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Upper Chagres Water Supply Project Executive Summary

EXECUTIVE SUMMARY

INTRODUCTION

The ACP is undertaking a canal capacity study, which includes the evaluation of
additional sources of water to augment Canal capacity. The transit of ships through the
Panama Canal is dependent upon the availability of the fresh water stored in Madden and
Gatun reservoirs. Water availability is limited and, even at present traffic levels, is not
sufficient to meet traffic demand during prolonged dry periods. Therefore, new sources
of water must be identified, defined, and evaluated.

The US Army Corps of Engineers (USACE) performed a reconnaissance study for the
Panama Canal Commission to identify and evaluate potential water supply projects (1).
The Upper Chagres Project was recommended as a feasible alternative for further
consideration to develop a long-term water supply plan.

The Autoridad del Canal de Panama (ACP), formerly the Panama Canal Commission, has
authorized Montgomery Watson Harza, formerly Harza Engineering Company, to
perform an engineering feasibility study of the Upper Chagres Water Supply Project
(Project) under Contract CC-3-536, Work Order 0011, dated September 11, 2001. A
location map is shown on Exhibit 1.

OBJECTIVE OF THE STUDY

The original objective of this study was to determine the technical and economic
feasibility of the Upper Chagres Water Supply Project. An assessment of the
environmental feasibility will be performed separately under the direction of the ACP.

During the course of the study, it was decided by the ACP to implement the Upper
Chagres Project only in conjunction with a plan to add new locks to the Panama Canal
System. Under this condition, the demand for and bénefits from developing the Upper
Chagres Project could not be assessed at this time. Therefore, a determination of
economic feasibility was not possible. The objective of the study was changed to an
assessment of technical feasibility.

HYDROLOGY AND RIVER HYDRAULICS

Studies were performed to confirm the long-term streamflow sequence adopted for the
Reconnaissance Study (1), and to estimate the spillway design flood and anticipated
reservoir sedimentation.
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Upper Chagres Water Supply Project Executive Summary

The long-term streamflow sequence at the proposed Upper Chagres dam is based on data
from the gage on the Rio Chagres at Chico. Data were available for this study for the
period from March 1933 to December 2000. Data were missing for November 1966 and
from January 1968 to June 1971. The missing monthly data were developed by MWH
using statistical procedures. As the proposed dam is located about 150 m upstream from
the gage, the recorded flows are considered to be a?plicable to the damsite. The mean
annual flow at the damsite is estimated to be 30.2 m’/s. The monthly distribution of flow
is shown below in cubic meters per second.

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Annual
2551149 | 124 | 157 | 27.6 | 29.6 | 32.3 [ 353 | 34.1 | 39.8 | 49.3 | 46.4 30.2

The probable maximum flood (PMF), based on probable maximum precipitation (PMP)
was adopted as the spillway design flood for the Upper Chagres Water Supply Project.
Based on information presented in the National Weather Service publication of PMP
dated 1978 and the Weather Bureau publication of depth-area-duration dated 1965, the
PMP was estimated to be 657 mm. The results of storm transposition and maximization
procedures resulted in a slightly lower estimate.

The PMP was transformed to a PMF using the HEC-1 computer model. For a base flow
of 50 m%/s, estimated from an analysis of five major floods at the Rio Chico gage, the
probable maximum flood hydrograph has an estimated peak discharge of 9,940 m’/s and
a 3-day volume of 271 MCM.

The impact of sediment deposition on storage in the reservoir was evaluated using data
from Lake Madden and other sources. After 100 years, it is expected that sediment
deposition will reduce the gross storage by about 10 percent and the live storage by about
5 percent.

GEOLOGIC CONDITIONS

The geologic conditions were established on the basis of geologic mapping,
geomorphological analysis, photogeologic studies, a moderate subsurface investigation
program, and construction materials investigations.

Geology of the Damsite
Overburden at the damsite consists primarily of residual soils and colluvium. In the

riverbed and lower 5 to 10 m of the valley sides, overburden consists of alluvial deposits
ranging from sand to boulders. ‘
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Bedrock units in the Alto Rio Chagres project area consist largely of Cretaceous rocks of
volcanic origin. Based upon regional relations and similarities with geologic units
observed in the Canal Area, bedrock units in the Alto Rio Chagres project area are
thought to belong to the Igneous Basement Complex.

The volcanic rock along the Rio Chagres in the vicinity of the damsite has been identified in
the field and referred to as andesite. Several zones of agglomerate were also observed in
surface exposures and in boreholes. Observations made during the mapping and drilling
program indicate that the stratigraphic relationship between the andesite and agglomerate
is highly variable. The agglomerate appears to be an interflow feature of individual
andesite flows, with clasts being incorporated from existing surficial deposits and from
volcanic activity (explosions, debris flows).

The valley floor in the vicinity of the damsite is on the order of 50 meters wide and
contains alluvial terraces and gravel and boulder bars. The alluvial terraces are mainly
found on the inside of meanders, while the gravel and boulder bars are typically found
along straight sections of the river channel.

Seismicity

Several major historical earthquakes have occurred in the study region. Most notably,
earthquakes occurred in 1822 and 1916 in Northwest Panama along the border of the
North Panama Deformed Belt, while two earthquakes occurred nearly 25 km off the
northern coast near Colon in 1621 and 1882. An additional earthquake event is noted in
1914 on the northeastern coast in the San Blas region.

The Upper Chagres project is classified as a significant project. The project was

analyzed for a return period of near 2,000 years. The recommended seismic design
parameters for the Upper Chagres Project are as follows:

Maximum Design Earthquake (MDE) = 0.20 g
¢ Operating Basis Earthquake (OBE)=0.14 g

The Upper Chagres dam was analyzed for stability for the MDE.
Engineering Geology
In general, the foundation bedrock at the site is not expected to present any significant

constraints on project development that cannot be taken care of with appropriate
conventional design details and construction practices.
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Construction Materials

The construction of the Upper Chagres Project will require appropriate aggregate for the
roller compacted concrete (RCC) mix, concrete aggregate, and random material for the
initial upstream and the downstream cofferdams.

All aggregates (including coarse and fine aggregates for concrete and the RCC mix) need
to be manufactured from quarried sources. These aggregates will be manufactured from
local andesite in a quarry located immediately to the west of the confluence of the Rio
Chico and the Rio Chagres.

The diversion cofferdams will be constructed from locally available random fill obtained
from required excavation at the dam.

DESCRIPTION OF THE UPPER CHAGRES WATER SUPPLY PROJECT
The major elements that comprise the Upper Chagres Water Supply project include:

e A roller compacted concrete dam and appurtenant works at the Rio Chico site,

e A gated spillway sized to protect the dam against the probable maximum flood,

e Temporary river diversion facilities, which include two-culverts that will be
converted to incorporate the emergency drawdown facilities, and

e A 56 MW power station that is also used to supply the minimum release.

A general plan of development and a plan of the dam and appurtenant works are shown
on Exhibits 2 and 3.

The dam will impound a reservoir with a gross storage capacity of 530 MCM at El. 210,
the full supply level. Live storage between El. 210 and El. 155 will be 450 MCM. The
resultant dead storage is sized to accommodate 100 years of sediment deposition. The
reservoir area at the full supply level is 13.9 square kilometers.

Upon completion of the project, the yield of the water supply system for the Panama
Canal will be increased by about 400 million cubic meters per year with a reliability of
99.6%. This is equivalent to about 5.3 additional lockages per day in the present canal
system.

The Upper Chagres Dam will be made of a low to medium cement content concrete mix
with aggregate taken from a quarry located upstream of the site along the Rio Chico near
its confluence with the Rio Chagres. The dam will be about 140 m high from the deepest
foundation excavation to the top of the dam.
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A gated chute spillway will be located in the left-center portion of the dam. The
discharge under PMF conditions will be 6,300 m>/s using a surcharge of 2.9 m above the
full supply level. Control will be afforded by 6 radial gates, each 8-m wide by 12-m
high. A flip bucket will discharge the flood flows into a plunge pool, which will be
formed in competent rock, pre-excavated to EI. 63 about 200 m downstream from the flip
bucket.

The facilities for the river diversion during construction will consist of cofferdams
upstream and downstream from the damsite and two 7 m by 7 m conduits located on the
right side of the river channel. The conduits will serve to pass the 25-year flood during
construction, control the rate of initial reservoir filling, and provide for emergency
evacuation of the reservoir.

Emergency drawdown will be accomplished using the spillway and one of the diversion
conduits. For emergency drawdown, an intake tower with a 4 m by 4 m shaft will be
constructed on the face of the dam. Two 3-m wide by 4-m high gates will be installed
with sills at EL 115.

The power facilities consist of a power intake, a vertical shaft and horizontal tunnel
leading to the powerhouse, which will house one 8-MW and three 16-MW Francis
turbines direct connected to synchronous generators for a total installed capacity of 56
MW. A 115-kV switchyard will be located about 200 meters from the powerhouse and a
21.2 km 115-kV transmission line will connect with the national grid at the existing 115-
kV Panama-Colon line near the Madden dam. The minimum release will be discharged
through the powerhouse either as a part of the power operation or, if the units are shut
down, through a bypass.

Operation facilities are required for the hydropower facilities, the spillway gates, and the
other gates and valves. These facilities will include a SCADA system for remote
monitoring and operation of the project, instrumentation, security and lighting, and
landscaping and drainage.

COST OF THE PROJECT

The estimated cost of the Upper Chagres Water Supply Project has been developed on the
basis of the present feasibility design and construction schedule. The estimates represent
- the prevailing rates and prices in January 2003. The estimates are based on the
assumption that an international contractor will construct the water supply and
hydropower facilities without restriction on sources of supplies and equipment. The unit
prices have been estimated at feasibility level.

A summary of the construction cost is shown below.
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Executive Summary

Item Estimated Cost
Land Acquisition and Mitigation $9,100,000
General Costs including Construction Camps
and Permanent Access Roads $13,030,000
River Diversion Works $9,170,000
Main Dam $107,230,000
Spillway $12,830,000
Emergency Drawdown Facilities $1,550,000
Power Intake and Tunnel $9,460,000
Powerplant $18,420,000
Transmission System $5,170,000
Operation Facilities $900,000
Subtotal Direct Cost | $190,580,000
Contingency $27,720,000
Direct Cost | $218,300,000
Engineering and Administration $32,700,000
Construction Cost (Jan 2003 price level) | $251,000,000

The annual operating costs include the costs of operation and maintenance (O&M), for
the various features, the cost of replacing short-life equipment, administration by the

Owner, and insurance.

In addition, an annual cost associated with watershed

management, implementation of the environmental mitigation plan and the relocation
activities is included. The annual operation and maintenance costs are summarized

below:
Item Annual Cost

O&M $1,034,000
Replacement $520,000
Admin and General Expenses $193,000
Insurance $243,000
Resettlement Administration $80,000
Watershed Management $150,000
Mitigation Plan Implementation $100,000

Total (rounded) | $2,320,000

PROJECT IMPLEMENTATION

It is estimated that implementation of the Project will required about 6.5 years including

environmental studies, funding, design,

contractor

selection,

and construction.
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Construction alone will require 4 years. An implementation schedule is shown on
Exhibit 4.

CONCLUSIONS AND RECOMMENDATIONS

As aresult of the studies described in this report and its appendices, it is concluded that:

The Upper Chagres Water Supply Project is technically feasible.

e The damsite selected in the Reconnaissance Report is a suitable site for the
development of the water resources of the Upper Chagres Basin.

e A roller compacted concrete dam is suitable for the site and is the most cost
effective arrangement.

e The yield of the Panama Canal system will increase by about 400 MCM/yr (about
5.3 L/d) with the addition of the Upper Chagres Project.

The addition of a 56 MW hydropower plant to the Project is warranted.

e The project is estimated to cost about $251 million in 2003 dollars. Allowing for
inflation at 3% per year, escalation during construction at 3% per year, and
interest during construction at 10% per year, the capital cost of the project in
current dollars would be about $307 million.

® The economic cost of water is higher for the Upper Chagres Project than for either
the Rio Indio Project or the Cafio Sucio project.

As a result of these conclusions, it is recommended that:
The Upper Chagres Water Supply Project not be considered as a source of water for

any canal expansion in the near or intermediate term unless expansion to the Western
Watersheds is not possible.
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TABLE OF SIGNIFICANT DATA

Project Setting: Upper Rio Chagres Basin; east of Lake Madden

Hydrology
Average Annual Precipitation 3,250 mm
Average Annual Streamflow 302 mfs
Storage Facilities
Reservoir
Drainage Area 414  km?
Normal Maximum Water Level EL 210 msl
Active Storage
Initial Volume (rounded) 530 MCM
Initial Operating Range El 210- El 155
Volume after 100 years (rounded) 480 MCM
Operating Range after 100 years El 210-El 145
Surface Area 13.9  km?
Minimum Pool Level El. 155 msl
Volume 80 MCM
Surface Area 3.8  km?
Live Storage 450 MCM
Sediment (Dead) Storage 80 MCM

Dam

Type of Dam

Crest Elevation

Crest Length

River Bed Elevation

Foundation Elevation

Hydraulic Height

Structural Height

Upstream and Downstream Slope
Concrete Volume (rounded)

Roller Compacted Concrete (RCC)

216

915

86

76

130

140

Vertical, 0.75H:1V
1,900,000 m’

888888
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Executive Summary

TABLE OF SIGNIFICANT DATA, cont.

