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1 INTRODUCTION

The Canal Capacity Projects Office of the Panama Canal Authority plans to construct the
Rio Indio Project to augment sources of water supply for meeting the growing municipal
and industrial water uses of the Canal Zone, and increased lock operation.

The Rio Indio Project will consist of construction of a dam to form a reservoir, and a
diversion tunnel to convey the water from the Rio Indio reservoir to the existing Gatun
Lake. Construction of power facilities was considered in the previous studies of the Rio
Indio Project. These facilities may include a power plant at the downstream toe of the Rio
Indio dam, and a power plant at the downstream exit of the diversion tunnel. The capacity
of each of the power plants will be determined as a part of on-going operation studies.
Earlier estimates resulted in each power plant containing two generating units with a total
installed capacity of 25 MW.

A power market survey of Panama was conducted to determine the future power needs of
the Panama national electric system. The results of this survey will be used in evaluation
of the economic attractiveness of the Rio Indio hydroelectric power plants.

A draft report, prepared in November, 2000, contained information received from the
Electricity Department and taken from the following two reports:

(1) Revision del Plan de Expansion Indicativo del Sistema de Generation, ETESA,
August 1998
(2) Plan de Expansion del Sistema de Generacion 1999-2015, ETESA, 1999

Due to a delay in the Rio Indio studies, the Power Market Report was not finalized until
September 2002. In the interim, four additional reports were made available:

(3) Informe Indicativo de Demanda 2001-2010, ETESA, November 2000

(4) Informe de Indisponibilidad Unidades de Generacion, Noviembre 1999-Octubre
2000, ETESA

(5) Planiamiento Operativo del Sistema Integrado Nacional, ETESA, July 2002

(6) Plan de Expansion de Transmission, ETESA, 2002

In addition, current information is available from the ETESA web site.

Rio Indio Water Supply Project
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Some of the information from the four sources is conflicting, especially with respect to
the generation companies and the installed capacities of the individual units. However to
present a better picture of the situation, information was taken from all sources. It is
recognized that some of the information presented herein is outdated or even incorrect.
This information is considered to be adequately representative to present the power
market picture in Panama.

We also are aware of a newer expansion plan report, however, we have not been able to
obtain a copy either through the APC or our own contacts.

Rio Indio Water Supply Project
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2 ECONOMIC SETTING

The economy of the Panama has experienced continued growth over recent years. Annual
Gross Domestic Product (GDP) has grown at an average annual rate of 6.7 percent during
the period of 1989-1994, and the annual rate of growth of GDP was reduced to 3.3
percent for the S5-year period of 1994 through 1999. The GDP reached U. S. $ 9,130.3
million in 1999 at the 1995 price level.

Total population of Panama has slightly increased from 2.35 million in 1989 to 2.58
million in 1994 and 2.81 million in 1999. Average annual rates of growth in total
population for the periods of 1989-1994 and 1994-1999 were at 1.9 percent and 1.7
percent, respectively.

The GDP values per capita, at the 1995 price level, were U.S. $ 2,383 for year 1989, $
3,009 for year 1994, and § 3,249 for year 1999. Average annual growth rate of the GDP
per capita was at 4.8 percent for the period of 1989 through 1994, and the rate was
reduced to 1.5 percent during the subsequent period of 1994 through 1999.

The annual GDP values, per capita GDP values, and annual growth rates of these values
of Panama for the period of 1980 through 1999 are shown in Table 1.

The main changes in the structure of the Panama economy over the recent years occurred
in the shares of Agriculture, Industry, Commerce, and Governmental Service sectors in
the total GDP. The Agriculture Sector includes farming and fishery, and the Industry
Sector consists of mining, manufacturing, electricity generation and supply, water supply,
gas and construction. The Commerce Sector includes imports and exports, hotels and
restaurants, transportation and communications, financial and banking services, and
housing and rentals.

The shares of the Agriculture sector in the GDP of Panama shrank from 10.2% in 1989 to
8.1% in 1994 and 7.6% in 1999, and shares of the Governmental Services decreased from
15.2% in 1989 to 10.4% in 1994 and 10.1% in 1999. The shares of Industry and
Commerce sectors increased. The shares of the Industry sector increased from 15.5% in
1989 to 18.5% in 1994, and remained unchanged at 18.5% in 1999, and shares of the
Commerce sector increased from 50.2% in 1989 to 53.4% in 1994 and 53.9% in 1999.

Rio Indio Water Supply Project
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Table1 GDP and Per Capita GDP Values and Annual Growth Rates of Panama
for Period of 1980-1999

(Values are in U.S. Dollars at the 1995 Price Level)

GDP Values Per Capita GDP Values
Year GDP in Growth Rate | GDP/Capitain | Growth Rate
$ million in Percent Dollars in Percent

1980 5,282.9 - 2,709 -
1981 5,769.2 9.2 2,897 6.9
1982 6,077.8 5.3 2,989 3.2
1983 5,804.8 -4.5 2,794 -6.5
1984 5,962.1 2.7 2,810 0.6
1985 6,256.8 4.9 2,887 2.7
1986 6,480.0 3.6 2,930 1.5
1987 6,362.8 -1.8 2,819 -3.8
1988 5,511.4 -13.4 2,393 -15.1
1989 5,597.5 1.6 2,383 -0.4
1990 6,050.9 8.1 2,524 5.9
1991 6,620.8 9.4 2,711 7.4
1992 7,163.8 8.2 2,879 6.2
1993 7,554.7 5.5 2,980 3.5
1994 7,770.0 2.9 3,009 1.0
1995 7,906.1 1.8 3,005 -0.1
1996 8,128.3 2.8 3,040 1.1
1997 8,492.2 4.5 3,124 3.0
1998 8,843.5 4.1 3,200 2.2
1999 9,130.3 3.2 3,249 1.5

Rio Indio Water Supply Project
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3 THE EXISTING ELECTRIC SYSTEM IN PANAMA

Until 1998, electric energy was produced by the Instituto de Recursos Hidraulicos y
Electrificacion (IRHE), and some small private industries generate electricity for their
own uses. The IRHE was also responsible for the operation and maintenance of the
transmission and distribution systems, and sales to electricity consumers in Panama.
NIS). With the restructuring of electricity sector in 1998, the IRHE was abolished and
the generation and distribution facilities were privatized. Transmission was assigned to a
new government agency, the Empresa de Transmision Electrica, S.A. (ETESA), which
was also responsible for load forecasts, planning of generation and transmission facilities
to meet forecasted electrical needs of Panama, and operation of the National Dispatch
Center (CND) of the Panama National Integrated System (PNIS).

3.1 System in 1998

With the abolition of IHREE, 10 generation companies and 3 distribution firms were
formed to produce and sale electricity to consumers.

The generation companies of the PNIS as of early year 2000 included:

e EGE-Bayano: Empresa de Generacion Electrica Bayano, S.A.

e EGE-Fortuna: Empresa de Generacion Electrica Fortuna, S.A.

e EGE-Bahia Las Minas: Empresa de Generacion Electrica Bahia Las Minas, S.A.
e EGE-Chiriqui: Empresa de Generacion Electrica Chiriqui, S.A.

e COPESA: Corporacion Panamena de Energia, S.A.

e PanAm: IGC/ERI Pan Am Thermal Generating Ltd.

e Pana Energy

e Hidro Panama

¢ Petroelectrica de Panama, S.A.

e Petroterminales de Panama, S.A.

The three distribution companies were:

» EDE-Metro Oeste (EDEMET): Empresa de Distribucion Electrica Metro Oeste, S.A.
e EDE-Chiriqui (EDECHI): Empresa de Distribucion Electrica Chiriqui, S.A.

Rio Indio Water Supply Project
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o EDE-Elektra Noreste (ELEKTRA): Empresa de Distribucion Electrica Elektra
Noreste, S.A.

The newly formed distribution companies forecast electricity needs of their individual
distribution systems, and submit these forecasts to ETESA.

It is the responsibility of ETESA to develop generation and transmission system
expansion plans for the PNIS on the basis of the electricity forecasts by the distribution
companies, and to operate and maintain the transmission system and dispatch center.

A map of Panama with locations of existing major generating and transmission facilities
are shown in Exhibit 1.

3.1.1 The Generation System

As reported in ETESA’s Plan de Expansion del Sistema de Generacion, 1999 (1), the
installed capacity of the generation companies was 998.8 MW. This capacity, based on
anticipated additions and plant retirements, is now (November 2000) estimated to be

1,184.3 MW as shown in Table 2.

Table 2 Generation Company Power Facilities

Number of Units Type of Type of Installed
Company and Power and Unit Capacity, | Power Fuel Capacity,
Plant MW Plant MW
EGE- Las Minas
BLM #1- #4 1x20, 3x40 Steam Bunker C 140.0
Catepillar 7 1.C. Diesel 30.0
Monte Esperanze 1x 20 G.T. Diesel 20.0
San Francisco 3 Steam Bunker C 10.0
TG-CCBLM 4 1.C Bunker C 34.8
Ciclo-Comb. BLM' GT/Steam | M. Diesel 160.0
Bunker C
Subtotal 1 394.8
EGE-Bayano
Sub Estacion Panama 2x 20 G.T. Diesel 40.0
Bayano 2x75 H - 150.0
Subtotal 190.0

Rio Indio Water Supply Project
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Number of Units Type of Type of Installed
Company and Power | and Unit Capacity, | Power Fuel Capacity,
Plant MW Plant MW

EGE-Chiriqui

La Estrella 2x21 H - 42.0

Los Valles 2x24 H - 48.0
Subtotal 90.0
EGE-Fortuna

Fortuna 3x100 H - 300.0
Petroelectrica 12 1.C. Diesel 55.0
Petroterminales 7 I.C. Diesel 15.0
COPESA 1x42 I.C. Diesel 42.0
Pan Am 6x16.0 I.C. Bunker C 96.0
Hidro Panama

Anton 1 1 H - 1.5
Total [ | ] [1,184.3

(1) Replaces John Brown 1 and 2 and includes 35 MW of new gas turbine generation and 60 MW of steam generation

I.C. = Internal Combustion Units, G.T. = Gas Turbines Units, H = Hydroelectric Units.

About 45 percent of the total installed capacity of the generation companies is from

hydropower.

Two of the three distribution companies also own and operate a number of hydro and
thermal power plants. Of the 49 MW in this category, about 35 MW are connected to the
PNIS system and 14 MW are not. A tabulation of these plants are presented in Table 3.

Table 3 Distribution Company Power Facilities

Type of Installed
Company and Power Number of Units and Power Type of | Capacity
Plant Unit Capacity, MW Plant Fuel MW
Connected to the PNIS
EDE-Metro Oeste
La Yeguada 2x3.0, 1x1.0 H - 7.0
Chitre 1x2.0, 5x2.5 .C. Diesel 14.5
Capira 2x0.55,1x1.0,3x2.5 1.C. Diesel 9.6
Macho Monte 1x0.77 H - 0.77
Dolega 2x1.12,2x0.4 H - 3.04
Total connected to the PNIS 34.9

Rio Indio Water Supply Project
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Type of Installed
Company and Power | Number of Units and Power Type of | Capacity
Plant Unit Capacity, MW Plant Fuel MW
Not Connected to the PNIS
EDE-Elektra Noreste
Taboga 2x0.365, 1x0.545 1.C. Diesel 1.275
Chepillo 1x0.060, 1x0.075 I.C. Diesel 0.135
Otoque 1x0.150, 1x0.125 I1.C. Diesel 0.275
San Miguel 1x0.090,1x0.160 I.C. Diesel 0.250
1x1.200,1x0.650,
Condadora 1x0.850,1x.545, 1x0.912 I.C. Diesel 4.157
Garachine 1x0.150,1x0.155,1x0.175 1.C. Diesel 0.480
Jaque 1x0.160, 1x0.125 1.C. Diesel 0.285
Yaviza 2x0.160, 1x0.250 1.C. Diesel 0.570
La Palma 1x0.425,1x0.600,1x0.525 1.C. Diesel 1.550
Tucuti 2x 0.035 I.C. Diesel 0.070
Boca de Cupe 2x0.035 I.C. Diesel 0.070
Sante Fe 1x0.160, 1x0.225,
1x0.250,1x0.600 I.C. Diesel 1.235
Nargana 1x0.055, 1x0.100 I.C. Diesel 0.155
Rio Azucar 2x0.035 I.C. Diesel 0.070
Subtotal 10.8
EDE-Metro Oeste
Bocas del Toro 2x0.545, x1.000, 1x0.600 1.C. Diesel 2.690
Chiriqui Grande 1x0.272,1x0.250,1x0.400 1.C. Diesel 0.922
Subtotal 3.4
Total Not Connected to the PNIS 14.2

I.C. = Internal Combustion Units

The total energy production amounted to 4,191.6 million kWh in 1998 including energy
produced at the plants owned by the distribution companies. Hydroelectric power plants
produced 2,140.3 million kWh of energy, about 51.1 % of the system total energy
production.

3.1.2 The Panama Canal Authority Power Plants

The Panama Canal Authority (ACP) owns and operates three power plants, the Gatun and
Madden Hydroelectric Plants, and Miraflores Thermal Plant. The three plants have a total

Rio Indio Water Supply Project
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combined installed capacity of 153 MW. Total number of generating units, unit capacity,
and fuel type for each of the three plants are shown in Table 4.

Table 4 Panama Canal Authority Power Plants

Type of Installed
Number of Units and Power Type of Capacity,
Power Plant Unit Capacity, MW Plant Fuel MW

Gatun 3x3.0, 3x5.0 H - 24.0
Madden 3x12.0 H - 36.0
Miraflores 2x10.0, 1x8.0. G.T. Diesel 38.0
1x22.0, 1x33.0 Steam Bunker C 55.0
Total 153.0

The Gatun hydroelectric plant is located adjacent to the Gatun Spillway on the Atlantic
side of the Panama Canal. Water surplus to canal operational requirements is used for
power generation. The Madden hydroelectric plant is located at the downstream toe of
the Madden Dam. The Madden Dam was constructed to form a reservoir for providing
an adequate water supply to the Gatun Lake to maintain the minimum draft essential to
passing ships through the Canal. The water released from the Madden reservoir to the
Gatun Lake is used to generate power.

Historically, the power generated at the Gatun and Madden power plants was used for
canal operations, supplied to U.S. government agencies operating in the Canal area, and
sold in the spot market. Currently, generation is used to meet the electricity needs of the
canal operation and any surplus can be sold into the Panama national electrical system.
The Miraflores plant serves as backup for the hydroelectric plants in times of high water,
and supplies electricity in times of low water, if needed.

3.1.3 Transmission Company and System

The Empresa de Tfansmision Electrica (ETESA) has the responsibility for the operation
and maintenance of the PNIS transmission system and the National Dispatch Center, and
the development of generation and transmission expansion plans for the PNIS.

The existing transmission system consists of 578 km of 230 kV line, 134 km of 115 kV
line, and ten 230-kV substations with a total capacity of 885 MVA (6).

Rio Indio Water Supply Project
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For the six-month period of July-December 1998, ETESA’s revenues, received from the
generation and distribution companies for use of the transmission system, amounted to
$17.0 million.

Transmission energy losses of the PNIS for the period of July-December 1998 were
estimated at 72,1 GWh, or about 3.4 percent of total energy supply. This corresponds to a
loss of $ 4.12 million with a unit cost of energy at $ 0.057/kWh. The transmission energy
losses for year 1999 were reported at 150.8 GWh, or about 3.4 percent of the total energy
production of 4,455 GWh.

3.2 System in Year 2002

After the restructuring, there were ten generation companies as described in Section 3.1.
Currently, there are six companies generating a total of 1,060 MW that are providing the
bulk of the electricity to Panama.

Two of the original ten companies, EGE Bayano and EGE Chiriqui were bought by the
AES Corporation and merged into AES Panama. As reported in a 1999 plan of
expansion (12), two additional generation companies, Petroterminales and Hidro Panama
operated 15 MW and 1.5 MW respectively. It is not known whether these units were
retired or just not considered as major producers for the 2002 operation plan (5).

In the 1999 expansion plan, it was also reported that the distribution companies operated
a series of thermal plants. EDE Metro Oeste operated five plants totaling 35 MW that
were connected to the Panama National Integrated System (PNIS) and 3.4 MW that were
not connected. EDE Elektra Noreste operated 14 plants with a total capacity of 10.8 MW
that were not connected to the grid.

The 2002 Operation Plan indicates that an additional installed capacity of 344 MW will
be on line by the end of 2003, consisting of 224 MW of hydro and 120 MW of thermal
(although the tabulated expansion plan only shows 206 MW of hydro). Therefore, the
major generation companies will have an installed capacity of about 1,404 MW by the
end of 2003.

The total installed capacity and distribution between thermal and hydro is presented in
Table 5.

Rio Indio Water Supply Project
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Table 5 Generation facilities
MW)
Company Hydro Thermal Total Connected
Capacity | Capacity | Capacity to PNIS
Major Generation Companies
AES Panama 240.0 40.0 280.0 Yes
EGE Fortuna 300.0 0.0 300.0 Yes
EGE Bahia Las Minas 0.0 280.0 280.0 Yes
Petroelectrica de Panama 0.0 60.0 60.0 Yes
COPESA 0.0 440 44.0 Yes
PanAm 0.0 96.0 96.0 Yes
Subtotal 540.0 520.0 1,060
Planned Expansion
2002 86.0 0.0 86.0 Yes
2003 120.0 120.0 240.0 Yes
Other Generation (may or may not be still available)
ACP 60.0 93.0 153.0 Yes
Petroterminales 0.0 15.0 15.0 Yes
Hidro Panama 1.5 0.0 1.5 Yes
EDE Metro Oeste 0.0 34.9 34.9 Yes
EDE Metro Oeste 0.0 34 34 No
EDE Elektra Noreste 0.0 10.8 10.8 No

The major generation companies, including their planned expansions, have a total

installed capacity of 1,386 MW.

In 1998, 2000, and 2002, the total net energy production, which is defined as gross
generation less station use, amounted to about 4,192 GWh, 4,511 GWh, and 4,686 GWh
respectively.

3.2.1 Energy Consumption

Three distribution companies were formed in 1998 to purchase energy from generation
companies and to sell energy to consumers. The total energy consumption, number of
consumers, and energy consumption by sector in year 1998 for each of three distribution
companies are shown in Table 6.

Rio Indio Water Supply Project
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Table 6 Energy Consumption and Customers in 1998

Company | Metro Oeste | Chiriqui | Elecktra Noreste ] Total
Energy Consumption in MWh
Residential 491.84 90.47 422.34 1,004.65
Commercial 809.39 91.03 441.64 1,342.06
Industrial 170.02 45.92 271.70 487.64
Governmental 257.87 37.86 181.52 477.25
Public Lighting 35.04 9.76 19.63 64.43
Own Uses 8.92 2.29 5.59 16.80
Total 1,773.08 277.33 1,342.42 3,392.83
% Total System 52% 8% 40% 100%
Number of Customers
Total 216,283 68,301 167,445 452,029
% Total System 47.85% 15.11% 37% 100%

In 1999, the energy consumption and number of customers for each of the three

distribution companies increased as shown in Table 7. The total number of customers for
the three distribution companies increased by 5.3% during the 1998-1999 period, and the
total energy consumption increased at the relatively low rate of 3.8 percent during the

same period.

Table 7 Comparison of Energy Consumption and Number of Customers of the
Three Distribution Companies in 1998 and 1999

Company Metro Oeste Chiriqui Elecktra Total
Noreste

Energy Consumption in MWh
Year 1998 1,773.08 277.33 1,342.42 3,392.83
% of Total System 52 8 40 100.0
Year 1999 1,784.99 287.64 1,448.74 3,521.37
% of Total System 51 8 41 100
Annual Growth Rate 0.7% 3.7% 7.9% 3.8%
Number of Consumers
Year 1998 216,283 68,301 167,445 452,029
% of Total System 48 15 37 100
Year 1999 228,866 72,229 174,876 475,971
% of Total System 48 15 37 100
Annual Growth Rate 5.8% 5.8% 4.4% 5.3%

Rio Indio Water Supply Project
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Total distribution system energy losses of the three distribution companies for the period
of July-December 1998 were estimated at 379 million kWh, about 18% of purchased
energy. These losses are shown by distribution company in Table 8.

Table 8 Distribution System Losses for July-December 1998

Company Metro Oeste | Chiriqui | Elektra Noreste Total |
Energy Losses, MWh 113,768 9,218 255,978 378,964 |
Percent of Purchased Energy, % 11 5 27 18 |

Firm capacity contracts among the generation and distribution companies for year 1999
are shown in Table 9.

Table 9 Firm Capacity Contracts in 1999 in MW

Company | Metro Oeste ] Chiriqui | Elektra Noreste | Total

Hydro Generation

Fortuna 140 24 120 284

Bayano 51 - 31 82

EGE-Chiriqui 19 22 18 59
Total Hydro Generation 210 46 169 425
Thermal Generation

Bahia Las Minas 156.5 - 98 254.5

IGC/ERI 30 - - 30

COPESA - - 42 42
Total Thermal Generation 186.5 - 140 326.5
Total Hydro/Thermal | 3965 | 46 | 309 | 7515

3.2.2 Electricity Tariff

Each of the three distribution companies has established a tariff structure including
capacity and energy charges for various types of energy consumers. The tariff structure
also includes clauses dealing with escalation of the capacity and energy charges on the

Rio Indio Water Supply Project
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basis of consumer price indices. The EDE-Metro Oeste and EDE-Chiriqui update their
tariff structures every six months, and the existing EDE-Elektra Noreste tariff structure
will be valid until June 2003.

Each of the three distribution companies has individual contracts for capacity and energy
purchases/sales with the generation companies. The duration of these contracts varies
from two to five years.

The average unit energy sale price for the three distribution companies was $0.111/kWh
in 1998 and $0.103/kWh in 1999. The average unit energy sale price for each consumer
sector in 1998 is given in Table 10.

Table 10 Average Unit Energy Sales Price by Sector in 1998
($/kWh)

Sector Residential | Commercial | Industrial | Government System

Sale Prices 0.119 0.116 0,097 0.111 0.111

The unit energy sale prices in Panama have decreased slightly over the last decade. From
1990 through 1999, the price has decreased at a rate of 1.4% p.a.

Rio Indio Water Supply Project
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4 LOAD AND ENERGY DEMANDS OF THE PANAMA
ELECTRIC SYSTEM

Energy demand, peak load and the annual growth rates for the PNIS over the last 10
years are shown in Table 11. The average annual growth rate of the energy demand was
at 5.5% for the period and the average annual growth rate for the peak load was 5.5%.
The annual system load factor averaged about 67.4 percent over the period.

Table 11 Energy Demand, Peak Load, and Load Factor in the PNIS System

Energy Annual Annual
Demand, Growth Peak Load, Growth Load
GWh Rate, % MW Rate, % Factor, %

1990 2,746.1 - 464.4 - 67.5
1991 2,896.6 5.48 488.5 5.19 67.7
1992 3,011.6 3.97 518.0 6.04 66.2
1993 3,199.1 6.23 541.2 4.48 67.5
1994 3,400.0 6.28 591.5 9.29 65.6
1995 3,619.4 6.45 619.2 4.68 66.7
1996 3,795.8 4.87 639.9 3.34 67.5
1997 4,254.4 12.08 706.6 10.42 68.7
1998 4,295.8 0.97 726.4 2.80 67.5
1999 4,456.8 4.76 754.5 3.87 67.4
2002 4,998.5 3.90 857 4.33 67

! ETESA Web site

The total energy demands of the Panama Canal Authority for the period of 1992 through
1999 are shown in Table 12. The total energy demands include energy sales to the PNIS.
The energy demand was decreased from 643.6 million kWh in year 1992 to 548.0 million
kWh in 1998, and 450.0 million kWh in 1999. Fluctuations in energy demand for the
period of 1992 through 1998 were partially dependent on the amount of energy sales to
the PNIS. The decrease in energy demand for 1999 was due to the planned transfer of
Panama Canal operation from U.S. to Panama. The peak load demand was reduced from
86 MW in 1992 to about 68 MW in year 1999.

Rio Indio Water Supply Project
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Table 12 Historical Peak Load and Energy Demands of the ACP, 1992-1999

1992 1993 1994 1995 1996 1997 1998 1999
Energy Demand
GWh 643 624 599 635 570 522 548 450
Annual Rate of
Change, % - -3.04 | -4.00 6.01 -10.2 | -8.43 9.16 | -17.88
Peak Load, MW 86 86 87 86 79 83 71 68
Annual Rate of
Change, % - 0.0 1.16 -1.16 | -8.14 5.06 -14.5 | -4.23

4.1 Load Demand Characteristics

There are minor variations among monthly peak loads and energy demands of the PNIS
as monthly temperatures and rainfall in Panama remain relatively constant throughout the
year. The monthly peak loads for 1999, expressed in term of percent of the annual peak
load, are shown in Table 13. The monthly energy demands of the PNIS for year 1999 in
term of percentage of total annual energy demand are also shown in Table 13.

Table 13 Monthly Peak Loads and Energy Demands of the PNIS in 1999 and 2000

Peak Load in Energy Demands

Percent of Annual in Percent of

Peak Load Total Demand

1999 2000 1999 2000
January 93.5 89.8 8.0 7.9
February 93.6 90.5 7.4 7.7
March 97.2 94.8 8.8 8.3
April 99.7 95.9 8.7 8.2
May 98.6 96.0 8.6 8.7
June 98.9 94.8 8.2 8.3
July 96.4 98.1 8.2 8.5
August 98.9 98.9 8.4 8.6
September 97.9 95.1 8.2 8.2
October 97.8 96.6 8.6 8.5
November 96.4 954 8.3 8.1
December 100.0 100.0 8.8 8.9

Total - 100.0 100.0

Rio Indio Water Supply Project
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Daily peak loads of the PNIS occur during the period of 11 A.M. through 3 P.M. on
weekdays and Saturdays, and at 7 P.M. or 8 P.M. on Sundays. Hourly loads of typical
weekdays and Sundays of the PNIS for the months of September 1999 and March 2000,
expressed in terms of percent of the daily peaks, are given in Table 14.

Table 14 Hourly Loads of Typical Weekdays and Sundays

Date Thurs. 9/16/99 Sun. 9/19/99 Mon. 3/20/00 Sun. 3/19/00
Percent Percent Percent Percent
Load, | of Peak. | Load, | of Peak, | Load, | of Peak, Load, | of Peak,
Hour MW % MW % MW %o MW %
1 4134 57.9 413.4 77.7 408.2 55.5 435.4 79.7
2 396.8 55.6 389.7 73.2 383.9 52.2 407.4 74.6
3 388.2 54.3 376.6 70.8 380.9 51.8 390.4 71.5
4 382.0 53.5 368.4 69.2 373.1 50.7 380.2 69.6
5 385.0 53.9 354.6 66.6 378.4 514 376.9 69.0
6 415.6 58.2 353.7 66.5 412.7 56.1 372.9 68.3
7 435.3 60.9 340.5 64.0 431.8 58.7 358.6 65.7
8 519.9 72.8 357.2 67.1 505.3 68.7 352.2 64.5
9 627.5 87.8 378.7 71.2 628.8 854 365.1 66.9
10 676.3 94.7 403.5 75.8 693.6 94.2 398.6 73.0
11 702.0 98.3 420.7 79.1 723.7 98.3 425.7 78.0
12 710.8 99.5 433.3 81.4 729.7 99.1 428.4 78.4
13 699.5 97.9 432.2 81.2 714.8 97.1 440.0 80.6
14 714.3 100.0 4335 81.5 731.5 99.4 444.0 81.3
15 713.3 99.9 437.4 82.2 736.0 100.0 445.9 81.7
16 704.3 98.6 436.1 82.0 718.4 97.6 440.2 80.6
17 669.3 93.7 434.1 81.6 673.8 91.5 446.3 81.7
18 612.7 85.8 440.3 82.7 599.8 81.5 440.4 80.6
19 640.7 89.7 493.5 92.7 607.9 82.6 493.9 90.4
20 630.7 88.3 531.9 100.0 638.3 86.7 546.1 100.0
21 607.1 85.0 532.1 100.0 6222 84.5 538.8 98.7
22 574.9 80.5 505.1 94.9 570.7 77.5 522.3 95.6
23 519.2 72.7 474.1 89.1 502.4 68.3 479.8 87.9
24 467.5 65.4 429.7 80.8 447.5 60.8 4357 79.8
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5 FORECAST OF POWER DEMAND OF THE PANAMA
ELECTRIC SYSTEM

Three demand forecasts are available for each of two economic assumptions, moderate
growth and high growth. One forecast was developed in 1998 (reference 1), one in 1999
(reference 2) and the third in November 2000 (reference 3). The earlier estimates were
developed using a multiple regression analysis to define the relationship between energy
consumption and economic parameters for each consumer sector including residential,
commercial, industrial, government, and public lighting. A regression equation was
defined for each sector. The economic parameters included population, GDP per capita,
unit energy sale price for each sector, and energy efficiency. The energy efficiency is the
unit energy consumption rate for producing the GDP of the industry sector, and computed
by dividing the GDP by total energy consumption of the sector. The peak load demands
were estimated on the basis of the forecasted energy demand and a system load factor at
67.9 %.

The more recent demand estimate was developed using a simplified relation of total
energy sales as a function of gross national product. The coefficient of determination for
the two samples (total energy and GNP) was highest using a polynomial function. The
simplified approach was taken due to the difficulty in obtaining accurate economic
information.

The estimated energy losses of the transmission and distribution systems, in terms of
percentage of the total energy consumption, for the two scenarios was estimated to
decrease from about 22% in 1997 to about 14% in 2015. The most recent estimated total
energy demands of the PNIS developed in 2000 for the medium and high growth
scenarios are shown in Table 15.

Rio Indio Water Supply Project
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Table 15 Demand Forecast Developed in 2000 for the PNIS

Medium Growth Scenario | High Growth Scenario
Year Capacity Energy Capacity Energy
MW GWh MW GWh
2000 (Actual) 790 4,732 4,732
2002 (Actual) 857 4998
2005 1,107 5,304 1,177 5,655
2010 1,608 7,616 1,832 8,691

For comparison, the energy production estimates for the medium growth scenario are
shown for all three estimated in Table 16.

Table 16 Energy Forecast for Three Recent Estimates

Medium Growth Scenario —- GWh
Year 1998 1999 2000
Estimate Estimate Estimate
2001 4,981 4,907 4,028
2005 6,280 6,431 5,304
2010 8,154 8,435 7,616

Average annual growth rates of the most recent forecasted energy demands of the PNIS
for the period of 2001-2010 were 7.3 % for the medium scenario forecast, and 8.8 % for
the high scenario. These compare with the historical average annual growth rate of the
energy demand at 5.5 % for the period of 1990-1999 and 5.6% and 7.0% for the
corresponding period and scenario of the 1998 estimate. The comparison indicates a
reduction in the forecast of about 18% in the early years and about 10% in 2010.

The average annual load factor of the PNIS was at 67.2 % for the period of 1990-1999. In
recent years, the system load factor has increased from 65.6 % in 1994 to 68.5 % in 1997,
and decreased to 67.4% in 1999. The PNIS has forecasted that the annual system factor
will be in the low 50" percentile through year 2010.

Rio Indio Water Supply Project
@ MmwH / TaVS

El1-19



Appendix E Power Market Study

6 INDIO’S ROLE IN PNIS EXPANSION PLANS

The earliest commissioning date of the Rio Indio power plants will probably be after
2010 especially if implementation is contingent upon the installation of a third set of
locks. The peak loads in 2010 for the medium forecast will be about 1,230 MW or about
equal to the current installed capacity. The ACP demand, which according to the ACP
Electricity Department is not included, is another 30 MW.

The generation expansion plan of the PNIS for the period of 1999-2015 was developed
and recommended by the EDESA in a 1999 study. Contribution from the ACP facilities
was not included. The recommended generation expansion plan with private hydro
development is shown in Table 17.

