8%) gl - - 3,656,544

Construction Management (8%) gl - - 3,656,544

Power Plant Commissioning gl - - 1,600,000

Owner's Costs (2%) gl - - 1,164,948

Unforeseen Expenses (20%) gl - - 11,882,470

Total 71,294,818

Unit Cost (USD/MWh) 1,145



Cost Analysis River Alternative — GRP and Steel

Item Units Number Unit Cost Cost (USD)

(UsD)

Direct Costs

Stripping - L:35 m Lm 35 279 9,767
Formwork - L:35 m Lm 35 1,919 67,148
Concrete - L:35m Lm 35 4,883 170,922
Reinforcement - L:35 m Lm 35 165 5,763
Trashracks - 5 m? gl 4 13,004 52,015
Sliding Gate - 10 m? gl 1 215,824 215,824
Contractor Expenses - H:3.5m L:35 m Lm 35 6,593 230,742

|
f

Stripping - L: 128 m Lm 128 279 35,719
Excavations - L: 128 m Lm 128 1,842 235,747
Settling Basin Concrete - L:95 m Lm 95 12,209 1,159,830
Forebay Concrete - L:33 m Lm 33 2,965 97,844
Formwork - L: 128 m Lm 128 4,988 638,482
Reinforcement - L: 128 m Lm 128 318 40,720
Flushing Gates - 2.5 m? gl 2 98,997 197,994
Trashracks - 4 m? gl 1 11,515 11,515
Forebay Emergency Gate - 4 m? gl 1 128,937 128,937

Pipe Cost - GRP+Steel - D:1.8 m gl 1 7,784,305 7,784,305
Trench in Soil - H:6.0 m B:2.5 m Lm 3,797 775 2,943,811
Trench in Rock - H:6.0 m B:2.5m Lm 949 2,644 2,509,855

Segments Protected with Concrete Lm 655 652 427,253
Contractor Costs m 4,747 4,270 20,265,605

Turbine 1 (Dist., Inlet Valve, Freq. Gov.) - Q:9 m3/s H:282 m kw 20,700 158 3,278,023
Turbine 2 (Dist., Inlet Valve, Freq. Gov.) - Q:1 m3/s H:282 m kw 2,300 632 1,453,045
Electro Technical Work (Gen., Trans., Control, Etc.) gl 1 6,366,990 6,366,990
Miscellaneous Mechanical Equipment kw 23,000 22 513,240
Civil Works gl 1 100,000 100,000

Direct Costs Total 48,941,098

Indirect Costs

Transport and Insurance of Equipment (5%) gl - - 1,000,094
Equipment Customs Taxes (4%) gl - - 755,294

Equipment Spare Parts (3%) gl - - 364,622



Unit Cost

Pre-Engineering (1.5%) - 734,116

Tender Documents (2.5%) gl - - 1,223,527
Detailed Engineering (8%) gl - - 3,915,288
Construction Management (8%) gl - - 3,915,288
Power Plant Commissioning gl - - 1,600,000
Owner's Costs (2%) gl - - 1,248,987
Unforeseen Expenses (20%) gl - - 12,739,663

Total 76,437,977

Unit Cost (USD/MWh) 1,227



Cost Analysis Road Alternative — Steel

Item Units Number Unit Cost Cost (USD)

(UsD)

Direct Costs

Stripping - L:35 m Lm 35 279 9,767
Formwork - L:35 m Lm 35 1,919 67,148
Concrete - L:35m Lm 35 4,883 170,922
Reinforcement - L:35 m Lm 35 165 5,763
Trashracks - 5 m? gl 4 13,004 52,015
Sliding Gate - 10 m? gl 1 215,824 215,824
Contractor Expenses - H:3.5m L:35 m Lm 35 6,593 230,742

|
f

Stripping - L: 128 m Lm 128 279 35,719
Excavations - L: 128 m Lm 128 1,842 235,747

Settling Basin Concrete - L:95 m Lm 95 12,209 1,159,830
Forebay Concrete - L:33 m Lm 33 2,965 97,844
Formwork - L: 128 m Lm 128 4,988 638,482
Reinforcement - L: 128 m Lm 128 318 40,720
Forebay Flushing Gates - 2.5 m? gl 2 98,997 197,994
Trashracks - 4 m? gl 1 11,515 11,515

Forebay Emergency Gate - 4 m? gl 1 128,937 128,937

Pipe Cost - Steel - D:1.9 m ton 3,595 1,900 6,830,258
Trench in Soil - H:6.0 m B:2.5 m Lm 3,920 775 3,039,339
Trench in Rock - H:6.0 m B:2.5m Lm 980 2,644 2,591,302
Surge Chamber Shaft - D:2.7 m L:308 m Lm 308 1,412 434,756
Surge Chamber Inner Lining - D:2.7 m L:308 m Lm 308 5,173 1,593,366
Contractor Costs m 4,901 3,628 17,777,912

|
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Turbine 1 (Dist., Inlet Valve, Freq. Gov.) - Q:9 m3/s H:282 m kw 20,700 158 3,278,023
Turbine 2 (Dist., Inlet Valve, Freq. Gov.) - Q:1 m3/s H:282 m kW 2,300 632 1,453,045
Electro Technical Work (Gen., Trans., Control, Etc.) gl 1 6,366,990 6,366,990
Miscellaneous Mechanical Equipment kw 23,000 22 513,240
Civil Works gl 1 100,000 100,000