Storage Facilities, cont.
Spillway
Type of Spillway
Spillway Gates

Spillway Crest Length
Spillway Crest Elevation
Spillway Design Flood
Peak Inflow
3-day Volume
Peak Outflow
Surcharged Reservoir Level

Diversion During Construction

Section Shape

Number of Culverts

Length

Diversion Flood (25-year)
Discharge Capacity
Pre-Cofferdam Height (hydraulic)

Main Cofferdam Height (hydraulic)
Downstream Cofferdam Height (hydraulic)

Cofferdam RCC Fill Volume

Cofferdam Embankment Fill Volume

Minimum Release Facility

Gated ogee
6 No. 12 m high by 8 m wide
63 m
El198 m
9,940 m’/s
271 MCM
6,300 m¥/s
2129 msl

7 m by 7 m concrete culvert

2

140
2,110
1,430
3

35

5
98,000
5,000

m
m’/s
m>/s

3
3

88888

Included in power facilities

Power Facilities

Installed Capacity
_ Firm Capacity

Average Annual Energy Production

Unit Information

Number of Units and Capacity
Design Head

Rotational Speed

Generator Rating

Generator Frequency

Power Factor

56
56
254

3-16 MW
115m

450 rpm
17,800 kVA

MW
MW
GWh

1-8§ MW
105 m

600 rpm
8,900 kVA

60 Hz

0.9
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TABLE OF SIGNIFICANT DATA, cont.

Power Facilities, cont.

Physical Data
Powerplant Type Surface
Power Tunnel Length 200 m
Power Tunnel Diameter 42 m

Estimated Project Cost

Construction Cost , $251,000,000
Annual Operating Cost $2,320,000

Estimated Project Yield

Volumetric Reliability 99.6 %
Yield L/d 53 LAd
Yield MCM/year 400 MCMAr

@ mwh /T
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1. INTRODUCTION

1.1 Authorization

The Autoridad del Canal de Panama (ACP), formerly the Panama Canal Commission, has
authorized Montgomery Watson Harza, formerly Harza Engineering Company, to
perform an engineering feasibility study of the Upper Chagres Water Supply Project
(Project) under Contract CC-3-536, Work Order 0011, dated September 11, 2001.

1.2 Background

In 1998, the ACP established the Canal Capacity Projects Office to study options for
improving the Panama Canal (Canal) operating systems to provide efficient and
competitive services for the next 50 years.

The ACP is undertaking a canal capacity study, which includes the evaluation of
additional sources of water to augment Canal capacity. The transit of ships through the
Panama Canal is dependent upon the availability of the fresh water stored in Lake Gatun
and Lago Algjuela (Lake Madden). Water availability is limited and, even at present
traffic levels, is not sufficient to meet traffic demand during prolonged dry periods.
Therefore, new sources of water must be identified, defined, and evaluated.

The US Army Corps of Engineers (USACE) performed a reconnaissance study for the
Panama Canal Commission to identify and evaluate potential water supply projects (1).
The Upper Chagres Project was recommended as a feasible alternative for further
consideration to develop a long-term water supply plan.

1.3 Objectives

1.3.1 Original Objective

The original objective of this study was to determine the technical and economic
feasibility of the Upper Chagres Water Supply Project. An assessment of the
environmental feasibility will be performed separately under the direction of the ACP .

1.3.2 Modified Objectives

During the course of the study, it was decided by the ACP to implement any water
development project only in conjunction with a plan to add new locks to the Panama
Canal System. Under this condition, the demand for and benefits from developing the
Upper Chagres Project could not be assessed at this time. The dam-height optimization
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and the economic analysis were, therefore, suspended pending the further study of the
additional locks.

As a result of these events, the scope of the technical and economic feasibility study was
modified to result in an engineering study with the following objectives:

e Assess the technical feasibility of the Upper Chagres Water Supply Project,
e Estimate the economic cost of water for a range of developments at the site
identified in the Reconnaissance Report, and

e Evaluate the potential for adding hydropower to the water supply project.

1.4 Original Scope of Services

Relying on readily available data, information, literature, mapping, photographs, efc., and
ground topographic surveys at each of the project features and geological/geotechnical
investigations performed under separate contract actions by the ACP, the services are
described as a series of tasks, paraphrased from the Terms of Reference as follows:

Task 1 Work Plan and Quality Control Plan. Present final plans with milestones in
Panama within two weeks of notification of award.

Task 2 Selection of Dam Location and Field Investigations. Visit site to provide
preliminary confirmation of dam location, review ground survey, geology, and
geotechnical field program proposals.

Task 3 Hydrology and Meteorology. Task 3 included a series of subtasks:

e Develop a long-term streamflow sequence

e Using a HEC-5 simulation model provided by the ACP, operate the Canal water
supply system to determine the contribution from and to optimize the features of
the Upper Chagres Project.

e Estimate the probable maximum flood for spillway design and lower frequency
floods for the determination of diversion facilities during construction.

e Estimate evaporation and reservoir sediment deposition

Task 4 River Hydraulics. Assess the impact of construction on the water quality
downstream from the dam and the stability of the river channel as a result of the project’s
development. If necessary, perform a feasibility-level assessment of required remedial
works.

@ mwH /TS
1-2




Upper Chagres Water Supply Project Introduction

Task 5 Geology. Based on reports, field visits, and the geologic investigations being
performed by the ACP, describe the regional, reservoir, and site geology, the nature of
the foundation materials, and the location and characteristics of construction materials.

Task 6 Geotechnical and Seismological Studies. Using information supplied by the ACP

and collected during field visits, characterize foundation conditions, estimate excavation
slope requirements, assist in the location of construction materials, and assess
seismotectonic movement and risk.

Task 7 Power and Energy Studies. Using estimates of power generation from the HEC-5
simulation model, estimate the costs and benefits of installing hydro plants at the base of
the dam. In addition, perform a power market study to determine the competitiveness of
the project power production as it relates to the national power system.

Task 8 Design of Main Features. Select the most suitable type of dam and provide
feasibility-level designs and drawings for the project features.

Task 9 Construction Planning. To support a detailed engineering and construction
schedule, a construction plan will be developed that identifies construction and
management components, construction methods, characteristics of the work force, access
of materials and equipment, and a construction sequence.

Task 10 Cost Estimate. Prepare a detailed cost estimate to a feasibility-level of detail. -

Task 11 Canal Operation Benefits. Define benefits for Canal operation, municipal and
industrial water supply, hydropower generation, and agricultural development.

Task 12 Economic Evaluation. Define evaluation methods in coordination with the ACP
and calculate the cost-benefit ratio for the project.

A draft feasibility report is to be presented 10 months after issuance of the Task Order.
In addition, interim meetings will be held with the ACP to review work progress, hands-
on training will be provided in the Consultants home office, and a series of seminars will
be presented for the purpose of technology transfer.

1.5 Revised Scope of Services

Over the course of the study, the ACP decided that the channel through Lake Gatun
would be deepened and that a third and possibly a fourth set of locks would be
constructed. As a result, the historic navigation demand, toll structure, and operating
costs were not a suitable basis for the estimation of navigation benefits and Task 11,
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Canal Operation Benefits, and Task 12, Economic Evaluation, were suspended. In
addition, the schedule was extended to September 2003.

1.6 Organization of Report

This volume titled “Main Report” contains a summary of the studies done in connection
with the project and the conclusions and recommendations. The details of the studies are
presented in six appendices that are contained in an additional two volumes. The report
organization is shown below:

Volume Title

1 Main Report

Appendix A — Hydrology, Meteorology and River Hydraulics

2 Appendix B — Geology, Geotechnical and Seismological Studies
Appendix C — Operation Simulation Studies
3 Appendix D — Project Facilities Studies

Appendix E — Power and Energy Studies
Appendix F — Cost Estimates
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2. PROJECT SETTING

The Upper Chagres Water Supply Project is located about 35 km north of Panama City
within the existing Panama Canal Watershed. The basin is located in the corregimiento
of Chilibre, District of Panama, Province or Panama. A location map is presented on
Exhibit 2-1. The Project will be used to augment the existing supply of water to the
Canal, provide for increases in municipal and industrial water in and around the Panama
Canal Watershed, and as a source of electricity in the local and regional market.

2.1 Climate

The general climate of Panama is tropical with distinct wet and dry seasons induced by
the movement of the inter-tropical convergence zone (ITCZ). When the ITCZ is located
to the south of Panama, the effect is to cause a dry season; when it travels over Panama
either moving northward or southward, its passage results in heavy rainfall; and when it
is to the north, it results in moderate rainfalls.

The mean annual rainfall over the basin above the damsite is estimated to be 3,250 mm
based on an average of data from an isohyetal map of mean annual rainfall, taken from
the Atlas Nacional de la Republica de Panama, (6), shown on Exhibit 2-2 and one
developed by the ACP for the period from 1974-1998, presented as Exhibit 2-3. Using a
monthly distribution of rainfall from the gage at Chico (Appendix A, Table 1), the mean
monthly rainfall varies from a low of 19 mm in March to a high of 492 mm in October.
Mean monthly rainfall values are shown in Table 2-1.

TABLE 2-1 MEAN MONTHLY RAINFALL, RIO CHAGRES BASIN

Month | piiten Gy | MOP | pstan o
January 49 May 341
February 23 June 392
March 19 July 397
April 103 August 409

September 399

October 492

November 420

December 206
Mean Annual Rainfall 3,250 mm
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The months of May through November are the season of large-area rainfalls. During this
period, strong air outflows come from the northern latitudes. These northerly winds,
coming from the Atlantic Ocean, cause convergence when they encounter the coastal
hills and heavy rainfall occurs. The rainfall and intensity decrease farther inland, but
increase again near the Continental Divide.

Literature studies and discussions with ACP staff indicate that the occurrence of the El
Nifio phenomenon causes below normal rainfall in almost all regions of Panama. The
studies indicate that the average annual rainfall anomaly based on the El Nifio was about
8% below -normal. In the case of the strong episodes of 1976 and 1982, the
corresponding anomalies were about 28% and 24%. The 1997-98 El Nifio significantly
decreased the rainfall in the Panama Canal Watershed. The 1977 annual rainfalls at
Chico and Rio Piedras rainfall stations, which are both located in the Upper Chagres
watershed, were about 25% and 60% of the mean annual rainfall respectively.

Mean monthly temperatures vary about 2° C throughout the year around 26° C near the
dam to about 24° C in the head reach. The lowest temperature occurs in September and
October, and the highest occurs in March and April at lower altitudes and in June at
higher altitudes.

2.2 Location and Description of the Upper Chagres Basin

The Rio Chagres Basin at the damsite covers an area of about 414 square kilometers (1).
The basin is about 30 km long in the east-west direction and 20 km wide at its widest
point about in the middle. The proposed reservoir is located just downstream from the
confluence of the Rio Chagres and the Rio Chico, about fifteen kilometers upstream from
Lake Madden.

The Rio Chagres rises in the highlands between the Districts of Panama and Saint Isabel
at about El. 650 (1:250,000 scale map “Panama”) and trends in a southwesterly direction
for about 35 kilometers over an air-distance of 30 kilometers. The Rio Chagres has an
average gradient of about 1% above the damsite (IFSAR mapping). In the most upper
reaches, the river flows at a gradient of 4-5%.

There are four major tributary systems to the Rio Chagres. On the north (right) bank, the
Rio Chico, Rio Limpio, and Rio Esperanza join the river about 0.5 km, 8 km, and 18 km
upstream from the damsite. The drainage areas of these tributaries are approximately 37
km?, 48 km?, and 67 km? respectively. The Rio Piedras is the major left bank tributary.
It joins the mainstream about 11 km upstream from the damsite and drains an area of
about 85 km?.
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In addition, there are two minor, but significant unnamed tributaries, one on each bank,
that join the mainstream between the Rio Piedras and the damsite.

There are no significant features in the basin. The topography is characterized by
strongly dissected and moderately steep terrain with irregularly spaced conical-shaped
hills and a dendritic drainage pattern. The landforms appear to be the result of high
rainfall-caused runoff and well-developed stream erosion. The basin is primarily
forested, and little of the basin forest cover has been cleared for subsistence farming.

Access to the basin is limited to some trails, by boat up the Rio Chagres, and by
helicopter. There is essentially no access from the north. From the south, there is a
gravel road to some of the towns on the east end of Lake Madden. As a part of the
Project, permanent access to the site has been planned.

The reservoir area is located in the Parque Nacional Chagres. When the government
created the park, restrictions were imposed on logging, slash and burn for cattle ranching,
and mining. Some agricultural activities were allowed. In 2003, the Government of
Panama signed a Debt for Nature agreement with the United States made possible by the
Tropical Conservation Act. This agreement reduces Panama debt payments to the United
States and in return, the Government of Panama has committed to funding local
conservation projects for the protection and conservation of the Park.

2.3 Panama Canal Operations

The Panama Canal operation is dynamic and has a significant macroeconomic impact.
Panama has transformed the Canal from a government-run entity into a commercial
venture. The Canal has been transformed from a transport route for ships into a
commercial supplier of a broad range of services (4). Although these services have been
provided in the past, treaty limitations curtailed the full exploitations of this potential.
Currently, the Government’s plan is to make the Canal an autonomous enterprise and to
permit increased activity in the areas of electricity generation, municipal and industrial
(M&I) water supply, and the provision of marine services.

The United States is the most important user in terms of cargo tonnage. The US East
Coast to Asia is the dominant trade route for the Canal and the US West Coast and
Canada through the Canal comprise the second major trade route. Trade along the north-
south axis is also increasing especially between the west coast of South America and the
east coast of the United States (4). Ships carrying coal from the east coast of the United
States to Japan save 3,000 miles versus the shortest alternative all-water route and ships
sailing from Ecuador to Europe save 5,000 miles. Grain is the largest commodity (by
tonnage) shipped through the Canal followed by crude oil and petroleum products, and
phosphates and fertilizers. There is significant variation in direction — over 90 percent of
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the grain and phosphates and fertilizers, and over 62 percent of the crude oil and
petroleum are shipped from the Atlantic to the Pacific. The largest commodity shipped
through the Canal from the Pacific to the Atlantic is mining products and specifically coal
or ores and metal (5).

2.3.1 Description of the Canal Facilities

As reported in the Reconnaissance Report (1), the principal features of the 80-km long
Canal system, from the Atlantic Ocean to the Pacific Ocean, are:

The Cristobal Terminal in Colon

A short section of sea-level channel

The Gatun Locks, which can raise or lower a ship 26 meters in three steps
Gatun Lake, which develops 37.6 km of the Canal passage

The Gaillard Cut, which is 13.7 km long

The Pedro Miguel Lock, which can raise or lower a ship 9.4 meters
Miraflores Lake

The Miraflores Locks, which can raise or lower a ship up to 16.6 meters
A 9.6-km long sea level channel

The Balboa Terminal in Panama City

Madden Lake, which serves as a source of water for the Canal

Gatun Lake is impounded by the Gatun Dam, an earth embankment with a gated gravity
spillway across the Rio Chagres. Madden Lake is impounded by Madden Dam, a
concrete structure also on the Rio Chagres about 19 km east of the Canal. Miraflores
Lake is formed by an earthfill dam located on either side of the high end of Miraflores
Locks. Electricity is generated at both Gatun and Madden dams, and municipal and
industrial water is supplied from both Gatun and Madden Lakes.