Table 17 Generation Expansion Plan 2000-2015

Operation Date Type Name of Plant Capacity (MW)
1999 September Hydro Anton 1 1.5
November Thermal Combined Cycle 160
December Thermal Gas Turbine 96
2000 - - -
2001 - - -
2002 October Hydro Guasquitas 84
2003 April Hydro Canjilones 34.8
2004 Thermal Gas turbine 50
2005 Thermal Combined Cycle 100
2006 Hydro Gualaca 27
2007 Hydro Los Aniles 34
Hydro Chiriqui 56
2008 Hydro Baru 150
2009 Thermal Gas Turbine 50
2010 Thermal Combined Cycle 150
2011 Thermal Combined Cycle 100
2012 Thermal Gas Turbine 50
Hydro Changuinola 5 120
2013 Thermal Combined Cycle 250
2014 Thermal Combined Cycle 100
2015 Thermal Combined Cycle 100

Rio Indio Water Supply Project
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In a personal communication with staff of the Electricity Department, it was indicated
that the expansion plan is out of date and that they did not expect the new plants to come
on line as indicated. However, the important part of the expansion plan is that hydro is
expected to be a very important component of future development - the 1999 expansion
plan suggests that new capacity will include about 386 MW of hydro capacity during the
period of 2002 — 2008. The installed capacities, average annual energy production, and
estimated construction costs of these hydroelectric projects and the Indio Project are
shown in Table 18. Note that the Indio estimate of costs is taken from the USACE
Reconnaissance Report and has to be confirmed as a part of the feasibility report.

Table 18 Pertinent Data of the Indio and Candidate Expansion Plan Hydro Project
for the Period 2002 through 2008

Average Estimated
Project Type of Plant Installed Annual Construction

Capacity, MW | Energy, GWh Cost, $/kW
Indio Run of River 30 54 1435
Guasquitas | Storage 84 449 1618
Canjilones | Run of River 35 178 1816
Gualaca Run of River 27 138 1656
Los Aniles | Run of River 34 172 1938
Chiriqui Run of River 56 290 1635
Baru Storage 150 800 1989

The cost of the 30-MW installation at Indio, 25 MW at the dam and 5 MW at the transfer
tunnel, was estimated at about $ 1,400 per kW of installed capacity. This would be lower
than the estimated costs of the six candidate hydroelectric plants to be added to the PNIS
for the period of 2002 — 2008. Current planning suggest that the final configuration for
the Indio hydro will be substantially modified. However, it can be concluded that a
system expansion plan study should be conducted with consideration of the Indio
hydroelectric project as a candidate project. This study will confirm the apparent benefit
of adding the Indio Project to the system.

Rio Indio Water Supply Project
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6.1 Marginal Costs

The marginal costs for each calendar month of the PNIS for the period of 1999 — 2015
were estimated on the basis of the recommended generation expansion program and 1999
oil prices. These estimates indicated that the marginal costs will decrease over the period
from $45/MWh in 1999 to about $42/MWh in 2015 and average about $43/MWh. This
value could be used to represent the energy benefit of the Indio Project hydro.

Rio Indio Water Supply Project
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7 CONCLUSIONS

As a result of this analysis, it can be concluded that:

The existing system recognizes the importance of hydro to the extent that it provides
about one-half of the available capacity.

The current expansion plans for the period through 2015 include hydro as a major
component.

Demand for power is expected to grow at a rate of more than 4% per year.

Based on the available information, the Indio power and energy will be competitive in
the national power system.

Indio capacity and energy will be easily absorbed into the system and will provide a
very cost-effective addition — replacing any of the projects identified in the 1999
expansion plan

Rio Indio Water Supply Project
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1 BACKGROUND AND SCOPE

The Panama Canal Authority (ACP) is evaluating several sources of additional water
supply to meet future demand for the Canal operation and for municipal and industrial
use in the Lake Gatun watershed. A Reconnaissance Study performed by the US Army
Corps of Engineers, Mobil District, in December 1999 has identified a number of options
in the “Western Watershed” as promising sources of water for the Canal. These options
include the Rio Indio Water Supply Project in combination with other reservoirs such as
Cafio Sucio, Rio Toabre and Coclé del Norte. The Rio Indio is a river located west of the
Panama Canal; it flows northward from the Continental Divide to the Caribbean Sea. The
project primarily consists of a dam approximately 70 meter high, which creates a
reservoir with a 44-km” surface area. The proposed dam is located 21 km inland. At the
dam site, the Rio Indio watershed has an area of 381 km?, and an average annual flow of
approximately 25.8 m’/sec.

Based on the outcome of the Reconnaissance Study, the ACP has selected the Rio Indio
project to be evaluated at the feasibility level. As part of the Feasibility Study, the project
hydroelectric potential identified in the Reconnaissance Study must be assessed. This
report presents the analysis performed to evaluate this potential.

The present power and energy studies for the Rio Indio Water Supply Project were
performed by TAMS Consultants, Inc., an Earth Tech company, under the Sub-consultant
Services Agreement No.15593 S-1 for MWH. A separate report covering the power
market study was prepared in a draft form in November 2000 by MWH, and is presented
as Part 1 of this Appendix E — Power and Energy Studies. The report presents a power
market survey of Panama and the future power needs of the Panama national electric
system.

The hydroelectric potential of the Rio Indio water supply project has been evaluated on
the basis set forth in the Reconnaissance Study and further specified in the Scope of
Work for the present Feasibility Study developed by the Autoridad del Canal de Panama
(ACP). The primary objective of the Rio Indio project is to supply water to meet the
growing demand of the Panama Canal for navigation, and of the municipal and industrial
consumption in the Lake Gatun watershed. This objective will be achieved by storing and
regulating runoff water from the Rio Indio watershed and transferring it into the Lake
Gatun via an 8.4-km long transfer tunnel. The Reconnaissance Study has stated that
navigation benefits resulting from additional supply of water are significantly larger than
hydropower benefits; as such the benefits of hydropower are incidental to the project and
are not expected to govern its development.

The Reconnaissance Study has identified the hydropower potential of the project and
quantified it as a total capacity of 30 MW installed in two separate power plants:
e 25 MW at the toe of the dam; and,

Rio Indio Water Supply Project
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e 5 MW at the end of the transfer tunnel.

The energy generated by these projects was estimated at approximately 70 GWh per year.
The Reconnaissance Study considered that the flows that are in excess to the needs of the
Panama Canal operation would be used to generate at the Rio Indio dam. Both power
plants would be designed and configured to function as part of the national power grid. A
115-kV transmission line would be required to carry the energy to a connection with the
grid at La Chorrera Substation.

The conclusions of the power market studies indicate that the demand for power in the
Panama National Integrated System (PNIS) is expected to grow at a rate of more than 5%
per year. It is also stated that the PNIS recognizes the importance of hydropower, as the
current expansion plan for the period through 2015 includes six new hydroelectric power
plants (not including Rio Indio) totaling 386 MW at an average construction cost of
$1,813 per kW of installed capacity. The report also recommends a value of $45 per
MWh for the current marginal cost of energy for the period up to 2015.

It is anticipated that the navigation benefits provided by the Rio Indio Project will not be
fully useable for the first 15 to 20 years of the project life as the water demand grows at
an approximate rate of 1.7% per year. While the navigation benefits are growing
progressively, the flow regulation provided by the Rio Indio dam can be use to generate
hydroelectric energy either primarily at the dam, as suggested in the Reconnaissance
Study, or primarily at the end of the transfer tunnel. The first alternative presents the
advantage of a larger generating head (approximately 20 meters greater) as the tailwater
level at the dam site normally is between El. 5.0 and 6.0 and the tailwater level at the end
of the transfer tunnel is lake Gatun level, which is between El. 24.0 and E1.26.8. For the
second alternative however, water transferred through the tunnel can also be used to
generate at the existing 24-MW Gatun hydropower plant. Furthermore, as the demand for
navigation grows the water available for power generation at the dam site diminishes.

The objective of the present study is to compare these alternatives and estimate the
hydropower benefits for the selected Rio Indio scheme.

Rio Indio Water Supply Project
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2 SELECTED RiO INDIO RESERVOIR

The Rio Indio reservoir has been sized without consideration for hydroelectric power and
is anticipated to supply water to the Panama Canal reservoir system to meet the system
water demand up to Year 2028 at a reliability of 99.6%. This is based on the projection
for unconstrained water demand for Navigation presented in the Reconnaissance Study
and the M&I and tourism water demand presented in the report entitled “Long Term
Forecast for M&I Demand” prepared by MWH, January 2001. The Panama Canal water
supply system considered for this study consists of Lake Gatun operating between
E1.23.93 (78.5 ft) and E1.26.75 (87.75 ft) and the Madden reservoir, operating between
EL.57.91 (190 ft) and E1.76.81 (252 ft). It is assumed that the deepening of Lake Gatun
will be completed and will allow draw down of the Lake three feet lower than it is
currently allowed for normal operation with a minimum water level at E1.24.84 (81.5 ft).
The reservoir operation studies conducted by the ACP with the HEC-5 simulation
program have demonstrated that the demand of 60.4 lockage per day (145.6 m*/sec) can
be met at the required reliability, with the Rio Indio reservoir operating between E1.40
and E1.80. The Rio Indio reservoir active storage provided is 1,294 million cubic meters
(mem). The HEC-5 simulations considered releases from the Indio reservoir according to
rule curves developed by the ACP, which consist of transferring from Indio to Lake
Gatun during the four-month period from February to May at a minimum rate of 43
m’/sec (1,518.8 cfs). The resulting minimum volume of water released in four months is
approximately equal to 56% of the Rio Indio mean annual runoff (25.8 m*/sec). Overall
the reservoir simulation indicates that under that water demand condition (60.4 lockage
per day), an average of 21.7 m*/sec would be transferred into Lake Gatun. In addition, the
reservoir operation studies (HEC-5 simulations) have assumed that a release of 2.3 m>/s
(81.2 cfs) is made downstream of the Rio Indio dam.

The results of the Rio Indio reservoir simulations under these conditions are shown in a
tabular form in Attachment 2. It should be noted that over the 52-year simulation, water
is only transferred into Lake Gatun 45% of the time (278 months out of 624). The
transfer tunnel has been sized for the purpose of delivering water into Lake Gatun, and
consists of a 4.35-meter diameter, horseshoe-shaped, concrete-lined tunnel approximately
8,400 meters long. It is shown to have a discharge capacity of approximately 50 m*/sec
with 15 meters of gross head. This condition corresponds to the situation when the Rio
Indio reservoir is near minimum pool (El. 40). The tunnel capacity increases as the
reservoir rises, up to a capacity of approximately 98 m’/sec when the reservoir is at
maximum pool El 80.

Figure 1 below shows the Indio reservoir elevation frequency curve derived from the
HEC-5 simulation. It indicates that the median reservoir level is approximately at E1.67.0,
and that 90% of the time the reservoir is above El. 56.0. This curve in combination with

the transfer tunnel head loss estimates is to be used to select the best turbine operating
range.
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Figure 1 Rio Indio Reservoir Elevation Duration Curve
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3 POTENTIAL ENERGY PRODUCTION

3.1 Introduction

This section presents the potential energy production of the Rio Indio Hydroelectric
scheme under several scenarios of development during the initial phase of operation and
under the ultimate use of the Indio storage. The hydroelectric development could consist
of two power plants one at the foot of the dam, the Rio Indio power plant, and a second at
the downstream end of the transfer tunnel, the Isla Pablon power plant.

The Indio reservoir has been sized for the purpose of navigation, and therefore only the
operation under this ultimate use of storage has been previously simulated. The energy
potential of the site has been determined under this scenario. An alternative mode of
water transfer from Indio to Gatun that would maximize energy production has also been
evaluated.

Additionally, the transfer tunnel has been sized (4.35-meter diameter) to have a discharge
capacity equal to the maximum water requirement of the system of reservoirs: under
these conditions the head losses along the tunnel are equal to the gross head on the tunnel
and no hydropower can be generated. Increasing the size of the tunnel would lower the
head losses, and therefore could allow energy production during these periods when the
water is transferred at the maximum capacity of the 4.35-meter diameter tunnel. A larger
size transfer tunnel would also improve the regulation characteristics of the hydraulic
turbines at the Isla Pablon power plant. The energy production has been estimated for the
proposed tunnel size (4.35-meter diameter) and two additional sizes (5.00 meters and
6.00 meters)

Prior to the time when the storage in the Indio reservoir is fully needed (estimated to be
in 2029), the reservoir operation and water transfer schedule could be altered to favor
hydroelectric production as long as the navigation and M&I water demands are satisfied
at a 99.6% reliability. Three different strategies that would maximize hydropower benefit
during that period have been evaluated and compared.

It should be noted that in this section, references are made to the power plant capacity in
MW. These numbers are used for the purpose of computing energy production through
simulation based on monthly step intervals. The referred plant capacity is the product of
the monthly discharge through the power plant by the design head and the assumed
overall plant efficiency of 85%. The actual power plant installed capacity will be larger in
order to provide the plant with peaking capability.

3.2 Energy Production under Maximum Navigation Water Demand

3.2.1 Energy Production using the ACP Operating Rules

For the purpose of evaluating hydropower development at the end of the transfer tunnel, a
plot of gross head versus monthly transferred discharge is presented on Figure 2.

Rio Indio Water Supply Project
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Figure 2 - Rio Indio Reservoir Operations — Transferred Discharge
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The graph shows three distinctive patterns of releases:

e A large number of points (56% of the month with releases) when the discharge in the
tunnel is equal to 43 m*/sec, with a gross head between 15 meters and 53 meters: this
corresponds to the months of February to May when the discharge is governed by the
Rio Indio rule curve.

e A small number of points (17% of the months with releases) with nearly full reservoir
(gross head in excess of 46 meters) and discharges varying between 0 and
approximately 55 m’/sec: in these circumstances water was released to satisfied
demand at Gatun, but the tunnel is not discharging at full capacity.

e A third set of points (27% of the months with releases) shows the discharges equal to
the maximum tunnel capacity (along the curve on the right of the graph). When the
tunnel is operated at maximum capacity, all hydraulic energy is dissipated in the
waterways and therefore no hydropower can be generated.

It is apparent on this graph, that there are practically no circumstances when the monthly
discharge is in excess of 43 m’/sec and the gross head is sufficient to develop
hydropower. Based on these operating conditions and standard hydraulic turbine
characteristics, computations show that the maximum average annual energy that could
be generated by a hydropower plant at the end of the transfer tunnel would be

Rio Indio Water Supply Project
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approximately 22.5 GWh. It would requlre a 16.3-MW power plant sized to pass a
maximum turbine discharge of 50 m®/sec under 39 meters of net head and operating at
15.8% plant factor. The plant would only be able to run 23% of the time. Reducing the
plant capacity of the power plant to 5 MW would only increase the plant factor to 18.3%
for an average annual output of 8.0 GWh.

Figure 3 Isla Pablon Power Plant Output with ACP Operating Rules
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For the purpose of comparlson the average annual energy was also computed for a power
plant passing 50 m’/sec with two larger size tunnels, 5.00-meter diameter and 6.00-meter
diameter horseshoe sections. With a 5.00-meter tunnel the maximum average annual
energy would be increased to 30.1 GWh, with 16.7-MW power plant operating at 20.6%
plant factor. The plant would operate approximately 30% of the time. With a 6.00-meter
tunnel the maximum average annual energy would be increased to 42.9 GWh, with 17.1-

MW power plant operating at 28.6% plant factor. The plant would operate approximately
38% of the time.

Rio Indio Water Supply Project
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The maximum output that can be reached with the 5.00-meter diameter tunnel is 30.4
GWh per year with a 20-MW plant capacity, and with the 6.00-meter diameter tunnel it is
approximately 51.3 GWh per year with a 32.7-MW power plant.

The low operating time of the power plant, on average less than three months per year,
makes it unlikely to be an economically feasible hydroelectric project.

3.2.2 Energy Production using Alternative Operating Rules

For the purpose of investigating the hydroelectric potential of the project, additional
reservoir operation simulations were undertaken using the HEC-5 program. In particular,
the four-month release pattern was modified: the same minimum volume of water (452.1
mcm) would be released annually from Indio to Gatun but it would be transferred over
twelve months instead of four. The minimum mean monthly flow transferred would be
14.3 m’/sec. Using the same active storage in the Indio reservoir, between E1.40.0 and
E1.80.0, the HEC-5 simulation indicates that for a demand of 60.4 lockage per day, the
reliability of the water supply for the purpose of navigation remain practically unchanged
at 99.6%. The transfer tunnel operates at all time: it releases 14.3 m’/sec 87% of the time
and for the remaining 13% of the time the tunnel discharges at full capacity.

Under these new operating rules, a 9.0-MW power plant would generate on average 33.0
GWh per year at a plant factor of 42.0%. The power plant would be capable of passing a
maximum turbine discharge of 25 m’/sec under 43 meters of net head. This energy
production corresponds to an increase of 47% over the proposed operating rule curves. A
similar analysis with a 5.00-meter diameter tunnel shows that the power generation
would increase to 33.7 GWh/yr, corresponding to a plant factor of 42.9%. This would be
an increase of energy generation of 12.5% over that with the proposed reservoir operating
rule curves. The average annual output is however only marginally greater than that with
a 4.35-meter diameter tunnel. For a 6-meter diameter tunnel, a 9.0-MW power plant
would generate on average 37.4 GWh per year corresponding to a plant factor of 47.6%.
The maximum annual energy production that could be reached with a 6.00-meter
diameter tunnel under these operating conditions would be of 48.1 GWh with a 34.1-MW
power plant discharging up to 95 m’/sec under a net head of 43 meters. The plant would
operate at a plant factor of 16.1%.

Under all these scenarios, the simulation considered a monthly discharge of 2.3 m’/s is
released at the dam site into the Rio Indio valley. A small power plant with an installed
capacity of 2.5 MW would produce 9.7 GWh per year at a plant factor of 44%. The plant
would discharge a maximum flow of 2.85 m>/s under a net head of 62 meters. The plant
would operate 97.5% of the time: the turbine could not operate when the reservoir level is
below El. 46 approximately.
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Figure 4 Isla Pablon Power Plant Output with Modified Operating Rules
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As a result of the reduced spillage in the system, both at the Madden reservoir and at
Lake Gatun, the energy production at both power plants, Madden and Gatun, would be
reduced from the present operation. Under the existing conditions when the system meets
a demand of 38.8 lockage per day, the HEC-5 simulation indicates that Gatun power
plant generates on average 95.5 GWh per year, and Madden 199.3 GWh per year. These
outputs would be reduced to 77.6 GWh and 196.0 GWh, respectively when the Lake
Gatun is deepened to operate between E1.23.93 (78.5 ft) and E1.26.75 (87.75 ft) and the
water demand rises to 44.3 lockage per day. Ultimately when the storage in the Rio Indio
reservoir is fully utilized to meet the water demand of 60.4 lockage per day, the average
energy production at the Gatun and Madden power plants would be 54.5 and 187.9 GWh
per year respectively.

3.3 Energy Production under Intermediate Navigation Water Demand

3.3.1 General

The initial phase of operations, immediately after completion of the Indio project, until
the water demand grows to fully utilize the Indio storage, is expected to last
approximately 18 years (from 2010 to 2028). Table 1 below summarizes the projected
demand for Navigation and M&I water. The projected Navigation water demands were
obtained from the Reconnaissance Study report and the M&I water demands are those
presented in the report entitled “Long Term Forecast for M&I Demand” prepared by
MWH, January 2001. The existing system complemented with the deepening of Lake
Gatun will yield 44.3 lockage per day, which will be sufficient to meet the projected

Rio Indio Water Supply Project
o @ mwH /TS



Appendix E Potential for Power Development

demand until 2010. The water demand in 2029 is 60.8 lockage per day, which is
marginally larger than the yield of the system including the Rio Indio operating between
El. 40 and El. 80. For the purpose of this analysis, it is considered that an additional
project will need to be implemented prior to 2029 to meet the projected water demand; at
that time the hydropower benefit resulting from the development of Indio will remain
constant and equal to those determined based on a demand of 60.4 lockage per day.

Table 1 - Navigation and M&I Water Demand

y Total Water Demand
ear
(lock/day) (cfs) (m’/sec)

2010 44.34 3,773 106.8
2015 48.47 4,125 116.8
2020 52.58 4475 126.7
2025 57.14 4,863 137.7
2030 61.70 5,251 148.7
2035 66.25 5,638 159.6
2040 70.80 6,025 170.6
2045 74.96 6,379 180.6
2050 79.12 6,733 190.7
2055 82.08 6,985 197.8
2060 85.04 7,237 204.9

The initial phase (2010 to 2028) is the period when hydropower benefits are the greatest.
As long as the demand for Navigation and M&I water does not reach the maximum
planned yield of the Gatun-Madden-Indio system of reservoirs, the ACP will have a
number of options to maximize hydropower benefits while still meeting the water
demand of the system.

The available operating options includes the following strategies:

1. The ACP could transfer regulated flows from Indio to Gatun such that the
required demand is met with a 99.6%-reliability, while maintaining Indio
reservoir level as high as possible to maximize the generating head on the Isla
Pablon power plant. The output of the Isla Pablon power plant would be larger
during the intermediate period as the head on the plant is greater. Under this
scenario the release through the Indio dam would be maintained and power
would be generated through a 2.5-MW power plant. This plant would also benefit
from a higher reservoir level.

2. Alternatively, the maximum storage at Indio could be use to transfer as much
water as possible to maximize energy production at the Gatun power plant. The
power plants at Isla Pablon and Indio would generate approximately the same
annual energy during the intermediate period as they would under the ultimate
water demand condition. Additional output would be generated at the Gatun 24-
MW power plant.

Rio Indio Water Supply Project
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3. A third alternative would be to transfer the minimum volume of water at all time
to meet the Navigation and M&I demand, and maximize hydropower production
at the Indio site.

3.3.2 Maximize Output at The Isla Pablon Power Plant

For the purpose of evaluating the benefits of Strategy No.1, several HEC-5 simulations
have been performed with smaller Indio reservoir active storage. This was accomplished
by raising the Indio minimum pool above the ultimate dead storage requirement of El. 40.
Table 2 below provides the Indio reservoir active storage for the minimum operating pool
considered for this analysis.

The results of these simulations are presented in Table 3 below. For all these simulations
an approach similar to that presented above for operation under ultimate utilization of
Indio has been followed. In particular, the targeted discharge through the transfer tunnel
is constant through the year and Indio release is maintained equal to 2.3 m’/s. The
selected transfer tunnel with a diameter of 4.35 meters was used for all the energy
computations. The table indicates the reservoir system yield in terms of lockage per day
that corresponds to a reliability of 99.6%.

Table 2 - Rio Indio Active Storage

Minimum Maximum Active

Operating |  Operating Storage
Pool Pool (mcm)
75.0 80.0 212
70.0 80.0 423
65.0 80.0 599
60.0 80.0 774
55.0 80.0 925
50.0 80.0 1,075
40.0 80.0 1,294

The basis for this strategy is to maintain the Indio reservoir level as high as possible and
to have a system yield compatible with the projected water demand.

Rio Indio Water Supply Project
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Table 3 - Energy Production with smaller active storage at Indio

Lockage Annual Output (GWh/yr) .
Reservoir Operation System .} Isla Rio ;
per day | Gatun | Madden | Pablon | Indio Total
Existing System 38.8 95.5 199.3 - - | 2948
With Deepened Gatun 443 77.6 196.0 273.6

With Rio Indio bet. EL.75 and EL.80 48.8 89.0 195.0 65.0 11.9 | 359.7

With Rio Indio bet. E1.70 and E1.80 51.0 83.2 194.2 64.6 11.6 | 353.6

With Rio Indio bet. E1.60 and E1.80 54.8 72.5 192.0 38.1 10.7 | 333.3

With Rio Indio bet. E1.55 and E1.80 56.5 67.0 190.9 53.6 10.2 | 321.7

With Rio Indio bet. E1.50 and E1.80 58.4 61.8 189.2 43.1 9.7 |303.8
With Rio Indio bet. E1.40 and E1.80 60.4 54.5 187.9 33.0 9.7 |285.1

The average annual energy output of Madden and Gatun power plants were directly
obtained from the HEC-5 simulations. Flows and reservoir levels series for each
simulation were also extracted from the HEC-5 output files, and incorporated into a
spreadsheet in order to calculate the monthly energy production at Isla Pablon and Indio
power plants. For the purpose of this analysis, a 9-MW power plant has been selected for
the Isla Pablon: the plant is capable of discharging 25 m’/sec under a net head of 43
meters. This is not considered to be the optimized size of the power plant, but it
maximizes the average energy production; this analysis will provide the information that
is needed to compare the operation strategies.

Based on the projected water demand presented on Table 1, and the yield (lockage per
day) of the systems of reservoirs shown on Table 3, a sequence of projected minimum
Indio reservoir operating levels can be developed as shown on Table 4. Table 4 below
also presents the associated projected energy production.

Table 4 — Strategy No.1 Energy Production Sequence

v D&m:“ (‘I{fe"l‘( Minimum Is‘g vablon | yadio Output
ear oc oc . utpu
per day) | per day) Indio Level (GWll:/yr) (GWh/yr)

2015 48.5 48.8 75.0 65.0 11.9
2018 50.9 51.0 70.0 64.6 11.6
2022 54.4 54.9 60.0 58.1 10.7
2026 58.1 58.4 50.0 43.1 9.7
2028 59.9 60.4 40.0 33.0 9.7

3.3.3 Reservoir Operation to Maximize Gatun Energy Production

For the purpose of this operating strategy the Rio Indio reservoir was considered to
operate between El. 55 and El. 80, in the initial period. This minimum pool level is the
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approximate minimum turbine operating level when the transfer tunnel passes the
maximum discharge of a 9.0-MW power plant at Isla Pablon. These reservoir levels
provide an active storage of 925 mcm. With that storage, the reservoir system will have a
yield of approximately 56.5 lockage per day, which is sufficient to meet the water
demand up until 2024. In the interim period between the project completion and 2024, the
excess water transferred from Indio to Gatun can be used at the Gatun power plant. The
HEC-5 model was used to simulate the reservoir operation under the following
intermediate water demand conditions:

1. 2015 when the demand is 48.5 lockage per day;

2. 2020 when the demand is 52.6 lockage per day.

The anticipated energy productions for this strategy are presented in Table 5 below.
Beyond 2024, the system of reservoir will be similar to that of Strategy 1, presented
above.

Table 5 — Energy Production with Min. Pool at E1.55

Lockage Avergge Annua;s(l:‘utput (GWh/yr)

per day Gatun Madden Pablon Rio Indio Total
48.5 94.4 194.3 53.3 10.2 352.2
52.6 81.0 192.6 53.5 10.2 3373
56.5 67.0 190.9 53.6 10.2 321.7

3.3.4 Maximize Output at the Indio Power Plant

The third operating strategy for the intermediate period would consist of transferring the
minimum water required meeting the water supply demand for Navigation and M&I,
while maximizing the release at the Rio Indio dam to produce energy at that location.
‘Two operating rules have been evaluated for that strategy:

e Strategy No.3a: Maintaining a minimum level in the Indio reservoir at EL. 55;

e Strategy No.3b: Maintaining the minimum level in the Indio reservoir at El. 50.
As previously stated, El 55 is approximately the minimum reservoir level for which a
hydropower plant can operate at the end of the transfer tunnel; and therefore the second
operating rule would limit the time when the Isla Pablon hydroelectric station is able to
operate. Reservoir operations have been simulated using the HEC-5 computer model for
both rules.
Table 6 below shows the reservoir system yield (lockage per day) achieved under the two
operating rules with release of water at Indio larger than 2.30 m’/s.

Rio Indio Water Supply Project

El3 @ mwH /TS



Appendix E Potential for Power Development

Table 6 — Reservoir Operation to Maximize Indio Energy Production

: Minimum Yield
Reservoir Operation at Indio Release at (lockage per’
, Indio - day)
Minimum Operating Level at E1.55 20.00 49.6
Minimum Operating Level at EL.55 14.00 50.8
Minimum Operating Level at EL55 8.00 53.1
Minimum Operating Level at E1.55 2.30 56.5
Minimum Operating Level at E1.50 20.00 50.1
Minimum Operating Level at E1.50 14.00 52.2
Minimum Operating Level at EL50 8.00 54.9
Minimum Operating Level at E1.50 2.30 58.4

The reservoir releases downstream of the Indio dam were considered uniform from
month to month. In Table 6, the yield (lockage per day) achieved was met at 99.6%
reliability.

The operation rules presented in this section will need to be implemented at different time
dictated by the water demand in Lake Gatun. The expected year of implementation are
shown below in Table 7, which also shows the maximum average annual energy
production for each of the considered power plant. The outputs shown are the maximum
achievable as it would be limited by the installed capacities at Isla Pablon and Indio,
which remain to be optimized. For the purpose of this comparison, the power plants have
been assumed to be able to generate with a discharge of up to 25 m’/sec.

Table 7 — Strategies Nos.3a and 3b Energy Production Sequence

Oper. Demand Yield Average Annual Qutput (GWh/yr)

Rule Year (Lock/ day) (Loék/ day) | Gatun | Madden P:;llf) n Ig(ii‘i)o Total
& o 2016 493 49.6 66.0 193.9 6.9 86.3 353.1
2 E 2017 50.1 50.8 70.4 193.6 23.4 61.3 348.7
§.; 2020 52.6 53.1 71.1 192.7 39.9 35.5 339.2
é’ = 2024 56.2 56.5 67.0 190.9 53.6 10.2 3217
S o 2017 50.1 50.1 64.4 193.2 6.4 81.3 3453
2 E 2019 51.8 522 65.8 192.6 21.8 58.8 339.0
§; 2022 54.4 549 65.2 191.1 349 33.8 325.0
& a 2026 58.1 58.4 61.0 189.4 43.1 9.7 303.2
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3.4 Comparison of Intermediate Operation Strategies

3.4.1 General

In order to compare the various strategies described above, they must be compared on the
basis of an equal navigation benefit provided by the reservoir system. For that purpose a
plot of total annual output in GWh of the four power plants versus yield of the system
(lockage per day) was prepared and is shown on Figure 5. This plot indicates that strategy
No.l and No.3a would generate the most energy. Strategies No.2 and No.3b involve
similar cost than Strategies No.1 and No.3a, respectively, but they produce less energy
and therefore they will not be evaluated any further. To identify the best strategy, return
and cost must be compared: for that purpose both strategies Nos.1 and 3a are further
investigated below.

Figure S — Energy Production during the Intermediate Period

380 — — e
3 Total Energy Prodution
é 360 T Including the power plants at
o i Gatun, Madden, Isla Pablon
5 i and Rio Indio
a .
5 340 : —
o |
l_ﬂ !
= {
g
& 320+ -
© ‘
o)
o
$
< 300 :
280 - - : :
45 50 55 60 65

Lockage per day

& Strategy No.1 @ Strategy No.2 A Strategy No.3a x Strategy No.3b

3.4.2 Review of Strategy No.1

Strategy No. 1 output would be achieved with a 2.5-MW power plant located at the Indio
dam and a 9.0-MW power plant at the end of the 4.35-meter diameter transfer tunnel. The
energy produced at this power plant will average 10.9 GWh per year for the first 18

Rio Indio Water Supply Project
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years, declining from 11.9 GWh/yr in 2010 to 9.7 GWh/yr in 2028, and remain
approximately constant thereafter and equal to 9.7 GWh/yr.

The output of the Isla Pablon plant in 2029 when the system yields 60.4 lockage per day
is 33.0 GWh per year. This output could almost be reached with a 5.4-MW power plant:
31.2 GWh/yr. The average annual energy production over the 18-year intermediate
period for the 5.4-MW plant however would be 41.4 GWh/yr, instead of 54.1 GWh/yr for
a 7.2-MW power plant and 58.4 GWh/yr for a 9.0-MW power plant.

Similarly, the size of the transfer tunnel affects the output of the Isla Pablon power plant
as shown on Table 8 below. The energy computations have been performed using the
HEC-5 monthly output for spillage, transferred discharge, downstream releases, Indio
reservoir level and Lake Gatun level, and a project-specific spreadsheet considering

tunnel friction and other singular losses, and turbine operating head and discharge
limitations.