Direct Costs Total 47,277,200

Indirect Costs

Transport and Insurance of Equipment (5%) gl - - 1,032,060

Equipment Customs Taxes (4%) gl - - 443,922



Unit Cost

Equipment Spare Parts (3%) - 364,622
Pre-Engineering (1.5%) gl - - 709,158
Tender Documents (2.5%) gl - - 1,181,930
Detailed Engineering (8%) gl - - 3,782,176
Construction Management (8%) gl - - 3,782,176
Power Plant Commissioning gl - - 1,600,000
Owner's Costs (2%) gl - - 1,203,465
Unforeseen Expenses (20%) gl - - 12,275,342

Total 73,652,051

Unit Cost (USD/MWh) 1,188



Cost Analysis Road Alternative — GRP and Steel

Item Units Number Unit Cost Cost (USD)

(UsD)

Direct Costs

Stripping - L:35 m Lm 35 279 9,767
Formwork - L:35 m Lm 35 1,919 67,148
Concrete - L:35m Lm 35 4,883 170,922
Reinforcement - L:35 m Lm 35 165 5,763
Trashracks - 5 m? gl 4 13,004 52,015
Sliding Gate - 10 m? gl 1 215,824 215,824
Contractor Expenses - H:3.5m L:35 m Lm 35 6,593 230,742

|
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Stripping - L: 128 m Lm 128 279 35,719
Excavations - L: 128 m Lm 128 1,842 235,747

Settling Basin Concrete - L:95 m Lm 95 12,209 1,159,830
Forebay Concrete - L:33 m Lm 33 2,965 97,844
Formwork - L: 128 m Lm 128 4,988 638,482
Reinforcement - L: 128 m Lm 128 318 40,720
Forebay Flushing Gates - 2.5 m? gl 2 98,997 197,994
Trashracks - 4 m? gl 1 11,515 11,515

Forebay Emergency Gate - 4 m? gl 1 128,937 128,937

Pipe Cost - GRP+Steel - D:1.9 m gl 1 7,794,383 7,794,383
Trench in Soil - H:6.0 m B:2.5 m Lm 3,920 775 3,039,339
Trench in Rock - H:6.0 m B:2.5m Lm 980 2,644 2,591,302
Surge Chamber Shaft - D:2.7 m L:308 m Lm 308 1,412 434,756
Surge Chamber Inner Lining - D:2.7 m L:308 m Lm 308 5,173 1,593,366
Contractor Costs m 4,901 4,428 21,701,018

|
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Turbine 1 (Dist., Inlet Valve, Freq. Gov.) - Q:9 m3/s H:282 m kw 21,600 158 3,420,545
Turbine 2 (Dist., Inlet Valve, Freq. Gov.) - Q:1 m3/s H:282 m kW 2,400 632 1,516,221
Electro Technical Work (Gen., Trans., Control, Etc.) gl 1 6,545,432 6,545,432
Miscellaneous Mechanical Equipment kw 24,000 22 535,555
Civil Works gl 1 100,000 100,000

Direct Costs Total 52,570,887

Indirect Costs

Transport and Insurance of Equipment (5%) gl - - 1,100,589

Equipment Customs Taxes (4%) gl - - 771,063



Unit Cost

Equipment Spare Parts (3%) - 376,815
Pre-Engineering (1.5%) gl - - 788,563
Tender Documents (2.5%) gl - - 1,314,272
Detailed Engineering (8%) gl - - 4,205,671
Construction Management (8%) gl - - 4,205,671
Power Plant Commissioning gl - - 1,600,000
Owner's Costs (2%) gl - - 1,338,671
Unforeseen Expenses (20%) gl - - 13,654,441

Total 81,926,643

Unit Cost (USD/MWh) 1,304



Cost Analysis Low-Pressure Alternative — Steel

Item Units Number Unit Cost Cost (USD)

(UsD)

Direct Costs

Stripping - L:35 m Lm 35 279 9,767
Formwork - L:35 m Lm 35 1,919 67,148
Concrete - L:35m Lm 35 4,883 170,922
Reinforcement - L:35 m Lm 35 165 5,763
Trashracks - 5 m? gl 4 13,004 52,015
Sliding Gate - 10 m? gl 1 215,824 215,824
Contractor Expenses - H:3.5m L:35 m Lm 35 6,593 230,742

|
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Stripping - L: 128 m Lm 128 279 35,719
Excavations - L: 128 m Lm 128 1,842 235,747
Settling Basin Concrete - L:95 m Lm 95 12,209 1,159,830
Forebay Concrete - L:33 m Lm 33 2,965 97,844
Formwork - L: 128 m Lm 128 4,988 638,482
Reinforcement - L: 128 m Lm 128 318 40,720
Forebay Flushing Gates - 2.5 m? gl 2 98,997 197,994
Trashracks - 4 m? gl 1 11,515 11,515
Forebay Emergency Gate - 4 m? gl 1 128,937 128,937