The ACP is currently improving the efficiency of the Canal through the purchase of new
locomotives and tugboats, installing a traffic management system, improving lock
chamber door operating machinery, and widening the Gaillard Cut. The Cut is being
widened from 152 meters to about 192 meters in the straight sections and 222 meters in
the curves. The improvements will shorten the time needed to move vessels through the
locks and allow larger ships to use the Canal at the same time.

The ACP also is currently deepening the navigation channel through Lake Gatun by three
feet (0.91 m).

@ MwH / TaNS
2-4




Upper Chagres Water Supply Project Project Setting

2.3.2 Canal Traffic

The ACP operates the twin-lane locks continuously on a 24-hour per day, 365 days per
year basis. In 1997 and 1998, oceangoing vessel transits totaled slightly more than
13,000 or an average of just less than 36 vessels per day. In 1997, more than 29 percent
of the vessels were classified as PANAMAX vessels (beams of 30.5 m) and this
percentage was estimated to increase to about 33 percent by Year 2010 (2). Actual use of
the canal by PANAMAX ships is already at 40 percent according to the ACP. At the
completion of the improvements described above, the APC estimates that the sustainable
transit capacity of the Canal will increase to 43 vessels per day or 15,695 per year.

In 1993, the following actual and projected estimates of traffic were reported (3):

Maximum Design Vessel Cargo Tonnage Vessel Transits
Size 1990 2020 2060 1990 2020 2060
Present Canal (65,000 dwt) | 157,472 | 265,962 | 276,529 | 11,162 17,359 18,078
150,000 dwt NA 360,990 | 490,647 NA 17,796 23,934
200,000 dwt NA 363,312 | 494,726 NA 17,844 24,074
250,000 dwt NA 369,883 | 508,527 NA 17,856 24,053

With the currently anticipated limit of about 16,000 vessel transits per year, it becomes
apparent that significant improvements to the Canal will be required to meet the
anticipated demand.

2.3.3 Water Availability

Currently, the supply of water for the operation of the Canal and the provision of
municipal and industrial (M&I) water comes from the regulation of the Rio Chagres.
Historically, the supply of water has been adequate to provide a reliable operation of the
Canal. The reliability of supply, measured as the ratio of the volume of water provided
and the volume of water required, was computed to be 99.6% for a demand equal to the
average of the lockage and M&I demands from 1993 to 1997. This value has been used
as an indicator of the systems’ reliability and, currently, as a goal to which all future
developments are compared.

The impact of providing less than the required water supply is severe. At the current
time, there are no auxiliary sources of water for M&I supply and, therefore, the entire
impact of any shortage is absorbed by the canal operation. There are two actions that can
be taken during water shortages: 1) maintain the level of Gatun Lake so that all vessels
can pass and reduce the number of passages or 2) allow the lake level to drop and impose
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draft restrictions. The ACP has taken the option of allowing passage to all requesting
vessels and imposing draft restrictions on large vessels.

Using the 50-year period of hydrologic data and simulating the operation of the Canal
system for multiples of the current demand (taken as the average demand from 1993 to
1998), the reliability of the system as reported in the Reconnaissance Report (4) would
have been:

Demand Multiple Reliability
Current Demand 99.6 %
1.2 98.8 %
1.4 96.4 %
1.6 92.0 %
1.8 86.3 %

These reliability values indicate that, on the average, current shortages amount to about
11 MCM/yr and shortages for the increased multiples range from 44 MCM/yr for 1.2
times the current demand to 725 MCM/yr for the 1.8 multiple. The situation is worse
than suggested by the averages. For the 1.2 multiple, shortages occur in only 20 of the 50
years, which indicates a shortage that averages about 100 MCM/yr in the short years, but
as many of the years have only minimal shortages, the shortage in the most severe year
would be much larger than average.

2.3.4 Municipal and Industrial Water Supply

Historically, the Panama Canal Authority has provided M&I water to the Panama Canal
Watershed and the immediate vicinity. In year 2000, that supply equaled about 244
million gallons per day (mgd), which is equivalent to about 4.4 lockages per day in the
Canal operations. Based on a study performed in 2000 (11), the M&I demand is forecast
to increase from 244 mgd to about 500 mgd (about 9.1 lockages per day) in year 2060. It
is anticipated that the ACP will retain the responsibility to supply this water.

2.4 Socio-Economic Conditions

The reservoir area, which is located in the Parque Nacional Chagres, is very rugged and
is covered with pristine rain forest. Information available to the ACP indicates that there
are no people living in the reservoir area. Indigenous populations of the Embera tribe are
reported in the area. The Emberas migrated from Darien and Bayano in the mid-
seventies and established the communities of Embera Drua and Parara Puru, which are
located downstream from the damsite.
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Minor amounts of land are used for subsistence farming and the Rio Chagres is used for
subsistence fishing.

There are no public services, and domestic water is taken from the Rio Chagres. Travel
routes consist of trails and the river. Schools and medical facilities are available in
settlements on Lake Madden. No treatment of community waste is available and,
therefore, domestic waste and wastewater are discharged into the environment. There are
some known health problems attributed to the waste disposal methods.

2.5 Power Sector

In 1998, the power sector of Panama was restructured. Prior to 1998, the Panama
National Integrated System (PNIS) was operated by the Instituto de Recursos Hidraulicos
y Electrification (IRHE), responsible for generation, transmission, distribution, and sales.
As a part of the restructuring, the generation and distribution facilities were privatized
while the transmission system was assigned to a new government agency, the Empresa de
Transmission Electrica, S. A. (ETESA).

After the restructuring, there were ten generation companies and three distribution
companies providing electricity to the national grid. 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 (8), 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 (9).

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
isolated from the grid. EDE Elektra Noreste operated 14 plants with a total capacity of
10.8 MW that were also isolated from the grid.

The Panama Canal Authority owns and operates three power plants: the Gatun and
Madden Hydroelectric plants and the Miraflores Thermal Plant. The three plants have
installed capacities of 24MW, 36 MW, and 115 MW respectively for a total of 175 MW.
The generation is used to meet the electricity needs of Canal operation. The ACP load is
estimated by the Electricity Department of the ACP to be about 60 MW. The Miraflores
plant serves as a backup to the hydro plants when there is sufficient water in the Canal
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System to generate hydropower and supplies electricity when there is not sufficient

water. The ACP can sell surplus energy in the energy spot market of the PNIS.

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 2-2
TABLE 2-2 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 44.0 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 3.4 3.4 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.
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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.

The existing transmission system consists of 578 km of 230 kV lines, 134 km of 115 kV
lines, and ten 230-kV substations with a total capacity of 885 MVA (10). Transmission
line losses were estimated at about 3.4 percent of the total energy supply and distribution
system losses were estimated at about 17.6 percent of purchased energy. In 1998, energy
consumption, as reported by the distribution companies, amounted to about 3,393 MWh

to about 452,000 consumers. Aggregate distribution by consumer category for 1998 is
shown in Table 2-3.

TABLE 2-3 1998 ENERGY CONSUMPTION BY CONSUMER CATEGORY

Consumer Energy. Percent of

Category Consumption Total
(MWh)

Residential 1,005 30
Commercial 1,342 40
Industrial 488 14
Governmental 477 14
Public Lighting 64 2
Own Uses 17 <1
Total 3,393 100

In 1999, the energy consumption was 3,521 MWH, an increase of 5.8%. The customer
base increased by 5.2% to about 476,000 consumers.

Each of the three distribution companies has established a tariff structure including
capacity and energy charges for the various types of consumers. The average unit energy
sale price in 1998 for each of the consumer categories is presented in Table 2-4.

TABLE 2-4 AVERAGE UNIT ENERGY SALES PRICE IN 1998

($/MWh)
Sector Residential | Commercial | Industrial | Government System
Sale Price 119.00 115.60 97.40 111.20 111.20

The unit energy sales prices in Panama have been decreasing slightly over the last
decade. Including the estimated unit sales price of $103/MWh for 1999, the sales price
has decreased at an average rate of 1.6 %f/year.
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2.6 Agricultural Sector

Primary forests cover about 95% of the land along the upper reaches of the Rio Chagres
and its tributaries and no commercial agriculture exists. Some subsistence farming
occurs in parts of the basin.

2.7 Geologic Setting

The proposed Rio Chagres project is located in an area underlain by Cretaceous-aged
volcanic rocks of the Igneous Basement Complex (Terry, 1956). The Igneous Basement
Complex is composed of intrusive and extrusive volcanics, including granites, diorites,
basalts, andesites, tuffs and agglomerates. A general stratigraphic column is presented as
Table 2-5 and a regional geologic map is presented as Exhibit 2-4.

2.7.1 Regional Geology

Regional geologic mapping for this part of the country consists only of a 1:75,000 scale
map, which provides very limited detail for the project area.

To the east of the project area toward Lake Madden, there is a transition from igneous
rock types to the sedimentary rock types of the Gatuncillo formation, which includes
mudstones, siltstones and limestones (Woodring, 1955). The Lake Madden basin itself
lies between two major faults striking N 70 E, which are cut by a second fault system
striking N 20 E to N 30 E (Terry, 1956). These two fault systems strongly control the
drainage pattern of the Rio Chagres below Lake Madden. They seem to also exert some
control in the basin of the Upper Chagres upstream of Lake Madden, as the Chagres and
several of its main tributaries are oriented N 20 E and N 70 E.

At the project site, the bedrock is comprised of andesites and agglomerates deposited as a
series of terrestrial andesite flows.

Although little information on the engineering characteristics of these rocks exists, it is
anticipated that they may exhibit a wide variety in quality depending on their depositional
history and their degree of weathering.

2.7.2 Regional Tectonics

The tectonics in the Central American region are predominantly governed by the
interaction of the Nazca, Cocos, South American, and Caribbean Plates. Geologic
processes in the Republic of Panama, including tectonics, sedimentation, volcanism,
seismicity, and epeirogenesis, are all strongly influenced by the relative movements of
these plates, which are shown on Exhibit 2-5. Although the country is located on the
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southwest edge of the Caribbean Plate, Panama itself is located on a tectonic microplate
called the Panama Block, which is a fairly rigid, yet seismically active segment of crust.

TABLE 2-5 RiO CHAGRES AREA STRATIGRAPHIC COLUMN

ERA PERIOD EPOCH AGE FORMATION DESCRIPTION
6 Rio Indio aliuvial deposits
QUATERNARY (:’r’;g ntt‘)’
Chagres Sandstone
Pliocene Toro Limestone, lime-cemented
(3x10%) coquina
G
- . a | Massive sandstone
Dacite, Andesite & Basalt flows - '
Late and intrusions lt] tsl.ll’ftfsmne' conglomerate and
Miocene
n
(11x10% | Middle 7 :
Predominantiy silty or sandy
Earl La tuffaceous mudstone with
é y Boca | sandstone, limestone and
b conglomerate
[&] Tuffaceous sandstone, siitstone
2 and agglomeratic tuff
(@] i Tuffaceous sandstone, tuff and
& TERTIARY Late Caimito thin limestone beds
° Oligocene Conglomerate and tuffaceous
sandstone
(26x10°%) Las Cascadas — agglomerate
and intercalated lava flows
Early Las Cascadas Bohio | Bohio - conglomerate, tuffaceous
sandstone, tuffaceous siltstone
with much pyroclastic material,
largely non-marine
Eocene Late Gatuncillo Mudstone, siltstone, impure
(38x1 05) Middle bentonite and limestone lenses
Early
Paleocene
(48x10°%)
o .
o Indurated sedimentary rocks,
8 Cr(t;t1a :f&l)’s Pre-Tertiary basement complex intrusive and extrusive igneous
g rocks and metamorphic rocks
=

Adapted from: Woodring and Thompson, 1949
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Plate movement in Central America is typically generalized as subduction zone tectonics.
However, based on a review of the tectonics, the limit of the strongest influence of the
subduction zone appears to cease near the border between Panama and Costa Rica and
begins again on the eastern side of Panama and runs along the west coast of South
America (Bodare, 2001).

The Panama Block was formed over a period of 12 million years, largely as a result of the
north to south spreading at the Galapagos Rift boundary between the Cocos and Nazca
plates. Newly created crust at this boundary is being subducted beneath Costa Rica and
regions further north. This action contributes to seismic activity extending from Costa
" Rica all the way to the western coast of Mexico. Four major tectonic regions define the
boundaries of the Panama Block (Camacho et al., 1994):

Panama Block-Caribbean Plate Boundary,
Panama Block-Nazca Plate Boundary,

Eastern Panama-Columbia Collision Zone, and
Panama Block-Cocos Plate Boundary

Most historical seismicity within a 400-km-radius of the Panama Canal area can be
attributed to collision and shear deformation at each of these neighboring plate
boundaries (Cowan 1995). The junction of the Cocos, Nazca, and Caribbean Plates
occurs near what is termed Punta Burica, or Burica Peninsula. The junction of the Cocos
and Nazca Plates is termed the Panama Fracture Zone (Acres, 1981).

The north edge of the Cocos Plate is being subducted under the Caribbean Plate resulting
in a reverse fault structure termed the Middle American Trench. The Nazca plate is being
subducted obliquely in the northeast direction beneath the southwest margin of Panama
creating the Eastern Panama-Columbia Collision Zone, while the eastern portion of the
Nazca plate is being subducted under South America (Cowan 1995). The thrust of the
Caribbean Plate beneath the northern margin of the Panama Block has produced some
large earthquakes in the past. The provinces and adjoining offshore regions of Bocas del
Toro, Chiriqui, Los Santos in western and southern Panama, and San Blas and Darien in
the east are also seismically active regions of Panama located along the margins of the
Panama Block (Cowan 1995).