Table 8 — Isla Pablon Power Plant Energy Production (Strategy No.1)

Average Annual Qutput (GWh/yr)
4.35-m Dia 5.00-m Dia. 6.00-m Dia
: i Tunnel Tunnel Tunnel

g' 5.4-MW Power Plant 41.4 41.7 42.4
& -

(o] i

_I‘ 7.2-MW Power Plant 54.1 54.5 55.5
= v

[—]

« 9.0-MW Power Plant 58.4 59.6 61.3
g 5.4-MW Power Plant 31.2 31.9 34.1

-3

E 7.2-MW Power Plant 328 33.5 36.5
N

S 9.0-MW Power Plant 33.0 337 374

3.4.3 Review of Strategy No.3a

For Strategy No.3a, a plant capacity of approximately 15 MW would be necessary to
maximize energy production at the Indio power plant during the intermediate period. The
plant would discharge a maximum flow of 30 m*/sec under a net head of 62 meters. A
tunnel diameter of 3.0 meters would be required. Under these conditions, the average
annual energy produced at the Indio dam for the first 18 years would be approximately
52.8 GWh. For the following period when the Indio reservoir is fully utilized to supply
water in Lake Gatun, the Indio plant will generate 9.7 GWh per year.

Rio Indio Water Supply Project
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At the Isla Pablon site, a power plant capacity of 5.4 MW would generate an average
annual output of 22.4 GWh over the first 18 years of operations. The same plant is
anticipated to generate an average of 31.2 GWh/yr after that period.

3.5 Firm Capacity

The plant capacity referred to in the above paragraph is used to calculate the energy
production and was used in connection with the average monthly flows. For the purpose
of estimating the firm capacity and the revenues associated with it, it is assumed that the
power plant will have a plant factor of approximately 65%.

The firm capacity benefits were estimated based on conversation with the ACP Power
Division. The firm capacity was calculated on the basis of the projected monthly energy
production. For storage projects, the firm capacity is the capacity that could be delivered
8 hours per day, every day of the month with the monthly energy exceeded 95% of the
time.

The Isla Pablon project will not be capable of delivering firm power when the Rio Indio
project is utilized at its ultimate yield, i.e., with the reservoir exploited down to El. 40.
This level is below the minimum power generating pool and therefore there will be
extended periods when the power plant will not be capable of operating. For Isla Pablon,
the minimum operating level is estimated to be approximately E1.55.0. The reservoir is
expected to operate below this level approximately 8% of the time as shown on Figure 1.
It is estimated that the hydraulic turbines at Rio Indio will not be able to operate when the
reservoir falls below approximately El. 46: this is expected to occur only 2 to 3% of the

time and therefore a power plant at dam site will be capable of delivering firm capacity to
the system.

In the initial years of the project, the navigation, municipal and industrial supply will not
require lowering the reservoir to levels below the minimum operating pool. It is estimated
that the Indio reservoir will not be lowered below El. 55.0 until the water demand reaches
56.5 lockage per day in 2024. Lowering of the reservoir below El. 46.0 is not expected to
be required until the demand reaches 58.7 lockage per day in about 2027.

In the interim period, both power plants will be capable of delivering firm power. For
each HEC-5 simulation, a monthly energy duration curve was prepared to determine the
value exceeded 95% of the time. The results are presented below in Table 9 for Strategy
No.1 and in Table 10 for Strategy No.3a.

Rio Indio Water Supply Project
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Table 9 — Monthly Energy (MWh) Exceeded 95% for Strategy No.1

Reservoir Rio Indio Isla Pablon

Operating 2.5-MW 8.4-MW 1122MW | 140-MW | 168-MW | 19.6MW

Range :
5.00-meter Diameter Tunnel

'E140-EL80 607 - - - - -

EL50 - EL80 645

ELS5 - EL80 714 2,183 2,892 3,512 3,512 3,512

EL60 - EL80 773 2,729 3,612 4,088 4,088 4,088

EL70 - ELSO 902 3,215 4,256 4,697 4,724 4,724
- 6.00-meter Diameter Tunnel

EL40 - ELS0 607 - - - - -

EL50 - E1.80 645

ELS55 - EL80 714 2,329 3,105 3,695 3,698 3,698

EL60 - EL80 773 2,831 3,752 4,217 4,228 4,228
EL70 - EL80 902 3,254 4,310 4,822 4,858 4,858

Table 10 - Monthly Energy (MWh) Exceeded 95% for Strategy No.3a

Reservoir Release at : v Rio Indio _

ga";;:ﬁ“g i (;l‘}gie"c) 25MW | 64MW | ILIMW | 159-MW | 184-MW
EL40_ELS0 | 2.30 607 607 607 607 607
EL50-EL80 | 230 645 645 645 645 645
EL55-ELSO | 2.30 714 714 714 714 714
ELS5_EL80 | 8.00 1,308 2,131 2,468 2,468 2,468
EL55-EL80 | 14.00 1313 2,172 3,302 4,243 4243
EL55-EL80 | 20.00 1,329 2,199 3,348 5,497 6,110

Isla Pablon

8.4-MW 11.2-MW 14.0-MW 16.8-MW 19.6-MW

EL40 —- EL80 2.30 - - - - -

EL50 - EL80 2.30

ELS5 - EL80 2.30 2,183 2,892 3,512 3,512 3,512

EL55 — EL80 8.00 2,215 2,556 2,556 2,556 2,556
EL55 - EL80 14.00 1,502 1,502 1,502 1,502 1,502

ELS55 - EL80 20.00 - - - - -
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For each of the power plant considered above, a second limiting factor should be
considered to determine its ability to deliver firm power. The referred installed capacity is
the maximum capacity of the turbine at the design net head. For net head lower than the
design head, the maximum turbine output is reduced. It is estimated that for the Francis
turbines considered on this project, the minimum operating head is 65% of the design
head; under these condition the maximum output is approximately 50% of the maximum
output at design head. Therefore regardless of the monthly energy exceeded 95%, the
firm power can not above approximately 50% of the maximum output when the reservoir
operates at the power minimum pool. Computations have shown that the tunnel diameter
has practically no impact on the determination of firm capacity.

As previously stated the reservoir range of operation will be dictated by the water

demand for navigation; based on that demand and the above table the plant firm capacity
were estimated as shown on Table 11 and Table 12 below.

Table 11 — Power Plant Firm Capacity (MW) for Strategy No.1

Period of Rio Indio Isla Pablon
Operation 2.5-MW 8.4-MW 11.2-MW- | 14.0-MW 16.8-MW - | 19.6MW
2027 & after 1.3 - - - - -
2025 - 2026 1.5 - - - - -
2023 - 2024 1.7 4.4 59 7.3 8.8 10.3
2019 - 2022 2.0 6.0 8.0 10.0 12.1 14.1
2011 - 2018 2.5 8.4 11.2 14.0 16.8 19.3
Table 12 - Power Plant Firm Capacity (MW) for Strategy No.3a

Period of Rio Indio

Operation 2.5-MW - 6.4-MW 11.1-MW 15.9-MW 18.4-MW

2027 & after 1.3 2.5 2.5 2.5 2.5

2025 - 2026 1.5 2.7 2.7 2.7 2.7

2023 -2024 1.7 2.9 29 2.9 2.9

20112022 1.7 34 58 8.3 9.6

Isla Pablon
8.4-MW 11.2-MW 14.0-MW 16.8-MW 19.6-MW

2025 & after - - - - -

2023 - 2024 4.4 5.9 7.3 8.8 10.3

2019 - 2022 44 5.9 7.3 8.8 10.3

2017 - 2018 44 5.9 6.2 6.2 6.2

2011 - 2016 - - - - -

3.6 Energy and Capacity Revenues

For both strategies, the sequences of expected energy production for several installed
capacities have been developed and are presented in Attachment 3 (pages AT3-28 to
AT3-31). Based on the current value of energy presented in the power market studies
($45 per MWh), an estimate of the average revenues over the 50-year economic life of
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the hydropower component of the project has been calculated and is presented Table 13
and Table 14 below.

The firm capacity benefits were estimated based on conversation with the ACP Power
Division and valued at $60 per kW-year.

Table 13 — Isla Pablon Power Plant — Average Revenues ($,000)

[ 84MW | 11.2-MW | 14.0-MW | 16.83-MW | 19.6-MW
e 5 : - 5,00-m Diameter Tunnel '
Strategy No.1 $1,717 $2,013 $2,142 $2,194 $2,237
StrategyNoﬁa $1,383 $1,506 $1,549 $1,562 $1,574
Sl . " 6,00-m Diameter Tunnel = '
Strategy No.1 : $1,792 $2,116 $2,276 $2,336 $2.385
Strategy No.3a $1,463 $1,616 $1,682 $1,700 $1,716

It should be noted that for the Isla Pablon power plant, the 4.35-meter diameter tunnel is
not considered for this comparison as it is shown (see section 4.1 below) that for this
diameter the selected water release schedule and maximum rate would have to be
modified to allow for hydroelectric power operation.

Table 14 - Rio Indio Power Plant —Average Revenues ($,000)

Installed Capacity | 2.5MW | 64-MW_| 1LI-MW | 159-MW | 184-MW
Strategy No.1 $564 $644 $665 $687 $704
Strategy No.3a $642 $864 $1,098 $1,274 $1,320
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4 SCHEME SELECTION
4.1 Introduction
The two strategies retained from Section 3 above correspond to different size power
plants and both involve modifications to the water-only project. In general the Rio Indio
Hydroelectric development consists of the following main features:
1. Powerhouse and Intake associated with the transfer tunnel;
2. Powerhouse and Intake associated with the dam and the release tunnel for Rio
Indio.
3. Power Transmission system interconnecting all of the project features and
connecting the project to the Panama National Power Grid.

The purpose of this section is to evaluate the viability of each power plant on an
individual basis, and to select the best strategy to be followed. The evaluation of the
projects will be done on the basis of incremental cost to the water-only project. The
major modifications to the project would include increasing the size of the transfer tunnel
and providing a surge tank near the downstream end of the transfer tunnel.

4.2 Hydraulic Constraints
For hydroelectric development at the end of a long tunnel, a surge tank is generally
required. As a rule of thumb, the provision of a surge tank should be investigated when
the ratio K = (L x V)/H is greater than 3 to 5. In the case of Isla Pablon project, the tunnel
is approximately 8,400 meters long, 4.35 meters in diameter for a discharge of
approximately 25 to 50 m*/sec under a design head of 43 meters. The K-ratio would be in
the range of two orders of magnitude greater than recommended by this criterion, and
therefore a surge tank will be needed to develop hydropower at Isla Pablon. The cross-
sectional area of the surge tank is determined based on the following criteria:

1. Provide stable dampening oscillation of the water surface level in the tank;

2. The tank does not drain under the most critical down surge conditions; and,

3. The tank does not overflow, unless a weir and evacuation chute is provided.

At the preliminary level, the stability of the oscillations is evaluated using the Thoma’s
criterion, which establishes the minimum cross-sectional area, and applying a safety
factor depending on the type of surge tank considered.

The second criterion implies that the minimum water level in the tank should not fall to
the crown of the tunnel under any circumstances. In the case of the Isla Pablon power
plant it should be noted that the transfer tunnel is also required to discharge water even
when the Indio reservoir level does not allow hydropower operation: the tunnel discharge
capacity is 50 m*/sec when the reservoir is at E1.40. Under these conditions, the water
level in the surge tank under steady state operation would be approximately at E1.26,
allowing for 14.1 meters of head losses with a 4.35-meter tunnel diameter. The crown of
the tunnel is anticipated to be at approximately at El 31. Lowering further the tunnel to
place the crown below El 26 would imply the construction of the tunnel with an invert 3
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to 4 meters below the normal Lake Gatun level. This is not considered as a practical
solution as the dewatering of the tunnel for maintenance or repair could not be done by
gravity. With a 5.00-meter diameter transfer tunnel the head losses at 50 m*/sec would be
reduced to 6.8 meters, resulting in a water level in the surge tank at approximately E1.33.
It is therefore considered that the tank would not be drained under normal operations.
Further investigations are required to define safe operation procedures and minimum
surge level in the tank, but it is considered that for safe operation of a hydropower plant
at Isla Pablon the transfer tunnel should have a minimum diameter of 5.00 meters.

The third criterion requires establishing the main operating conditions of the transfer
tunnel and of the power plant. Containment of the upsurge may impose the location of the
surge tank as the higher the surrounding ground is, the least visible and invasive the
structure will be. At the preliminary feasibility level, the surge tank was dimensioned for
the 5.00-meter and the 6.00-meter diameter transfer tunnel.

For the 5.00-meter tunnel, a 21-meter diameter tank will provide the required incipient
stability with 1.25 factor of safety recommended for throttled surge tank. The maximum
down surge for rapid opening to full capacity of the downstream valves, with the
reservoir at El 40 is approximately 9.8 meters. Minor adjustments to the tunnel invert
may be required to accommodate this level if detailed investigations confirm the
magnitude of the down surge. Also it is not anticipated that operations of the Indio
reservoir for the purpose of transferring water to Lake Gatun would require a rapid
opening of the transfer tunnel. For these reasons, this condition appears extreme and the
bottom of the tank will be taken at El 30. The maximum upsurge for rapid closure of the
downstream valves, with the reservoir at El. 80 and the tunnel at full dlscharge capacity
of 98 m’/sec is approximately 13 meters, resulting in a surge tank rim at El 93
approximately. Further investigation may be required to compare the cost of such tank,
with a surge tank with larger surface area and with the cost of a weir at a lower level
followed by a chute and the implication of the weir on the dampening of the oscillations.
For the purpose of estimating the cost of the project, the surge tank was selected with an
enlarged surface area at upper level. With diameter of 40 meters above El 75.0 the
maximum water level reached is E1.86.9

For a 6.00-meter diameter transfer tunnel a 28-meter diameter surge tank would meet the
same criterion. The minimum level reached in the surge tank would be approximately El
34, as rapid opening of the downstream valve would create a down surge of 6.1 meters.
The maximum upsurge at full reservoir would be 14.3 meters for a surge tank rim at El
95 approximately. With a tank diameter of 50 meters above El.75, the maximum water
level would reach El 86.2

4.3 Recommended Tunnel Diameter for Hydropower Operation
Preliminary cost estimates of the transfer tunnel for four tunnel sizes have been prepared
based on the spreadsheets shown in Appendix D, and are presented below on Table 15.
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Table 15 — Transfer Tunnel Construction Cost

Tunnel Diameter (m)
4.35-m Dia. | 5.00-m Dia. | 5.50-m Dia. | 6.00-m Dia.
Excavation Cost ($,000) $21,705 $22,572 $23,286 $24,042
Lining Cost ($,000) $7,628 $9,732 $11,522 $13,462
Total Cost ($,000) $29,333 $32,304 $34,808 $37,504

Revenue calculations presented in the previous section show that the incremental benefits
(present value of revenues) for increasing the tunnel diameter from 5 meters to 6 meters
is estimated at most at approximately $700,000 regardless of strategy or plant capacity.
Table 15 above shows the incremental cost of the tunnel alone above the minimum
diameter required for hydropower is approximately $5,200,000. Therefore no significant
increase in tunnel diameter can be justified for the purpose of hydropower development,
and the selected tunnel diameter is the minimum required for hydropower, estimated to
be at this feasibility level, 5.00 meters.

4.4 Hydropower Component Cost Estimates

Isla Pablon Power Plant
For the Isla Pablon power development the major cost items common to all the schemes
and additional to the water-only scheme are:

e The increase in tunnel diameter from 4.35 meters to 5.00 meters;

¢ The surge tank located approximately 280 meters upstream of the power plant;

¢ The 5.00-meter diameter steel liner between the surge tank and the tunnel portal;

* The 47-km long transmission line from Isla Pablon to the La Chorrera Substation.
Other minor modifications and costs will also be required to implement the hydropower
component of the project, but are not considered in detail at this level. These include the
power intake structure and its equipment, the tailrace and the access and site preparation.

The powerhouse and hydroelectric equipment costs are dependent on the selected
installed capacity and the subject of this selection. As indicated previously, the plant
capacity used for the purpose of computing the energy production will not be the actual
plant capacity of the power plant: for the purpose of cost estimating it is assumed that the
power plant will have a plant factor of approximately 65%.

The proposed hydroelectric scheme substitutes the outlet structure proposed for the
water-only with a set of two Howell-Bunger-type valves located in the powerhouse under
the erection\service bay. The valves will meet the discharge requirement established by
the ACP:

¢ Capable of discharging 98 m’/sec when the reservoir is full, i.e., at E1.80.0; and,

* Capable of discharging 50 m’/sec when the reservoir at the minimum operating
level at E1.40.0.
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Two 2.00-meter diameter axial flow control valves will be capable of meeting that
requirement even when the turbines are not generating. The costs of these valves, the
penstocks leading to them and the two guard valves (2.20-meter diameter butterfly
valves) have been included in this comparative evaluation; an estimate of the outlet work
for the water-only scheme has been deducted from the total cost. A summary of the cost
estimate of the Isla Pablon hydroelectric component for a range capacity is presented on
Table 16 below; additional details are presented in Attachment 4. The cost of
transmission to La Chorrera and the work needed at the existing switchyard have not
been included in Table 16 below. The total costs for that work including 20%
contingencies and 10% for engineering and administration are estimated to be
$4,588,000; a detailed computation is shown in Attachment 4.

Table 16 — Isla Pablon Hydropower Component Costs ($,000)

(8 8.4-MW | 11.2-MW | 14.0-MW | 16.3-MW | 19.6-MW

Transfer Tunnel Increase Diameter $2,971 $2,971 $2,971 $2,971 $2,971
Water-Only Outlet Work (32,082) | ($2,082) | ($2,082) | ($2,082) | ($2,082)
Surge Tank $2,607 $2,607 $2.,607 $2.,607 $2,607
Tunnel Steel Liner $1,391 $1,391 $1,391 $1,391 $1,391
Powerhouse Structure $1,720 $1,902 $2,109 $2,263 $2,437
Powerhouse Equipment $7.856 $8,741 $9,560 $10,369 $10,922
115-kV Substation . $1,084 $1,144 $1,234 $1,383 $1,532
" Subtotal $15,547 $16,674 $17,790 $18,902 $19,779

Contingencies (20%) $3,109 $3,335 $3,558 $3,780 $3,956
Engineering & Administration (10%) $1,866 $2,001 $2,135 $2,268 $2,373
Total Cost $20,552 $22,010 $23,483 $24,951 $26,108

Rio Indio Power Plant

The Rio Indio power plant will be built at the downstream end of a tunnel located in the
dam right abutment. The 250-meter long tunnel will slope down from an intake invert
level at El 37 to an outlet at approximately E1.12.0. The tunnel outlet will be located
slightly downstream of the toe of the dam, to the left of the proposed spillway chute. For
the purpose of estimating the cost of hydroelectric development at the dam site a range of
installed capacity covering Strategies No.1 and No.3a were considered.

All power plants include a small size turbine (2.5-MW) to accommodate power
generation with the release through the Rio Indio dam when most of the water is
transferred into the Lake Gatun. The total installed capacity evaluated ranged from 2.5-
MW to 18.4-MW, with a small unit and one, two or three larger size units. The tunnel has
been sized to result in a maximum water velocity of 4.20 meter per second but in no case
it will have a finished D-shaped cross section smaller than 2.50-meter diameter. For the
smaller size plant (2.5 MW), it has been estimated that a concrete plug will be built in the
tunnel at the location where it crosses the dam axis; the water will be conveyed to the
power plant via a 1.20-meter diameter steel penstock inside the tunnel. For all the other
size plants, the tunnel will be steel lined for approximately the last 130 meters. An
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embedded penstock and manifold will be located between the tunnel portal and the power
plant.

The plant will also house a 0.40-meter diameter axial valve to release water when the
turbine may be inoperable either for maintenance or if the reservoir is below the
minimum level for hydropower operation estimated at E1.46. Water will be released from
the powerhouse into the Rio Indio downstream of the cofferdam via a short (50-meter)
tailrace channel with bottom level at El. 4.0, approximately.

Also included in the costs, are the costs of the transmission system between the Indio
dam site and the Isla Pablon substation. It has been determined that a 13.8-kV
transmission line could carry energy over the 12.6-km distance from Indio to Pablon for a
maximum installed capacity of approximately 2.5 MW. For this capacity the transformer
and substation costs would also be eliminated, as the powerhouse would be equipped
with an indoor 13.8-kV switchgear. For larger power plant, a substation and a 115-kV
transmission will be required. A summary of the cost estimate for the Rio Indio
hydroelectric power plant, for a range of capacities, is presented on Table 17 below;
additional details are presented in Appendix D.

Table 17 — Rio Indio Hydropower Component Costs (3,000)

Total Installed Capacity 2.5-MW 64-MW 11.1-MW 15.9-MW 18.3-MW

ot Soes One 2.5.Mw | O€ 2.5-MW [ One2.5-MW | One 2.5-MW | One 2.5-MW
One 3.9-MW | Two:4.3-MW | Two 6.7-MW-. | Three 5.3-MW
Power Intake $1,059 $1,176 $1,251 $1,524 $1,678
Power Tunnel and Penstock $1,225 $1,377 $1,440 $2,025 $2,168
Tailrace Channel $32 $37 $45 $52 $54
Powerhouse Structure $280 $464 $726 $877 $1,037
Powerhouse Equipment $2,360 $5,006 $7,141 $8,184 $9,649
Transmission System to Pablon $208 $1,690 $1,825 $2,064 $2,064
Subtotal $5,164 $9,751 $12,429 $14,726 $16,650
Contingencies (20%) $1,033 $1,950 $2,486 $2,945 $3,330
Eng. & Administration (10%) $620 $1,170 $1,491 $1,767 $1,998
Total Cost $6,816 $12,871 $16,406 $19,438 $21,978

4.5 Comparison of Alternatives

For each of the strategies, the hydropower developments were optimized both at the Rio
Indio site and at the Isla Pablon site. The optimization consisted in determining the
Internal Rate of Return (IRR) for each scheme based the construction cost of the
hydropower component, the stream of revenues (energy and capacity) and the cost of
operation and maintenance over the life of the project. It is estimated that the hydropower
component of the project will be built in two and one half years and be completed by the
end of 2010. It is also assumed for the purpose of projecting revenues that the Indio
reservoir will have been filled by that time. The revenues component were calculated on
the basis of current value of energy and capacity as presented in the power market study,
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and as per conversation with the ACP power division. These include the sale of energy at
$45 per MWh and of firm capacity at the rate of $60 per KW-yr.

The operation and maintenance costs were estimated on the basis of the construction cost
as follows:

¢ 0.5% of the civil costs;

e 1.25% of the equipment costs; and,

e 1.0% of the transmission line costs.
In addition, it is also assumed that 75% of the equipment cost is to be replaced after 30

years of operation.

For the Isla Pablon project, the calculated IRR are shown on Table 18 and Table 19. It
should be noted that the construction costs do not include the cost of the 47.1 km of
transmission line from the Isla Pablon to the La Chorrera substation. Detailed
computations are shown in Attachment 5.

Table 18 — Strategy No.1 — Isla Pablon Power Plant

Installed Construction O&M Annual | Average Annual | Internal Rate
Capacity Cost - Cost Energy (GWh) of Return
84-MW $20,522,000 $170,000 354 9.0%
11.2-MW - | $22,009,000 $186,000 41.1 11.5%
14,0 - MW $23,482,000 $200,000 43.0 12.2%
16.8 - MW $24,951,000 $215,000 43.3 11.9%
19.6 - MW $26,108,000 $226,000 434 11.7%

From the value shown on Table 18, a 14.0-MW power plant consisting of two 7-MW
units at the end of the transfer tunnel would be recommended for strategy No.1.

Table 19 — Strategy No.3a — Isla Pablon Power Plant

g;s;:lcliet: Construction Cost | O&M Annual Cost gﬁg&? m;:.r;::uﬁte
8.4 -MW $20,522,000 $170,000 29.8 4.3%
11.2-MW $22,009,000 $186,000 32.2 4.5%
14.0 - MW $23,482,000 $200,000 32.9 4.3%
16.8 - MW $24,951,000 $215,000 33.0 3.9%
19.6 - MW $26,108,000 $226,000 33.1 3.7%

Under Strategy No.3a, the best IRR is obtained with a 11.2-MW; it is however so low
that it is doubtful that any power plant could be considered at the end of the transfer
tunnel if a strategy which favors energy production at the Rio Indio dam were to be
followed. For that reason, if Strategy No.3a were to be followed, no hydropower
development would recommended at the end of the transfer tunnel.
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For the Rio Indio project the rate of return of the hydro component under strategy No.1 is
also relatively low (see Table 20); however the installation of a single small unit appears
Justified on the basis that the reservoir guarantees a minimum release flow for the entire
life of the project. Further optimization of the unit size may be required for strategy No.1
when the mode of operation of the reservoir is finalized. At this stage a single 2.5-MW
unit would be recommended for Strategy No.1. It should be noted that for the Rio Indio
hydro component the cost of transmission, between the dam site and the Isla Pablon
substation including the Rio Indio substation if required, is included in the cost of
construction shown in Table 20 and Table 21. The transmission line voltage would be
13.8 kV for the 2.5-MW power plant and 115 kV for all others.

Table 20 — Strategy No.1 — Rio Indio Power Plant

Installed

Construction

O&M Annual Average Annual - | Internal Rate of
Capacity Cost Cost Energy (GWh) Return
25-MW $6,816,000 $57,000 10.4 7.5%
6.4 - MW $12,871,000 $118,000 10.6 2.7%

Table 21 presents the Internal rate for the Rio Indio power component under Strategy
No.3a. The 15.9-MW power plant shows the best return of 13.6%

Table 21 — Strategy No.3a — Rio Indio Project

Installed Construction O&M Annual | Average Annual | Internal Rate
Capacity Cost Cost Energy (GWh) “of Return
2.5-MW $6,816,000 $57,000 12.2 11.2%
6.4 - MW $12,871,000 $118,000 15.3 8.4%
11.1 - MW $16,406,000 $155,000 19.6 11.5%
15.9 - MW $19,438,000 $181,000 22.7 13.6%
184 - MW $21,978,000 $207,000 23.4 12.0%

In order to select the best strategy and the associated power plant, the cost of transmission
to the La Chorrera substation should be included. For either strategy it consists of the
47.1 km of 115-kV transmission line between Isla Pablon and La Chorrera, and the work
in the La Chorrera switchyard. The total cost of that work including contingencies and
engineering and administration is estimated to be $4,588,000. The comparison of the two
strategies is shown on Table 22 below: as previously noted Strategy No.3a is presented

without development at Pablon as this development would significantly lower the internal
rate of return of that strategy.
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Table 22 — Comparison of Alternatives

Hydropower Construction Oo&M Annual Internal
Component Cost - | -Annual Cost | Energy Rateof. -
(GWh) -~ Return =
Strategy Indio 2.5-MW $6,816,000 $57,000 12.2
No.l Pablon 14.0-MW $23,482,000 $200,000 43.0 9.1%
: Transmission $4,588,000 $45,000 -
Strategy Indio 15.9-MW $19,438,000 $181,000 22.7 9.0%
No.3a Transmission $4,588.,000 $45,000 - )

On the basis of the table presented above the two strategies yield a similar rate of return.
Although the rate of return may be insufficient to justify the project, it should be noted
that no benefits where accounted for the energy production associated with further
development of the Panama Canal expansion. Water transferred from projects such as
Cafio Sucio, Toabre and/or Cocle del Norte would directly benefit the hydropower
component of the project at no additional development costs.

On that basis Strategy No.l is recommended as it produces nearly 2.5 times the energy
produced under Strategy No3.a over the life of the project. Furthermore for the initial
period from 2011 to 2028, the excess water transferred from Indio to Gatun would be
used to generate at the Gatun power plant: the energy so produced is estimated to be
approximately 190 GWh. It should also be noted that as the Canal expansion proceeds
with additional reservoirs, they would further favor the Isla Pablon project as the intent
would necessarily be to transferred more water into Lake Gatun.
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5§ RECOMMENDED SCHEME

5.1 General

The primary objective of the project is water supply for the Lake Gatun, in order to
provide hydropower facilities several additions and modifications to the project are
required. These are:

1. Modify the transfer tunnel intake structure to provide trash screen compatible
with turbines, and provide a trash rake to keep the intake clear of trash.

2. Enlarge the transfer tunnel cross section to reduce friction losses for satisfactory
operation of generating equipment and flow regulating valves under a wide range
of heads and flows.

3. Eliminate the transfer tunnel outlet facility and equipment and replace it with a
powerhouse that will serve both the requirements of power generation and the
transfer of water.

4. Add a surge tank near the downstream end of the long transfer tunnel to allow
normal start/stop and regulation of the turbines on load.

5. Modify the minimum release facility at the dam to include a separate short tunnel
through the right abutment of the dam to serve both minimum water releases and
power generation.

6. Add the minimum release intake which include a trash screen and trash rake.

7. Add a powerhouse at the toe of the dam that will serve both the requirements of
power generation and the minimum release of water.

It is not clear how it was originally intended to serve electric power needs at transfer
tunnel intake, transfer tunnel outlet and at Rio Indio dam. However, as part of the
hydropower development the following facilities would be added:

1. A transmission line to connect the powerhouse at the end of the transfer tunnel
with the Panama national grid;
A switchyard near the end of the transfer tunnel;
Additional bays at the existing La Chorrera substation
A transmission line interconnecting the two powerhouses
A line feeding the transfer tunnel intake area from the Rio Indio powerhouse.

nhwe

5.2 Isla Pablon Power Plant

5.2.1 Civil Works

Intake Structure

The intake of the transfer tunnel for the water-only project would provide coarse
screening sufficient for transfer of water through the large openings of the sliding gates at
the tunnel outlet. This facility is accessible only when the reservoir was at minimum pool,
El. 40. However, for the purpose of hydropower a much more trash free water is required
hence a fine screen is provided which must be frequently cleaned.

Rio Indio Water Supply Project
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To support this equipment an intake structure is provided. It is a reinforced concrete
structure with a foundation at E1.30 attached to the tunnel portal and extended to El.85.
The lower portion will be anchored to the excavated rock slope and the upper portion will
be free standing. The top of the structure will form a working platform for the trash rake
and trash removal. The platform will be connected to the reservoir shoreline by a
reinforced concrete bridge supported by intermediate piers. (See Exhibit E7)

The intake structure is adjacent to the top of the transfer tunnel gate shaft at E1.85. This
area will be served by an access road and requires a small control building to house the
power and control equipment for the intake and tunnel gates as well as space for the
operation and maintenance staff.

Transfer Tunnel

It has been determined that a 4.35 meter diameter tunnel is required to maximize the
benefits of the transferred water from Indio to Lake Gatun for the purpose of navigation
water supply. This is not compatible with the development of hydropower at the end of
the transfer tunnel. The tunnel must be enlarged for proper operation of the hydroelectric
plant. A diameter of 5.0 meter was selected on the basis of technical and economical
consideration. The last 250 meters downstream of the surge tank will be a 5.00-meter
diameter steel lined tunnel, leading to and embedded penstock and manifold immediately
upstream of the powerhouse.

Powerhouse/Tunnel Outlet

The proposed tunnel outlet structure for water transfer will be modified. The bonneted
sliding gates will be eliminated and replaced by power generating equipment and axial
flow control valves located in the proposed powerhouse. This equipment is described in
more detail in the following section.

A steel penstock and a steel manifold with three branches will connect the tunnel portal
to the proposed powerhouse located some 75 meter downstream. The powerhouse will be
a conventional 40-meter by 18-meter reinforced concrete structure founded on rock with
the deepest point at E1.18 and the erection bay at E1.34. The superstructure will be made
of structural steel with metal cladding. The powerhouse will house the mechanical and
electrical equipment in three bays and on three levels below grade. The superstructure
will support a 30-ton gantry crane with rails mounted on E1.41.