Pipe Cost - Steel - D:2.1 m ton 3,557 1,900 6,757,845
Trench in Soil - H:5.0 m B:2.5m Lm 3,365 722 2,428,311
Trench in Rock - H:5.0 m B:2.5m Lm 1,812 2,065 3,740,964
Surge Chamber Shaft - D:2.7m L:32 m Lm 32 1,412 45,169
Surge Chamber Inner Lining - D:2.7 m L:32 m Lm 32 5,173 165,545
Contractor Costs m 5,176 3,837 19,862,006
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Turbine 1 (Dist., Inlet Valve, Freq. Gov.) - Q:9 m3/s H:282 m kw 21,600 158 3,420,545
Turbine 2 (Dist., Inlet Valve, Freq. Gov.) - Q:1 m3/s H:282 m kW 2,400 632 1,516,221
Electro Technical Work (Gen., Trans., Control, Etc.) gl 1 6,545,432 6,545,432
Miscellaneous Mechanical Equipment kw 24,000 22 535,555
Civil Works gl 1 100,000 100,000

Direct Costs Total 48,416,564

Indirect Costs

Transport and Insurance of Equipment (5%) gl - - 977,371

Equipment Customs Taxes (4%) gl - - 459,288



Unit Cost

Equipment Spare Parts (3%) - 376,815
Pre-Engineering (1.5%) gl - - 726,248
Tender Documents (2.5%) gl - - 1,210,414
Detailed Engineering (8%) gl - - 3,873,325
Construction Management (8%) gl - - 3,873,325
Power Plant Commissioning gl - - 1,600,000
Owner's Costs (2%) gl - - 1,230,267
Unforeseen Expenses (20%) gl - - 12,548,724

Total 75,292,342

Unit Cost (USD/MWh) 1,190



Cost Analysis Low-Pressure Alternative — GRP and Steel

Item Units Number Unit Cost Cost (USD)

(UsD)

Direct Costs

Stripping - L:35 m Lm 35 279 9,767
Formwork - L:35 m Lm 35 1,919 67,148
Concrete - L:35m Lm 35 4,883 170,922
Reinforcement - L:35 m Lm 35 165 5,763
Trashracks - 5 m? gl 4 13,004 52,015
Sliding Gate - 10 m? gl 1 215,824 215,824
Contractor Expenses - H:3.5m L:35 m Lm 35 6,593 230,742

|
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Stripping - L: 128 m Lm 128 279 35,719
Excavations - L: 128 m Lm 128 1,842 235,747
Settling Basin Concrete - L:95 m Lm 95 12,209 1,159,830
Forebay Concrete - L:33 m Lm 33 2,965 97,844
Formwork - L: 128 m Lm 128 4,988 638,482
Reinforcement - L: 128 m Lm 128 318 40,720
Forebay Flushing Gates - 2.5 m? gl 2 98,997 197,994
Trashracks - 4 m? gl 1 11,515 11,515
Forebay Emergency Gate - 4 m? gl 1 128,937 128,937

Pipe Cost - GRP+Steel - D:1.9 m gl 1 7,333,926 7,333,926
Trench in Soil - H:5.0 m B:2.5m Lm 3,365 722 2,428,311
Trench in Rock - H:5.0 m B:2.5m Lm 1,812 2,065 3,740,964
Surge Chamber Shaft - D:2.7m L:32 m Lm 32 1,412 45,169
Surge Chamber Inner Lining - D:2.7 m L:32 m Lm 32 5,173 165,545
Contractor Costs m 5,176 4,428 22,922,561

|
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Turbine 1 (Dist., Inlet Valve, Freq. Gov.) - Q:9 m3/s H:282 m kw 20,700 158 3,278,023
Turbine 2 (Dist., Inlet Valve, Freq. Gov.) - Q:1 m3/s H:282 m kW 2,300 632 1,453,045
Electro Technical Work (Gen., Trans., Control, Etc.) gl 1 6,366,990 6,366,990
Miscellaneous Mechanical Equipment kw 23,000 22 513,240
Civil Works gl 1 100,000 100,000

Direct Costs Total 51,646,744

Indirect Costs

Transport and Insurance of Equipment (5%) gl - - 985,853

Equipment Customs Taxes (4%) gl - - 737,279



Unit Cost

Equipment Spare Parts (3%) - 364,622
Pre-Engineering (1.5%) gl - - 774,701
Tender Documents (2.5%) gl - - 1,291,169
Detailed Engineering (8%) gl - - 4,131,739
Construction Management (8%) gl - - 4,131,739
Power Plant Commissioning gl - - 1,600,000
Owner's Costs (2%) gl - - 1,313,277
Unforeseen Expenses (20%) gl - - 13,395,425

Total 80,372,548

Unit Cost (USD/MWh) 1,287
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