A detailed description of the significant tectonic features of Panama is presented in
Appendix B.

2.8 Environmental Setting

The information presented has been supplied by the ACP or was taken from the
Reconnaissance Report (1).
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2.8.1 Terrestrial Habitat

Primary forests cover about 95% of the land along the upper reaches of the Rio Chagres
and its tributaries and about 75% of the reservoir area. The remaining area in the
reservoir is bush and small areas of annual crops and livestock.

2.8.2 Fish and Wildlife

The Upper Chagres is typical of a stream in mountainous country. Its water is clear and
cool and the river bottom ranges from sand to boulders with numerous riffles, rapids, and
pools. The river and its tributaries support some fish, crustaceans, and bethnic
communities that support subsistence fishing. However, currently available information
about fish communities within the project area is limited except that about 24 species of
fish have been identified.

The biological diversity of the Park also includes 1,185 species of plant (139 endemic),
351 species of birds (58 migratory), 71 species of amphibians, 85 species of reptiles, and
131 species of mammals.

The Autoridad Nacional del Ambiente (ANAM) declared 33 mammals, 39 birds, and 11
reptiles and amphibians as being in danger of becoming extinct in Panama. Although it
has not been determined, some of the listed species might be found in the project area.

2.8.3 Wetlands

The wetlands in the project area consist of forested riparian habitat and are limited by the
relatively steep topography of the project area in the immediate vicinity of the stream
banks and rocky substrate. Most of the streams above the damsite and along the Rio
Chagres and its tributaries are bordered by forested riparian habitat.

2.8.4 Air Quality

Air quality in the project area is excellent. There may be a few small isolated tracts of
land subjected to slash and burn activities.

2.8.5 Cultural and Historic Resources

The impoundment would be located within a protected area. No investigations into
cultural resources have been conducted in the project area and, therefore, impacts to
cultural resources cannot be determined. The impoundment area is within the interest
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and objectives of the Mesoamerican Biological Corridor, an international project to
conserve biodiversity.
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3. PROJECT DEFINITION STUDIES

The project definition studies are the basic studies that preceded the selection of the final
project arrangement. For many of the studies an appendix is attached.

3.1 Topography

Available topographic maps for the study region were obtained from the Instituto
Geografico Nacional. These included maps at 1:50:000 scale (contour interval 20 m).
Several of the 1:50:000 scale maps in the vicinity of the project site have not been published,
including the map that provides coverage of the reservoir area. Topography for the reservoir
area was provided by ACP in digital format. The topography was generated from an aerial
survey of the project site and reservoir area made using an IFSAR (Interferometric Synthetic
Aperture Radar) survey.

Additional topographic information at the project site was obtained from a detailed
topographic survey made by Ingeniera Avanzada, S.A., in November and December
2001. This topographic mapping of the proposed damsite area was developed under
subcontract to MWH, who was responsible for the mapping in accordance with Contract
CC-3-536, Task Order 8, Altimetric and Planimetric Surveys of the Upper Chagres
Damsite. The extent of the topographic coverage is shown on the plan views of the
proposed project. In some instances, there are project features that are not totally covered
by the large-scale mapping. For these features, additional topographic mapping of the
damsite was developed using topography generated from the IFSAR survey.

The topography in the vicinity of the project area is characterized by steep, V-shaped
valleys and can be classified as a mountain region in early maturity. The valley sides are
almost entirely covered by vegetation and a well-developed residual soil horizon. Rock
outcrops are present at the riverbanks along much of the Rio Chagres and its major
tributaries.

3.2 Hydrology Studies

Hydrologic analyses were performed to confirm the long-term streamflow sequence
adopted for the Reconnaissance Study (1), to estimate reservoir evaporation,
construction-period floods, the spillway design flood, and sediment deposition in the
reservoir. The studies and their results are presented in more detail in Appendix A,
Hydrology and River Hydraulics.
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3.2.1 Long-Term Streamflow

A stream gaging station was established on the Rio Chagres at Chico (Drainage Area
about 414 km?) in 1933 by the ACP. Data were available for this study for the period
from March 1933 to December 2000. Data were mission for November 1966 and from
January 1968 to June 1971. The missing monthly data were developed by MWH using
statistical procedures.

As the proposed dam is located about 150 m upstream from the gage, the recorded flows
are considered to be ap}zalicable to the damsite. The mean annual flow at the damsite is
estimated to be 30.2 m”/s and the monthly distribution of flow is shown in Table 3-1.
The complete monthly flow at the damsite is presented in Table 1 (note tables numbered
without the section number are located at the end of the report text).

TABLE 3-1 MONTHLY MEAN STREAMFLOW AT THE UPPER CHAGRES
DAMSITE
(m>/s)

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Annual
2551149 | 124 | 157 | 276 [ 29.6 | 32.3 [ 353 | 34.1 | 39.8 1493 | 464 | 30.2

Mass curve and time series analyses indicate that the annual flows are consistent,
homogeneous, and that there are no apparent trends. The annual flows exhibit significant
variations from year to year. The highest mean annual flow, 48.7 m’/s, occurred in 1935
and 1995, and the lowest, 18.9 m3/s, occurred in 1957. A flow duration curve derived
from monthly data is presented as Exhibit 3-1.

3.2.2 Net Reservoir Evaporation

Net annual reservoir evaporation is estimated to be 1,321 mm and is based on historic
reservoir evaporation data from Madden Lake over the period 1933 to 2000. The
estimate, developed by the ACP, was judged to be reasonable and was used for this study.
The monthly distribution of the estimated net reservoir evaporation is presented in Table
3-2.
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TABLE 3-2 MEAN MONTHLY NET RESERVOIR EVAPORATION, UPPER
CHAGRES RESERVOIR
(mm)

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Annual
143 | 147 | 168 | 153 | 104 81 88 86 82 82 79 | 108 | 1,321

3.2.3 Construction Period Floods

Construction period floods were estimated using annual maximum instantaneous flood
peaks from the gage on the Rio Chagres at Chico.

The Log-Pearson Type III (LPIII) distribution was fitted to the annual peaks. The results
are presented in Table 3-3 and a frequency curve is shown on Exhibit 3-2. Based on an
inspection of the curve, it is concluded the LP III distribution shows a reasonable fit to
the flood peak data (except for the highest recorded peak; however this peak is
considered approximate because it was estimated from high-water marks).

TABLE 3-3 FLOOD PEAKS FOR SELECTED RETURN PERIODS, RiO

CHAGRES AT CHICO
Return Period Flood Peak
(years) (m3/s)

5 1,400
10 1,710
20 2,000
25 2,110
50 2,420
100 2,740

3.2.4 Spillway Design Flood

The probable maximum flood (PMF), based on probable maximum precipitation (PMP)
was adopted as the spillway design flood for the Upper Chagres Water Supply Project.

3.2.4.1 Probable Maximum Precipitation

Three procedures were used to evaluate and select the PMP. The first consisted of
transposing the most severe storms listed in the 1965 US Weather Bureau (WB1965) and
1978 National Weather Service (1978NWS) reports (8, 9). These reports covered storms
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up to 1976. The second procedure was to develop and evaluate storm isohyetal patterns
of major storms that occurred over the Rio Chagres basin since 1976, and the third was to
use the PMP estimates and depth-area duration curves developed as a part of the
NWS1978 and WB1965 reports.

A total of 15 storms were evaluated under the first and second procedures, and the storm
of October 22-24, 1923 was judged to be critical in terms of rainfall amount and aerial
extent over the Rio Chagres Basin. This storm was maximized in-place; however,
because the storm occurred within the basin and was controlled by the local topography,
it was not re-oriented over the basin. The resultant storm had a 24-hour rainfall of about
560 mm. For the third procedure, the PMP was estimated to be 657 mm. The higher
value was adopted for the Rio Chagres basin.

3.2.4.2 Probable Maximum Flood

The PMP was transformed to a PMF using the HEC-1 computer model. A one-hour
duration unit hydrograph was derived using the dimensionless unit graph-lag curve
method. PMP was distributed into one-hour increments using a basin average mass curve
developed using December 30/31 2000 hourly rainfall data from the gages at Chico and
Rio Piedras. The one-hour increments were arranged sequentially using the “alternating
block method (7), adjusted for losses, and applied to the unit hydrograph. For a base
flow of 50 m*/s, estimated from an analysis of four major floods at the Chico gage, the
probable maximum flood hydrograph has a peak of 9,940 m’/s and a 3-day volume of
271 MCM. The PMF is shown on Exhibit 3-3.

3.2.5 Tailwater Rating

A tailwater rating curve was developed for the Rio Chagres at the damsite. The analysis
was based on 6 river sections spaced over a 3-km reach downstream from the dam. The
analysis was performed using the Full Equations (FEQ) modeling system developed by
Delbert Franz of Linsley, Kraiger Associates Ltd. The resulting tailwater data are shown
in Table 3-4.
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TABLE 3-4 TAILWATER RATING AT THE DAMSITE

Flow Rate | Tailwater Elevation
(m’/s) (m)
0 85.6
400 88.6
950 90.5
2000 92.6
4000 95.5
5000 96.7

3.2.6 Reservoir Sedimentation

The analysis of reservoir sedimentation consisted of the collection of available data, a
review of existing analyses, estimation of the anticipated sediment yield in the Rio
Chagres basin, and estimation of storage depletion after periods up to 100 years.

The ACP has collected samples at three stations on streams flowing to Lake Madden,
including the Rio Chagres at Chico, and three stations on steams flowing to Lake Gatun.
The ACP has also conducted a sediment survey of Lake Madden in 1983, which was
revised in 1990. The sediment surveys of Lake Madden indicated a sediment yield of
about 1.4 mm per year. For the Rio Chagres at Chico, the suspended sediment yield,
based on the published data, was about 0.25 mm/yr. This was judged to be low and
attributed to the sampling procedure (all sampling performed from the river bank).

Based on the estimates for Lake Madden and for the neighboring basins, a value of 1.4
mm/yr was adopted for the Rio Chagres basin. The 50-year and 100-year deposition in
the reservoir is estimated to be 22 MCM and 44.5 MCM respectively. This yield is
indicative of the current land use and could increase significantly in the future if
deforestation and agricultural development occur.

Sediment distribution in the reservoir and deposition at the face of the dam was estimated
using a procedure of the US Bureau of Reclamation (12). The empirical area-reduction
method was used. The analysis indicates that reservoir sedimentation will be significant
but not a major problem for the project. After 100 years, it is estimated that about 5
percent of the live storage will be lost to deposition. The loss in live storage for a range
of operating periods, assuming that the reservoir is relatively full for most of the year, is
shown in Table 3-5. If it is assumed, for example, that the reservoir is always low at the
onset of the flood season, which is the period when most of the sediment might be
expected, the loss in live storage may be significantly less and the loss in dead storage
may be more.
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TABLE 3-5 LOSS IN LIVE STORAGE DUE TO SEDIMENT DEPOSITION

Operating Loss of Live
Period Storage
(years) (%)

5 Negligible
10 Negligible
25 <l
50 2

100 S

Using the same model, the deposition at the face of the dam is estimated to reach to about
El 112. Therefore, any minimum release facility or emergency drawdown facility should
have its invert no lower than this elevation.

3.2.7 Stability of the River Channel Downstream from the Dam

Studies were performed to assess the stability of the Rio Chagres channel downstream
from the dam to determine if channel-stabilizing measures would be needed to maintain
the system in its pre-project condition. The analysis consisted of an estimation of flood
peaks in the channel downstream from the dam under pre- and post-project conditions, a
determination of the hydraulic and bed material characteristics of the channel, and an
evaluation of channel stability.

3.2.7.1 Flood Regime Downstream from the Dam

Pre-project floods were based on the flood frequency data presented in Table 3-3.
Hydrographs were developed for seven floods with return periods ranging from 2 to 100
years and routed through the reservoir. The flood peaks are shown in Table 3-6.
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TABLE 3-6 FLOOD FREQUENCY DATA IN RiO CHAGRES CHANNEL
DOWNSTREAM FROM THE DAM

. Pre-Project Post-Project
Return Period Flood Peak Flood Peak
(years) (m%fs) (m’/s)
2 957 459
5 1,399 703
10 1,708 924
20 2,002 1,121
25 2,113 1,194
50 2,421 1,397
100 2,739 1,604

3.2.7.2 Hydraulic and Bed Material Characteristics

The hydraulic characteristics of the channel downstream from the dam were based on a
survey of 6 cross sections. It was determined that a representative cross section could be
used, which was sketched visually from an overlay of all six sections. The bed load
characteristics were based on six bed material samples taken at the six cross sections.
These characteristics are presented in Table 3-7.

TABLE 3-7 CHARACTERISTICS OF THE RiO CHAGRES BED MATERIAL

Size Particle Size
Designation (mm)
D35 27
D50 46
D65 89
D90 150
Median D 62

3.2.7.3 Channel Stability

Channel stability was assessed on the basis of an evaluation of degradation potential and
the availability of sufficient armoring in the existing bed material. A reduction in the
sediment load occurs as the sediment is trapped in the reservoir. The downstream effects
are generally an increase in degradation of the channel and banks as the sediment-free
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reservoir releases pick up sediment from the bed. The degradation continues until a
stable, gravel-armored bed is formed or until the slope of the channel is reduced to a
value that prevents further removal of sediment from the bed.

It was determined that under pre-project conditions, degradation will (and does) occur.
However, due to a supply of course material in the river channel, the channel is in quasi-
equilibrium. Under post-project conditions, the required armoring size is larger than the
median diameter of the available bed load material and degradation will occur. Under
post project conditions, the depth of degradation is expected to be about 0.3 m for floods
with return periods between 25 years and 100 years. Any structures constructed
downstream should be designed for this condition at least downstream to the Rio
Esperanza. No armoring is considered necessary.

3.3 Engineering Geology

This section summarizes the significant results and conclusions of the site investigation
program, laboratory tests, and other analyses. More detail is presented in Appendix B,
Geology, Geotechnical & Seismological Studies.