The two turbines and the axial flow control valves will discharge into an excavated
tailrace channel approximately 40 meter wide and 400 meters long and 15 meter deep.

Surge Tank
The addition of hydraulic turbines at the end of the long transfer tunnel can result in

rapidly changing flow conditions in the tunnel and the undesirable pressure fluctuations
or water hammer. To protect the tunnel from the excessive pressure rise as well as to
limit the turbine/generator speed rise, each unit is provided with a pressure relief valve.

Rio Indio Water Supply Project
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However, in order to provide for a reasonable unit starting time and stable operation
while on load, a surge tank of substantial dimensions is also required. The surge tank will
be of reinforced concrete construction located about 250m upstream of the powerhouse
where the topography is favorable for its construction, and it will be connected directly to
the tunnel. It will consist of a vertical shaft with cross-sectional areas of approximately
350 m’ (equivalent to approximately 21-meter in diameter) from E1.30 to EL.74 and 1,260
m? (40-meter diameter) from EL.75 to EL88.

5.2.2 Mechanical And Electrical Equipment

Intake

The transfer tunnel is designed to meet the Panama Canal navigation requirements. The
tunnel intake gates and stop logs remain unchanged and hence are not included in our
estimate.

The tunnel intake will include a trash screen consisting of four bays, each with two 4-
meter by 2-meter removable screen panels and associated supports and guides. At the top
of the concrete intake structure a rail mounted trash rake will be provided. The trash rake
will also serve to install and remove the trash screen panels.

A 13.8-kV transmission line from the Rio Indio powerhouse will be provided to serve the
equipment of transfer tunnel intake. This line will terminate at a three-phase oil filled
200-kVA step-down transformer. Power will be distributed at 480 volts to the intake
gates and trash rake power and control equipment as well as to the incidental power and
lighting of the intake area. A 100-kW stand —by diesel generator will be provided to serve
critical loads during power outages.

Powerhouse

Main Inlet Valves

At the end of each penstock branch a butterfly valve will be provided in the powerhouse.
Two 1.90-meter diameter inlet valves will serve the two turbines and two 2.70-meter
diameter inlet valves will serve as guard valves for two axial flow control valves. Inlet
valves will be provided with the required hydraulic power units and control devices, and
the various tapings for filling and draining of the associated waterways.

Turbine/Generator Units

For this powerhouse we have selected two turbine/generator units rated at 7 MW each.
The turbine is of the vertical shaft Francis type with a runner diameter of 1.50 meters and
a steel spiral case. The runner centerline is tentatively set at El. 24.5m or 0.6m above
minimum water level at lake Gatun. The synchronous generator will be rated at 7,800
kVA, 360-rpm, 13.8-kV, 0.9 pf and will be directly coupled to the turbine.

Turbine/Generator Auxiliaries
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Each unit will be provided with the necessary auxiliaries such as bearings, servomotor,
hydraulic power unit, digital governor, cooling water system for turbine bearing, shaft
seal and generator bearings and coolers, lubricating oil system, excitation system, voltage
regulator, automatic synchronizer, brakes, and SCADA and protection system.

Axial Flow Control Valves

Each turbine/generator unit will have one 1.30-meter diameter axial flow control valve
for turbine regulation, which will be connected to the spiral case inlet section and will
discharge directly into the tailrace. This valve will also operate in a synchronous by-pass
mode to provide uniform water flow during varying power generation requirements.

To provide for water transfer capability at times when turbine/generator units are not
available due to head limitations or for other reasons, two additional 2.0 meter diameter
axial flow control valves will be provided. Each will be fed through a separate penstock
branch, a main inlet valve described above, and associated waterways.

All axial flow control valves will be provided with their operating and control devices
and will be accessible by crane thru openings in the draft tube deck.

Draft Tube Gates

Each unit will have two welded steel sliding gates 2.40 meters wide and 1.60 meters high
to allow for unit and tunnel dewatering. The semi-gantry crane provided at the draft tube
deck will handle the draft tube gates.

Cranes

A 30-ton bridge crane spanning the powerhouse and running on rails located at E1.41.0
will be provided to handle turbine and generator components and inlet valves during
erection and maintenance. An 18-ton semi-gantry crane will be provided at the draft tube
deck to handle the turbine draft tube gates and all four of the axial flow control valves.

Dewatering system

The dewatering system will consist of two dewatering pumps and two station drainage
pumps in a centrally located station sump pit, and associated piping and valves to enable
dewatering of each turbine independently or to dewater the whole system including the
transfer tunnel. To prevent powerhouse flooding pumps will be sized to cope with failure
of largest penstock tapping in the powerhouse and upstream of main inlet valves.

13.8-kV Switchgear

The generating voltage will be 13.8-kV, so a line-up of metal clad 13.8-kV switchgear
will be provided. It will include the two generator main circuit breakers, one main power
transformer circuit breaker, a circuit breaker for the station service transformer and one
circuit breaker for the 13.8-kV tie line between Isla Pablon powerhouse and Rio Indio
powerhouse. The switchgear will be connected to the generators, transformers and tie line
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take-off by bus ducts or cables. Switchgear will be provided with all associated control
and protection devices.

Transformers

One Main Power Transformer to serve both generating units will be provided. It will be
located adjacent to the powerhouse and connected to the switchyard by overhead line.
The main power transformer will be a three-phase oil filled step up transformer
13.8kV/115kV rated 15/20-MVA OA/FA. A Station Service Transformer, located next to
the main power transformer, to serve power requirements in the area, will be provided.
The transformer will be a three-phase oil filled step down transformer 13.8kV/480V rated
1000 kVA.

Station Auxiliaries

Other station auxiliaries will include a 250-kW stand-by diesel generator, station battery,
lighting system, HVAC, fire alarm and protection, communication, grounding and
lightning protection.

5.3 Rio Indio Power Plant

3.3.1 Civil Works

Power Tunnel

Before the construction of the Rio Indio dam a diversion tunnel will be constructed at the
site. After construction this tunnel will serve as the low level outlet for draw down of the
IESErvolr in emergencies.

Due to the very low position of the diversion tunnel intake, this tunnel cannot easily be
adapted for power generation. A separate minimum release tunnel will be built in the
right abutment of the dam. The 250-meter long tunnel will be 2.50-meter diameter D-
shaped section or the minimum size that can be constructed with conventional equipment.
It will have the intake invert at El 37.0 and invert of downstream portal at about El 12.0
where it will be connected to a steel penstock with a bifurcation feeding the powerhouse.
The tunnel will be reinforced concrete lined with a concrete plug at the right of the dam
centerline. A 4.00-meter diameter gate shaft will be excavated from a platform at E1.86m
near the tunnel intake to intercept the tunnel where a 2.00-meter by 1.00-meter wheeled
gate will be installed.

Power Intake

At the upstream end of the power tunnel an intake structure will be provided to allow
installation of intake screen compatible with the turbine operation and to maintain the
intake screen free using the trash rake. The intake structure will be of reinforced concrete
construction connected to the tunnel with the foundation at about E1.35 and anchored to
the excavated rock face. The intake structure will have the supports and guides for the
4.00-meter by 2.00-meter intake screen. It will be topped by a concrete platform at El
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84.0 where a fixed position trash rake will be mounted. An access ramp will be provided
to El 90.0.

Rio Indio Powerhouse

The Rio Indio powerhouse will be located at the foot of the dam on the right bank of the
existing river channel. It will contain one 2.5-MW turbine/generator unit and one axial
flow control valve for minimum release.

A 1.20-meter diameter steel penstock, a steel bifurcation and two steel branches will
connect the tunnel plug at the dam centerline to the equipment in the proposed
powerhouse. The powerhouse will be a conventional 16m x 10m reinforced concrete
structure founded on rock with the deepest point at about El.3 and the erection bay at
El.13. The superstructure will be of structural steel with metal cladding. The plant will
house the mechanical and electrical equipment in two bays and on two levels below

grade. The superstructure will support a 12-ton semi-gantry crane with rails mounted on
El 16.0 and 13.0.

The turbine and the axial flow control valve will discharge into an excavated tailrace
channel approximately 16-meter wide, 70-meter long and 8-meter deep.

5.3.2 Mechanical And Electrical Equfpment

Power Intake

A tunnel of 2.50-metre diameter (minimum diameter that can be excavated by
conventional means) is required at the Rio Indio dam location to provide for minimum
releases into the river. The tunnel will be provided with wheeled slide gate and hoist at
the intake shaft. This tunnel will also serve the powerhouse with one 2.5-MW
turbine/generator unit at its downstream end. For this purpose a trash screen and a trash
rake are required at the tunnel intake. The trash screen will be a single bay with a 2-meter
by 4-meter removable screen panels and associated supports and guides. At the top of the
concrete intake structure, a fixed position trash rake will be provided, which will also
serve to install and remove the trash screen panels.

The intake area will be provided with 480-volt power, from the powerhouse downstream
of the dam, for the power and control requirements of the minimum flow tunnel gate and
intake as well as those of the low-level outlet tunnel gates.

Powerhouse

At the downstream end the minimum release tunnel will be connected to the proposed
powerhouse by a steel penstock and a bifurcation. The main branch will be 1.00-meter
diameter feeding the 2.5-MW unit and the other branch will be 0.50-meter diameter
feeding the axial flow control valve to serve as the minimum release by pass valve.
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Main Inlet Valves

Two main inlet valves will be provided: a 1.00-meter diameter butterfly valve for the
turbine/generator unit and a 0.50-meter diameter butterfly valve for the axial flow control
valve. Inlet valves will be provided with the required hydraulic power units and control
devices, and the various tapings for filling and draining of the associated waterways.

Turbine/Generator Unit

The turbine is of the horizontal shaft Francis type with a runner diameter of 0.80 meter
and a steel spiral case. The runner centerline is tentatively set at El. 7.5 or 2.1 meters
above minimum tail water level in the Rio Indio. The synchronous generator will be rated
at 2,777 kVA, 600 rpm, 13,8 kV, 0.9 pf and will be directly coupled to the turbine.

Turbine/Generator Auxiliaries

The unit will be provided with the necessary auxiliaries such as bearings, servomotor
hydraulic power unit, digital governor, cooling water system for turbine bearing, shaft
seal and generator bearings and coolers, lubricating oil system, excitation system, voltage
regulator, automatic synchronizer, brakes, and SCADA and protection system.

Axial Flow Control Valve

To provide for minimum release capability at times when turbine/generator unit is not
available due to head limitations or for other reasons, a 0.40-meter diameter axial flow
control valve will be provided. It will be fed through a separate penstock branch, a main
inlet valve described above, and associated waterways. The axial flow control valve will
be provided with operating and control devices and will be accessible by crane thru
opening in the draft tube deck.

Draft Tube Gate

The unit will have a welded steel sliding gates 2.65m wide and 1.0 m high to allow for
unit and tunnel dewatering. The semi-gantry crane provided in the powerhouse will
handle the draft tube gate.

Crane

A 12-ton semi gantry crane spanning the powerhouse and running on rails located at
elevations 16.0 and 13.0 will be provided to handle turbine and generator components,
inlet valves as well as the draft tube gate and axial flow control valve during erection and
maintenance.

Dewatering system

The dewatering system will consist a dewatering pump and a station drainage pump in a
centrally located station sump pit, and associated piping and valves to enable dewatering
of the turbine independently or to dewater the whole system including the minimum flow
tunnel. To prevent powerhouse flooding pumps will be sized to cope with failure of
largest penstock tapping in the powerhouse and upstream of main inlet valves.
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13.8-kV Switchgear

The generating voltage will be 13.8 kV so a line-up of metal clad 13.8kV switchgear will
be provided. It will include the a generator main circuit breaker, a circuit breaker for the
station service transformer, one circuit breaker for the 13.8 kV tie line between Isla
Pablon powerhouse and Rio Indio powerhouse, one circuit breaker for the 13.8 kV line to
the intake area of the transfer tunnel, and a circuit breaker for future local supply. The
switchgear will be connected to the generator, transformer and lines take-off by cable.
Switchgear will be provided with all associated control and protection devices.

Transformer

A Station Service Transformer, located near the powerhouse, to serve power
requirements in the area, will be provided. The transformer will be a three-phase oil filled
step down transformer 13.8 kV/480 V rated 200 kVA.

Station Auxiliaries

Other station auxiliaries will include a 100kW stand -by diesel generator, station battery,
lighting system, HVAC, fire alarm and protection, communication, grounding and
lightning protection.

5.4 Transmission System

The transmission system is depicted in the simplified one-line diagram in Exhibit F10,
and includes the step-up transformer yard and 115-kV switchyard at the Isla Pablon site,
the new 115-kV switchyard at La Chorrera substation and the single-circuit overhead
transmission line connecting both switchyards.

Given the small generating capacity to be developed at the Rio Indio site (2.5 MW) and
its relatively close distance (12.6 km) to the Isla Pablon site, it is possible to tie both
plants through a 13.8-kV transmission line, thus eliminating the need for a costlier step-
up transformer. A 13.8-kV metal-enclosed indoor switchgear provided with five feeders
and one incoming generator cubicle will be located inside the powerhouse. The
switchgear will be provided with air-magnetic breakers, protections and metering. A
general arrangement and layout dimensions of the 13.8-kV switchgear is shown in
Exhibit F11.

The 13.8-kV tie between the two sites will be a single circuit supported on single
reinforced concrete poles 14-16 m high with concrete block foundations. This tie line
would be capable of transporting up to approximately to 2.5 MW. A separate 13.8-kV
line, about 5 kilometers long will feed the power required at the transfer tunnel intake
from the powerhouse at the Indio dam.

At the Isla Pablon site the main transformer yard adjacent to the powerhouse will contain
one three-phase step-up transformer 13.8-kV/115-kV rated 15/20 MVA OA/FA capacity
occupying an 8-meter by 15-meter area approximately. The high voltage connection

Rio Indio Water Supply Project

£36 @ mwH / TAMS



Appendix E Potential for Power Development

between the main transformer and the 115-kV switchyard, 200 meters away, will be by
an overhead transmission line segment of similar design as described further below.

The 115-kV switchyard for the Isla Pablon site will be located in a convenient level piece
of land at El. 35.0. The land requirements to locate this open-air switchyard will be
approximately 80 meters by 40 meters. The switching arrangement will be of single 115
kemil bus where initially one 3-phase breaker bay and disconnects for the incoming
transformer line and one outgoing line bay with disconnects only, will be installed with
space provided for future 3-phase breaker installation. Space will also be provided for a
third spare bay for a future line connection.

The station service at 480 volts will be provided via overhead line from the powerhouse
where an emergency stand-by diesel-generating unit will also be installed. An unattended
control house will be provided for the housing of the control, protection, metering and
communication panels. The plan and section views of the switchyard are shown in
Exhibits F12 and F13.

The transmission line that will connect the Isla Pablon switchyard with the receiving
switchyard at La Chorrera substation will be designed and built for 115-kV operation
with one circuit of three 266.8 kV 26/7 ACSR conductors capable of carrying in excess
of the maximum combined Pablon and Indio plants.

The total length of the transmission line, including the segment between the main
transformer and the switchyard, will be 47.1 km. The line route was over flown by
helicopter and studied with the help of available geographic and topographic maps at
various scales that depict the roads and main features of the land. Except for the last 3
kilometers approaching the Isla Pablon site showing more hilly and forested terrain, for
the major part the terrain is of gentle topography with low hills showing marked signs of
deforestation, traversed by dirt road accesses and few paved roads, where scattered
buildings and little agricultural farming (pineapple, vineyards and fruit trees) and some
large chicken houses are present. The area is accessible by land and of relatively easy line
construction. The line route is shown in Exhibits F14, F15 and F16.

The shield wire and conductors will be supported by single shaft lattice steel towers with
steel arms, each tower provided with four reinforced concrete caissons or spread footing
and pier type foundations. The average height of the towers will be 25 meters for a
normal span of 300 meters. A typical design for a single circuit tangent tower is shown in
Exhibit F17.

The connection to the utility (ETESA S.A.) national grid will require the installation of a
new 115-kV switchyard at La Chorrera 230-kV Substation owned by ETESA. This
substation has at present two empty bays at 230 kV and also two operating 230/115/13.8
kV step-down transformers that feed a 34.5-kV distribution switchyard. However, the
115-kV yard has never been developed although land space has been provided for such
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purpose. ETESA does not have immediate plans to develop the 115 kV yard and is
waiting for a private generator or the private distribution companies to generate the need
for it. A connection for Rio Indio at 115-kV would entail to build the 115-kV yard as part
of this project cost.

Initially, the new 115-kV yard will require only the necessary breakers to connect the Rio
Indio transmission line and the two existing autotransformers to the switchyard busses;
but the design should have provisions for ultimate breaker and a half scheme as this is
ETESA’s requirement. The new 115-kV switchyard will be of a breaker and a half
switching scheme with one bay having two breakers and necessary disconnects to provide
for the line connection and to bring in the connection of the 115-kV taps of the two
existing autotransformers. Space is provided for the installation of a third breaker and
associated disconnects in this bay, if and when a second line connection is required.
Additionally, the two end busses and main supporting structures of this breaker and a half
scheme will be extended to allow for a future second parallel bay provided as space only.

The outline dimensions of the 115-kV switchyard will be 40 meters by 60 meters. All
auxiliary services will be provided from the existing substation services. The existing
control room at La Chorrera substation has ample space to locate the necessary panels for

relays, metering and communications. Typical plan and section views are shown in
Exhibits F18 and F19.
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6 PROJECT COST ESTIMATE

Detailed cost estimate of the hydropower component of the project are presented in
Attachment 4 and are summarized below. The costs shown do not include the cost of
access, general mobilization and other site preparation costs as the power component
would be only a small portion of the Rio Indio development and would not significantly
affect these general costs.

An overall 20% contingency factor has been used, as there is limited available
information on the topography, the geology and the geotechnical characteristics of the
Isla Pablon site. It should be noted that contingencies on equipments and transmission
line could be slightly lowered, while contingencies on the civil work component could be
higher. An engineering and administration cost of 10% has been added to the overall
construction cost.

The development cost of the hydropower component of the Rio Indic Project, consisting
of two power plants, one at the toe of the Rio Indio dam equipped with one 2.5-MW unit,
and the second at the downstream end of the transfer tunnel near Isla Pablon, equipped
with two 7.0-MW units, would increase the overall cost of the project by an estimated
amount of $34,889,000. This amount includes the costs of 12.6 km of 13.8-kV
transmission line from the Rio Indio dam to the Isla Pablon site, the cost of 47.1 km of
115-kV transmission line from Isla Pablon to La Chorrera substation, and the cost of the
connection to the National Grid at the La Chorrera substation.
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Estimated Development Cost
Isla Pablon Power Plant

Civil Works
e Transfer Tunnel Diameter Increase to 5.00 meter  $2,971,000
e Water-Only Scheme Outlet Work ($2,082,000)
e Surge Tank $2,607,000
e Tunnel Steel Liner $1,391,000
e Powerhouse at Isla Pablon $2.109,000

Subtotal $6,996,000
Electrical & Mechanical Equipment

e Tunnel Release Equipment $1,800,000
¢ Generating Equipment $5,460,000
e Auxiliary Powerhouse Equipment $631,000
e Auxiliary Electrical $1,669,000
e 115-kV Substation $1,233,000

Subtotal $10,793,000

Rio Indio Power Plant
Civil Works
e Power Intake $697,000
e Power Tunnel and Penstock $1,225,000
e Tailrace $32,000
e Powerhouse at Rio Indio $280,000

Subtotal $2,234,000
Electrical & Mechanical Equipment

e Power Intake $363,000
¢ Generating Equipment $1,329,000
e Auxiliary Powerhouse Equipment $288,000
e Auxiliary Electrical $744,000
e 13.8-kV Transmission to Isla Pablon $208,000

Subtotal $2,932,000
Transmission System

e 115-kV Line from Pablon to LaChorrera $2,321,000

e La Chorrera Substation $1,155.,000
Subtotal $3,476,000

Subtotal $26,431,000
Contingencies (20%) $5.286,000
Total Estimated Construction Cost of Hydropower Component$31,717,000
Engineering & Administration (10%) $3.172,000
Total Estimated Development Cost $34,889.000
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7 ECONOMIC EVALUATION

The economic analysis presented in the comparison of alternatives shows an internal rate
of return of 9.1%, for the recommended hydropower scheme, which is likely to be
insufficient for development. It also shows that the IRR for the Isla Pablon plant alone is
slightly higher than that for the Rio Indio component: excluding the transmission line to
La Chorrera it would have a return of 12.2%.

It should be noted that the 115-kV transmission line maybe used for any future
development associated with the transfer of water into Lake Gatun. These developments
could include hydropower at either Toabre or Cocle del Norte. Furthermore the Pablon
plant would be capable of generating with any additional water that would be transferred
from reservoirs at Cailo Sucio, Toabre and\or Cocle del Norte. For example, the transfer
of an average 10 m’/sec in addition to that presently contemplated would increase the
annual energy production after 2029 at Pablon from 33.7 to 51.6 GWh per year and result
in a present IRR of 12.8%.

A sensitivity analysis of the rate of return to the costs of development and the value of
energy is presented in Table 23 below.

Table 23 — Sensitivity Analysis

Internal

Variables Rate of

Return
Base Case 9.1%
General Costs Increased by 10% 7.8%
Civil Works Costs Increased by 20% 8.2%
Equipment Costs Increased by 20% 7.4%
Civil Works Costs Increased by 10% 8.6%
Equipment Costs Increased by 10% 8.2%
Civil Works Costs Reduced by 10% 9.5%
Equipment Costs Reduced by 10% 10.0%
General Costs Reduced by 10% 10.6%
Value of Energy and Power Reduced by 20% 6.3%
Value of Energy and Power Reduced by 10% 7.7%
Value of Energy and Power Increased by 10% 10.4%
Value of Energy and Power Increased by 20% 11.7%
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Appendix E Attachment |

Site Reconnaissance Report

Site Trip From February 17 to February 21, 2002

The writer arrived to Panama City the night of Sunday February 17, 2002. Site visits and
interviews were performed during the following week to gather information for the proposed
feasibility study, as follows:

Monday, February 18

D

2)

3)

Met with Mr. Roderick E. Lee of the ACP Canal Capacity Projects office and Ing.
Rodrigo Chanis assigned to act as liaison and ACP counterpart for the electrical work
associated with the transmission feasibility study.

As told by Mr. Lee, the initial plan was to visit ACP’s Gatun substation as the possible
point of connection for the Rio Indio development and ACP’s Madden and Miraflores
substations as possible points of connections for the Upper Chagres river development.
However, during the meeting with Ing. Enrique Tejera, ACP electrical system operation
and maintenance, it was revealed that ACP’s 44 kV system would not be capable of
receiving 30 MW from Rio Indio neither 35 MW from Upper Chagres. Therefore the
initial plan of visits was abandoned and the search for feasible points of connection with
115/230 kV capabilities concentrated in ETESA’s La Chorrera substation for Rio Indio
and Cocle del Norte projects and Panama II substation for the Upper Chagres project.

Visited ETESA’s Ing. Jose M.Lopez and Ing. Delano E. James of operation and
maintenance to obtain system information and review possibilities for interconnection at
both 115 and 230 kV voltages. Copy of an up-to-date ETESA’s electrical system map
was provided to the writer. The discussion revealed the following:

¢ La Chorrera substation has at present two empty bays at 230 kV and also two operating

230/115/13.8 kV step down transformers that feed a 13.8 kV distribution switchyard.
However, the 115 kV yard has never been developed although land space has been
provided for such purpose. ETESA does not have immediate plans to develop the 115
kV yard and is waiting for a private generator or the private distribution companies to
generate the need for it. A connection for Rio Indio at 115 kV would entail to build the
115 kV yard as part of the project cost.

Regarding the connection of the Upper Chagres river project, ETESA’s Panama II
substation has capabilities and empty bays at 115 kV for that purpose. Another
possibility for interconnection would be to intersect and open one of the four (4) 115
kV circuits running between Panama City and Colon and to extend its length with a
double circuit line to the Upper Chagres substation to be provided with a breaker and a
half scheme which is typical of the ETESA’s substation arrangements.

Rio Indio Water Supply Project
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Appendix E Attachment 1

4)

ACP provided an array of topographic maps at the 1:25,000 scale for routing the
transmission lines for the proposed project sites.

Tuesday, February 19

5)

6)

7

8)

The morning was dedicated to make a visit to the Panama II substation together with
ETESA’s Ing. Jose M. Lopez. There are two (2) empty bays in the 115-kV switchyard
one of which could be used for the interconnection to the Upper Chagres project. The
crossing of the 115-kV line under the future second 230-kV transmission line from Llano
Sanchez substation should be made underground, as ETESA does not allow aerial line
crossings inside the substations.

A review of ETESA’s system map revealed that besides Panama II there are no other
115-kV substations owned by ETESA in the area to connect the Upper Chagres project.
However, there are two privately owned 115-kV substations connected to the ETESA
system close to Madden, namely, Chilibre (owned by ELECTRA Distribution Company)
and Cemento Panama. Chilibre is a tap of two 115-kV circuits and from system reliability
is not considered adequate to hook the proposed 35-MW Upper Chagres generation.
Cemento Panama substation, instead, is a promising point of interconnection since the
ETESA 115-kV line is sectionalized.

Both Chilibre and Cemento Panama as well as Madden substations were visited during
the same morning with the following results:

Chilibre is not acceptable since it is a tap to the 115-kV system. Two ETESA line
circuits are tapped, one serves a 13.8-kV step down transformer, and the other is used to
extend a 115-kV single circuit line to another Cement plant. Additionally, it does not
have space availability for expansion.

Cemento Panama has a spare bay for connection of a 115-kV line circuit with the need
of only minor additional switching equipment. This substation is located some 8 km
north of the Chagres River and would require extending the length of the transmission
line that much to a total of about 18 km.

Madden substation was looked from the dam top and it is an exclusive 44-kV
switchyard located immediately adjacent to the power plant with no room for expansion.
Two aerial circuits connect this substation to ACP’s 44-kV transmission system.

In the afternoon the ETESA’s Substation Engineering Division was visited and the writer
met Ing. Eduardo N. Brugiatti, Head of Substation Design. The alternative of opening
one circuit of the 115-kV Panama-Colon transmission line to connect the Upper Chagres
river project appeared acceptable to ETESA as long as the plant substation at Upper
Chagres is built following their standards using a breaker and a half switching scheme.

Rio Indio Water Supply Project
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Prints of typical substation plans, elevations and one lines with protection schemes at
115-kV and 230-kV were obtained.

Wednesday, February 20

9) The transmission line routes and site locations were flown over by helicopter together
with ACP’s personnel Ing. Roderick Lee and Rodrigo Chanis.

10) The writer provided the preliminary routes between La Chorrera substation and Rio Indio
and Cocle del Norte sites. ACP furnished new tunnel coordinates for the Indio River
tunnel and the writer corrected the route in the affected section.

11) The helicopter landed first at La Chorrera substation where ETESA’s engineers Jose M.
Lopez, O&M, Eduardo N. Brugiatti, Engineering, and Moses Cano, Planning, were
awaiting the party. The substation yards were walked and ETESA showed two (2) 230-
kV empty bays were the ACP line could be connected. The 115-kV yard was never
developed but the space is available. If required to connect at 115-kV ACP should bare
the cost for building the 115-kV yard where initially only one breaker would be installed
for the ACP line; but the design should have provisions for ultimate breaker and a half
scheme. The control room of the substation has ample space to locate the necessary
panels for relays, metering and communications.

12) The party continued the flight over the proposed line route to the Rio Indio tunnel and
plant sites. The terrain is of gentle topography with low hills showing marked signs of
deforestation, traversed by dirt road accesses and few paved roads, where scattered
buildings and little agricultural farming (pineapple, vineyards and fruit trees) and some
large chicken houses are present. The area is accessible by land and of relatively easy line
construction.

13) The foot of the tunnel is now at a new location facing the Pablon Island in the Gatun
Lake, about 8 km east of the proposed Rio Indio dam.

14) After circling the location around the Pablon Island and the Rio Indio dam sites the party
proceeded almost due west toward Cocle del Norte site. The flight deviated slightly to go
over an intermediate site at the Cano Sucio River, which will not be developed for power.

15) As the helicopter moved west the topography became more hilly and the ground were
covered by dense and thick where deforestation has been less active in this more remote
and un-inhabited region. After circling the Rio Cocle del Norte site the helicopter turned
due south toward the locality of Coclecito for refueling.

16) The party left Coclecito in a general northeast direction toward Rio Indio but passing first
by the Toabre river site under study by another consultant. The flight headed toward the
Rio Chagres crossing the Gatun Lake. ETESA’s 115-kV transmission line circuits
running from Panama City to Colon were intersected and a convenient space of land was

Rio Indio Water Supply Project
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spotted adjacent to the crossing of the Chagres River at the southern bank where one of
the line circuits could be cut in. The ACP double circuit transmission line would be
running from this point in and out the plant site following the south margin of the
Alahuela Lake in a general SW-NE direction for about 10 km.

17) The helicopter moved around the southern margin of Alahuela Lake where the
transmission line route presents a gentle rolling type country with rounded hills, with
short vegetation and practically no population, crossed by few scattered dirt roads. At one
point some 2-3 km from the proposed site the line route enters a heavily wooded area of
high hilly terrain in jurisdiction of the National Parks agency.

18) From the Upper Chagre site the party proceeded to fly south by Southwest to the Panama
II substation that provides an option for connection of this power project to the national
grid. The flown area is very hilly and steep at times, thickly wooded for most of the area
and with no apparent roads, of difficult access. In the last part of the route near the
Panama II substation, for about 5 km, the land becomes gentler, of lower elevations and
occupied by scattered housing and roads. The Panama II substation was spotted and
circled, after that the party returned and finally landed at the local airport.

Thursday, February 21

19) A number of documents were obtained from ETESA and ACP as well as pictures that
were developed as follows:

e Typical Plan and Elevation drawings of the Panama II substation from ETESA

Typical one-line diagrams w/protection schemes for 115-kV and 230-kV substation bays
from ETESA.

Typical 115-kV and 230-kV transmission line and substation costs from ETESA.
ETESA’s one-line electric interconnected system map.

Physical location maps of the La Chorrera and Panama II substations and 115 kV and 230
kV transmission lines from ETESA.

Typical 115 kV and 230 kV transmission line structure outlines from ACP

Maps at 1:25,000 scale from ACP.

ACP’s one-line diagram for their 44 kV system.