3.3.1 Geologic and Geotechnical Investigations

A site visit was made in May 2002 that involved preliminary damsite geologic mapping,
construction materials studies, and field locating/adjustment of the exploration program. In
addition, MWH provided partial on-site supervision of the field investigations program,
carried out during June 2002.

The investigations program incorporated the following activities:

e Reconnaissance of damsite; establish exploration program and investigation
requirements,

e Reconnaissance geologic mapping, including geomorphological analysis and photo-

geologic studies,

Outcrop geologic mapping at the damsite,

Construction materials investigation,

Drilling inspection at the damsite,

Development of preliminary geologic and geotechnical criteria for use in the

selection of recommended project concepts and features/structures,

Seismic hazard assessment of project region,

Laboratory testing and analyses, and

Development of geologic and geotechnical parameters for use in design of selected

project and estimation of construction costs.
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The objectives of geologic mapping performed during these investigations included
identifying, interpreting, and documenting the following aspects:

Geomorphic conditions at the project sites,

Occurrence and general nature of overburden units,
Location and conditions of rock outcrops,

Lithologic and surficial properties of rock units,

Surficial extent and characteristics of rock weathering, and
Orientation and condition of joints, shears, and faults.

Particular attention was paid to possible faults identified as photolinears in photogeologic
studies and on regional geologic maps (shown on Exhibit 2-4).

Reconnaissance geologic mapping was performed along the Rio Chagres from
approximately 1 km upstream from the damsite to Lake Madden, located about 11 km
downstream from the dam. Geologic mapping was also carried out at selected locations
to help identify conditions along potential diversion tunnel alignments, tunnel portals and
intake locations, and powerhouse sites. A general reconnaissance of the proposed
reservoir area was performed by helicopter to identify and evaluate any geologic features
relevant to reservoir rim stability and watertightness.

Available aerial photographic coverage was obtained from Instituto Geogrdfico Nacional.
Photographic coverage for the project area is limited and extends only about 3 km west of
the proposed damsite. No coverage is available for the reservoir. The quality, age, and
scale of the coverage was also a limiting factor in performing detailed examination of key
areas and accurate studies for photogeologic interpretations. Conventional photogeologic
methods were followed using a mirror stereoscope and photo-comparator.

A total of eight boreholes (six vertical, two inclined) with a combined length of 440 meters
were drilled to investigate subsurface conditions in the dam foundation, at a proposed left
abutment spillway, and at a proposed right abutment diversion tunnel. In situ testing
consisted of standard penetration tests and water pressure tests. Standard penetration tests
were made in all borings and water pressure tests were made in seven of the eight boreholes.
The locations of the boreholes are shown on Exhibit 3-4. The boring logs and in situ test
results are presented in Appendix B.

Rock and soil samples from 10 test pits and from four rock outcrops were collected for
subsequent laboratory testing and analysis through the services of Tecnilab in Panama
City. The location of the test pits is shown on Exhibit 3-4. The testing included:

* Laboratory tests for gradation, Atterberg limits, specific gravity, compaction,
absorption, soundness, abrasion resistance, and reactivity were performed on

@ mMwH / TS




Upper Chagres Water Supply Project Project Definition Studies

samples collected from test pits in order to establish their potential use as
construction materials,

e Petrologic analyses were performed on three samples collected from three rock
outcrops located along the river channel in the vicinity of the damsite, and

e Point load index testing was performed on seven rock samples collected from four
rock outcrops located along the river channel in the vicinity of the damsite.

The ACP, with assistance from the drilling contractor, also performed soil testing and
rock mechanics and index testing in their laboratory.

3.3.2 Geology of the Damsite

At the damsite, the Rio Chagres flows south in deeply incised meanders that form an
asymmetrically shaped valley exhibiting nearly 300 meters of relief. The meanders seem
to be controlled by structural features in the rock mass. Relatively steep slopes on the left
abutment contrast with more gradual slopes of the right abutment. Both abutments are
almost entirely covered with residual soils and colluvium, and are heavily vegetated.

The valley floor in the vicinity of damsite is on the order of 50 meters wide and contains
alluvial terraces and gravel and boulder bars. The alluvial terraces are mainly found on
the inside of meanders, while the gravel and boulder bars are typically found along
straight sections of the river channel. Several boulder bars can be observed at places
where apparently more resistant rock controls the river gradient. Bedrock is exposed
almost continuously along the riverbanks, and in several places along the river bed.

3.3.2.1 Unconsolidated Deposits

Overburden at the damsite consists primarily of residual soils and colluvium. In the
riverbed and lower 5 to 10 m of the valley sides, overburden consists of alluvial deposits
ranging from sand to boulders.

Alluvial deposits along the Rio Chagres valley consist primarily of sand to boulder-sized
material deposited on the inside of meander bends as terraces, and within the river
channel as bar deposits. The higher terraces are generally formed by clean sands while
the lower alluvial terrace deposits consist primarily of coarser sands and gravels.

All of the alluvial material appears to be derived from volcanic rock types —
predominantly fine-grained extrusive rocks (andesites, altered and unaltered) and to a
lesser extent, granites. No sedimentary rock types were observed among the coarser
alluvial material.
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Because of the tropical climate, most bedrock throughout the project area has a moderate
to deep weathering profile. Observations made at the site indicate that the depth of
residual soil and deeply weathered rock reaches 25 m or more in the upper slopes.

3.3.2.2 Rock Units

Bedrock units in the Alto Rio Chagres project area consist largely of Cretaceous rocks of
volcanic origin. Based upon regional relations and similarities with geologic units
observed in the Canal Area, bedrock units in the Alto Rio Chagres project area are
thought to belong to the Igneous Basement Complex.

The volcanic rock along the Rio Chagres in the vicinity of the damsite has been identified in
the field and referred to as andesite. Petrographic analyses performed on several samples
collected near the damsite indicate that it is more properly classified as a trachyte. Trachyte
is also an intermediate composition extrusive volcanic rock, however it is slightly more
mafic than andesite. In keeping with local terminology, however, the rock is referred to as
andesite throughout this report.

Several zones of agglomerate were also observed in surface exposures and in boreholes.
Observations made at during the mapping and drilling program indicate that the
stratigraphic relationship between the andesite and agglomerate is highly variable. The
agglomerate appears to be an interflow feature of individual andesite flows, with clasts
being incorporated from existing surficial deposits and from volcanic activity
(explosions, debris flows).

3.3.2.3 Structural Geology

The principal geologic structures recognized at the Rio Chagres damsite are fault/shear
zones, fracture zones, and joints. A number of lineaments were also identified based on
a desk study of aerial photographs and topographic contours available for the project
area.  The lineaments are predominantly oriented NE-SW, with less prominent
orientations being NW-SE and N-S. The NE and NW orientations are similar to the
orientation of the major faults forming the Lake Madden basin. The lineaments could be
representative of faults, shear zones or predominant structure orientations.

While no discrete faults were defined at the site, evidence of minor fault/shear zones was
observed in several boreholes in the form of gouge zones ranging in length from about 1 to 8
m (downhole length). The geologic log from CH-3 (Appendix B) shows that three
fault/shear zones were encountered; these zones range in length from about 3 to 8 meters
and they are characterized by highly fractured, soft rock containing slickensided surfaces
and some clay gouge. Slickensided surfaces and fracture zones were also noted in several
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other locations in the borehole. However, no strong evidence of faulting was observed and
this feature is interpreted as a shear zone.

Rock joint orientations were measured at outcrops located at the damsite, upstream of the
damsite along both the Rio Chagres and the Rio Chico, downstream of the damsite, and in
the right abutment. There were no obvious differences in structural orientations measured
from these locations. There are generally three prominent joint sets that seem to control
outcrops and influence river channel path; their orientations are listed below:

e N-Sstriking, steeply dipping;
e E-W striking, steeply dipping; and
e N 30°E striking, steeply dipping.

In rock outcrops at the surface, the joints are generally tight with little to no infilling. Joint
spacings are on the order of 5 to 40 cm.

3.3.2.4 Hydrogeology

Groundwater data and hydrogeologic properties of the geologic units at the damsite are not
known. It is suspected that groundwater levels are at relatively shallow depths in the
abutments.

In general, permeabilities determined from water pressure testing were very low — less than
about 2 lugeons — with the exception of a few zones that had lugeon values in the 30 to 90
range; these higher permeability values were usually encountered at the transition zone from
the weathered to sound rock. This could be an indication that the rock is very tight.
However, it should be noted that in most holes, there was almost no return of the drilling
fluid. The drill cuttings therefore could not be confidently washed from the hole, which may
have affected the water pressure test results.

3.3.3 Seismicity

As indicated on Exhibit 3-5 several major historical earthquakes have occurred in the
study region. Most notably, earthquakes occurred in 1822 and 1916 in Northwest
Panama along the border of the North Panama Deformed Belt, while two earthquakes
occurred nearly 25 km off the northern coast near Colon in 1621 and 1882. An additional
earthquake event is noted in 1914 on the northeastern coast in the San Blas region. The
Global Hypocenter Database prepared by the U.S. Geological Survey/National
Earthquake Information Center (USGS/NEIC) of Denver, CO, was used to search for all
historical (non-instrumented) and modern (instrumented) seismicity data within the
region bounded by latitudes 5°N and 11°N and longitudes 75°W and 85°W. The database
contains over 900,000 earthquakes from 2100 B.C. through 2002 and draws on

@ mwh / TS
3-12




Upper Chagres Water Supply Project Project Definition Studies

information from 53 separate regional and worldwide catalogs. Within the defined
region, nearly 2,150 earthquakes were identified. The general distribution of these
earthquakes plotted as function of their depth below the surface is also presented on
Exhibit 3-5.

An evaluation of the project seismicity as well as the economic and life-safety issues
associated with the western watershed projects indicates that these projects can most
likely be classified as significant rather than high hazard projects. No fault movement, or
ground breakage due to tectonic offset, has been recorded in the area over the last 10,000
years and the project region has no potential for the development of seiches or
earthquake-triggered tsunamis.

Because the project will be newly designed and constructed, the most up-to-date seismic
design guidelines will be used and seismic resistant design features adopted where
needed. The project will not be constructed of or founded on liquefiable or potentially
liquefiable materials and the project will not be constructed on any known active or
potentially active faults.

Based on the density plot of earthquakes (Exhibit 3-5), it is apparent that the greater
percentage of earthquakes occurs on the borders of the Panama Block, away from the
location of the project. Although the occurrence of a large event affecting the project
area 1s possible, it is more likely to affect the plate boundaries.

On the basis of the above, therefore, it is recommended to analyze the project with a
return period near 2,000 years, ie., a five percent probability of exceedance over a
project life of 100 years. In this respect, it is suggested that a level of motion less than
the controlling maximum credible earthquake (MCE) can be acceptable to represent the
maximum design earthquake (MDE), when using probabilistic methods.

The recommended operating basis earthquake (OBE) for the project shall be as
recommended by USCOLD at 50 percent probability of exceedance over a project life of
100 years, or a return period of 144 years.

The recommended seismic design parameters for the Rio Chagres Project are as follows:

¢ Maximum Design Earthquake (MDE) = 0.20 g
e Operating Basis Earthquake (OBE) =0.14 g

The Rio Chagres dam was analyzed for stability under the MDE conditions.
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3.3.4 Engineering Geology

In regard to geological aspects, there do not appear to be any strongly adverse conditions
or fatal flaws at the site that would seriously hinder or prevent development or make it
too costly to construct. Site conditions are interpreted to be difficult, but they can be
handled through conventional design and construction practices, without having to resort
to special or unprecedented methods. Preliminary subsurface investigations indicate that
geologic conditions do not impose any significant development impediment.

3.3.4.1 Geotechnical Design Parameters

Geotechnical design parameters and criteria used for developing project layouts and cost
estimates for dam type selection are presented in Table 3-8.

TABLE 3-8 SUMMARY OF GEOTECHNICAL DESIGN PARAMETERS

Parameter Selected Design Criteria

5 m in river channel

Thickness of overburden (top of weathered rock) 12.5 m on abutments

10 m in river channel

Depth to top of competent rock 25 m on abutments

Rock Excavation Slopes 0.2H :1V, 3-m-wide benches every 10 m

vertically
Soil Excavation Slopes
Permanent 1.5H:1V, 3-m-wide benches every 10 m
vertically. Bench at soil-rock contact
Temporary 1H:1V, 3-m-wide benches every 10 m

vertically. Bench at soil-rock contact

Based upon these criteria, excavation depths for the dam were estimated as follows:

TABLE 3-9 ESTIMATED EXCAVATION DEPTHS

Estimated
Feature Excavation Depth
(m)
Under main dam body (river channel) 10
Under main dam body (abutments) 25
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3.3.4.2 Foundation Characteristics

Bedrock at the damsite consists of andesite with some zones agglomerate/interflow
material. In general, the foundation bedrock is not expected to present any significant
constraints on project development that cannot be taken care of with appropriate
conventional design details and construction practices.

The nature of the bedrock at the site varies from altered, soft rock to fresh, hard rock (as
exposed in the rock outcrops). As a result, two sets of strength parameters were
developed to represent an upper and lower bound strength; these upper and lower bounds
are designated Low and High to represent the relative lower (low strength) and upper
(high strength) bounds.

The estimated range of material strength parameters recommended for use in preliminary
stability checks are provided in Table 3-10. These are based on preliminary rock

mechanics testing and on published data and experience with similar materials elsewhere.

TABLE 3-10 ESTIMATED MATERIAL STRENGTH PARAMETERS

Intact Rock Rock Mass
Rock Type Unit Weight | UCS! é c
(kg/m’) (Mpa) | (deg) | (MPa)
Andesite/Agglomerate (Low) 2600 5-30 29 0.2
Andesite/Agglomerate (High) 2700 80— 150 61 1.2
Selected Rock Mass Strength Parameters for Design 45 0.5

UCS is unconfined compressive strength

The friction angle (¢) and cohesion (c) are representative of the rock mass (rather than
intact) strength and were estimated using the Hoek-Brown failure criterion (Hoek, et.al.,
2002).