ACP’s physical location map of their 44 kV lines and substations.
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Photo 2 — La Chorrera Substation (Note bottom left corner dedicated to future 115-kV yard)
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Photo 3 — La Chorrera Substation — Land area for future 115-kV yard

Photo 4 — La Chorrera Substation — Existing 230/115/34.5 kV Autotransformer
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Appendix E Attachment 2

PROPOSED RiO INDIO RESERVOIR OPERATION
(As simulated by the ACP)

Indio Indio Spillage Downstream| Transferred Lake Gross Head
Reservoir |Reservoir Ws| “P' 28 Release Discharge | Gatun WS
Inflow (cms) Elev (m) (cms) (cms) (cms) Elev (m) (m)
Jan-48 12.20 68.33 0.00 2.30 0.00 26.18 42.16
Feb-48 4.81 65.32 0.00 2.30 43.01 26.05 39.27
Mar-48 3.45 62.00 0.00 2.30 43.01 25.33 36.67
Apr-48 2.58 58.53 0.00 2.30 43.01 25.19 33.34
May-48 547 54.90 0.00 2.30 43.01 24.95 29.95
Jun-48 7.76 55.30 0.00 2.30 0.00 24.39 30.90
Jul-48 28.63 51.59 0.00 2.30 67.21 2541 26.18
Aug-48 3333 54.27 0.00 2.30 0.00 25.74 28.53
Sep-48 31.74 56.73 0.00 2.30 0.00 25.69 31.03
Oct-48 29.45 59.06 0.00 2.30 0.00 25.67 33.39
Nov-48 58.56 63.28 0.00 2.30 0.00 26.55 36.73
Dec-48 16.37 64.28 0.00 2.30 0.00 26.75 37.53
Jan-49 6.88 64.51 0.00 2.30 0.00 25.86 38.66
Feb-49 4.16 61.57 0.00 2.30 43.01 25.73 35.84
Mar-49 2.72 57.91 0.00 2.30 43.01 25.54 32.37
Apr-49 2.49 54.11 0.00 2.30 43.01 24.89 29.22
May-49 7.42 50.66 0.00 2.30 43.01 24.60 26.06
Jun-49 40.21 53.85 0.00 2.30 0.00 25.11 28.74
Jul-49 28.40 56.09 0.00 2.30 0.00 25.60 30.49
Aug-49 35.51 58.96 0.00 2.30 0.00 25.82 33.14
Sep-49 49.78 62.54 0.00 2.30 0.00 2591 36.63
Oct-49 47.18 65.89 0.00 2.30 0.00 26.18 39.71
Nov-49 81.52 71.38 0.00 2.30 0.00 26.64 44.74
Dec-49 64.62 75.24 0.00 2.30 0.00 26.75 48.50
Jan-50 11.38 75.71 0.00 2.30 0.00 26.23 49.48
Feb-50 6.43 73.37 0.00 2.30 43.01 26.21 47.16
Mar-50 3.88 70.62 0.00 2.30 43.01 25.57 45.05
Apr-50 2.80 67.47 0.00 2.30 43.01 25.52 41.95
May-50 19.43 65.40 0.00 2.30 43.01 25.36 40.04
Jun-50 35.59 67.78 0.00 2.30 0.00 25.82 41.96
Jul-50 37.07 70.28 0.00 2.30 0.00 25.84 44.44
Aug-50 53.86 73.47 0.00 2.30 0.00 26.03 47.44
Sep-50 35.91 75.45 0.00 2.30 0.00 2591 49.55
Oct-50 48.76 76.95 0.00 2.30 21.60 26.18 50.76
Nov-50 63.15 78.47 0.00 2.30 34.69 26.64 51.83
Dec-50 63.37 81.83 5148 2.30 0.00 26.75 55.09
Jan-51 20.25 80.00 0.00 2.30 0.00 26.26 53.74
Feb-51 11.27 76.29 0.00 2.30 71.71 26.30 49.99
Mar-51 6.43 73.70 0.00 2.30 43.01 26.03 47.67
Apr-51 4.25 71.07 0.00 2.30 43.01 25.82 45.25
May-51 19.94 69.25 0.00 2.30 43.01 25.82 43.43
Jun-51 24.32 70.66 0.00 2.30 0.00 25.82 44.84
Jul-51 22.65 71.86 0.00 2.30 0.00 25.82 46.05
Aug-51 24.55 73.19 0.00 2.30 0.00 25.82 4738
Sep-51 41.65 7542 0.00 2.30 1.87 2591 4951
Oct-51 35.31 76.95 0.00 2.30 7.56 26.18 50.76
Nov-51 52.92 78.47 0.00 2.30 2447 26.61 51.86
Dec-51 30.70 80.00 0.17 2.30 2.80 26.67 53.33
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Appendix E

Attachment 2

PROPOSED RiO INDIO RESERVOIR OPERATION
(As simulated by the ACP)

Indio Indio Spillage Downstream| Transferred [Lake Gatun G Head
Reservoir |Reservoir Ws| “P' 28 Release Discharge WS Elev | 7088 Hea
Inflow (cms) Elev (m) (cms) (cms) {cms) (m) (m)
Jan-52 13.56 80.00 0.00 2.30 9.18 26.11 53.89
Feb-52 6.48 74.64 0.00 2.30 92.81 26.30 48.33
Mar-52 345 71.86 0.00 2.30 43.01 25.60 46.26
Apr-52 3.06 65.91 0.00 2.30 84.64 25.82 40.10
May-52 11.38 63.23 0.00 2.30 43.01 25.59 37.64
Jun-52 28.91 65.12 0.00 2.30 0.00 25.79 39.33
Jul-52 22.43 66.57 0.00 230 0.00 25.82 40.76
Aug-52 23.70 68.12 0.00 2.30 0.00 25.82 4231
Sep-52 39.87 70.67 0.00 2.30 0.00 25.91 44.77
Oct-52 56.92 74.05 0.00 2.30 0.00 26.46 47.60
Nov-52 35.79 76.04 0.00 2.30 0.00 26.61 49.43
Dec-52 50.63 79.01 0.00 2.30 0.00 26.67 52.34
Jan-53 37.89 80.00 0.00 2.30 17.93 26.52 53.49
Feb-53 14.72 78.13 0.00 2.30 43.01 26.30 51.83
Mar-53 7.90 75.63 0.00 2.30 43.01 25.96 49.66
Apr-53 5.61 73.07 0.00 2.30 43.01 25.75 47.32
May-53 23.50 71.61 0.00 2.30 43.01 25.82 45.79
Jun-53 21.07 72.36 0.00 2.30 5.27 25.77 46.59
Jul-53 20.59 72.36 0.00 2.30 17.03 25.82 46.54
Aug-53 17.02 73.21 0.00 2.30 0.00 25.82 47.40
Sep-53 21.07 74.29 0.00 2.30 0.00 2591 48.38
Oct-53 59.61 76.95 0.00 2.30 14.02 26.18 50.76
Nov-53 59.72 78.47 0.00 2.30 31.26 26.61 51.86
Dec-53 32.88 80.00 0.17 2.30 4.98 26.75 53.26
Jan-54 16.71 80.64 0.80 2.30 0.00 25.92 54.72
Feb-54 7.90 75.59 0.00 2.30 93.54 26.09 49.49
Mar-54 4.96 72.90 0.00 2.30 43.01 25.37 47.53
Apr-54 4.02 67.15 0.00 2.30 85.80 25.57 41.58
May-54 18.80 65.04 0.00 230 43.01 25.82 39.22
Jun-54 19.85 66.26 0.00 2.30 0.00 25.82 40.44
Jul-54 46.78 69.56 0.00 230 0.00 26.11 43.45
Aug-54 35.40 71.66 0.00 2.30 0.00 26.00 45.66
Sep-54 48.00 74.38 0.00 2.30 0.00 26.19 48.19
Oct-54 40.92 76.75 0.00 2.30 0.00 26.18 50.56
Nov-54 76.74 78.47 0.00 2.30 44.99 26.64 51.83
Dec-54 40.92 80.67 52.64 2.30 0.00 26.75 53.93
Jan-55 43.83 80.00 0.00 2.30 0.00 26.52 53.49
Feb-55 13.90 78.08 0.00 2.30 43.01 26.30 51.78
Mar-55 6.88 75.52 0.00 2.30 43.01 25.95 49.57
Apr-55 5.47 72.95 0.00 2.30 43.01 25.82 47.14
May-55 10.85 70.69 0.00 2.30 43.01 25.64 45.04
Jun-55 41.12 72.36 0.00 230 10.30 25.75 46.61
Jul-55 29.34 72.36 0.00 2.30 25.78 25.82 46.54
Aug-55 48.14 73.89 0.00 2.30 20.44 26.15 47.74
Sep-55 58.76 77.27 0.00 2.30 0.00 25.91 51.36
Oct-55 50.86 76.95 0.00 2.30 52.35 26.18 50.76
Nov-55 71.36 78.47 0.00 2.30 48.91 26.64 51.83
Dec-55 45.11 80.89 58.52 2.30 0.00 26.75 54.14
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Appendix E

Attachment 2

PROPOSED RiO INDIO RESERVOIR OPERATION
(As simulated by the ACP)

Indio Indio Spillage Downstream| Transferred |Lake Gatun Gross Head
Reservoir |Reservoir WS (cms) Release Discharge WS Elev (m)
Inflow (cms) Elev (m) (cms) (cms) (m)
Jan-56 45.53 80.00 0.00 2.30 0.00 26.52 53.49
Feb-56 14.19 78.04 0.00 2.30 43.01 26.30 51.73
Mar-56 8.27 75.56 0.00 230 43.01 26.03 49.53
Apr-56 7.65 73.13 0.00 2.30 43.01 25.82 47.31
May-56 28.71 71.99 0.00 230 43.01 25.82 46.17
Jun-56 41.46 7248 0.00 230 29.95 25.82 46.66
Jul-56 38.94 72.36 0.00 230 37.27 26.26 46.10
Aug-56 29.11 73.98 0.00 2.30 0.00 25.82 48.16
Sep-56 46.44 7542 0.00 2.30 19.40 25.96 49.46
Oct-56 69.32 77.66 0.00 230 30.36 26.46 51.20
Nov-56 49.27 80.37 32.12 230 0.00 26.64 53.73
Dec-56 28.71 80.00 0.17 2.30 0.00 26.75 53.26
Jan-57 11.47 80.37 0.00 230 0.00 2595 54.42
Feb-57 5.95 75.21 0.00 2.30 93.24 26.14 49.07
Mar-57 3.88 72.45 0.00 230 43.01 25.45 47.00
Apr-57 2.80 66.57 0.00 230 85.27 25.55 41.02
May-57 11.81 63.92 0.00 2.30 43.01 25.21 38.71
Jun-57 11.92 64.55 0.00 230 0.00 25.14 39.42
Jul-57 11.69 59.19 0.00 2.30 77.18 25.20 33.99
Aug-57 22.85 60.80 0.00 2.30 0.00 25.09 35.72
Sep-57 24.95 62.40 0.00 2.30 0.00 2497 37.43
Oct-57 56.80 62.36 0.00 2.30 54.05 26.18 36.18
Nov-57 37.38 64.88 0.00 2.30 0.00 26.57 38.31
Dec-57 30.19 66.93 0.00 2.30 0.00 26.67 40.26
Jan-58 18.89 68.07 0.00 230 0.00 26.43 41.64
Feb-58 14.61 65.84 0.00 2.30 43.01 26.30 39.54
Mar-58 7.84 62.85 0.00 2.30 43.01 26.03 36.82
Apr-58 5.61 59.78 0.00 230 43.01 25.80 33.98
May-58 17.33 57.20 0.00 2.30 43.01 25.82 3139
Jun-58 20.78 58.71 0.00 2.30 0.00 25.72 32.99
Jul-58 28.49 60.82 0.00 2.30 0.00 25.82 35.00
Aug-58 38.31 63.49 0.00 2.30 0.00 25.82 37.67
Sep-58 37.15 65.99 0.00 2.30 0.00 25.91 40.08
Oct-58 48.54 69.43 0.00 230 0.00 26.18 43.25
Nov-58 39.47 71.74 0.00 2.30 0.00 26.37 45.37
Dec-58 20.98 72.84 0.00 2.30 0.00 26.67 46.17
Jan-59 9.43 73.18 0.00 2.30 0.00 25.87 47.32
Feb-59 5.78 67.99 0.00 2.30 86.36 25.94 42.06
Mar-59 4.11 64.72 0.00 230 43.01 25.25 3947
Apr-59 3.60 61.52 0.00 2.30 43.01 25.23 36.30
May-59 5.47 58.14 0.00 2.30 43.01 24.84 33.30
Jun-59 83.62 64.33 0.00 2.30 0.00 24.86 39.47
Jul-59 93.45 65.07 0.00 2.30 80.32 24.96 40.11
Aug-59 14.19 59.96 0.00 230 77.90 25.75 34.20
Sep-59 16.59 60.95 0.00 230 0.00 25.84 35.11
Oct-59 50.12 64.52 0.00 2.30 0.00 26.08 38.45
Nov-59 34.66 66.84 0.00 2.30 0.00 26.61 40.23
Dec-59 43.95 69.93 0.00 2.30 0.00 26.67 43.26
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Appendix E Attachment 2

PROPOSED RiO INDIO RESERVOIR OPERATION
(As simulated by the ACP)

Indio Indio Spillage Downstream| Transferred |Lake Gatun Gross Head
Reservoir |Reservoir WS (cms) Release Discharge WS Elev (m)
Inflow (cms) Elev (m) (cms) (cms) (m)

Jan-60 21.07 71.02 0.00 2.30 0.00 26.52 44.51
Feb-60 8.78 68.50 0.00 2.30 43.01 26.23 42.27
Mar-60 9.12 65.60 0.00 2.30 43.01 25.98 39.62
Apr-60 11.27 62.97 0.00 2.30 43.01 25.82 37.15
May-60 11.27 60.29 0.00 2.30 43.01 25.82 3447
Jun-60 28.18 62.12 0.00 2.30 0.00 25.82 36.31
Jul-60 27.86 64.00 0.00 2.30 0.00 25.82 38.18
Aug-60 28.71 65.93 0.00 2.30 0.00 25.82 40.12
Sep-60 25.29 67.55 0.00 2.30 0.00 2591 41.64
Oct-60 40.21 70.30 0.00 2.30 0.00 26.18 44.11
Nov-60 55.84 73.51 0.00 2.30 0.00 26.61 46.90
Dec-60 92.99 79.16 0.00 2.30 0.00 26.67 52.49
Jan-61 15.74 79.89 0.00 2.30 0.00 26.13 53.76
Feb-61 8.21 74.80 0.00 2.30 92.84 26.30 48.50
Mar-61 4.70 72.10 0.00 2.30 43.01 25.63 46.48
Apr-61 4.79 66.31 0.00 2.30 84.97 25.82 40.50
May-61 8.33 63.40 0.00 2.30 43.01 25.44 37.96
Jun-61 20.87 64.69 0.00 2.30 0.00 25.82 38.88
Jul-61 18.49 65.85 0.00 2.30 0.00 25.82 40.03
Aug-61 20.44 67.15 0.00 2.30 0.00 25.82 41.33
Sep-61 32.68 69.31 0.00 2.30 0.00 2591 43.40
Oct-61 50.43 72.40 0.00 2.30 0.00 26.18 46.21
Nov-61 44 .46 74.91 0.00 2.30 0.00 26.61 48.30
Dec-61 3591 76.95 0.00 2.30 0.00 26.75 50.21
Jan-62 13.25 77.53 0.00 2.30 0.00 25.97 51.57
Feb-62 7.14 72.51 0.00 2.30 90.65 26.11 46.40
Mar-62 4.22 69.74 0.00 2.30 43.01 2543 44.30
Apr-62 3.91 63.65 0.00 2.30 82.38 25.62 38.02
May-62 5.80 60.55 0.00 2.30 43.01 25.60 3495
Jun-62 8.78 60.96 0.00 2.30 0.00 25.74 35.21
Jul-62 12.01 61.62 0.00 2.30 0.00 25.59 36.03
Aug-62 29.99 63.66 0.00 2.30 0.00 25.82 37.84
Sep-62 25.77 65.32 0.00 2.30 0.00 2591 3941
Oct-62 34.66 67.70 0.00 2.30 0.00 26.18 41.52
Nov-62 3591 70.09 0.00 2.30 0.00 26.61 4348
Dec-62 27.35 71.59 0.00 2.30 0.00 26.67 44,92
Jan-63 11.04 72.04 0.00 2.30 0.00 26.52 45.52
Feb-63 7.45 69.72 0.00 2.30 43.01 26.30 4342
Mar-63 4.11 66.44 0.00 2.30 43.01 26.03 40.41
Apr-63 8.33 63.58 0.00 2.30 43.01 25.77 37.81
May-63 18.07 61.42 0.00 2.30 43.01 25.82 35.61
Jun-63 21.61 62.77 0.00 2.30 0.00 25.82 36.96
Jul-63 26.00 64.50 0.00 2.30 0.00 25.82 38.69
Aug-63 33.73 66.82 0.00 2.30 0.00 25.97 40.85
Sep-63 34.15 69.09 0.00 2.30 0.00 2591 43.18
Oct-63 48.45 72.09 0.00 2.30 0.00 26.18 4591
Nov-63 54.20 75.20 0.00 2.30 0.00 26.61 48.59
Dec-63 18.15 76.12 0.00 2.30 0.00 26.75 49.37
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Attachment 2

PROPOSED RiO INDIO RESERVOIR OPERATION
(As simulated by the ACP)

Indio

Indio

Downstream

Transferred

Lake Gatun

Reservoir |Reservoir WS Spillage Release Discharge WS Elev Gross Head
Inflow (cms) Elev (m) (cms) {(cms) (cms) (m) (m)
Jan-64 9.12 76.44 0.00 2.30 0.00 25.89 50.54
Feb-64 4.90 71.18 0.00 2.30 89.49 26.03 45.15
Mar-64 3.23 68.06 0.00 2.30 43.01 2532 42.74
Apr-64 3.65 62.08 0.00 2.30 80.68 25.60 3648
May-64 13.37 59.49 0.00 2.30 43.01 25.61 33.89
Jun-64 43.01 62.50 0.00 2.30 0.00 25.82 36.68
Jul-64 42.39 65.48 0.00 230 0.00 25.96 39.52
Aug-64 43.21 68.51 0.00 2.30 0.00 25.82 42.70
Sep-64 51.88 71.73 0.00 230 0.00 2591 45.82
Oct-64 55.84 75.04 0.00 2.30 0.00 26.18 48.86
Nov-64 65.44 78.47 0.00 2.30 5.95 26.61 51.86
Dec-64 20.36 79.53 0.00 2.30 0.00 26.75 52.78
Jan-65 15.66 80.21 0.00 2.30 0.00 26.06 54.15
Feb-65 7.79 75.12 0.00 2.30 93.13 26.26 48.87
Mar-65 4.47 72.41 0.00 2.30 43.01 25.53 46.87
Apr-65 2.63 66.50 0.00 2.30 85.21 25.67 40.82
May-65 4.11 63.26 0.00 2.30 43.01 2545 37.82
Jun-65 8.13 63.62 0.00 2.30 0.00 24.96 38.66
Jul-65 7.25 57.83 0.00 2.30 75.87 2546 32.36
Aug-65 16.40 59.00 0.00 2.30 0.00 25.21 33.79
Sep-65 13.17 59.85 0.00 2.30 0.00 25.67 34.19
Oct-65 26.93 61.68 0.00 2.30 0.00 2591 35.77
Nov-65 3341 63.91 0.00 2.30 0.00 26.64 37.27
Dec-65 35.40 66.35 0.00 2.30 0.00 26.75 39.61
Jan-66 12.54 67.02 0.00 2.30 0.00 26.52 40.50
Feb-66 6.23 64.21 0.00 2.30 43.01 25.90 38.31
Mar-66 4.22 60.95 0.00 2.30 43.01 25.73 35.23
Apr-66 447 57.47 0.00 2.30 43.01 2522 32.25
May-66 25.57 55.63 0.00 2.30 43.01 25.82 29.82
Jun-66 35.08 58.37 0.00 2.30 0.00 25.82 32.56
Jul-66 28.29 60.51 0.00 2.30 0.00 25.82 34.70
Aug-66 24.75 62.15 0.00 2.30 0.00 25.82 36.34
Sep-66 17.64 63.21 0.00 2.30 0.00 2591 37.30
Oct-66 53.04 67.00 0.00 2.30 0.00 26.18 40.82
Nov-66 70.68 71.63 0.00 2.30 0.00 26.64 44.99
Dec-66 54.28 74.84 0.00 2.30 0.00 26.75 48.10
Jan-67 17.64 75.71 0.00 2.30 0.00 26.45 49.26
Feb-67 8.67 73.49 0.00 2.30 43.01 25.88 47.61
Mar-67 4.59 67.65 0.00 2.30 86.35 2597 41.68
Apr-67 7.14 64.71 0.00 2.30 43.01 25.48 39.22
May-67 2141 62.79 0.00 2.30 43.01 25.74 37.05
Jun-67 50.01 66.24 0.00 2.30 0.00 25.82 40.42
Jul-67 37.77 68.86 0.00 2.30 0.00 25.82 43.04
Aug-67 41.46 71.46 0.00 2.30 0.00 25.82 45.64
Sep-67 55.22 74.62 0.00 2.30 0.00 2591 48.72
Oct-67 63.68 76.95 0.00 2.30 2341 26.18 50.76
Nov-67 42.59 78.47 0.00 2.30 14.13 26.61 51.86
Dec-67 20.16 79.52 0.00 2.30 0.00 26.75 52.77

Rio Indio Water Supply Project

AT2-5

@ MWH / TAMS



Appendix E

Attachment 2

PROPOSED RiO INDIO RESERVOIR OPERATION
(As simulated by the ACP)

Indio Indio Spillage Downstream| Transferred |Lake Gatun Gross Head
Reservoir |Reservoir WS Release Discharge WS Elev
Inflow (cms) Elev (m) (cms) (cms) {(cms) (m) (m)

Jan-68 9.54 79.85 0.00 2.30 0.00 25.90 53.96
Feb-68 6.91 74.52 0.00 2.30 92.68 26.19 48.33
Mar-68 4.47 71.80 0.00 2.30 43.01 25.57 46.24
Apr-68 4.02 65.92 0.00 2.30 84.62 25.73 40.19
May-68 10.85 63.20 0.00 2.30 43.01 25.56 37.64
Jun-68 30.38 65.20 0.00 2.30 0.00 25.82 39.38
Jul-68 22.85 66.68 0.00 2.30 0.00 25.82 40.87
Aug-68 32.17 68.88 0.00 2.30 0.00 25.82 43.06
Sep-68 33.73 70.92 0.00 2.30 0.00 2591 45.01
Oct-68 56.46 74.27 0.00 2.30 0.00 26.20 48.08
Nov-68 54.60 77.41 0.00 2.30 0.00 26.61 50.80
Dec-68 26.50 78.85 0.00 2.30 0.00 26.75 52.10
Jan-69 11.38 79.31 0.00 2.30 0.00 25.96 53.35
Feb-69 6.68 74.16 0.00 2.30 92.26 26.14 48.02
Mar-69 345 71.38 0.00 2.30 43.01 25.43 45.95
Apr-69 5.24 65.54 0.00 2.30 84.21 25.63 39.91
May-69 10.65 62.80 0.00 2.30 43.01 25.50 37.30
Jun-69 21.61 64.15 0.00 2.30 0.00 25.61 38.54
Jul-69 15.55 65.08 0.00 2.30 0.00 25.44 39.65
Aug-69 25.29 66.75 0.00 2.30 0.00 25.74 41.01
Sep-69 51.59 70.26 0.00 2.30 0.00 2591 44.35
Oct-69 44.06 72.82 0.00 2.30 0.00 26.18 46.64
Nov-69 48.00 75.55 0.00 2.30 0.00 26.57 48.98
Dec-69 29.25 77.18 0.00 2.30 0.00 26.67 50.51
Jan-70 24.01 78.43 0.00 2.30 0.00 26.68 51.76
Feb-70 10.76 76.34 0.00 2.30 43.01 26.30 50.03
Mar-70 9.12 7391 0.00 2.30 43.01 26.03 47.88
Apr-70 9.63 71.61 0.00 2.30 43.01 25.82 45.79
May-70 28.49 70.46 0.00 2.30 43.01 25.82 44.64
Jun-70 19.23 71.42 0.00 230 0.00 25.82 45.60
Jul-70 21.49 72.36 0.00 2.30 3.14 25.82 46.54
Aug-70 46.35 73.89 0.00 2.30 18.66 25.99 47.90
Sep-70 39.36 76.08 0.00 2.30 0.00 25.91 50.17
Oct-70 58.67 76.95 0.00 2.30 41.42 26.30 50.65
Nov-70 46.24 79.56 0.00 2.30 0.00 26.64 52.92
Dec-70 95.71 82.50 85.91 2.30 36.49 26.75 55.76
Jan-71 41.65 80.00 0.00 2.30 0.00 26.52 53.49
Feb-71 14.92 78.14 0.00 2.30 43.01 26.30 51.84
Mar-71 8.47 75.68 0.00 2.30 43.01 26.03 49.65
Apr-71 6.34 73.16 0.00 2.30 43.01 25.67 4749
May-71 24 .95 71.79 0.00 2.30 43.01 25.82 4597
Jun-71 36.95 72.36 0.00 2.30 24.14 25.82 46.54
Jul-71 31.52 72.36 0.00 2.30 27.96 25.82 46.54
Aug-71 45.82 73.89 0.00 2.30 18.12 25.87 48.01
Sep-71 50.43 76.20 0.00 2.30 9.15 25.91 50.29
Oct-71 55.95 76.95 0.00 2.30 40.56 26.18 50.76
Nov-71 66.21 78.47 0.00 2.30 37.75 26.61 51.86
Dec-71 19.43 79.47 0.00 2.30 0.00 26.67 52.80
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Appendix E

Attachment 2

PROPOSED RiO INDIO RESERVOIR OPERATION
(As simulated by the ACP)

Indio Indio Spillage Downstream| Transferred |Lake Gatun Gross Head
Reservoir |Reservoir WS (cms) Release Discharge WS Elev (m)
Inflow (cms) Elev (m) (cms) (cms) (m)

Jan-72 13.25 80.00 0.00 2.30 0.59 26.52 5349
Feb-72 8.78 77.72 0.00 2.30 43.01 26.29 51.43
Mar-72 5.44 75.06 0.00 2.30 43.01 26.03 49.03
Apr-72 14.53 73.05 0.00 2.30 43.01 25.82 47.23
May-72 12.32 70.88 0.00 2.30 43.01 25.82 45.06
Jun-72 22.34 72.03 0.00 2.30 0.00 25.82 46.21
Jul-72 9.94 72.36 0.00 2.30 1.20 25.38 46.98
Aug-72 14.30 67.15 0.00 2.30 85.50 25.82 41.33
Sep-72 32.68 69.31 0.00 2.30 0.00 25.91 43.40
Oct-72 3299 71.29 0.00 2.30 0.00 26.18 45.11
Nov-72 34.55 73.20 0.00 2.30 0.00 26.20 47.00
Dec-72 14.19 73.87 0.00 2.30 0.00 26.60 4727
Jan-73 8.16 74.13 0.00 230 0.00 25.73 48.41
Feb-73 5.13 69.02 0.00 2.30 87.34 25.86 43.16
Mar-73 2.49 65.62 0.00 2.30 43.01 25.16 40.46
Apr-73 2.72 59.73 0.00 2.30 78.09 25.29 3445
May-73 9.68 56.48 0.00 2.30 43.01 24.96 31.52
Jun-73 39.05 59.56 0.00 2.30 0.00 24 84 34.72
Jul-73 40.41 56.40 0.00 2.30 72.75 25.81 30.59
Aug-73 32.45 59.00 0.00 2.30 0.00 25.81 33.19
Sep-73 57.54 63.15 0.00 2.30 0.00 25.91 37.24
Oct-73 64.00 67.77 0.00 2.30 0.00 26.18 41.59
Nov-73 75.80 72.59 0.00 230 0.00 26.64 45.95
Dec-73 37.38 74.72 0.00 2.30 0.00 26.75 4798
Jan-74 16.91 75.54 0.00 2.30 0.00 26.28 49.26
Feb-74 10.45 73.43 0.00 2.30 43.01 26.15 4727
Mar-74 7.62 70.92 0.00 2.30 43.01 25.45 45.47
Apr-74 4.59 64.97 0.00 2.30 83.67 25.59 39.38
May-74 8.83 62.10 0.00 2.30 43.01 25.20 36.90
Jun-74 19.00 63.26 0.00 2.30 0.00 24.94 38.32
Jul-74 23.05 58.77 0.00 2.30 76.24 25.82 32.96
Aug-74 26.65 60.73 0.00 2.30 0.00 25.73 35.00
Sep-74 31.32 62.80 0.00 2.30 0.00 25.63 37.17
Oct-74 87.39 69.22 0.00 2.30 0.00 26.18 43.03
Nov-74 50.12 72.21 0.00 2.30 0.00 26.61 45.60
Dec-74 26.50 73.66 0.00 2.30 0.00 26.75 46.92
Jan-75 11.81 74.15 0.00 2.30 0.00 25.84 48.31
Feb-75 6.97 69.17 0.00 230 87.43 25.96 43.21
Mar-75 4.73 65.94 0.00 2.30 43.01 25.28 40.66
Apr-75 2.97 62.69 0.00 2.30 43.01 25.12 37.58
May-75 7.93 59.72 0.00 2.30 43.01 24.87 34.85
Jun-75 15.55 54.61 0.00 2.30 71.77 25.53 29.08
Jul-75 22.85 56.36 0.00 2.30 0.00 25.36 31.00
Aug-75 43.55 59.94 0.00 2.30 0.00 25.82 34.13
Sep-75 60.46 64.17 0.00 2.30 0.00 25.91 38.26
Oct-75 66.80 69.01 0.00 2.30 0.00 26.46 42.55
Nov-75 101.69 75.20 0.00 2.30 0.00 26.64 48.56
Dec-75 54.28 78.40 0.00 2.30 0.00 26.75 51.66
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Appendix E

Attachment 2

PROPOSED RiO INDIO RESERVOIR OPERATION
(As simulated by the ACP)

Indio Indio Spillage Downstream| Transferred |Lake Gatun Gross Head
Reservoir |Reservoir WS pitfag Release Discharge WS Elev
Inflow (cms) Elev (m) (cms) (cms) (cms) (m) (m)
Jan-76 21.29 79.49 0.00 2.30 0.00 26.27 53.21
Feb-76 11.38 74.43 0.00 2.30 9247 26.30 48.12
Mar-76 6.80 71.86 0.00 2.30 43.01 25.58 46.28
Apr-76 5.97 66.13 0.00 230 84.75 25.82 40.31
May-76 13.90 63.64 0.00 2.30 43.01 25.52 38.11
Jun-76 12.74 64.33 0.00 2.30 0.00 25.65 38.68
Jul-76 6.68 64.58 0.00 230 0.00 24.96 39.63
Aug-76 8.18 58.93 0.00 2.30 77.04 24.93 34.00
Sep-76 23.93 60.61 0.00 2.30 0.00 25.00 35.62
Oct-76 55.76 64.61 0.00 2.30 0.00 25.84 38.78
Nov-76 38.74 67.23 0.00 2.30 0.00 25.97 41.26
Dec-76 15.46 68.15 0.00 230 0.00 26.44 41.71
Jan-77 9.49 68.58 0.00 2.30 0.00 25.52 43.05
Feb-77 5.97 63.10 0.00 2.30 81.49 25.62 3748
Mar-77 3.7 59.77 0.00 2.30 43.01 24.87 34.90
Apr-77 2.97 53.59 0.00 2.30 71.18 24.38 29.22
May-77 8.10 47.77 0.00 230 63.53 24.52 23.25
Jun-77 12.01 48.83 0.00 2.30 0.00 24.07 24.76
Jul-77 11.47 42.92 0.00 2.30 56.67 24.17 18.75
Aug-77 25.68 45.71 0.00 2.30 0.00 24.50 21.21
Sep-77 29.53 48.86 0.00 2.30 0.00 25.10 23.76
Oct-77 54.93 53.78 0.00 230 0.00 25.60 28.18
Nov-77 41.03 57.04 0.00 2.30 0.00 26.54 30.50
Dec-77 22.65 58.77 0.00 2.30 0.00 26.67 32.10
Jan-78 11.19 59.44 0.00 2.30 0.00 25.85 33.59
Feb-78 7.36 56.28 0.00 2.30 43.01 25.80 30.48
Mar-78 4.90 52.57 0.00 2.30 43.01 25.09 2747
Apr-78 26.93 50.88 0.00 2.30 43.01 25.50 25.38
May-78 23.50 48.43 0.00 2.30 43.01 25.41 23.01
Jun-78 32.88 51.42 0.00 2.30 0.00 25.82 25.61
Jul-78 31.74 53.96 0.00 2.30 0.00 25.82 28.15
Aug-78 42.82 57.49 0.00 2.30 0.00 25.82 31.67
Sep-78 44.80 60.91 0.00 2.30 0.00 2591 35.00
Oct-78 51.14 64.56 0.00 2.30 0.00 26.18 38.38
Nov-78 43.64 67.54 0.00 2.30 0.00 26.61 4093
Dec-78 25.57 69.23 0.00 2.30 0.00 26.18 43.05
Jan-79 14.30 70.02 0.00 2.30 0.00 25.83 44.18
Feb-79 11.04 67.53 0.00 2.30 43.01 25.30 42.24
Mar-79 10.08 61.87 0.00 2.30 80.30 25.38 36.49
Apr-79 11.38 59.13 0.00 2.30 43.01 25.11 34.02
May-79 18.15 56.63 0.00 2.30 43.01 25.09 31.54
Jun-79 29.25 58.87 0.00 2.30 0.00 25.03 33.84
Jul-79 28.91 60.98 0.00 2.30 0.00 25.55 35.44
Aug-79 36.42 63.51 0.00 2.30 0.00 25.65 37.86
Sep-79 38.94 66.14 0.00 2.30 0.00 25.89 40.25
Oct-79 36.67 68.68 0.00 2.30 0.00 26.16 42.52
Nov-79 27.04 70.35 0.00 2.30 0.00 26.54 43.82
Dec-79 26.00 71.78 0.00 2.30 0.00 26.60 45.18
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Appendix E

Attachment 2

PROPOSED RiO INDIO RESERVOIR OPERATION
(As simulated by the ACP)

Indio Indio Spillage Downstream{ Transferred |Lake Gatun Gross Head
Reservoir |Reservoir WS pitiag Release Discharge WS Elev
Inflow (cms) Elev (m) (cms) (cms) (cms) (m) (m)
Jan-80 24.21 73.05 0.00 2.30 0.00 26.52 46.54
Feb-80 8.72 70.78 0.00 2.30 43.01 26.05 44.73
Mar-80 4.11 67.65 0.00 2.30 43.01 25.92 41.74
Apr-80 2.78 64.39 0.00 2.30 43.01 25.31 39.08
May-80 14.10 61.92 0.00 2.30 43.01 25.72 36.20
Jun-80 19.09 63.08 0.00 230 0.00 25.57 37.51
Jul-80 20.98 64.43 0.00 2.30 0.00 25.75 38.68
Aug-80 49.27 67.93 0.00 2.30 0.00 25.82 42.11
Sep-80 24.75 69.50 0.00 2.30 0.00 25.64 43.87
Oct-80 37.58 71.75 0.00 2.30 0.00 25.77 45.98
Nov-80 33.81 68.62 0.00 2.30 77.67 26.61 42.01
Dec-80 29.02 70.47 0.00 2.30 0.00 26.47 44.00
Jan-81 20.98 71.55 0.00 230 0.00 26.52 45.03
Feb-81 13.56 69.55 0.00 2.30 43.01 26.04 43.51
Mar-81 12.32 66.89 0.00 230 43.01 2594 40.95
Apr-81 30.19 65.65 0.00 230 43.01 25.83 39.82
May-81 30.89 64.46 0.00 230 43.01 26.14 38.32
Jun-81 34.55 66.76 0.00 2.30 0.00 26.37 40.40
Jul-81 41.54 69.66 0.00 2.30 0.00 26.37 43.30
Aug-81 39.25 71.98 0.00 2.30 0.00 26.33 45.66
Sep-81 29.99 73.61 0.00 2.30 0.00 2591 47.70
Oct-81 50.12 76.56 0.00 2.30 0.00 26.18 50.37
Nov-81 61.16 78.47 0.00 2.30 26.31 26.64 51.83
Dec-81 78.92 82.50 63.68 2.30 2.51 26.75 55.76
Jan-82 19.43 80.00 0.00 2.30 0.00 26.52 53.49
Feb-82 6.03 77.64 0.00 2.30 43.01 26.30 51.33
Mar-82 3.99 74.88 0.00 2.30 43.01 25.86 49.02
Apr-82 5.47 70.87 0.00 2.30 66.81 25.82 45.05
May-82 9.51 68.21 0.00 2.30 43.01 25.68 42.53
Jun-82 22.14 69.59 0.00 2.30 0.00 25.75 43.85
Jul-82 28.18 71.22 0.00 2.30 0.00 25.40 45.82
Aug-82 18.07 66.15 0.00 2.30 84.42 25.82 40.33
Sep-82 29.02 68.04 0.00 2.30 0.00 25.75 42.30
Oct-82 52.84 71.50 0.00 2.30 0.00 26.17 45.34
Nov-82 27.27 72.96 0.00 2.30 0.00 26.53 46.43
Dec-82 9.29 73.32 0.00 2.30 0.00 25.79 47.53
Jan-83 6.09 67.59 0.00 2.30 86.22 26.00 41.60
Feb-83 3.17 64.57 0.00 2.30 43.01 25.36 39.22
Mar-83 1.90 61.13 0.00 2.30 43.01 24.55 36.58
Apr-83 1.59 54.88 0.00 2.30 72.79 24.46 30.42
May-83 16.28 50.17 0.00 2.30 66.04 24.20 2597
Jun-83 24.32 45.67 0.00 2.30 59.79 2447 21.20
Jul-83 17.25 47.41 0.00 2.30 0.00 24.47 22.94
Aug-83 19.31 4941 0.00 2.30 0.00 24.46 2495
Sep-83 47.09 53.35 0.00 2.30 0.00 24.78 28.57
Oct-83 36.76 56.34 0.00 2.30 0.00 2544 30.90
Nov-83 31.21 58.75 0.00 2.30 0.00 25.63 33.12
Dec-83 40.10 61.74 0.00 2.30 0.00 26.41 35.33
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Appendix E

Attachment 2

PROPOSED RiO INDIO RESERVOIR OPERATION
(As simulated by the ACP)

Indio Indio . Downstream| Transferred |Lake Gatun
Reservoir [Reservoir WS S?cl:::ge Release Discharge WS Elev Gros(»:nl){ead
Inflow (cms) Elev (m) (cms) (cms) (m)
Jan-84 16.37 62.71 0.00 2.30 0.00 26.30 36.41
Feb-84 10.36 60.11 0.00 2.30 43.01 25.82 34.29
Mar-84 6.74 56.57 0.00 2.30 43.01 25.69 30.87
Apr-84 371 52.87 0.00 2.30 43.01 25.11 27.77
May-84 17.64 50.33 0.00 2.30 43.01 2491 2543
Jun-84 28.63 52.53 0.00 2.30 0.00 25.35 27.18
Jul-84 32.17 55.10 0.00 2.30 0.00 25.12 29.99
Aug-84 50.63 59.32 0.00 2.30 0.00 25.82 33.50
Sep-84 41.54 62.24 0.00 2.30 0.00 2591 36.34
Oct-84 46.55 65.54 0.00 2.30 0.00 26.18 39.36
Nov-84 39.36 68.21 0.00 2.30 0.00 26.61 41.60
Dec-84 13.37 68.96 0.00 2.30 0.00 26.22 42.74
Jan-85 8.95 69.35 0.00 2.30 0.00 25.98 43.37
Feb-85 5.58 66.48 0.00 2.30 43.01 2541 41.07
Mar-85 430 63.22 0.00 2.30 43.01 25.28 37.94
Apr-85 2.78 59.97 0.00 2.30 43.01 24.56 3540
May-85 8.75 54.09 0.00 2.30 71.59 24.86 29.23
Jun-85 31.52 56.53 0.00 2.30 0.00 24.59 31.93
Jul-85 18.07 51.80 0.00 2.30 68.07 25.31 26.49
Aug-85 40.72 55.14 0.00 2.30 0.00 25.12 30.02
Sep-85 39.25 58.24 0.00 2.30 0.00 25.83 3241
Oct-85 36.53 61.03 0.00 2.30 0.00 25.86 35.17
Nov-85 42.28 63.92 0.00 2.30 0.00 26.31 37.61
Dec-85 27.67 65.77 0.00 2.30 0.00 26.64 39.13
Jan-86 9.83 66.23 0.00 2.30 0.00 26.36 39.87
Feb-86 5.13 63.35 0.00 2.30 43.01 25.77 37.57
Mar-86 3.14 60.01 0.00 2.30 43.01 25.60 3441
Apr-86 16.71 57.43 0.00 2.30 43.01 25.16 3227
May-86 19.85 55.08 0.00 2.30 43.01 25.30 29.78
Jun-86 31.01 57.47 0.00 2.30 0.00 25.51 31.96
Jul-86 23.16 59.24 0.00 2.30 0.00 25.10 34.14
Aug-86 19.62 60.60 0.00 2.30 0.00 25.30 3530
Sep-86 28.71 62.47 0.00 2.30 0.00 25.16 37.32
Oct-86 58.56 66.69 0.00 2.30 0.00 26.18 40.51
Nov-86 64.00 70.97 0.00 2.30 0.00 26.58 44.39
Dec-86 15.66 71.73 0.00 2.30 0.00 26.52 45.22
Jan-87 7.70 71.97 0.00 2.30 0.00 25.63 46.34
Feb-87 5.21 66.59 0.00 2.30 85.04 25.79 40.80
Mar-87 3.00 63.23 0.00 2.30 43.01 25.06 38.17
Apr-87 5.24 57.40 0.00 2.30 75.44 2494 32.46
May-87 14.92 54.62 0.00 2.30 43.01 25.55 29.06
Jun-87 23.93 56.40 0.00 2.30 0.00 25.82 30.58
Jul-87 26.84 58.50 0.00 2.30 0.00 25.82 32.68
Aug-87 3245 60.94 0.00 2.30 0.00 25.82 35.12
Sep-87 41.77 63.78 0.00 2.30 0.00 2591 37.87
Oct-87 75.27 69.27 0.00 2.30 0.00 26.33 42.94
Nov-87 33.41 71.23 0.00 2.30 0.00 26.61 44.62
Dec-87 18.49 72.18 0.00 2.30 0.00 26.62 45.56
Rio Indio Water Supply Project
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Appendix E

Attachment 2

PROPOSED RiO INDIO RESERVOIR OPERATION
(As simulated by the ACP)

Indio Indio Spilla Downstream| Transferred |Lake Gatun Gross Head
Reservoir |Reservoir WS| “P' 28¢ Release Discharge WS Elev
Inflow (cms) Elev (m) (cms) (cms) (cms) (m) (m)
Jan-88 7.84 72.42 0.00 2.30 0.00 26.23 46.19
Feb-88 5.30 69.93 0.00 2.30 43.01 25.58 4435
Mar-88 2.97 63.55 0.00 2.30 82.43 25.60 37.95
Apr-88 2.72 60.30 0.00 2.30 43.01 2491 35.39
May-88 12.32 57.32 0.00 2.30 43.01 24.55 32.78
Jun-88 24.64 53.20 0.00 2.30 69.45 25.12 28.08
Jul-88 26.31 55.25 0.00 2.30 0.00 2491 30.34
Aug-88 34.55 58.04 0.00 2.30 0.00 25.50 32.54
Sep-88 34.77 60.65 0.00 2.30 0.00 2591 34.74
Oct-88 54.93 64.59 0.00 2.30 0.00 26.37 38.21
Nov-88 42.70 67.50 0.00 2.30 0.00 26.61 40.89
Dec-88 23.05 68.99 0.00 2.30 0.00 26.67 4232
Jan-89 13.17 69.70 0.00 2.30 0.00 2592 43.78
Feb-89 7.28 66.96 0.00 2.30 43.01 25.83 41.12
Mar-89 5.01 63.75 0.00 2.30 43.01 25.66 38.08
Apr-89 2.92 60.50 0.00 2.30 43.01 24.92 35.59
May-89 13.79 57.70 0.00 2.30 43.01 2491 32.79
Jun-89 19.31 59.08 0.00 2.30 0.00 24 .30 34.77
Jul-89 29.02 55.01 0.00 2.30 71.65 25.04 29.97
Aug-89 37.27 58.03 0.00 2.30 0.00 25.05 32.98
Sep-89 36.13 60.74 0.00 2.30 0.00 25.44 35.30
Oct-89 38.00 63.39 0.00 2.30 0.00 26.11 37.28
Nov-89 56.18 67.30 0.00 2.30 0.00 26.61 40.69
Dec-89 31.32 69.42 0.00 2.30 0.00 26.67 42.75
Jan-90 15.89 70.28 0.00 2.30 0.00 26.16 44.12
Feb-90 7.11 67.58 0.00 2.30 43.01 26.03 41.55
Mar-90 4.84 64.36 0.00 2.30 43.01 25.34 39.01
Apr-90 3.31 61.14 0.00 2.30 43.01 25.24 35.90
May-90 25.77 59.50 0.00 2.30 43.01 25.56 33.93
Jun-90 18.69 60.71 0.00 2.30 0.00 25.05 35.66
Jul-90 23.93 62.28 0.00 2.30 0.00 2543 36.85
Aug-90 24.83 63.92 0.00 2.30 0.00 25.32 38.61
Sep-90 43.35 66.88 0.00 2.30 0.00 25.91 40.97
Oct-90 62.33 71.14 0.00 2.30 0.00 26.43 44.71
Nov-90 41.97 73.50 0.00 2.30 0.00 26.61 46.89
Dec-90 64.70 77.36 0.00 2.30 0.00 26.67 50.69
Jan-91 10.76 77.78 0.00 2.30 0.00 25.87 51.92
Feb-91 6.03 72.68 0.00 2.30 90.85 25.97 46.72
Mar-91 7.33 70.16 0.00 2.30 43.01 25.33 44 .83
Apr-91 3.26 64.02 0.00 2.30 82.79 25.43 38.59
May-91 14.61 61.59 0.00 2.30 43.01 25.36 36.23
Jun-91 20.78 62.88 0.00 2.30 0.00 25.54 37.34
Jul-91 15.35 63.80 0.00 2.30 0.00 25.75 38.05
Aug-91 19.00 65.00 0.00 2.30 0.00 25.44 39.55
Sep-91 40.30 67.72 0.00 2.30 0.00 25.67 42.05
Oct-91 50.94 71.11 0.00 2.30 0.00 26.11 45.00
Nov-91 34.77 73.04 0.00 2.30 0.00 26.61 46.43
Dec-91 46.04 75.72 0.00 2.30 0.00 26.54 49.18
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Appendix E

Attachment 2

PROPOSED RiO INDIO RESERVOIR OPERATION
(As simulated by the ACP)

Indio Indio Spillage Downstream| Transferred |Lake Gatun Gross Head
Reservoir |Reservoir WS Release Discharge WS Elev
Inflow (cms) Elev (m) (cms) (cms) (cms) (m) (m)

Jan-92 9.54 76.07 0.00 2.30 0.00 26.22 49.85
Feb-92 3.54 73.48 0.00 2.30 43.01 25.58 47.89
Mar-92 3.85 - 67.58 0.00 2.30 86.30 25.64 41.94
Apr-92 5.75 64.53 0.00 2.30 43.01 25.14 39.39
May-92 27.86 63.11 0.00 2.30 43.01 25.28 37.83
Jun-92 29.11 65.01 0.00 2.30 0.00 25.81 39.20
Jul-92 27.98 66.89 0.00 2.30 0.00 25.82 41.07
Aug-92 48.14 70.25 0.00 2.30 0.00 25.82 44 43
Sep-92 45.00 72.79 0.00 2.30 0.00 25.98 46.81
Oct-92 39.13 75.04 0.00 2.30 0.00 26.18 48.86
Nov-92 32.99 76.85 0.00 2.30 0.00 26.41 50.44
Dec-92 20.25 72.20 0.00 2.30 90.17 26.67 45.53
Jan-93 12.20 72.72 0.00 2.30 0.00 25.97 46.74
Feb-93 6.97 70.41 0.00 2.30 43.01 25.88 44,53
Mar-93 5.66 67.33 0.00 2.30 43.01 25.26 42.07
Apr-93 9.09 61.80 0.00 2.30 80.15 25.55 36.24
May-93 11.58 59.00 0.00 2.30 43.01 25.26 33.74
Jun-93 31.21 61.21 0.00 2.30 0.00 25.61 35.59
Jul-93 22.77 62.69 0.00 2.30 0.00 25.82 36.87
Aug-93 17.64 63.78 0.00 2.30 0.00 25.82 37.97
Sep-93 36.95 66.27 0.00 2.30 0.00 25.94 40.33
Oct-93 51.48 69.93 0.00 2.30 0.00 26.18 43.75
Nov-93 65.67 73.76 0.00 2.30 0.00 26.61 47.15
Dec-93 34.55 75.72 0.00 2.30 0.00 26.67 49.05
Jan-94 12.63 76.26 0.00 2.30 0.00 25.93 50.33
Feb-94 7.33 71.31 0.00 2.30 89.48 26.08 45.24
Mar-94 5.97 68.44 0.00 2.30 43.01 25.42 43.02
Apr-94 6.48 62.63 0.00 2.30 81.17 25.58 37.05
May-94 13.99 60.16 0.00 2.30 43.01 25.42 3474
Jun-94 21.95 61.54 0.00 2.30 0.00 25.76 35.77
Jul-94 16.28 62.53 0.00 2.30 0.00 25.82 36.71
Aug-94 12.63 63.24 0.00 2.30 0.00 25.82 37.42
Sep-94 12.63 63.93 0.00 2.30 0.00 2591 38.02
Oct-94 37.58 66.54 0.00 2.30 0.00 26.18 40.36
Nov-94 38.51 69.13 0.00 2.30 0.00 26.61 42.53
Dec-94 13.90 69.93 0.00 2.30 0.00 26.16 43.77
Jan-95 8.58 70.24 0.00 2.30 0.00 26.03 44.20
Feb-95 4.56 67.35 0.00 2.30 43.01 25.40 41.96
Mar-95 3.00 61.19 0.00 2.30 79.82 2542 35.77
Apr-95 4.19 57.72 0.00 2.30 43.01 24.80 3293
May-95 24.01 55.74 0.00 2.30 43.01 24.78 30.96
Jun-95 37.49 58.69 0.00 2.30 0.00 25.22 33.47
Jul-95 32.88 61.13 0.00 2.30 0.00 25.82 35.32
Aug-95 30.07 63.18 0.00 2.30 0.00 25.82 37.36
Sep-95 38.20 65.75 0.00 2.30 0.00 2591 39.84
Oct-95 32.17 67.95 0.00 2.30 0.00 26.05 41.90
Nov-95 43.64 70.77 0.00 2.30 0.00 26.61 44.16
Dec-95 30.81 72.49 0.00 2.30 0.00 26.67 45.82

Rio Indio Water Supply Project
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Appendix E

Attachment 2

PROPOSED RiO INDIO RESERVOIR OPERATION
(As simulated by the ACP)

Indio Indio Spillage Downstream| Transferred [Lake Gatun Gross Head
Reservoir |Reservoir WS| P 28 Release Discharge WS Elev
Inflow (cms) Elev (m) (cms) {cms) (cms) (m) (m)
Jan-96 59.92 76.03 0.00 2.30 0.00 26.75 49.28
Feb-96 27.86 74.88 0.00 2.30 43.01 26.30 48.57
Mar-96 14.19 72.78 0.00 230 43.01 26.03 46.75
Apr-96 7.67 70.35 0.00 230 43.01 25.82 44.54
May-96 21.95 68.55 0.00 2.30 43.01 25.82 42.73
Jun-96 43.55 71.25 0.00 2.30 0.00 25.82 4543
Jul-96 4791 72.36 0.00 2.30 26.83 25.82 46.54
Aug-96 58.98 73.89 0.00 2.30 31.29 25.85 48.04
Sep-96 42.82 75.88 0.00 2.30 6.74 25.91 49.97
Oct-96 74.45 76.95 0.00 2.30 54.01 26.18 50.76
Nov-96 58.02 78.47 0.00 2.30 29.57 26.64 51.83
Dec-96 53.77 81.34 33.45 2.30 0.00 26.67 54.67
Jan-97 11.81 80.00 0.00 230 0.00 26.06 53.95
Feb-97 7.36 74.86 0.00 230 92.91 26.25 48.61
Mar-97 4.84 72.17 0.00 2.30 43.01 2549 46.68
Apr-97 3.57 66.30 0.00 2.30 84.99 25.60 40.70
May-97 5.89 63.20 0.00 2.30 43.01 25.21 37.99
Jun-97 7.16 63.48 0.00 2.30 0.00 25.23 38.25
Jul-97 8.35 63.86 0.00 230 0.00 24.66 39.21
Aug-97 6.85 58.06 0.00 2.30 76.14 25.10 32.96
Sep-97 16.65 59.22 0.00 2.30 0.00 24.75 3446
Oct-97 21.69 54.52 0.00 230 71.42 25.04 29.47
Nov-97 26.25 56.51 0.00 230 0.00 24.90 31.60
Dec-97 11.53 57.24 0.00 2.30 0.00 24.63 32.61
Jan-98 532 51.35 0.00 2.30 68.22 24.09 27.26
Feb-98 4.42 45.28 0.00 230 60.31 23.93 21.35
Mar-98 3.00 40.00 0.00 2.30 42.75 23.93 16.08
Apr-98 4.11 40.00 0.00 2.30 0.96 23.93 16.08
May-98 14.19 40.00 0.00 2.30 11.29 23.93 16.08
Jun-98 13.22 40.00 0.00 2.30 10.38 23.93 16.08
Jul-98 23.19 40.00 0.00 2.30 20.34 24.53 15.47
Aug-98 18.97 41.98 0.00 2.30 0.00 24.73 17.25
Sep-98 26.31 44.76 0.00 2.30 0.00 25.30 19.46
Oct-98 41.12 4943 0.00 2.30 0.00 25.49 23.94
Nov-98 24.24 51.41 0.00 2.30 0.00 26.04 25.37
Dec-98 35.91 54.32 0.00 2.30 0.00 26.48 27.84
Jan-99 18.55 55.66 0.00 2.30 0.00 26.37 29.29
Feb-99 10.14 52.73 0.00 2.30 43.01 25.84 26.88
Mar-99 7.67 48.99 0.00 2.30 43.01 25.81 23.17
Apr-99 8.75 44,52 0.00 2.30 43.01 25.29 16.23
May-99 24.55 41.89 0.00 2.30 43.01 25.70 16.18
Jun-99 33.81 45.55 0.00 2.30 0.00 25.82 19.74
Jul-99 23.79 48.10 0.00 2.30 0.00 25.82 22.28
Aug-99 53.26 53.08 0.00 230 0.00 25.88 27.20
Sep-99 66.15 58.49 0.00 2.30 0.00 2591 32.59
Oct-99 35.06 61.14 0.00 2.30 0.00 26.18 34.95
Nov-99 50.38 64.62 0.00 2.30 0.00 26.61 38.01
Dec-99 67.28 69.49 0.00 2.30 0.00 26.75 42.74
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Appendix E

Attachment 3

ISLA PABLON POWER PLANT - OUTPUT ANALYSIS

4.35 m Dia Transfer Tunnel

(ACP Operating Rules)

Average Annual Output (GWh)

Design Head (m)

30 35 38 39 40 42 45

o 15 6.19 7.36 7.66 7.81 7.79 7.57 6.73
g g 20 8.25 9.81 10.18 10.38 10.30 9.95 8.75
e 30 12.37 15.04 15.29 15.05 12.39
£ g 40 16.50 19.57 19.71 19.30 15.51
2 & 45 18.47 21.64 21.58 21.69 21.20 19.90 16.95
E S 50 19.52 22.63 22.43 22.53 22.04 20.80 17.84
g § 60 19.88 22.59 22.70 22.24 18.02

70 19.94 22.78 22.59 22.70 22.24 21.03 18.03

Installed Capacity (MW)
Design Head (m)
30 35 38 39 40 42 45

- 15 3.8 4.4 4.8 4.9 5.0 5.3 5.6
g g 20 5.0 5.8 6.3 6.5 6.7 7.0 7.5
e 30 7.5 8.8 9.5 9.8 10.0 10.5 11.3
£ g 40 10.0 11.7 12.7 13.0 13.3 14.0 15.0
3 & 45 11.3 13.1 14.3 14.6 15.0 15.8 16.9
§ S 50 12.5 14.6 15.8 16.3 16.7 17.5 18.8
g g 60 15.0 17.5 19.0 19.5 20.0 21.0 22.5

70 17.5 20.4 222 22.8 23.3 245 26.3

Output computations are based on monthly transferred discharges from Rio Indio reservoir to Lake Gatun
as specified by the HEC-5 run performed by the ACP in July 2002. The system consists of Rio Indio

operating between EI. 40 and El. 80 and a deepened Lake Gatun to allow operation between El. 23.93 (78.5
ft) and 26.75 (87.75 ft) and it supplies 60.4 Lockages/day at a reliability of 99.6%.

The following assumption were made:
1- The Max Power Discharge occurs at the Design head

Rio Indio Water Supply Project

2- The Installed Capacity is that at Max Power Discharge and Design Head

3- For net head greater than the design head the maximum output is limited by the Inst. Cap.
4- The plan overall efficiency is equal to 85%

5- Maximum net head on turbine is 125% of the design head
6- Minimum net head on turbine is 65% of the design head

7- The head losses are based on a 4.35-m dia., 8 4-km long tunnel
8- The simulation cover 52 years: water is transferred to Gatun 278 months out of 624.
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Appendix E

Attachment 3

ISLA PABLON POWER PLANT - OUTPUT ANALYSIS

5.00 m Dia Transfer Tunnel

(ACP Operating Rules)

Average Annual Output (GWh)

Design Head (m)

30 36 39 40 41 43 46

e 15 6.13 8.97 9.98 10.25 10.43 10.60 9.94
g g 20 8.17 13.27 13.62 13.80 13.96 13.04
8 e 30 12.25 17.95 19.66 20.12 20.28 20.28 18.80
£ 3 40 16.33 25.79 26.21 26.28 26.10 24.06
g E 45 18.27 26.55 28.64 28.97 28.95 28.68 26.43
% O 50 19.42 27.98 29.91 30.14 30.08 29.80 27.57
g a 60 20.45 30.29 30.42 30.34 27.85

70 21.35 29.03 30.43 30.51 30.43 30.15 27.92

Installed Capacity (MW)
Design Head (m)
30 36 39 40 41 43 46

A 15 3.8 4.5 4.9 5.0 5.1 54 5.8
";’ g 20 5.0 6.0 6.5 6.7 6.8 7.2 7.7
8 o 30 7.5 9.0 9.8 10.0 10.3 10.8 11.5
E S 40 10.0 12.0 13.0 13.3 13.7 14.3 15.3
38 45 11.3 13.5 14.6 15.0 15.4 16.1 17.3
E § 50 12.5 15.0 16.3 16.7 17.1 17.9 19.2
g P 60 15.0 18.0 19.5 20.0 20.5 21.5 23.0

70 17.5 21.0 22.8 23.3 23.9 25.1 26.8

Output computations are based on monthly transferred discharges from Rio Indio reservoir to Lake Gatun
as specified by the HEC-5 run performed by the ACP in July 2002. The system consists of Rio indio
operating between El. 40 and El. 80 and a deepened Lake Gatun to allow operation between El. 23.93

(78.5 ft) and 26.75 (87.75 ft) and it supplies 60.4 Lockages/day at a reliability of 99.6%.

The following assumption were made:
1- The Max Power Discharge occurs at the Design head

Rio Indio Water Supply Project

2- The Installed Capacity is that at Max Power Discharge and Design Head

3- For net head greater than the design head the maximum output is limited by the Inst. Cap.
4- The plan overall efficiency is equal to 85%

5- Maximum net head on turbine is 125% of the design head
6- Minimum net head on turbine is 65% of the design head

7- The head losses are based on a 5.0-m dia., 8.4-km long tunnel
8- The simulation cover 52 years; water is transferred to Gatun 278 months out of 624.
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Appendix E

Attachment 3

ISLA PABLON POWER PLANT - OUTPUT ANALYSIS

6.00 m Dia Transfer Tunnel

(ACP Operating Rules)

Average Annual Output (GWh)

Design Head (m)
30 35 38 40 41 42 46
15 6.62 9.70 12.12 13.48 14.26 14.27 13.91
- 20 8.83 12.93 16.13 17.92 18.91 18.89 18.33
s £ 30 13.24 19.41 24.09 26.62 27.96 27.83 26.76
e 40 17.65 25.88 31.85 35.03 36.58 36.31 34.68
ED 50 21.45 30.83 37.71 41.43 42.87 42.41 40.22
€ £ 60 23.35 43.74 45.05 44.48 41.93
s2 70 25.03 45.70 46.93 46.29 43.46
80 26.70 37.32 43.88 47.60 48.74 48.02 44.90
95 27.93 39.24 46.15 50.06 51.32 50.52 47.00
Installed Capacity (MW)
Design Head (m)
30 35 38 40 41 42 46
15 3.8 4.4 4.8 5.0 5.1 53 58
- 20 5.0 58 6.3 6.7 6.8 7.0 7.7
S E 30 7.5 8.8 9.5 10.0 10.3 10.5 11.5
4 = 40 10.0 11.7 12.7 13.3 13.7 14.0 15.3
ED 50 12.5 14.6 15.8 16.7 17.1 17.5 19.2
E £ 60 15.0 175 19.0 20.0 205 210 23.0
22 70 17.5 20.4 22.2 233 23.9 24.5 26.8
80 20.0 233 253 26.7 27.4 28.0 30.7
95 23.8 27.7 30.1 31.7 325 333 36.4

Output computations are based on monthly transferred discharges from Rio Indio reservoir to Lake Gatun
as specified by the HEC-5 run performed by the ACP in July 2002. The system consists of Rio Indio
operating between El. 40 and El. 80 and a deepened Lake Gatun to allow operation between El. 23.93
(78.5 ft) and 26.75 (87.75 ft) and it supplies 60.4 Lockages/day at a reliability of 99.6%.

The following assumption were made:
1- The Max Power Discharge occurs at the Design head

2- The Installed Capacity is that at Max Power Discharge and Design Head

3- For net head greater than the design head the maximum output is limited by the Inst. Cap.
4- The plan overall efficiency is equal to 85%

5- Maximum net head on turbine is 125% of the design head
6- Minimum net head on turbine is 65% of the design head

7- The head losses are based on a 6.0-m dia., 8.4-km long tunnel
8- The simulation cover 52 years; water is transferred to Gatun 278 months out of 624.

Rio Indio Water Supply Project
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Attachment 3

ISLA PABLON POWER PLANT - OUTPUT ANALYSIS

(Modified Operating Rules with Indio between E| 40 and EI 80)

4.35 m Dia Transfer Tunnel

Average Annual Output (GWh)

Design Head (m)
40 42 43 44 46

— 10 19.48 20.70 20.97 20.88 20.31
S® 15 29.00 30.85 31.24 31.08 30.23
5s 20 30.45 32.44 32.84 32.65 31.78
e g 25 30.52 32.56 32.96 32.78 31.92
25 30 30.59 32.67 33.07 32.88 32.00
%G 40 30.73 32.81 33.21 33.02 3214
Y- 50 30.81 32.87 33.25 33.06 3218

60 30.81 32.87 33.25 33.06 32.18

Installed Capacity (MW)
Design Head (m
40 42 43 44 46

_ 10 3.3 35 3.6 3.7 3.8
s 15 5.0 5.3 5.4 55 5.8
S5s 20 6.7 7.0 7.2 7.3 7.7
c g 25 8.3 8.8 9.0 9.2 9.6
5 5 30 10.0 10.5 10.8 11.0 115
Es 40 133 140 14.3 147 153
S8 50 16.7 175 17.9 18.3 192

60 20.0 21.0 215 22.0 23.0

Output computations are based on monthly transferred discharges from Rio indio reservoir to Lake Gatun
as specified by the HEC-5 run performed by TAMS in August 2002. The system consists of Rio Indio
operating between El. 40 and El. 80 and a deepened Lake Gatun to allow operation between El. 23.93 (78.5
ft) and 26.75 (87.75 ft) and it supplies 60.4 Lockages/day at a reliability of 99.6%. The targeted transfer of
14.3 cms from Indio to Gatun is achieved 100% of the time.

The following assumption were made:
1- The Max Power Discharge occurs at the Design head

2- The Installed Capacity is that at Max Power Discharge and Design Head

3- For net head greater than the design head the maximum output is limited by the Inst. Cap.
4- The plan overall efficiency is equal to 85%

5- Maximum net head on turbine is 125% of the design head
6- Minimum net head on turbine is 65% of the design head

7- The head losses are based on a 4.35-m dia., 8.4-km long tunnel

8- The simulation cover 52 years; water is transferred to Gatun 623 months out of 624.