The andesite and agglomerate bedrock is expected to provide adequate bearing capacity
to support any of the structures being considered. Differential settlements should not be a
concern with this type of foundation. The andesite and agglomerate should provide
adequate resistance to sliding along jointing or other planes of weakness provided
excavation depths are sufficient to achieve fresh sound bedrock.

Rock at the powerhouse is strong and competent. Outcrops were observed to extend on
the order of 10 m to 15 m above the river channel. The backslope for the powerhouse
will be benched and cut to a suitable slope to maintain stability.
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3.3.4.3 Foundation Treatment

No special foundation improvement or treatment measures are expected for the Rio
Chagres site that would influence selection of one dam type over another. Similarly, the
andesite and agglomerate bedrock is expected to perform satisfactorily over the lifetime
of the project without adverse deterioration.

The proposed treatment programs for the dam foundation will include surface treatment,
shallow foundation grouting, curtain grouting, and drainage. For the excavation beneath the
dam footprint, dental excavation and concrete will be used to treat local zones of highly
weathered, sheared, or otherwise unacceptable rock encountered in the foundation.
Consolidation grouting is not envisaged except in limited areas (e.g. fault or fracture zones)
should they become exposed during excavation. Curtain grouting will be used to reduce
seepage through joints and fractures under the dam and in the abutments. For initial
estimating purposes, a single row, staged grout curtain constructed by the split-spacing
method is assumed. Final design might require grout holes to be inclined to intercept the
maximum number of open joints, fractures, and faults. The initial depth of the grout holes is
taken to be half of the height of the PMF above the dam foundation. The initial spacing of
primary grout holes is taken to be 10 m and it is assumed that procedures will entail split-
spacing down to 2.5 m (tertiary holes) over the entire curtain, and to 1.25 m (quaternary
holes) over 75% of the curtain. In some more permeable locations, such as shear zones or
faulted areas, grout holes might have to be staggered upstream and downstream.

Grouting will be performed from a gallery constructed within the dam. Grout takes should
be low to moderate through most of the curtain. The average grout consumption was
assumed for estimating purposes to be about 30 kg/m.

Foundation drainage will be provided for the dam to control seepage to reduce pore
pressures in the rock mass, and hence uplift. For estimating purposes, a drain hole spacing
of 3 m was assumed with depths extending to about half the depth of the grout curtain.
Holes would be appropriately inclined in order to maximize the number of joint/fracture
interceptions.

3.3.4.4 Diversion and Cofferdams

River diversion during construction will be accomplished through two 7-m by 7-m, 140-m
long culverts located on the right (west) side of the river channel. The diversion culverts
will be excavated in andesite and agglomerate.

The cofferdam will be an RCC structure incorporated into the main dam and will be
founded on competent rock. The thickness of the alluvial deposits in the river is
estimated to be about 5 m.
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3.3.5 Construction Materials

The types of required construction materials for the project are:

« Appropriate aggregates for the RCC mix, and
¢ Random material for the initial upstream and the downstream cofferdams.

All coarse and fine aggregates for RCC need to be manufactured from quarried sources.
These aggregates will be processed from andesite from one of the quarries shown on
Exhibit 3-6." The most likely quarry will be located about two kilometers upstream and to
the west of the Rio Chico.

The initial upstream cofferdam and the downstream cofferdam will be constructed of
random fill obtained from the required excavation for the main dam.

3.4 Dam Site and Dam Type Selection Studies

A study of alternative dam sites was performed followed by studies to select the type of
dam most appropriate for the selected site.

3.4.1 Dam Site Selection

In their Reconnaissance Report (1), the USACE selected a dam site with a view toward
maximizing the water impounded while minimizing the volume of material required for
construction of the dam. They further stated that to maximize the water impounded, it
was desirable to locate the dam as far downstream as possible. The site is located about
500 m downstream of the confluence with the Rio Chico and about 15 km upriver of
Lake Madden.

MWH agrees with the rationale for selecting the site. However, locating the site as far
downstream as possible may not guarantee the maximization of water impounded as it is
the configuration of the reservoir that controls.

From an inspection of the IFSAR mapping, the site appears to be well selected.
Downstream of the site, the gradient increases as is indicated by the rapids. A site lower
down would required a higher dam and a very substantial saddle dam to provide the same
storage.

Based on an inspection of the IFSAR maps, there is a significant valley area on the Rio
Chagres upstream of the confluence with the Rio Piedras. Two sites were considered;
one immediately downstream of the confluence with the Rio Piedras and another
immediately downstream of the confluence with a major unnamed tributary located
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between the Rio Chico and the Rio Piedras. Volume versus elevation curves developed
at these two sites indicates that similar-sized reservoirs are possible at these sites for a
correspondingly similar-height dam. Any future studies of development in the basin
should include consideration of at least the site downstream of the Rio Piedras.

3.4.2 Dam Type Study

Four types of dam were identified for evaluation as a part of the dam type study as
follows:

. L. Spillway
Alternative Dam Type Abbreviation Configurations

1 Concrete Face Rockfill CFRD Ungated

2 Roller Compacted Concrete RCC Ungated

3 Conventional Concrete Gravity CCGD Ungated

4 Earth Core Rockfill ECRD Ungated

The CCGD and the ECRD were rejected in the preliminary screening. The CCGD will
be more expensive than the RCC dam because of the higher cement ratio and the need for
extensive formwork. In addition, the construction period will be substantially longer.
The ECRD was rejected in favor of the CFRD because a suitable source of impervious
material for the core was not readily available and the climate is much less favorable for
the construction of an ECRD. An earthfill dam was not considered due to a lack of
suitable materials.

Both of the remaining dam types were arranged to provide a full supply level at El. 220

3.4.2.1 Concrete Face Rockfill Dam

The slopes of both the upstream and downstream faces were 1.4H:1.V. The rockfill
would be obtained from a quarry located upstream between the Rio Chico and the Rio
Chagres. The concrete face was sized for an average of 0.4 m thick with a plinth placed
along the upstream toe. A zone of fine-grained rock would be placed beneath the
concrete face to provide continuous support. Grouting would be accomplished through
the plinth.

The diversion tunnels would be located in the right abutment and consist of a two 8.0-m
diameter D-shaped tunnels, about 540 m long. The tunnels were sized to pass the 50-year
flood.

An ungated spillway was located in the right abutment because of the favorable
topographic conditions and to facilitate the return of the spillway discharge to the river.
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As configured, the spillway would have a crest width of 100 m and the chute would taper
from 100 m to 48 over a length of about 450 m.

3.4.2.2 Roller Compacted Concrete Dam

The RCC dam was configured for a vertical upstream slope and a downstream slope of
0.75H:1V. The crest would be 8-m wide and a parapet wall would be constructed to two
meters above the crest. The cost estimate was based on a low-to-medium cement content
concrete mix and bedding mixes as required. A drainage system would be installed from
a gallery situated in the upstream toe.

The diversion arrangement was sized for a 25-year flood. It would include two 7-m wide
tunnels about 400 m long in the right abutment (Note that this configuration was changed
for the final arrangement).

An ungated spillway would be located on the RCC dam to discharge into the channel by
means of a chute and flip bucket. The spillway width was limited to 50 m due to the
width of the river channel and the orientation of the dam axis. The spillway was
positioned so that the discharge impact zone will be close to the channel and not
destabilize the steep left bank.

3.4.2.3 Dam Type Selection

The two alternatives were evaluated on the basis of cost and construction, foundation,
and operation and maintenance considerations.

The RCC alternative resulted in a cost about 6% lower than the CFRD alternative.

Construction considerations do not necessarily favor either type of dam. The RCC dam
can be constructed in a shorter time, but the CFRD takes more advantage of local
materials.

The known foundation characteristics are equally suitable for either dam alternative. The
rock formation found in outcrop, and found to extend throughout the site is suitable for
both types of dam.

Operation and maintenance considerations tend to favor the RCC dam. Leakage through
either type of dam should be minimal.

As a result of the analysis, an ungated RCC dam was selected for further study for the
following reasons:
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e Project development costs are lower;
e The construction schedule is one to two years less than for a CFRD; and
e There are no known foundation conditions that favor either type of dam.

Additional information concerning the selection of the dam type is presented in Appendix
D, Part 1.

3.5 Area/Volume Relationships

The topography used to develop curves of area and volume versus elevation was
developed using the IFSAR and damsite topography described in Section 3.1. Area
estimates were made by measuring the planimetric area of individual contours using the
2-D AutoCAD area command. The zero area and volume points were based on the
damsite topography, which indicates that the ground surface at the damsite is at El. 88.
The area estimates were corrected to reflect an average tree height of 15 m above El. 150
(uncorrected) and from 15 m to zero below El. 150 to the stream surface. The equation
used for volume estimates is:

1
Volume = E(Hl —H,))(A + A4, + A A4,)
where H is elevation, A4 is area
A curve showing area and volume versus elevation is presented on Exhibit 3-7. Also

shown on Exhibit 3-7 is a volume curve after 100 years of sediment deposition, which is
based on the following deposition estimates:

Volume after 100 years
Elevation of sediment deposition
(MCM)
112 0
155 57
210 481.5

Additional information on the development of these curves is presented in Appendix D,
Part 2.

3.6 Reservoir Operation Simulation

The HEC-5 reservoir system model, developed by the U.S. Army Corps of Engineers’
Hydrologic Engineering Center in Davis, California was used to evaluate the capability
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of the present ACP system and to evaluate the effectiveness of proposed alternatives to
improve the system capability and reliability.

This model performs a sequential simulation of reservoir operations given a time-series
of flow. The reservoirs are defined by their storage and outflow capability. The reservoir
storage is allocated to operational zones (levels) that define their usage (rule curves).
Water demands include minimum flow goals, diversions, and hydroelectric power
generation. Reservoirs are linked to other reservoirs and control points (non-reservoir
locations) using routing reaches. A combination of reservoirs, control points and
connecting routing reaches then define the reservoir model system.

A simulation run of the operation of Lake Madden and Lake Gatun was made for the
period of January 1970 to December 1997. For both reservoirs, the validation model
results in terms of reservoir elevations were essentially the same as the observed
elevations.  Therefore, the model configuration was assumed to be consistently
accounting for the water in the system.

3.6.1 Reservoir Rule Curves

The ACP has developed rule curves for the tandem operation of Gatun and Madden
Lakes. The purpose of the curves is to provide a minimum draft for ships with a
maximum level of reliability. Several curves have been in use throughout the more than
85 years of operation of the Canal, the existing set was implemented in the late 1970"s.
The development of the curves has been based on the experience with the hydrology in
the Panama Canal Watershed, with a dry season extending from January through April
and the rainy season from May through December. In general the intent of the curves is
to use in the dry season the water stored during the rainy season and to fill both lakes by
the end of the year.

The Chagres Rule Curve was developed through trial and error. Essentially, the rule
curve calls for the reservoir to be at the top of the active storage pool in December, at
75% of the active storage in June and July and at equal stepped increments over the
remainder of the year.

3.6.2 Results of the Operation Simulations

Operation simulations were made to estimate yield for a demand identified in terms of
daily lockage requirements (Lockages per day, L/d) for a range of active storages in the
Upper Chagres reservoir. One lockage was assumed to equal 55 million gallons or
208,000 m®>. The yield allocated to the Upper Chagres Project was estimated as the total
system yield, (Gatun after deepening, Madden, and Upper Chagres) less the yield of the
system without Upper Chagres. The yields are presented in terms of a hydrologic
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reliability, which is computed as the total water delivered divided by the total
requirement. The target reliability, based on historic records, is 99.6%.

To evaluate the relationship between yield and active storage and the impact of the
location of the active storage within the bounds of the development, the following
operation runs were performed:

Reservoir Active Storage Yield
Operation Range MCM (L/d)
El 240 — El 150 1,026 7.91
E1230 - EIl 180 649 6.44
El1220 - E1 150 __ 619 6.4
El1220-EI 180 465 5.4
E1210-EI1 150 465 5.3
E1200 - E1 180 184 2.9
El 184 — El 150 184 2.6

Yield versus active storage, based on these runs is presented on Exhibit 3-8. It is evident
that the yield for a given active storage is about the same regardless of the operating
elevation range. However, there is a slight increase in yield for the higher full supply
levels. Additional information relating to the Operation Studies is presented in Appendix
C.

3.7 Reservoir Operating Levels and Live Storage

The reservoir operating level is determined as a part of the project optimization studies.
Normally, the reservoir live storage would be increased until the value of the yield from
that storage just equals the cost of providing the storage (maximizing net benefits). As
mentioned earlier, the ACP decided that the channel through Lake Gatun would be
deepened and that a third and possibly a fourth set of locks would be constructed. As a
result, the historic navigation demand, toll structure, and operating costs were not a
suitable basis for the estimation of navigation benefits and the canal benefit and
economic analysis subtasks were suspended. This decision precluded the determination
of an optimum level of development.

Therefore, the selection of the operating range for the feasibility assessment was based on
sediment storage requirements, the storage yield curve, and experience with the selection
of optimum levels on other projects.

Experience has shown that a storage/yield curve is very useful in estimating an optimum
level of development. As a rule of thumb, the optimum level of development, which is
defined as maximizing net benefits of the project, occurs at a point on the storage/yield
curve slightly higher than the point of maximum curvature on the curve. The point of
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maximum curvature is usually the development level at which the economic cost of water
is near minimum. Based on an inspection of Exhibit 3-8, an active storage of 450 MCM
was adopted as being near-optimum.

In Section 3.2.6, it was estimated that about 44.5 MCM of sediment would be deposited
in the reservoir after 100 years and, therefore, the gross storage in the reservoir would be
the active storage of 450 MCM plus the anticipated sediment deposition or 494.5 MCM.
On this basis, the full supply level would be at about El. 207.5. The full supply level was
arbitrarily increased to El. 210 to allow for errors in the reservoir topography and any
increase in the sediment deposition due to future development in the basin. The gross
storage at the full supply level, El. 210, is 526 MCM. Allowing for an active storage of
450 MCM, the initial minimum pool level would be about El. 155. The dam-type
selection analysis was revisited to determine if a full supply level at El. 210 would
change the original conclusion. It was determined that the cost of the RCC dam would
decrease more than the CFRD and that the spillway cost for the CFRD would increase.
Therefore, the selection of an RCC dam over a CFRD was confirmed for a full supply
level at El. 210.