Rio Indio Water Supply Project
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Attachment 3

ISLA PABLON POWER PLANT - OUTPUT ANALYSIS

(Modified Operating Rules with Indio between EI 40 and EI 80)

5.00 m Dia Transfer Tunnel

Average Annual Output (GWh)

Design Head (m)
40 42 43 44 46
_ 10 19.53 20.59 21.39 21.41 21.00
g2 15 29.10 30.67 31.87 31.90 31.25
5s 20 30.55 32.17 3354 33.53 32.86
£ S 25 30.62 32.31 33.70 3370 33.03
S 5 30 30.68 32.45 33.85 33.84 3317
£ 40 30.81 3267 34.07 34.07 33.39
S8 50 30.93 32.86 34.25 34.24 33.54
60 31.03 32.95 34.33 34.31 3361
Installed Capacity (MW)
Design Head (m

40 42 43 44 46

— 10 3.3 35 36 3.7 3.8
g e 15 5.0 5.3 5.4 5.5 5.8
5s 20 6.7 7.0 7.2 73 77
=y 25 8.3 838 9.0 9.2 9.6
5 5 30 10.0 10.5 10.8 11.0 115
Es 40 13.3 14.0 143 147 153
S8 50 16.7 175 17.9 18.3 19.2
60 20.0 210 215 22.0 23.0

Output computations are based on monthly transferred discharges from Rio Indio reservoir to Lake Gatun
as specified by the HEC-5 run performed by TAMS in August 2002. The system consists of Rio Indio
operating between El. 40 and El. 80 and a deepened Lake Gatun to allow operation between El. 23.93 (78.5
ft) and 26.75 (87.75 ft) and it supplies 60.4 Lockages/day at a reliability of 99.6%. The targeted transfer of
14.3 cms from Indio to Gatun is achieved 100% of the time.

The following assumption were made:
1- The Max Power Discharge occurs at the Design head

2- The Installed Capacity is that at Max Power Discharge and Design Head

3- For net head greater than the design head the maximum output is limited by the Inst. Cap.
4- The plan overall efficiency is equal to 85%

5- Maximum net head on turbine is 125% of the design head
6- Minimum net head on turbine is 65% of the design head

7- The head losses are based on a 5.00-m dia., 8.4-km long tunnel

8- The simulation cover 52 years; water is transferred to Gatun 623 months out of 624.

Rio Indio Water Supply Project
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Attachment 3

ISLA PABLON POWER PLANT - OUTPUT ANALYSIS

6.00 m Dia Transfer Tunnel
(Modified Operating Rules with Indio between EI 40 and EI 80)

Average Annual Output (GWh)

Design Head (m)
40 42 43 44 46
A 10 21.32 22.09 22.90 23.08 22.42
g® 20 34.09 35.14 36.51 36.74 35.54
Ss 30 35.79 36.82 38.21 38.40 36.95
c g 40 37.48 38.50 39.83 39.98 38.29
2 s 50 39.18 40.15 41.41 41.51 39.56
56 60 40.87 41.77 42.95 42.95 40.75
g8 80 44.19 44.88 45.92 45.74 43.03
95 46.35 47.11 48.05 47.72 4465
Installed Capacity (MW)
Design Head (m
40 42 43 44 46
A 10 3.3 35 36 3.7 3.8
g 20 6.7 7.0 7.2 7.3 7.7
Ss 30 10.0 105 10.8 11.0 115
£ g 40 13.3 14.0 143 14.7 15.3
S5 50 16.7 17.5 17.9 18.3 19.2
EsS 60 20.0 21.0 215 22.0 23.0
S8 80 26.7 28.0 287 294 30.7
95 317 333 34.1 34.9 36.4

Output computations are based on monthly transferred discharges from Rio Indio reservoir to Lake Gatun
as specified by the HEC-5 run performed by TAMS in August 2002. The system consists of Rio Indio
operating between El. 40 and El. 80 and a deepened Lake Gatun to allow operation between El. 23.93 (78.5
ft) and 26.75 (87.75 ft) and it supplies 60.4 Lockages/day at a reliability of 99.6%. The targeted transfer of

14.3 cms from Indio to Gatun is achieved 100% of the time.

The following assumption were made:
1- The Max Power Discharge occurs at the Design head

2- The Installed Capacity is that at Max Power Discharge and Design Head

3- For net head greater than the design head the maximum output is limited by the Inst. Cap.
4- The plan overall efficiency is equal to 85%

5- Maximum net head on turbine is 125% of the design head
6- Minimum net head on turbine is 65% of the design head
7- The head losses are based on a 6.00-m dia., 8.4-km long tunnel

8- The simulation cover 52 years; water is transferred to Gatun 623 months out of 624.

Rio Indio Water Supply Project
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Appendix E

Attachment 3

ISLA PABLON POWER PLANT - OUTPUT ANALYSIS

(Modified Operating Rules with Indio between EI 50 and El 80)

4.35 m Dia Transfer Tunnel

Average Annual Output (GWh)
Design Head (m)
40 42 43 44 46
— 10 19.97 19.99 19.60 19.16 18.13
g 15 34.06 34.09 33.50 31.84 30.30
Ss 20 39.94 39.99 39.21 38.32 36.26
£ 25 4355 44.02 43.12 4213 39.93
5 5 30 44.02 44.09 4319 4220 40.00
€ S 40 4414 44.20 4329 42.29 40.08
24 50 44.20 4426 4335 4236 40.16
60 4421 44.27 4337 42.38 40.18
Installed Capacity (MW)
Design Head (m

40 42 43 44 46

_ 10 33 35 36 3.7 38
g 15 5.0 53 54 55 58
Ss 20 6.7 7.0 72 73 77
£ g 25 83 88 90 9.2 9.6
5 5 30 10.0 105 108 11.0 115
Es 40 133 12.0 143 14.7 15.3
S8 50 16.7 175 17.9 18.3 192
60 20.0 21.0 215 22.0 23.0

Output computations are based on monthly transferred discharges from Rio Indio reservoir to Lake Gatun
as specified by the HEC-5 run performed by TAMS in August 2002. The system consists of Rio Indio
operating between El. 40 and EI. 80 and a deepened Lake Gatun to allow operation between El. 23.93 (78.5
ft) and 26.75 (87.75 ft) and it supplies 58.4 Lockages/day at a reliability of 99.6%. The targeted transfer of
20 cms from Indio to Gatun is achieved 99% of the time.

The following assumption were made:
1- The Max Power Discharge occurs at the Design head

2- The Installed Capacity is that at Max Power Discharge and Design Head

3- For net head greater than the design head the maximum output is limited by the Inst. Cap.
4- The plan overall efficiency is equal to 85%

5- Maximum net head on turbine is 125% of the design head
8- Minimum net head on turbine is 65% of the design head

7- The head losses are based on a 4.35-m dia., 8.4-km long tunnel

8- The simulation cover 52 years; water is transferred to Gatun 623 months out of 624.

Rio Indio Water Supply Project
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Appendix E

Attachment 3

ISLA PABLON POWER PLANT - OUTPUT ANALYSIS

(Modified Operating Rules with Indio between EI 60 and E/ 80)

4.35 m Dia Transfer Tunnel

Average Annual Output (GWh)

Design Head (m)
40 42 43 44 46
A 10 25.00 27.00 27.20 27.33 27.13
gL 15 37.40 40.42 40.70 40.75 40.61
Ss 20 49.76 53.79 54.17 54.24 54.05
£ 2 25 53.68 57.88 58.14 58.14 58.08
2 s 30 53.81 58.02 58.27 58.27 58.19
= o 40 54.02 58.23 58.48 58.47 58.34
S 2 50 54.11 58.30 58.54 58.54 58.42
60 54.14 58.33 58.57 58.57 58.45
Installed Capacity (MW)
Design Head (m

40 42 43 44 46

. 10 3.3 3.5 3.6 3.7 3.8
g2 15 5.0 5.3 5.4 55 5.8
I 20 6.7 7.0 7.2 7.3 7.7
e g 25 8.3 8.8 9.0 9.2 9.6
2 s 30 10.0 10.5 10.8 11.0 11.5
=5 40 13.3 14.0 14.3 147 153
£8 50 16.7 17.5 17.9 18.3 19.2
60 20.0 21.0 215 22.0 23.0

Output computations are based on monthly transferred discharges from Rio Indio reservoir to Lake Gatun
as specified by the HEC-5 run performed by TAMS in August 2002. The system consists of Rio Indio
operating between El. 40 and El. 80 and a deepened Lake Gatun to allow operation between El. 23.93 (78.5
ft) and 26.75 (87.75 ft) and it supplies 54.9 Lockages/day at a reliability of 99.6%. The targeted transfer of
20 cms from Indio to Gatun is achieved 98% of the time.

The following assumption were made:
1- The Max Power Discharge occurs at the Design head

2- The Installed Capacity is that at Max Power Discharge and Design Head

3- For net head greater than the design head the maximum output is limited by the Inst. Cap.
4- The plan overall efficiency is equal to 85%

5- Maximum net head on turbine is 125% of the design head
6- Minimum net head on turbine is 65% of the design head

7- The head losses are based on a 4.35-m dia., 8.4-km long tunnel

8- The simulation cover 52 years; water is transferred to Gatun 622 months out of 624.

Rio Indio Water Supply Project
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Attachment 3

ISLA PABLON POWER PLANT - OUTPUT ANALYSIS

(Modified Operating Rules with Indio between El 70 and EI 80)

4.35 m Dia Transfer Tunnel

Average Annua

| Output (GWh)

Design Head (m)
40 42 43 44 46
_ 10 24.96 29.29 30.27 30.78 31.40
g® 15 37.20 43.67 45.13 45.88 46.82
Ss 20 49.27 57 81 59.75 60.75 62.03
£ 2 25 56.17 63.74 64.64 64.68 64.74
S 5 30 56.43 64.06 64.98 65.00 65.05
s 40 56.80 64.40 65.29 65.29 65.28
s 50 56.94 64.51 65.40 65.39 65.38
60 57.04 64.61 65.50 65.49 65.48
Installed Capacity (MW)
Design Head (m
40 42 43 44 46
— 10 33 35 3.6 37 3.8
g 15 5.0 53 5.4 55 58
Ss 20 6.7 7.0 72 73 77
c 2 25 8.3 8.8 9.0 92 9.6
55 30 10.0 10.5 10.8 11.0 11.5
£ 5 40 133 12.0 143 147 153
s 2 50 16.7 175 17.9 183 19.2
60 20.0 21.0 215 22.0 230

Output computations are based on monthly transferred discharges from Rio indio reservoir to Lake Gatun
as specified by the HEC-5 run performed by TAMS in August 2002. The system consists of Rio Indio
operating between El. 40 and El. 80 and a deepened Lake Gatun to allow operation between EI. 23.93 (78.5
ft) and 26.75 (87.75 ft) and it supplies 51.0 Lockages/day at a reliability of 99.6%. The targeted transfer of
20 cms from Indio to Gatun is achieved 93% of the time.

The following assumption were made:
1- The Max Power Discharge occurs at the Design head

2- The Installed Capacity is that at Max Power Discharge and Design Head

3- For net head greater than the design head the maximum output is limited by the Inst. Cap.
4- The plan overall efficiency is equal to 85%

5- Maximum net head on turbine is 125% of the design head
6- Minimum net head on turbine is 65% of the design head

7- The head losses are based on a 4.35-m dia., 8.4-km long tunne!

8- The simulation cover 52 years; water is transferred to Gatun 617 months out of 624.

Rio Indio Water Supply Project

AT
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Appendix E

Attachment 3

ISLA PABLON POWER PLANT - OUTPUT ANALYSIS

(Modified Operating Rules with Indio between EI 75 and E|I 80)

4.35 m Dia Transfer Tunnel

Average Annual Output (GWh)

Design Head (m)
40 42 43 44 46
. 10 24.66 27.44 28.05 28.65 29.82
22 15 36.08 40.00 40.87 41.73 43.37
os 20 46.86 51.80 52.86 53.91 55.92
£ 9 25 56.76 62.59 63.78 64.96 67.20
2 - 30 64.70 69.22 69.26 69.27 69.29
%S 40 65.34 69.56 69.55 69.55 69.55
S5 50 65.51 69.72 69.72 69.70 69.70
60 65.57 69.78 69.78 69.78 69.77
Installed Capacity (MW)
Design Head (m

40 42 43 44 46

N 10 3.3 35 36 3.7 3.8
22 15 5.0 5.3 54 55 5.8
S8 20 6.7 7.0 7.2 7.3 7.7
£ 9 25 8.3 8.8 9.0 9.2 9.6
3 & 30 10.0 10.5 10.8 11.0 11.5
E § 40 13.3 14.0 14.3 14.7 15.3
Sa 50 16.7 17.5 17.9 18.3 19.2
60 20.0 21.0 215 22.0 23.0

Output computations are based on monthly transferred discharges from Rio Indio reservoir to Lake Gatun
as specified by the HEC-5 run performed by TAMS in August 2002. The system consists of Rio Indio
operating between El. 40 and El. 80 and a deepened Lake Gatun to allow operation between EI. 23.93 (78.5
ft) and 26.75 (87.75 ft) and it supplies 48.8 Lockages/day at a reliability of 99.6%. The targeted transfer of
25 cms from Indio to Gatun is achieved 64% of the time.

The following assumption were made:
1- The Max Power Discharge occurs at the Design head

2- The Installed Capacity is that at Max Power Discharge and Design Head

3- For net head greater than the design head the maximum output is limited by the Inst. Cap.
4- The plan overall efficiency is equal to 85%

5- Maximum net head on turbine is 125% of the design head
8- Minimum net head on turbine is 65% of the design head

7- The head losses are based on a 4.35-m dia., 8.4-km long tunnel

8- The simulation cover 52 years; water is transferred to Gatun 594 months out of 624.

Rio Indio Water Supply Project

AT

3-10



Appendix E

RIO INDIO HYDROELECTRIC SCHEME

Indio Reservoir Operation between EI.40 and EI.80

Isla Pablon Power Plant

Design head

Installed Capacity

Maximum Turbine Discharge
Tunnel Diameter (horseshoe)
Tunnel Area

Hydraulic Radius

Head Loss Coefficient

Tunnel Length

Tunnel Loss at Max Turb Discharge
Average Annual Output

Rio Indio Power Plant

Design head

Installed Capacity

Maximum Turbine Discharge
Tunnel Diameter (horseshoe)
Tunnel Area

Hydraulic Radius

Head Loss Coefficient

Tunnel Length

Tunnel Loss at Max Turb Discharge
Average Annual Output

Gatun Power Piant

Average Annual Output

Madden Power Plant

Average Annual Output

Rio Indio Water Supply Project AT3-

43.00 meters
5,378 kW
15.00 cms
4.35 meters
16.89 sq. m
1.09 meters
0.0155
8,415 meters
1.27 meters
31,235 MWh

62.00 meters

2,500 kw
4.84 cms
2.50 meters
5.58 sq. m
0.63 meters

0.0175

300 meters
0.14 meters

9,882 MWh

54,451 MWh

187,930 MWh

Attachment 3



Appendix E

RIO INDIO HYDROELECTRIC SCHEME
indio Reservoir Operation between EI.40 and EL.80

Isla Pablon Power Plant

Design head

Installed Capacity

Maximum Turbine Discharge
Tunnel Diameter (horseshoe)
Tunnel Area

Hydraulic Radius

Head Loss Coefficient

Tunnel Length

Tunnel Loss at Max Turb Discharge
Average Annual Output

Rio indio Power Plant

Design head

Installed Capacity

Maximum Turbine Discharge
Tunnel Diameter (horseshoe)
Tunnel Area

Hydraulic Radius

Head Loss Coefficient

Tunnel Length

Tunnel Loss at Max Turb Discharge
Average Annual Output

Gatun Power Plant

Average Annual Output

Madden Power Plant

Average Annual Output

Rio Indio Water Supply Project AT

43.00 meters
7,171 kW
20.00 cms
4.35 meters
16.89 sq. m
1.09 meters
0.0155
8,415 meters
2.25 meters
32,838 MWh

62.00 meters

2,500 kW
4.84 cms
2.50 meters
558 sq. m
0.63 meters

0.0175

300 meters
0.14 meters

9,882 MWh

54,451 MWh

187,930 MWh

Attachment 3



Appendix E

RIO INDIO HYDROELECTRIC SCHEME
Indio Reservoir Operation between EI.40 and EI.80

Isla Pablon Power Plant

Design head

Installed Capacity

Maximum Turbine Discharge
Tunnel Diameter (horseshoe)
Tunnel Area

Hydraulic Radius

Head Loss Coefficient

Tunnel Length

Tunnel Loss at Max Turb Discharge
Average Annual Output

Rio Indio Power Plant

Design head

Installed Capacity

Maximum Turbine Discharge
Tunnel Diameter (horseshoe)
Tunnel Area

Hydraulic Radius

Head Loss Coefficient

Tunnel Length

Tunnel Loss at Max Turb Discharge
Average Annual Output

Gatun Power Plant

Average Annual Output

Madden Power Plant

Average Annual Output

Rio Indio Water Supply Project AT3-

43.00 meters
8,964 kW
25.00 cms
4.35 meters
16.89 sq. m
1.09 meters
0.0155
8,415 meters
3.51 meters
32,964 MWh

62.00 meters

2,500 kW
4.84 cms
2.50 meters
558 sq. m
0.63 meters

0.0175

300 meters
0.14 meters

9,882 MWh

54,451 MWh

187,930 MWh

Attachment 3



Appendix E

RIO INDIO HYDROELECTRIC SCHEME
Indio Reservoir Operation between EI.40 and EL.80

Isla Pablon Power Plant

Design head

Installed Capacity

Maximum Turbine Discharge
Tunnel Diameter (horseshoe)
Tunnel Area

Hydraulic Radius

Head Loss Coefficient

Tunnel Length

Tunnel Loss at Max Turb Discharge
Average Annual Output

Rio Indio Power Plant

Design head

Installed Capacity

Maximum Turbine Discharge
Tunnel Diameter (horseshoe)
Tunnel Area

Hydraulic Radius

Head Loss Coefficient

Tunnel Length

Tunnel Loss at Max Turb Discharge
Average Annual Output

Gatun Power Plant

Average Annual Output

Madden Power Plant

Average Annual Output

Rio Indio Water Supply Project AT3-

43.00 meters
5,378 kW
15.00 cms
5.00 meters
2232 sq. m
1.25 meters
0.015
8,415 meters
0.62 meters
31,870 MWh

62.00 meters

2,500 kW
4.84 cms
2.50 meters
5.58 sq. m
0.63 meters

0.0175

300 meters
0.14 meters

9,882 MWh

54,451 MWh

187,930 MWh

Attachment 3



Appendix E

RIO INDIO HYDROELECTRIC SCHEME

Indio Reservoir Operation between EI.40 and EI.80

Isla Pablon Power Plant

Design head

Installed Capacity

Maximum Turbine Discharge
Tunnel Diameter (horseshoe)
Tunnel Area

Hydraulic Radius

Head Loss Coefficient

Tunnel Length

Tunnel Loss at Max Turb Discharge
Average Annual Output

Rio Indio Power Plant

Design head

Installed Capacity

Maximum Turbine Discharge
Tunnel Diameter (horseshoe)
Tunnel Area

Hydraulic Radius

Head Loss Coefficient

Tunnel Length

Tunnel Loss at Max Turb Discharge
Average Annual Output

Gatun Power Plant

Average Annual Output

Madden Power Plant -

Average Annual Output

Rio Indio Water Supply Project AT3-

43.00 meters

7,171 kW

20.00 cms
5.00 meters

22.32 sq. m
1.25 meters

0.015

8,415 meters
1.09 meters

33,535 MWh

62.00 meters

2,500 kW
4.84 cms
2.50 meters
5.58 sq. m
0.63 meters

0.0175

300 meters
0.14 meters

9,882 MWh

54,451 MWh

187,930 MWh

Attachment 3



Appendix E

RIO INDIO HYDROELECTRIC SCHEME

Indio Reservoir Operation between E1.40 and EL.80

Isla Pablon Power Plant

Design head

Installed Capacity

Maximum Turbine Discharge
Tunnel Diameter (horseshoe)
Tunnel Area

Hydraulic Radius

Head Loss Coefficient

Tunnel Length

Tunnel Loss at Max Turb Discharge
Average Annual Output

Rio Indio Power Plant

Design head

Installed Capacity

Maximum Turbine Discharge
Tunnel Diameter (horseshoe)
Tunnel Area

Hydraulic Radius

Head Loss Coefficient

Tunnel Length

Tunnel Loss at Max Turb Discharge
Average Annual Output

Gatun Power Plant

Average Annual Output

Madden Power Plant

Average Annual Output

Rio Indio Water Supply Project AT

43.00 meters

8,964 kW

25.00 cms
5.00 meters

22.32 sq. m
1.25 meters

0.015

8,415 meters
1.71 meters

33,699 MWh

62.00 meters

2,500 kW
4.84 cms
2.50 meters
5.58 sq. m
0.63 meters

0.0175

300 meters
0.14 meters

9,882 MWh

54,451 MWh

187,930 MWh

Attachment 3



Appendix E

Rio Indio Water Supply Project AT3-1

RIO INDIO HYDROELECTRIC SCHEME

Indio Reservoir Operation between E{.40 and EI.80

Isla Pablon Power Plant

Design head

Instailed Capacity

Maximum Turbine Discharge
Tunnel Diameter (horseshoe)
Tunnel Area

Hydraulic Radius

Head Loss Coefficient

Tunnel Length

Tunnel Loss at Max Turb Discharge
Average Annual Output

Rio Indio Power Plant

Design head

Installed Capacity

Maximum Turbine Discharge
Tunnel Diameter (horseshoe)
Tunnel Area

Hydraulic Radius

Head Loss Coefficient

Tunnel Length

Tunnel Loss at Max Turb Discharge
Average Annual Output

Gatun Power Plant

Average Annual Output

Madden Power Plant

Average Annual Output

7

43.00 meters
5,378 kW
15.00 cms
6.00 meters
3214 sq. m
1.50 meters
0.0145
8,415 meters
0.24 meters
34,142 MWh

62.00 meters

2,500 kW
4.84 cms
2.50 meters
5.58 sq. m
0.63 meters

0.0175

300 meters
0.14 meters

9,882 MWh

54,451 MWh

187,930 MWh

Attachment 3



Appendix E

RIO INDIO HYDROELECTRIC SCHEME
Indio Reservoir Operation between EI.40 and EI.80

Isla Pablon Power Plant

Design head

Installed Capacity

Maximum Turbine Discharge
Tunnel Diameter (horseshoe)
Tunnel Area

Hydraulic Radius

Head Loss Coefficient

Tunnel Length

Tunnel Loss at Max Turb Discharge
Average Annual Output

Rio Indio Power Plant

Design head

Installed Capacity

Maximum Turbine Discharge
Tunnel Diameter (horseshoe)
Tunnel Area

Hydraulic Radius

Head Loss Coefficient

Tunnel Length

Tunnel Loss at Max Turb Discharge
Average Annual Output

Gatun Power Plant

Average Annual Output

Madden Power Plant

Average Annual Output

Rio Indio Water Supply Project AT

43.00 meters
7,171 kW
20.00 cms
6.00 meters
32.14 sq. m
1.50 meters
0.0145
8,415 meters
0.43 meters
36,505 MWh

62.00 meters

2,500 kW
4.84 cms
2.50 meters
5.58 sq. m
0.63 meters

0.0175

300 meters
0.14 meters

9,882 MWh

54,451 MWh

187,930 MWh

Attachment 3



Appendix E

Rio Indio Water Supply Project AT3-

RIO INDIO HYDROELECTRIC SCHEME

Indio Reservoir Operation between EI|.40 and E1.80

Isla Pablon Power Plant

Design head

Installed Capacity

Maximum Turbine Discharge
Tunnel Diameter (horseshoe)
Tunnel Area

Hydraulic Radius

Head Loss Coefficient

Tunnel Length

Tunnel Loss at Max Turb Discharge
Average Annual Output

Rio Indio Power Plant

Design head

Installed Capacity

Maximum Turbine Discharge
Tunnel Diameter (horseshoe)
Tunnel Area

Hydraulic Radius

Head Loss Coefficient

Tunnel Length

Tunnel Loss at Max Turb Discharge
Average Annual Output

Gatun Power Plant

Average Annual Output

Madden Power Plant

Average Annual Output

43.00 meters
8,964 kW
25.00 cms
6.00 meters
32.14 sq. m
1.50 meters
0.0145
8,415 meters
0.67 meters
37,364 MWh

62.00 meters

2,500 kW
4.84 cms
2.50 meters
5.58 sq. m
0.63 meters

0.0175

300 meters
0.14 meters

9,882 MWh

54,451 MWh

187,930 MWh

Attachment 3



Appendix E

RIO INDIO HYDROELECTRIC SCHEME
Indio Reservoir Operation between EI.50 and EI.80

Isla Pablon Power Plant

Design head

Installed Capacity

Maximum Turbine Discharge
Tunnel Diameter (horseshoe)
Tunnel Area

Hydraulic Radius

Head Loss Coefficient

Tunnel Length

Tunnel Loss at Max Turb Discharge
Average Annual Output

Rio Indio Power Plant

Design head

Installed Capacity

Maximum Turbine Discharge
Tunnel Diameter (horseshoe)
Tunnel Area

Hydraulic Radius

Head Loss Coefficient

Tunnel Length

Tunnel Loss at Max Turb Discharge
Average Annual Output

Gatun Power Plant

Average Annual Output

Madden Power Plant

Average Annual Output

Rio Indio Water Supply Project AT

43.00 meters
5,378 kW
15.00 cms
4.35 meters
16.89 sq. m
1.09 meters
0.0155
8,415 meters
1.27 meters
29,404 MWh

62.00 meters

2,500 kW
484 cms
2.50 meters
5.58 sq. m
0.63 meters

0.0175

300 meters
0.14 meters

9,755 MWh

61,833 MWh

189,201 MWh

Attachment 3



Appendix E

RIO INDIO HYDROELECTRIC SCHEME
Indio Reservoir Operation between EL.50 and EL.80

Isla Pablon Power Plant

Design head

Installed Capacity

Maximum Turbine Discharge
Tunnel Diameter (horseshoe)
Tunnel Area

Hydraulic Radius

Head Loss Coefficient

Tunnel Length

Tunnel Loss at Max Turb Discharge
Average Annual Output

Rio indio Power Ptant

Design head

Installed Capacity

Maximum Turbine Discharge
Tunnel Diameter (horseshoe)
Tunnel Area

Hydraulic Radius

Head Loss Coefficient

Tunnel Length

Tunnel Loss at Max Turb Discharge
Average Annual Output

Gatun Power Plant

Average Annual Output

Madden Power Plant

Average Annual Output

Rio Indio Water Supply Project AT3-

43.00 meters
7171 kW
20.00 cms
4.35 meters
16.89 sq. m
1.09 meters
0.0155
8,415 meters
2.25 meters
39,205 MWh

62.00 meters

2,500 kW
4.84 cms
2.50 meters
558 sq.m
0.63 meters

0.0175

300 meters
0.14 meters

9,755 MWh

61,833 MWh

189,201 MWh

Attachment 3



Appendix E

Rio Indio Water Supply Project

RIO INDIO HYDROELECTRIC SCHEME
Indio Reservoir Operation between EL.50 and EI.80

Isla Pablon Power Piant

Design head

Installed Capacity

Maximum Turbine Discharge
Tunnel Diameter (horseshoe)
Tunnel Area

Hydraulic Radius

Head Loss Coefficient

Tunnel Length

Tunnel Loss at Max Turb Discharge
Average Annual Output

Rio indio Power Plant

Design head

installed Capacity

Maximum Turbine Discharge
Tunnel Diameter (horseshoe)
Tunnel Area

Hydraulic Radius

Head Loss Coefficient

Tunnel Length

Tunnel Loss at Max Turb Discharge
Average Annual Output

Gatun Power Plant

Average Annual Output

Madden Power Plant

Average Annual Output

43.00 meters
8,964 kW
25.00 cms
4.35 meters
16.89 sq. m
1.09 meters
0.0155
8,415 meters
3.51 meters
43,117 MWh

62.00 meters

2,500 kW
4.84 cms
2.50 meters
5.58 sq. m
0.63 meters

0.0175

300 meters
0.14 meters

9,755 MWh

61,833 MWh

189,201 MWh

Attachment 3



Appendix E

Rio Indio Water Supply Project

RIO INDIO HYDROELECTRIC SCHEME

Indio Reservoir Operation between EI.60 and EI.80

Isla Pablon Power Plant

Design head

Installed Capacity

Maximum Turbine Discharge
Tunnel Diameter (horseshoe)
Tunnel Area

Hydraulic Radius

Head Loss Coefficient
Tunnel Length

Tunnel Loss at Max Turb Discharge
Average Annual Output
95% Monthly Energy

Rio Indio Power Plant

Design head

Installed Capacity

Maximum Turbine Discharge
Tunnel Diameter (horseshoe)
Tunnel Area

Hydraulic Radius

Head Loss Coefficient
Tunnel Length

Tunnel Loss at Max Turb Discharge
Average Annual Output
95% Monthly Energy

Gatun Power Plant

Average Annual Output

Madden Power Plant

Average Annual Output

43.00 meters
5,378 kW
15.00 cms
4.35 meters
16.89 sq. m
1.09 meters
0.0155
8,415 meters
1.27 meters
40,702 MWh
2,590 MWh

62.00 meters
2,500 kW
4.84 cms
2.50 meters
558 sq. m
0.63 meters
0.0175
300 meters
0.14 meters
10,844 MWh
773 MWh

72,514 MWh

191,984 MWh

Attachment 3



Appendix E

RIO INDIO HYDROELECTRIC SCHEME
Indio Reservoir Operation between EI.60 and EI.80

Isla Pablon Power Plant

Design head

Installed Capacity

Maximum Turbine Discharge
Tunnel Diameter (horseshoe)
Tunnel Area

Hydraulic Radius

Head Loss Coefficient
Tunnel Length

Tunnel Loss at Max Turb Discharge
Average Annual Output
95% Monthly Energy

Rio Indio Power Plant

Design head

Installed Capacity

Maximum Turbine Discharge
Tunnel Diameter (horseshoe)
Tunnel Area

Hydraulic Radius

Head Loss Coefficient
Tunnel Length

Tunnel Loss at Max Turb Discharge
Average Annual Output
95% Monthly Energy

Gatun Power Plant

Average Annual Output

Madden Power Plant

Average Annual Output

Rio Indio Water Supply Project AT

43.00 meters
7,171 kW
20.00 cms
4.35 meters
16.89 sq. m
1.09 meters
0.0155
8,415 meters
2.25 meters
54,170 MWh
3,427 MWh

62.00 meters
2,500 kW
4.84 cms
2.50 meters
558 sq. m
0.63 meters
0.0175
300 meters
0.14 meters
10,844 MWh
773 MWh

72,514 MWh

191,984 MWh

Attachment 3



Appendix E

Rio Indio Water Supply Project AT3-

RIO INDIO HYDROELECTRIC SCHEME
Indio Reservoir Operation between EL.60 and EL.80

Isla Pablon Power Plant

Design head

Installed Capacity

Maximum Turbine Discharge
Tunnel Diameter (horseshoe)
Tunnel Area

Hydraulic Radius

Head Loss Coefficient
Tunnel Length

Tunnel Loss at Max Turb Discharge
Average Annual Output
95% Monthly Energy

Rio Indio Power Plant

Design head

Installed Capacity

Maximum Turbine Discharge
Tunnel Diameter (horseshoe)
Tunnel Area

Hydraulic Radius

Head Loss Coefficient
Tunnel Length

Tunnel Loss at Max Turb Discharge
Average Annual Output
95% Monthly Energy

Gatun Power Plant

Average Annual Output

Madden Power Plant

Average Annual Output

43.00 meters
8,964 kW
25.00 cms
4.35 meters
16.89 sq. m
1.09 meters
0.0155
8,415 meters
3.51 meters
58,137 MWh
3,947 MWh