After 100 years of sediment deposition, the gross storage available at El. 210 would be
about 481.5 MCM. Allowing for an active storage volume of 450 MCM, the minimum
pool would have a capacity of 31.5 MCM. From the volume curve after 100 years of
deposition, (Exhibit 3-7), this minimum pool would be available at about El 145.
Therefore, under the 100-year condition, the operating range would be between El. 210
and El. 145. The power intake was designed to operate with the water level at EL. 145.

For the selected active storage level, the estimated yield of the Upper Chagres Project is
shown in Table 3-11.

TABLE 3-11 YIELD OF THE UPPER CHAGRES PROJECT

Yield
L/d Mgd | MCM/yr
System Yield at reliability of 99.6% 49.8 2,738 3,778
System Yield w/o Upper Chagres 44.5 2,448 3,378
Yield attributed to the Upper Chagres (rounded) 5.3 290 400

3.8 Project Configuration Studies

These project configuration studies considered the spillway and diversion flood, the
spillway type and size, and the diversion arrangement. The studies are presented in
Appendix D and summarized below.
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3.8.1 Spillway and Diversion Flood

The spillway is designed for the probable maximum flood. Failure of a dam on the Rio
Chagres could result in loss of human life and economic endeavor and, therefore, the
spillway was designed for the worst conditions that could reasonably be postulated. The
maximum peak inflow of the PMF is estimated to be 9,940 m?/s and the 3-day volume if
about 271 MCM.

A flood with a return period of 25 years was selected for the construction diversion flood.
This flood would have a peak discharge of 2,110 m’/s and a 1-day volume of about 51
MCM.

3.8.2 Spillway Type

As a part of the dam-type selection studies, a roller compacted concrete dam was
selected. In the selection analysis, an ungated spillway, located about in the center of the
dam, was assumed. However, because of the significant excavation required under the
dam and the resultant quantity of RCC required, a gated spillway was considered during
these configuration studies to reduce the height (and therefore size) of the dam.

The initial study compared the ungated spillway to a gated spillway sized to reduce the
flood surcharge to 3 m, a reduction of 6 m from the ungated condition. The ungated
spillway width was limited to about the width of the stream channel immediately
downstream from the dam. The comparative costs of the two alternatives indicated that
the gated spillway provides significant savings. A gated spillway, therefore, was adopted
for the project.

The dimensions of the gated spillway were selected to limit the width of the crest to the
approximate width of the river channel and the height of the gates to 1.5 times their
width. Both dimensions can be modified, but are acceptable assumptions for feasibility-
level design. It was determined that the maximum width of spillway, under the
development assumption could be between 60 m and 70 m. Allowing for piers, and
applying the width-to-height ratio, 6 gates each 8m wide by 12 m high were selected.

Spillway costs and the cost of surcharge storage were estimated for an ungated spillway
65-m wide, a gated spillway with six 8 m by 12 m gates and a gated spillway with six 7m
by 10 m gates. The spillway with the larger gates was found to be about $15 million less
than the ungated spillway and about $1.5 million less that the alternative gate
arrangement.
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The adopted spillway arrangement consists of six 8-m wide by 12-m high radial gates. It
will have its crest at El. 198 and pass the PMF with a discharge of 6,300 m®/s at
surcharge of 2.9 m above the full supply level.

3.8.3 Diversion Facilities

Selection of the diversion facilities arrangement was influenced by cost, time required for
cofferdam construction, use as an emergency drawdown facility, and use as a hydropower
conduit. Two diversion concepts were considered; diversion through a tunnel(s) in the
right abutment and diversion through a conduit(s) near the center of the dam. The
adopted diversion flood has a return period of 25 years, a peak inflow of 2,110 m*/s, and
a l-day volume of 51 MCM. For emergency reservoir drawdown, the Upper Chagres
reservoir is assumed to be a significant hazard, significant risk project as classified by the
U.S. Bureau of Reclamation in ACER Technical Memorandum No. 3 dated 1982. The
guidelines for reservoir drawdown for this classification are as follows:

Time

Drawdown to (days)

75% of full supply volume 30-40
50% of full supply volume 50-60
25% of full supply volume 80-100

It was determined by hydraulic analysis that the diversion requirements controlled the
capacity of the facilities.

For the diversion tunnel schemes, it was assumed that the upstream cofferdam would be
constructed of RCC and incorporated into the structure of the main dam because of space
limitations. The height of the cofferdam was constrained by the volume of material that
could be place in the short dry season (from January through April) and was limited to
about El. 122.

Hydraulic studies were performed for 4 tunnel combinations including one 8-m diameter
tunnel, two 8-m diameter tunnels, two 7-m diameter tunnels, and two 6-m diameter
tunnels. The two 8-m diameter and two 7-m diameter alternatives resulted in acceptable
cofferdam configurations. As the cofferdam would be incorporated into the dam, the
smallest diameter (lowest cost) tunnel configuration was adopted. It was initially
determined that one tunnel would be used as a low-level outlet and the other as a power
tunnel. The concept of using one of the diversion tunnels for power was later rejected
because it extended the construction period significantly.

@ mwH /TS
3-25




Upper Chagres Water Supply Project Project Definition Studies

Hydraulic studies for the conduit alternatives indicated that two 7 m by 7 m conduits
would also result in an acceptable height cofferdam and this arrangement was adopted.
No analysis was done of larger conduits or of more than two conduits.

Selection between the tunnel and conduit alternatives was based on the least cost for the
emergency drawdown arrangement. For the tunnel arrangement, a shaft and gate
chamber are required to provide for the emergency drawdown. For the conduit scheme,
an intake is required on the face of the dam. Based on a comparative level estimate, the
conduit arrangement was the least expensive and was adopted.
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4. POWER DEVELOPMENT

The ACP owns and operates three powerplants; two hydro plants at Lake Gatun and Lake
Madden, and a thermal powerplant at Miraflores that includes 3 diesel-burning gas
turbines and 2 steam units that are fired with Bunker C oil. The ACP system is shown in
Table 4-1.

TABLE 4-1 ACP ELECTRIC GENERATING SYSTEM

No. of . Actual/Plannefi
Plant Units On-line Date Installed Capacity
' MWw)
Gatun 6 1916(3), ’18,’46, *47 24
Madden 3 1935(2), ‘42 36
Miraflores 6 1963(2),766,’71(2) 115

As a part of the reconnaissance studies performed by the USACE (1), the potential for
adding hydropower to the Upper Chagres Project was considered. The analysis indicated
that, at a benefit of $0.07/kWh, the addition of hydropower was very attractive. The
USACE went on to say that the estimated value of energy might understate its true value
and that modifications to the operating regime of the system might improve the
production of energy over that reported in the Reconnaissance Report. It was
recommended that additional effort should be expended in any future planning studies to
determine the economic value of added hydroelectric power generation and that further
study be performed to optimize the (hydro) operation of the project.

As reported by the USACE, the power features of the Upper Chagres Project consisted of
a 34.5 MW installation at the base of the dam, operating at a plant factor of 0.5. The
facilities also included a 115 kV transmission line from the dam to a connection with the
national grid near Panama City.

A power market study was performed to confirm the need for additional generation in
Panama, and the potential for adding hydro to the Upper Chagres Project was evaluated.
The results of these studies are summarized below and are presented in detail in
Appendix E.

4.1 Existing Power Market

The power generated at the Gatun and Madden power plants is used to meet the
electricity needs of the canal operation, and the commercial, residential, and
governmental sectors in the ACP area. Any surplus can be sold into the Panama national
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electrical system. A power market survey of Panama was conducted to determine the
future power needs of the national system to evaluate the opportunities for such a sale.

4.1.1 ACP Internal Market

Over the period from 1992 to 1999, the overall trend in sales by the ACP has been down
reflecting a downward trend in sales to its internal customers and a varying but relatively
constant sale to IRHE. Historically, the largest user of ACP electricity, accounting for
about 65% of the total usage, has been the industrial components of the U.S. Army, Air
force, and Navy. This use held constant through 1995 and then began a rapid decline as
the plans for the turnover of the canal progressed. In 1999, the demand had dropped 40
percent from the average 4-year usage between 1992 and 1995. The second largest group
of users, accounting for 25% to 35% of the sales, consisted of the lock operation,
drinking and cooling water, and other miscellaneous uses. This use group has shown an
upward trend over the 8-year period of slightly more than one percent per year. The final
user group consists of various agencies, employees of the ACP, and other residential and
commercial users in the canal area. This group, accounting for about 10% of the sales,
has generally trended downwards. The sales to IRHE averaged about 70 GWh/year and
have varied from a low of 8 GWh in 1997 to a high of 104 in 1992. These historic data
are presented in Table 4-2. Generation has generally been about five percent higher than
usage and the average peak load over the period has been 80 MW and trending
downward.

TABLE 4-2 HISTORIC SALES AND GENERATION OF ELECTRICITY BY

THE ACP
(GWh)
U.S. Locks, Other Total .
Year Military | Water, etc. | Agencies IRHE Sales Generatlop
1992 342 117 52 104 615 643
1993 342 117 51 84 593 624
1994 343 119 50 50 562 599
1995 341 120 49 89 599 635
1996 316 119 44 58 536 570
1997 318 120 43 8 488 502
1998 257 127 36 94 514 548
1999 206 129 26 71 431 450
Avg. 308 121 44 71 544 571

It is difficult to forecast the firm generation demand on the ACP system, especially over
the near-term. It is assumed that the industrial demand formerly required by the U.S.
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military will recur as the facilities are taken over by others. What is not sure is whether
or not the required demand will be purchased from the ACP or another generation
company. Therefore, it is assumed that the ACP will have an internal demand of about
180 GWh in the first year of operation of the Upper Chagres Project and that all other
demands occurring in the Panama Canal Watershed will be subject to competition.

4.1.2 National Market

Historic energy demand and peak load for the Panama National Integrated System (PNIS)
is presented in Table 4-3

TABLE 4-3 ENERGY DEMAND AND PEAK LOAD IN THE PNIS

Year Energy Demand | Peak Load | Load Factor
(GWh) MW) ()
1990 2746.1 464 68
1991 2896.6 488 68
1992 3011.6 518 66
1993 3199.1 541 68
1994 3400.0 592 66
1995 36194 619 67
1996 3795.8 640 68
1997 4254 .4 707 69
1998 4295.8 726 68
1999 4456.8 754 67
2002 4998.5 857 67

Source: ETESA’s web page

Energy demand and peak load grew at a rate of about 5% per year over the 12-year
period from 1990 to 2002. The annual system load factor has been constant at about
68%. There are only minor variations among monthly energy demands and peak loads,
as monthly temperatures remain relatively constant throughout the year. The monthly
peak loads in terms of percent of annual peak load and the monthly energy demand in
terms of percentage of total annual energy demand for year 2002 are shown in Table 4-4.
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TABLE 4-4 MONTHLY PEAK LOADS AND ENERGY DEMANDS OF THE

PNIS FOR 2002
Month Peak Load Energy Demands
(% of Annual Peak Load) (% of Total Demand )
January 93.2 8.1
February 94.2 7.5
March 96.8 8.6
April 97.9 8.5
May 100.0 8.9
June 96.2 8.3
July 99.2 8.5
August 96.2 8.3
September 97.4 8.1
October 96.6 8.4
November 98.6 8.0
December 99.7 8.8
Total - 100.00

Daily peak loads of the PNIS occur during the period from 11 AM to 3 PM on weekdays
and Saturdays and at 7 PM or 8 PM on Sundays. The distribution of typical hourly loads
is presented in the Appendix E, Part 1, Power Market Study.

4.2 Power Market Forecast

Three demand forecasts are available for each of two economic assumptions, moderate
growth and high growth. One forecast was developed in 1998, one in 1999, and the third
in November 2000. 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, Gross Domestic Product (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 is 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 (GNP). The coefficient of
determination for the two samples (total energy and GNP) was highest using a
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polynomial function. The simplified approach was used for the recent estimate due to the
difficulty in obtaining accurate economic information needed for the earlier estimates.

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 4-5

TABLE 4-5 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
2002(Actual) 857 4,998
2005 1,107 5,304 1,777 5,655
2010 1,608 7,616 1,832 8,691

For comparison, the energy production estimates for the medium growth scenario are
shown below for all three estimates:

Medium Growth Scenario - GWh
Year 1998 Estimate 1999 Estimate | 2000 Estimate | Actual
2001 4,981 4,907 4,028 4,823
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 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.
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4.3 Market Opportunity for Upper Chagres Generation

The existing PNIS had an installed capacity of 1,058 MW in 2000. The total generation
from the PNIS facilities in 1999 was 4,457 GWh. It appears that the Esti Hydropower
project, consisting of two plants, Guasquitas and Canjilones, are committed and will be
on line prior to the Upper Chagres project. These two plants have an aggregate capacity
of 119 MW and are expected to generate an average of 627 GWh each year. However,
from the 1999 expansion plan (8), there are plans to retire two plants by January 1, 2010,
which currently have an aggregate capacity of 80 MW.

On the basis of the peak load and energy requirements, the existing, committed, and
scheduled retirement available from the 1999 expansion plan, the power balance in year
2010 should be about as follows: ‘

TABLE 4-6 POWER BALANCE IN 2010

Capacity Demand
Year 2010 1,608 MW
Available Capacity (2000) 1,058 MW
Committed Capacity 119 MW
Planned Retirement 80 MW
Net Capacity 1,097 MW
Required Capacity >500 MW

According to ETESA’s web site, the PNIS installed capacity in 2002 was 1,079 MW and
the total generation was 4,998.5 GWh, which is within the range of the estimate for 2010.
Therefore, it can be concluded that there is a substantial market for additional power in
the near future and that the Chagres hydropower project will be easily absorbed into the
PNIS.