62.00 meters
2,500 kW
4.84 cms
2.50 meters
5.58 sq. m
0.63 meters
0.0175
300 meters
0.14 meters
10,844 MWh
773 MWh

72,514 MWh

191,984 MWh

Attachment 3



Appendix E

Rio Indio Water Supply Project AT3-

RIO INDIO HYDROELECTRIC SCHEME
Indio Reservoir Operation between EI.70 and EL.80

Ista Pablon Power Plant

Design head

Installed Capacity

Maximum Turbine Discharge
Tunnel Diameter (horseshoe)
Tunnel Area

Hydraulic Radius

Head Loss Coefficient
Tunnel Length

Tunnel Loss at Max Turb Discharge
Average Annual Output
95% Monthly Energy

Rio indio Power Plant

Design head

Installed Capacity

Maximum Turbine Discharge
Tunnel Diameter (horseshoe)
Tunnel Area

Hydraulic Radius

Head Loss Coefficient
Tunnel Length

Tunnel Loss at Max Turb Discharge
Average Annual Output
95% Monthly Energy

Gatun Power Plant

Average Annual Output

Madden Power Plant

Average Annual Output

43.00 meters
5,378 kW
15.00 cms
4.35 meters
16.89 sq. m
1.09 meters
0.0155
8,415 meters
1.27 meters
45,134 MWh
2,738 MWh

62.00 meters
11,999 kW
23.21 cms
2.50 meters
5.58 sq. m
0.63 meters
0.0175
300 meters
3.18 meters
14,404 MWh
902 MWh

83,226 MWh

194,203 MWh

Attachment 3



Appendix E

RIO INDIO HYDROELECTRIC SCHEME

Indio Reservoir Operation between EL.70 and EI.80

Isla Pablon Power Plant

Design head

Instalied Capacity

Maximum Turbine Discharge
Tunnel Diameter (horseshoe)
Tunnel Area

Hydraulic Radius

Head Loss Coefficient
Tunnel Length

Tunnel Loss at Max Turb Discharge
Average Annual Output
95% Monthly Energy

Rio Indio Power Plant

Design head

Installed Capacity

Maximum Turbine Discharge
Tunnel Diameter (horseshoe)
Tunnel Area

Hydraulic Radius

Head Loss Coefficient
Tunnel Length

Tunnel Loss at Max Turb Discharge
Average Annual Output
95% Monthly Energy

Gatun Power Plant

Average Annual Output

Madden Power Plant

Average Annual Output

Rio Indio Water Supply Project AT3-

43.00 meters
7,171 kW
20.00 cms
4.35 meters
16.89 sq. m
1.09 meters
0.0155
8,415 meters
2.25 meters
59,745 MWh
3,294 MWh

62.00 meters
11,999 kW
23.21 cms
2.50 meters
5.58 sq. m
0.63 meters
0.0175
300 meters
3.18 meters
14,404 MWh
902 MWh

83,226 MWh

194,203 MWh

Attachment 3



Appendix E

Rio Indio Water Supply Project AT3-

RIO INDIO HYDROELECTRIC SCHEME
Indio Reservoir Operation between EI.70 and EI.80

Isla Pablon Power Plant

Design head

Installed Capacity

Maximum Turbine Discharge
Tunnel Diameter (horseshoe)
Tunnel Area

Hydraulic Radius

Head Loss Coefficient
Tunnel Length

Tunnel Loss at Max Turb Discharge
Average Annual Output
95% Monthly Energy

Rio Indio Power Plant

Design head

Installed Capacity

Maximum Turbine Discharge
Tunnel Diameter (horseshoe)
Tunnel Area

Hydraulic Radius

Head Loss Coefficient
Tunnel Length

Tunnel Loss at Max Turb Discharge
Average Annual Output
95% Monthly Energy

Gatun Power Plant

Average Annual Output

Madden Power Plant

Average Annual Output

43.00 meters
8,964 kW
25.00 cms
4.35 meters
16.89 sq. m
1.09 meters
0.0155
8,415 meters
3.51 meters
64,642 MWh
3,450 MWh

62.00 meters
11,999 kW
23.21 cms
2.50 meters
5.58 sq. m
0.63 meters
0.0175
300 meters
3.18 meters
14,404 MWh
902 MWh

83,226 MWh

194,203 MWh

Attachment 3



Appendix E Attachment 3

ENERGY PRODUCTION ESTIMATE

Strategy No.1

Year Isla Pablon Power Plant
5.00-m Diameter Tunnel 6.00-m Diameter Tunnel 5.00-m Diameter Tunnel 6.00-m Diameter Tunnel
54-MW  7.2-MW- 9.0-MW 10.8-MW 126-MW 54-MW 7.2-MW  9.0-MW 54-MW 7.2-MW 9.0-MW 10.8-MW  12.6-MW  5.4-MW  7.2-MW  9.0-MW
2011 451 60.0 660 66.4 66.6 451 60.0 67.0 $2030 $2700 $2.970 $2,988 $2.997 $2.030 $2,700 $3,015
2012 451 600 660 66.4 66.6 451 60.0 67.0 $2,030 $2,700 $2970 $2.988 $2.997 $2.030 $2,700 $3,015
2013 451 60.0 66.0 66.4 66.6 451 60.0 67.0 $2030 $2700 $2.970 $2.988 $2.997 $2.030 $2,700 $3.015
2014 451 60.0 66.0 664 66.6 451 600 67.0 $2.030 $2700 $2.970 $2,988 $2.997 $2.030 $2,700 $3.015
2015 451 60.0 66.0 66 4 66.6 451 600 67.0 $2030 $2700 $2.970 $2.988 $2.997 $2.030 $2.700 $3.015
2016 451 60.0 66.0 66.4 66.6 451 600 67.0 $2.030 $2,700 $2.970 $2.988 $2.997 $2.030 $2.700 $3.015
2017 451 596 65.8 66.2 66.4 451 59.8 66.8 $2.030 $2682 $2961 $2.979 $2,988 $2.030 $2.691 $3.006
2018 448 582 654 658 66.0 450 596 66.5 $2.016 $2.664 $2.943 $2.961 $2.970 $2.025 $2.682 $2.993
2019 442 587 645 648 649 447 583 65.8 $1.988 $2642 $2,903 $2.916 $2.921 $2.012 $2,669 $2.961
2020 437 58.0 635 63.8 63.9 442 588 65.0 $1.967 $2610 $2.858 $2.871 $2.876 $1.989 $2.646 $2,925
2021 429 571 620 62.2 62.3 437 58.2 63.5 $1.931 $2570 $2790 $2.799 $2.804 $1.967 $2.619 $2,858
2022 422 56.2 60.7 60.9 610 43.0 57.4 624 $1.899 $2529 $2.732 $2.741 $2,745 $1.935 $2,583 $2,808
2023 408 544 588 £9.0 59.1 419 56.0 60.7 $1.836 $2.448 $2646 $2.655 $2.660 $1,886 $2.520 $2,732
2024 391 518 56.7 569 57.0 403 53.8 58.7 $1,760 $2.331 $2552 $2.561 $2.565 $1.814 $2.421 $2.642
2025 367 48.0 523 525 526 383 503 547 $1652 $2160 $2.354 $2.363 $2.367 $1.724 $2,264 $2.462
2026 346 432 47.7 479 48.0 36.7 458 505 $1557 $1.844 $2.147 $2.156 $2.160 $1.652 $2,061 $2.273
2027 33.0 392 422 42.4 425 352 418 454 $1485 $1.764 $1.899 $1.908 $1.913 $1.584 $1.881 $2,043
2028 322 358 374 376 37.7 344 389 40.8 $1449 $1611 $1683 $1.692 $1.697 $1.548 $1.751 $1.836
2029 319 335 337 339 34.0 341 36.5 37.4 $1.436 31508 $1517 $1.526 $1.530 $1.535 $1,643 $1,683
2030 319 335 337 339 340 341 36.5 374 $1.436 $1.508 $1.517 $1.526 $1.530 $1.535 $1.643 $1.683
2031 319 335 337 33.9 34.0 341 365 374 $1436 $1.508 $1.517 $1.526 $1.530 $1.535 $1.643 $1,683
2032 319 335 337 339 340 34.1 365 374 $1436 $1.508 $1.517 $1.526 $1.530 $1.535 $1.643 $1.683
2033 319 335 337 339 340 34.1 36.5 37.4 $1.436 $1.508 $1.517 $1.526 $1.530 $1.535 $1.643 $1.683
2034 319 335 337 339 340 341 365 374 $1436 $1508 $1517 $1.526 $1.530 $1.535 $1.643 $1.683
2035 319 335 337 339 340 341 365 374 $1.436 $1.508 $1.517 $1.526 $1.530 $1.535 $1.643 $1.683
2036 319 335 337 339 340 341 365 37.4 $1.436 $1508 $1517 $1.526 $1.530 $1.535 $1643 $1.683
2037 318 335 337 339 340 341 36.5 374 $1436 §$1.508 §1.517 $1.526 $1.530 $1.535 $1.643 $1.683
2038 319 335 337 33.9 340 341 36.5 37.4 $1.436 $1.508 $1517 $1.526 $1.530 $1.535 $1.643 $1.683
2039 319 335 337 339 34.0 341 36.5 374 $1.436 $1.508 $1.517 $1.526 $1.530 $1.535 $1.643 $1.683
2040 31.9 335 337 339 340 341 36.5 374 $1.436 $1.508 $1.517 $1.526 $1.530 $1.535 $1.643 $1.683
2041 319 335 337 339 340 341 36.5 37.4 $1.436 $1.508 $1517 $1,526 $1530 $1.535 $+643 $1.683
2042 319 335 337 339 34.0 341 36.5 374 $1.436 $1508 $1517 $1.526 $1,530 $1.535 $1.643 $1.683
2043 319 335 337 338 340 341 365 374 $1.436  $1.508 $1517 $1.526 $1.530 $1.535 $1.643 $1.683
2044 319 335 337 339 340 341 365 374 $1.436 $1.508 $1.517 $1.526 $1.530 $1.535 $1.643 $1.683
2045 318 335 337 339 340 34.1 365 37.4 $1436 $1.508 $1.517 $1,526 $1.530 $1.535 $1.643 $1.683
2046 319 335 337 339 34.0 341 365 374 $1.436 $1508 $1.517 $1.526 $1.530 $1.535 $1.643 $1.683
2047 319 335 337 339 340 341 365 374 $1436 $1.508 $1.517 $1.526 $1.530 $1.535 $1,643 $1.683
2048 319 335 337 339 340 341 36.5 374 $1.436 $1508 $1517 $1.526 $1.530 $1.535 $1.643 $1.683
2049 319 335 337 339 340 341 365 374 $1436 $1508 $1517 $1.526 $1.530 $1.535 $1.643 $1.683
2050 319 335 337 339 340 34.1 365 374 $1436 $1508 $1517 $1.526 $1.530 $1.535 $1.643 $1.683
2051 319 335 337 339 340 341 365 374 $1.436 31508 $1517 $1.526 $1.530 $1.535 $1.643 $1.683
2052 319 33§ 337 339 340 341 365 374 $1.436 $1.508 $1517 $1.526 $1 530 $1.535 $1.643 $1.683
2053 319 335 337 339 340 341 365 374 $1.436 $1.508 $1517 $1.526 $1.530 $1.535 $1.643 $1.683
2054 319 335 337 339 340 341 365 374 $1.436 $1.508 $1517 $1.526 $1.530 $1.535 $1.643 $1.683
2055 319 335 337 339 340 341 365 37.4 $1436 $1508 $1.517 $1.526 $1.530 $1.535 $1643 $1.683
2056 319 335 337 339 340 34.1 36.5 374 $1.436 $1.508 $1.517 $1.526 $1.530 $1.535 $1.643 $1.683
2057 318 335 337 339 340 341 365 374 $1.436 $1508 $1.517 $1.526 $1.530 $1.535 $1.643 $1.683
2058 319 335 337 339 340 341 365 374 $1.436 $1508 $1.517 $1526 $1.530 $1.535 $1.643 $1.683
2059 319 335 337 339 340 341 365 374 $1.436 $1.508 $1517 $1526 $1.530 $1.535 $1.643 $1.683
2060 319 335 337 339 340 341 365 374 $1.436 $1.508 $1.517 $1526 $1.530 $1.535 $1.643 $1.683
Net Present Value $15725 $20.377 $22212 $22335 $22395 $15946 $20.688 $22 814
at 12%

Rio Indio Water Supply Project AT3-29



Appendix E Attachment 3

ENERGY PRODUCTION ESTIMATE

Strategy No.1

Year Rio Indio Power Plant

2.5-MW  41-MW 7.2-MW  10.3-MW 12.0-MW 25-MW 4.1-MW 7.2-MW 10.3-MW 12.0-MW
2011 123 12.7 13.6 14.4 14.8 $551 $572 $611 $647 $666
2012 12.3 12.7 13.6 14.4 14.8 $551 $572 $611 $647 $666
2013 12.3 12.7 13.6 14.4 14.8 $551 $572 $611 $647 $666
2014 12.3 12.7 136 14.4 14.8 $551 $572 $611 $647 $666
2015 123 12.7 136 14.4 14.8 $551 $572 $611 $647 $666
2016 12.1 12.6 135 14.3 147 $546 $567 $606 $642 $660
2017 12.0 12.5 13.4 141 14.5 $541 $563 $601 $636 $654
2018 11.9 124 13.3 14.0 14.4 $537 $558 $596 $631 $648
2019 1.7 12.1 12.8 13.5 13.8 $525 $543 $575 $605 $620
2020 11.4 1.7 123 12.9 13.2 $513 $527 $554 $580 $592
2021 111 11.4 11.9 12.3 125 $500 $512 $533 $554 $563
2022 10.8 11.0 114 1.7 11.9 $488 $496 $512 $528 $535
2023 10.6 10.7 11.0 11.2 1.4 $476 $482 $494 $506 $511
2024 10.3 104 106 10.7 10.8 $464 $468 $476 $483 $487
2025 10.0 10.1 10.3 10.4 10.5 $451 $455 $462 $469 $472
2026 9.8 9.8 10.0 101 10.1 $439 $442 $448 $454 $456
2027 9.8 99 10.2 10.4 10.5 $442 $447 $457 $467 $471
2028 9.9 10.1 104 10.7 10.8 $445 $453 $466 $479 $486
2029 9.9 10.1 104 10.7 10.8 $445 $453 $466 $479 $486
2030 9.9 101 104 10.7 10.8 $445 $453 $466 $479 $486
2031 9.9 10.1 104 10.7 10.8 $445 $453 $466 $479 $486
2032 99 10.1 104 10.7 10.8 $445 $453 $466 $479 $486
2033 9.9 101 104 10.7 10.8 $445 $453 $466 $479 $486
2034 Q9 10.1 104 10.7 10.8 $445 $453 $466 $479 $486
2035 99 10.1 104 10.7 10.8 $445 $453 $466 $479 $486
2036 9.9 101 10.4 10.7 10.8 $445 $453 $466 $479 $486
2037 9.9 10.1 104 10.7 10.8 $445 $453 $466 $479 $486
2038 99 10.1 104 10.7 10.8 $445 $453 $466 $479 $486
2039 99 10.1 10.4 10.7 10.8 $445 $453 $466 $479 $486
2040 9.9 101 104 10.7 10.8 $445 $453 $466 $479 $486
2041 9.9 10.1 104 10.7 10.8 $445 $453 $466 $479 $486
2042 9.9 101 104 10.7 10.8 $445 $453 $466 $479 $486
2043 99 10.1 104 10.7 10.8 $445 $453 $466 $479 $486
2044 9.9 101 10.4 10.7 10.8 $445 $453 $466 $479 $486
2045 9.9 10.1 104 10.7 10.8 $445 $453 $466 $479 $486
2046 99 10.1 10.4 10.7 10.8 $445 $453 $466 $479 $486
2047 99 101 10.4 10.7 10.8 $445 $453 $466 $479 $486
2048 99 101 104 10.7 10.8 $445 $453 $466 $479 $486
2049 99 101 10.4 10.7 10.8 $445 $453 $466 $479 $486
2050 9.9 101 104 10.7 10.8 $445 $453 $466 $479 $486
2051 99 10.1 10.4 10.7 10.8 $445 $453 $466 $479 $486
2052 99 10.1 104 10.7 10.8 $445 $453 $466 $479 $486
2053 99 10.1 10.4 10.7 10.8 $445 $453 $466 $479 $486
2054 99 10.1 10.4 10.7 10.8 $445 $453 $466 $479 $486
2055 99 101 104 10.7 10.8 $445 $453 $466 $479 $486
2056 9.9 101 10.4 10.7 10.8 $445 $453 $466 $479 $486
2057 9.9 101 104 10.7 10.8 $445 $453 $466 $479 $486
2058 99 101 10.4 10.7 10.8 $445 $453 $466 $479 $486
2059 9.9 10.1 104 10.7 10.8 $445 $453 $466 $479 $486
2060 99 101 10.4 10.7 10.8 $445 $453 $466 $479 $486

Net Present Value  $4,298 $4,432 $4,678 $4,910 $5,027
12%

Rio Indio Water Supply Project AT3-30



Appendix E Attachment 3

ENERGY PRODUCTION ESTIMATE

Strategy No.3a

Year Isla Pablon Power Plant
5.00-m Diameter Tunnel 6.00-m Diameter Tunnel 5.00-m Diameter Tunnel 6.00-m Diameter Tunnel
54-MW 7.2-MW 9.0-MW 54-MW 72-MW 90-MW S54MW 72-MW 9.0-MW 54-MW 7.2-MW 9.0-MW
2011 7.3 7.6 7.9 77 8.1 8.5 $329 $342 $356 $347 $365 $383
2012 7.3 76 7.9 7.7 8.1 8.5 $323 $342 $356 $347 $365 $383
2013 7.3 7.6 7.9 7.7 8.1 8.5 $329 $342 $356 $347 $365 $383
2014 7.3 7.6 79 7.7 8.1 8.5 $329 $342 $356 $347 $365 $383
2015 73 7.6 79 7.7 8.1 8.5 $329 $342 $356 $347 $365 $383
2016 155 15.7 15.9 16.1 16.5 16.8 $698 $707 $716 $725 $743 $756
2017 237 238 240 245 249 252 $1,067 $1,071 $1,080 $1,103 $1,121 $1,134
2018 287 294 296 296 306 309 $1,292 $1,323 $1,332 $1,332 $1,377 $1,391
2019 336 349 350 346 36.2 36.6 $1,512 $1,571 $1,575 $1,557 $1,629 $1,647
2020 38.5 40.4 40.5 39.6 418 422 $1,733 $1,818 $1,823 $1,782 $1,881 $1,899
2021 38.7 43.4 447 39.8 450 46.5 $1,742 $1,953 $2,012 $1,791 $2,025 $2,093
2022 389 463 48.8 40.0 48.1 50.7 $1,751 $2,084 $2,196 $1,800 $2,165 $2,282
2023 390 491 52.8 40.2 51.0 547 $1,755 $2,210 $2,376 $1,809 $2,295 $2,462
2024 391 51.8 56.7 403 53.8 58.7 $1,760 $2,331 $2,552 $1.,814 $2,421 $2,642
2025 36.7 48.0 52.3 38.3 50.3 54.7 $1,652 $2,160 $2,354 $1,724 $2,264 $2,462
2026 346 43.2 a7.7 36.7 458 50.5 $1,557 $1,944 $2,147 $1,652 $2,061 $2,273
2027 33.0 39.2 422 35.2 418 454 $1,485 $1,764 $1,899 $1,584 $1,881 $2,043
2028 322 358 37.4 344 389 40.8 $1,449 $1,611 $1,683 $1,548 $1,751 $1,836
2029 319 335 337 341 36.5 374 $1,436 $1,508 $1,517 $1,535 $1,643 $1,683
2030 319 335 337 341 36.5 374 $1,436 $1,508 $1,517 $1,535 $1,643 $1,683
2031 319 335 33.7 341 36.5 374 $1,436 $1,508 $1,517 $1,535 $1,643 $1,683
2032 319 33.5 33.7 34.1 36.5 374 $1,436 $1,508 $1,517 $1,535 $1,643 $1,683
2033 319 335 337 341 36.5 37.4 $1,436 $1,508 $1,517 $1.535 $1,643 $1,683
2034 319 335 337 341 36.5 37.4 $1,436 $1,508 $1.517 $1.535 $1,643 $1,683
2035 31.9 335 337 341 36.5 374 $1,436 $1,508 $1,517 $1,535 $1,643 $1,683
2036 319 335 337 341 36.5 37.4 $1,436 $1,508 $1,517 $1,535 $1,643 $1,683
2037 319 335 337 341 36.5 374 $1,436 $1,508 $1.517 $1,535 $1,643 $1,683
2038 319 335 337 341 36.5 37.4 $1,436 $1,508 $1.517 $1,5635 $1,643 $1,683
2039 319 335 337 341 36.5 37.4 $1,436 $1,508 $1,517 $1.535 $1,643 $1,683
2040 319 335 337 341 365 374 $1,436 $1,508 $1.517 $1,535 $1,643 $1,683
2041 319 335 337 341 365 374 $1,436 $1,508 $1.517 $1,535 $1,643 $1,683
2042 319 335 337 341 36.5 374 $1,436 $1,508 $1.517 $1,535 $1,643 $1,683
2043 319 335 33.7 341 36.5 37.4 $1,436 $1,508 $1.517 $1,535 $1,643 $1,683
2044 319 335 33.7 341 36.5 374 $1.436 $1,508 $1.517 $1,535 $1.643 $1,683
2045 319 335 33.7 34.1 36.5 374 $1,436 $1,508 $1,517 $1,535 $1,643 $1,683
2046 319 335 337 341 36.5 374 $1,436 $1,508 $1,517 $1,535 $1,643 $1,683
2047 31.9 335 33.7 341 36.5 374 $1,436 $1,508 $1,517 $1,535 $1,643 $1,683
2048 319 335 337 341 36.5 374 $1,436 $1,508 $1,517 $1,535 $1.643 $1,683
2049 319 335 337 341 36.5 374 $1,436 $1,508 $1,517 $1,535 $1,643 $1,683
2050 31.9 335 337 34.1 36.5 374 $1,436 $1,508 $1.517 $1,535 $1,643 $1,683
2051 319 335 337 341 36.5 37.4 $1.436 $1,508 $1,517 $1,535 $1,643 $1,683
2052 319 335 337 341 36.5 374 $1,436 $1,508 $1,617 $1,535 $1,643 $1,683
2053 319 335 337 341 36.5 374 $1,436 $1,508 $1,517 $1,535 $1,643 $1,683
2054 319 335 337 34.1 36.5 374 $1.436 $1.508 $1,517 $1,535 $1,643 $1,683
2055 319 335 337 341 36.5 374 $1.436 $1,508 $1.517 $1,535 $1,643 $1,683
2056 31.9 335 337 341 36.5 374 $1,436 $1.,508 $1.517 $1,535 $1.643 $1,683
2057 319 335 33.7 341 36.5 374 $1,436 $1,508 $1,517 $1,535 $1,643 $1,683
2058 31.9 335 337 341 36.5 374 $1.436 $1,508 $1,517 $1,535 $1,643 $1,683
2059 319 335 337 34.1 36.5 374 $1.436 $1,508 $1.517 $1,535 $1,643 $1,683
2060 31.9 335 337 341 36.5 374 $1,436 $1,508 $1,517 $1,535 $1,643 $1,683
Net Present Value  $7,831 38,609 $8,909 $8,185 $9,089 $9,466
12%

Rio Indio Water Supply Project AT3-31
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ENERGY PRODUCTION ESTIMATE

Strategy No.3a

Year Rio Indio Power Plant

25-MW  41-MW 7.2-MW 10.3-MW 12.0-MW 25-MW 41-MW 7.2-MW 10.3-MW 12.0-MW
2011 19.6 325 56.9 81.2 86.3 $883 $1,463 $2,561 $3,654 $3,884
2012 19.6 325 56.9 81.2 86.3 $883 $1,463 $2,561 $3,654 $3,884
2013 19.6 32.5 56.9 81.2 86.3 $883 $1,463 $2,561 $3,654 $3,884
2014 19.6 32.5 56.9 81.2 86.3 $883 $1,463 $2,561 $3,654 $3,884
2015 19.6 32.5 56.9 81.2 86.0 $883 $1,462 $2,558 $3,654 $3,870
2016 19.8 32.7 57.2 71.3 73.8 $889 $1,472 $2,574 $3,209 $3,319
2017 19.9 32.9 576 61.4 61.5 $895 $1,481 $2,591 $2,762 $2,768
2018 20.0 33.2 50.3 52.9 53.0 $899 $1,492 $2,262 $2,380 $2,385
2019 20.1 33.3 43.0 44 4 445 $903 $1,498 $1,933 $1,997 $2,002
2020 20.2 33.3 35.7 359 36.0 $907 $1,500 $1,604 $1,614 $1,619
2021 17.7 276 29.4 296 29.7 $796 $1,242 $1,323 $1,332 $1,336
2022 15.2 21.9 23.1 233 23.4 $685 $984 $1,040 $1,049 $1,053
2023 12.8 16.1 16.9 17.0 171 $575 $726 $758 $766 $770
2024 10.3 10.4 10.6 10.7 10.8 $464 $468 $476 $483 $487
2025 10.0 10.1 10.3 104 10.5 $451 $455 $462 $469 $472
2026 9.8 98 10.0 10.1 10.1 $439 $442 $448 $454 $456
2027 9.8 9.9 10.2 10.4 105 $442 $447 $457 $467 $471
2028 9.9 10.1 104 10.7 10.8 $445 $453 $466 $479 $486
2029 9.9 10.1 104 10.7 10.8 $445 $453 $466 $479 $486
2030 9.9 10.1 104 10.7 10.8 $445 $453 $466 $479 $486
2031 99 10.1 10.4 10.7 10.8 $445 $453 $466 $479 $486
2032 9.9 10.1 104 10.7 10.8 $445 $453 $466 $479 $486
2033 99 10.1 104 10.7 10.8 $445 $453 $466 $479 $486
2034 9.9 10.1 104 10.7 10.8 $445 $453 $466 $479 $486
2035 9.9 10.1 104 10.7 10.8 $445 $453 $466 $479 $486
2036 9.9 10.1 104 10.7 10.8 $445 $453 $466 $479 $486
2037 99 10.1 104 10.7 10.8 $445 $453 $466 $479 $486
2038 99 101 104 10.7 10.8 $445 $453 $466 $479 $486
2039 9.9 10.1 104 10.7 10.8 $445 $453 $466 $479 $486
2040 9.9 10.1 104 10.7 10.8 $445 $453 $466 $479 $486
2041 9.9 101 104 10.7 10.8 $445 $453 $466 $479 $486
2042 9.9 101 10.4 10.7 10.8 $445 $453 $466 $479 $486
2043 9.9 10.1 10.4 10.7 10.8 $445 $453 $466 $479 $486
2044 99 10.1 104 10.7 10.8 $445 $453 $466 $479 $486
2045 9.9 10.1 104 10.7 10.8 $445 $453 $466 $479 $486
2046 9.9 101 10.4 10.7 10.8 $445 $453 $466 $479 $486
2047 9.9 101 10.4 10.7 10.8 $445 $453 $466 $479 $486
2048 9.9 101 104 10.7 10.8 $445 $453 $466 $479 $486
2049 9.9 101 104 10.7 10.8 $445 $453 $466 $479 $486
2050 9.9 101 104 10.7 10.8 $445 $453 $466 $479 $486
2051 9.9 10.1 104 10.7 10.8 $445 $453 $466 $479 $486
2052 99 101 10.4 10.7 10.8 $445 $453 $466 $479 $486
2053 99 10.1 104 10.7 10.8 $445 $453 $466 $479 $486
2054 99 10.1 104 10.7 10.8 $445 $453 $466 $479 $486
2055 99 10.1 10.4 10.7 10.8 $445 $453 $466 $479 $486
2056 9.9 10.1 10.4 10.7 10.8 $445 $453 $466 $479 $486
2057 9.9 10.1 104 10.7 10.8 $445 $453 $466 $479 $486
2058 9.9 101 10.4 10.7 10.8 $445 $453 $466 $479 $486
2059 9.9 10.1 10.4 10.7 10.8 $445 $453 $466 $479 $486
2060 9.9 101 104 10.7 10.8 $445 $453 $466 $479 $486

Net Present Value  $6,397 $9,941 $15527 $19,970 $20,867
12%

Rio Indio Water Supply Project AT3-32
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Appendix E

SUMMARY

0 -

The following summary is prepared from the detailed analysis that follows
Total

Total Tunnel Excavation Price $21,386,100
Total Tunnel Concrete Lining Price $7,587,000
Total at January 1999 Level $28,973,100

Analysis Totals
Method of Excavation Drill and Blast Method
Type of Support Requirements Type | Type I Type lll Type IV
Finished Diameter 4.35 4.35 4.35 435
ID area 16.89 16.89 16.89 16.89
Finished Tunnel radius 2.18 2.18 2.18 2.18 2.18
Excavated Tunnel radius 252 2162 2.52 2.52
Excavated tunnel diameter 5.05 505 505 5.05
Excavated area 22.73 22.73 22.73 22.73
Tunnel Length for analysis 2.100 3.360 2.520 420 8.400
Excavation Volume/m 227 227 2217 227 22.7
Excavation Pay Volume 47.700 76,400 57,300 9.500 190.900
Concrete Lining Thickness, m
Overbreak assumed, m
Shotcrete Lining Thickness, m
Shotcrete Area, Sqm 0 26,600 32.700 5,400 64,700
Excavated Volume for lining/m (inc invert) 246 2456 255 25.5 250
Tunnel Length, m 2,100 3.360 2.520 420 8.400
Total Excavated Volume, Cu.m. 51,600 82,500 64,300 10,700 209,100
Loose Volume, Cu.m., Mucking 82.560 132.000 102.880 17.120 334,560
Invert concrete volume 1.589 2.543 1.907 318 6.358
Concrete Lining Volume 14529 23,246 19,818 3,303 60,896
Pay Concrete Volume 16.118 25.790 21.725 3.821 67.254
2 M #8 Rockbolts 800 8.400 11.800 400 21,400
Steel Sets, kg 211,400 211,400
Production, days for one Heading 311 8672 630 210 1,823
Excavation Manhours, Local 136.889 295,680 277,200 92.400 802.169
Excavation Manhours, Foreign 0 0 0 0
Labor Cost - Excavation, Local 1,102,100 2.380.500 2.231.700 743,200 6,458,200
Labor Cost - Excavation, Foreign 0 0 0 0 0
Tunnel Concrete Lining Cost, Local 1,398,035 2.236.916 1.886.856 314376 5.836.183
Tunnel Concrete Lining Cost,Foreign 0 0 0 o] 0
Equipment Cost, Local 903327 1,951,186 1,829,237 609.746 5293494
Equipment Cost, Foreign 0 o] 0 o] 0
Material Cost, Local 655196 1,662,383 1.712.862 668.723 4,699 165
Material Cost, Foreign 0 o] 0 0 0
Tunnel Excavation Cost, Local Total 2,660,623 5.994.069 5,773,799 2,022,369 16,450,859
Tunnel Excavation Cost, Foreign Total SO $0 $0 SO $0
Concrete Lining Cost, Total 1,398,035 2,236,916 1,886,856 314,376 5,836,183
Tunnel Excavation Cost 2,660,623 5,994,069 5,773,799 2,022,369 16,450,859

With Contractors OH&P of 30% } 0% 30 4
Tunnel Excavation Price $3,458,800 $7,792,300 $7.505900 $2,629, $21,386,100
Tunnel Lining Price $1,817,446 $2,907,991 $2,452,912 $408,689 $7,587,037
Tunnel Price $28.973,137
Concrete Lining Price, Local 1.817.446 2.907.991 2452912 408.889 7.587.037
Concrete Lining Price, Foreign 0 o] 0 o] o]
Tunnel Excavation Price, L<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>