4.4 Potential for Adding Hydropower to the Upper Chagres Project

Studies were performed to determine if the addition of hydropower to the Upper Chagres
Water Supply Project was viable. The studies consisted of estimating the potential
energy production under a variety of conditions, evaluating alternative arrangements, and
determining the viability of the most attractive alternatives. In summary the addition of
hydropower was found to be viable under current conditions. The details of the power
and energy studies are presented in Appendix E.
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The potential for power development was made within the constraints of the operating
criteria for the water supply project. Based on a series of operation simulations using the
HEC-5 model, it was determined that the opportunity exists to alter the operation and
water transfer schedule from the Upper Chagres reservoir to Lake Madden to favor the
production of energy while almost satisfying the navigation and M&I water demands. As
mentioned previously, the navigation demands are not well defined and, therefore, for
these studies of potential energy demand, the navigation demands presented in the
Reconnaissance Report (1) were used to assess the timing of the partial yields.

When the reservoir is operated for water supply, the reservoir release is equal to the
minimum release of 3 m*/s for about 10 percent of the time. Under these conditions, firm
power, which is computed as the energy provided 95% of the time over an 8-hour period,
would be only 8.7 MW. If the reservoir is operated to maximize power and energy, the
firm capacity is significantly increased as the operation objective is to release a constant
monthly discharge. A comparison of the power and energy from the two operating
regimes is presented in Table 4-7.

TABLE 4-7 POWER AND ENERGY PRODUCTION

Installed Water Supply Operation Maxnm(l)z;eg);(ii:::power
Capacity . . Average . . Average
(MW) Flrml\(/;;}; acity Annual Ergnergy Flrmﬁw acity Annual Eﬁergy
(MW) (GWh) (MW) (GWh)
45 8.7 248 45 246
55 8.7 253 55 253
65 8.7 256 65 257
75 8.7 257 (est.) 70 259

Optimization and economic justification studies were performed using an energy benefit
of $45/MWH and a firm capacity benefit of $60/kW-year. All plants were assumed to
have at least one small unit for generation with the minimum release. It was assumed
that the minimum acceptable economic return is 12%, which is about the ACP cost of
money. Two analyses were performed for the optimization of the installed capacity. For
the first, it was assumed that the reservoir would be operated on the basis of maximized
hydropower output for the 50-year period of analysis. This resulted in an optimum
installation of 56 MW. For the second analysis, it was assumed that the reservoir would
be operated on the basis of maximized hydropower output criteria until 2017, when it is
anticipated that the full yield of the reservoir would be needed for the Canal operation,
and on the basis of the water supply operation criteria for the remainder of the 50-year

period of analysis. Under this condition, the optimum level of development would be
about 50 MW,
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It was decided to include the 56 MW plant in the project arrangement. The demand
assumptions, time of project implementation, sequencing of other water supply projects
and other factors all are unknown at this time and do not warrant any reduction in
installed capacity. The 56 MW plant can be justified using either assumption for
operation with an IRR varying between 24 % and 25%, depending on the operating
assumption. The 56 MW plant can be expected to generate a firm yield of 56 MW until
the full yield of the project is needed and then between 8.7 MW and 56 MW depending
on the operation. Energy production under either operating scenario will be
approximately the same at about 254 GWh/yr.

The power facilities will consist of an intake on the face of the dam, a power tunnel and a
powerhouse containing three 16-MW units and one 8-MW unit.
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S. DESCRIPTION OF THE UPPER CHAGRES WATER SUPPLY
PROJECT

The major elements that comprise the Upper Chagres Water Supply project include:

* Aroller compacted concrete dam and appurtenant works at the Rio Chico site,
A gated spillway sized to protect the dam against the probable maximum flood,
A two-culvert diversion facility that incorporates the emergency drawdown
facilities, and

® 56 MW power station that is also used to supply the minimum release.

The dam will impound a reservoir with a gross storage capacity of 530 MCM at El. 210,
the full supply level. Live storage between El. 210 and El. 155 will be 450 MCM. The
resultant dead storage is sized to accommodate 100 years of sediment deposition. The
reservoir area at the full supply level, El. 210, is 13.9 square kilometers.

A general plan of the development, showing the location and arrangement of the dam and
power facilities, and the reservoir boundary is shown on Exhibit 5-1. A plan of the dam
and appurtenant works is shown on Exhibit 5-2.

Upon completion of the project, the yield of the water supply system for the Panama
Canal will be increased by about 400 million cubic meters per year with a reliability of
99.6%. This is equivalent to about 5.3 additional lockages per day in the canal system.
The demand on the Canal’s water supply system will depend on the future configuration
of the Canal system, the adopted reliability of supply, and the continued supply of M&I
water from the system to the Panama Canal Watershed through IDAAN. The
implementation of the Upper Chagres Project will assist the ACP in meeting water supply
demands for any future conditions.

5.1 Description and Preliminary Design of Project Features

This section presents a more complete description of the project features and the design
assumptions that were adopted. The project hydrology, engineering geology, and
geotechnical assumptions have been summarized in Section 3 and are presented in detail
in Appendices A and B.

5.1.1 The Upper Chagres Dam

The Upper Chagres Dam is proposed as a roller compacted concrete (RCC) dam. A
profile and sections are presented on Exhibit 5-3. The dam will be made of a low to
medium cement content concrete mix with aggregate taken from a quarry located

@ mwH /T
5-1




Upper Chagres Water Supply Project Project Description

upstream of the site along the Rio Chico near its confluence with the Rio Chagres. A
grout-enriched RCC mix will be placed on the foundation to provide a good contact with
the foundation and act as a water barrier. A high-cement content mix will be placed on
the downstream face of the cofferdam as an interface between the cofferdam and the
main dam. The upstream face will be vertical and downstream face will have a slope of
0.75H:1V. The dam will have an in-place volume of about 1.9 million cubic meters.

The axis of the dam will be essentially straight with a slight bend downstream on the left
abutment (looking downstream). The axis crosses the main channel of the Rio Chagres at
about 1,024,390N, 664360E (UTM Coordinate System). The crest of the dam will be at
El. 216 and the crest width will be 8.0 m. The dam will be about 140 m high from the
deepest foundation excavation to the top of the dam.

Precast concrete panels, 0.3 m thick, and an impermeable membrane will act as the
principal water barrier and as a facing for the upstream vertical face and the vertical
section of the downstream face. The sloped downstream face of the dam will be stepped.
Galleries will be located at three levels near the face of the dam. They will serve as
access to the interior of the dam for inspections, as collectors of seepage, a terminal point
for foundation drains, and access for instrumentation. The grout curtain will be installed
from the lower gallery. The galleries will be 3-m high by 2.5-m wide and traverse the
entire length of the dam.

5.1.2 Foundation Treatment

The proposed treatment programs for the dam foundation will include surface treatment,
curtain grouting, and drainage.

Dental excavation and concrete will be used to treat local zones of highly weathered,
sheared, or otherwise unacceptable rock encountered in the foundation. Required dental
treatment should be nominal and only local. Contingency quantities for backfill concrete
have been included to reflect the potential for unforeseen conditions.

Consolidation grouting is not envisaged except in limited areas, or in fault or fracture zones.
Low pressure cement grouting will be used in such limited zones to fill open cracks or joints
in the rock zone immediately beneath the dam foundation. In general, grout takes should be
low.

Curtain grouting will be performed from the lower gallery constructed in the dam. It is
assumed that the spacing of the primary holes will be 10-m on center and that split spacing
will be performed down to 2.5 m over the entire width of the dam and to 1.25 m over 75%
of the width of the dam. The grouting will be to a depth of one-half the height of the PMF
above the dam foundation or a maximum depth of about 65 m below the structural
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foundation level. The average grout consumption was assumed, for estimating purposes, to
be about 30 kg/m.

Foundation drainage will be provided to control seepage to reduce pore pressures in the rock
mass, and hence uplift. For estimating purposes, a drain hole spacing of 3 m was assumed
with depths extending to about half the depth of the grout curtain. The holes would be
appropriately inclined in order to maximize the number of joint/fracture interceptions.

5.1.3 Spillway

A gated chute spillway will be located in the left-center portion of the dam. A plan and
sections are shown on Exhibit 5-4 and 5-5. The spillway has been designed to pass the
PMF without overtopping the dam. The discharge under PMF conditions will be 6,300
m’/s using a surcharge of 2.9 m above the full supply level.

The spillway will consist of an ogee control structure, a straight chute, a flip bucket, and
an excavated plunge pool to dissipate energy. The ogee section will consist of six bays
with a clear opening of 48 m. Control will be afforded by 6 radial gates, each 8-m wide
by 12-m high. Seven piers will support an 8-m wide bridge to connect the left and right
abutments. The piers will be high enough to provide control over one-half the gate at the
full open position.

The chute will be about 90 m long from the downstream end of the control structure to
the beginning of the flip bucket. The width of the spillway chute will be constant at 63
m. The chute will be comprised of conventional concrete placed over the stair-stepped
downstream face of the RCC dam. A constant wall height of 5.0 m was selected to
contain the spillway discharge during the PMF.

The flip bucket is located so that the plunge pool will not impact on any of the proposed
project structures. The lip of the bucket will be at El. 118 m about 14 m above the
anticipated tailwater elevation under PMF conditions. The plunge pool will be formed in
competent rock, pre-excavated to El. 63 and located about 200 m downstream from the
flip bucket.

To provide power to the spillway gates, a 480 V line will be installed from the
powerhouse. In addition, a portable emergency generator also will be provided, which
can also be used for the low level outlet and at the power intake.

MWH / TAMS
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5.1.4 Diversion During Construction

The facilities for the diversion of the Rio Chagres during construction consist of
cofferdams upstream and downstream from the damsite and two conduits located on the
right side of the river channel. The conduits will serve to:

e Pass the 25-year flood during construction,
e Control the rate of initial reservoir filling, and
e Provide for emergency evacuation of the reservoir.

The river diversion facilities plan, profile, sections, and details are presented on Exhibit
5-6.

Diversion and emergency drawdown will be accomplished through a two-barrel conduit,
140-m long, trenched into rock on the right side of the river. Each barrel of the conduit
will have a 7-m wide by 7-m high opening. The maximum discharge will be under
diversion conditions and, for the 25-year flood event, will equal about 1,430 m’/s. The
excavation for the conduit will be located off-channel so that it will remain dry under the
25-year flood conditions. The excavation within the footprint of the dam will be
backfilled around the conduit with conventional concrete.

The approach channel is about 130 m long and will be excavated to El. 88 m. The
discharge channel will begin at El. 87 and slope back to the river channel about 13 m
away from the exit.

A 3-m high pre-cofferdam will be located across the river channel about 50 m upstream
from the upstream face of the dam. It will be constructed of relatively impervious
random fill with its crest at El. 90. This cofferdam will divert the dry-season flows to the
diversion conduit while the main cofferdam is being constructed.

The main cofferdam will be an RCC structure designed to be incorporated into the main
dam. The cofferdam will have a 5-m wide crest at El. 121, a vertical upstream face and a
downstream slope at 0.75H:1V.

5.1.5 Emergency Drawdown Facilities

Emergency drawdown will be accomplished using the spillway and one of the diversion
conduits. To accomplish the drawdown, an intake tower with a 4 m by 4 m shaft will be
constructed on the face of the dam. One set of 3-m wide by 4-m high gates will be
installed with their sills at El. 115, which is slightly above the 100-year sediment
deposition level. The gate set will include an emergency gate and an operating gate. The
gates were set at a level required to maintain the reservoir at the 25% level (El. 120)

@ mwn/ Tams
5-4




Upper Chagres Water Supply Project Project Description

while passing the design inflow even though this resulted in drawdown times much
shorter than required. Smaller gates could be installed; however, to maintain the design
reservoir inflow at the 25% level, the sill would have to be lowered. This could result in
the gate entrance being silted in towards the end of the 100-year period. The design
inflow was assumed to equal the average of the two highest mean monthly flow values or
about 48 m’/s. A profile, sections, and details of the emergency drawdown facilities are
shown on Exhibit 5-7.

The drawdown requirements and time to empty the reservoir are shown in Table 5-1.

TABLE 5-1 EMERGENCY DRAWDOWN

Reservoir - Allowable Computed Time to
S Reservoir Time to Reach Reach Required
Level . . .
Elevation Elevation Elevation
(% of FSL)
(days) (days)
75 180 30-40 10
50 150 50-60 20
25 120 80-100 30

5.1.6 Minimum Release Facility

The minimum release has been assumed to equal 10% of the average flow or about 3.0
m’/s. The minimum release will be discharged through the powerhouse either as a part
of the power operation or, if the units are shut down, through a bypass.

5.1.7 Power Facilities

The power facilities consists of a power intake, a vertical shaft and horizontal tunnel
leading to the powerhouse, which will house one 8-MW and three 16-MW Francis
turbines for a total installed capacity of 56 Megawatts. A 115-kV switchyard will be
located about 200 meters from the powerhouse and a 21.2 km 115-kV transmission line
will connect with the existing 115-kV Panama-Colon line near the Madden dam. The
hydropower arrangement is shown on Exhibit 5-2 and its profile is presented on Exhibit
5-8.

5.1.7.1 Intake and Powerhouse

The power intake will be located in the middle of the right abutment of the dam, adjacent
to the upstream face approximately 250 meters west of the spillway. It will consist of a
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reinforced concrete tower, 80 meters high and an access platform level with the crest of
the dam. (Note that the intake is revised from that presented in Appendix E due to a
revision in the estimated depth of sediment at the dam. This revision had no impact on
the selection of the size of the power development.) A plan and section of the intake are
shown on Exhibit 5-9. A 20-m wide approach channel approximately 50 meters long will
be excavated in the overburden with its invert at El. 140. The intake will have two
openings, each provided with a 6-m wide by 8-m high trashrack, a set of 2.2-m wide by
3.3-m high stoplogs, and a 2.2-m wide by 3.3-m high wheel gate. The intake openings
join and transition into the 4.2-m diameter vertical shaft. The vertical shaft extends in the
tower all the way up to the crest of the dam. A trash rake will be provided to clean the
trash racks.

A 60-m deep vertical shaft excavated in rock and concrete lined will connect the power
intake with the 200-m long, 4.3-m diameter steel-lined tunnel. The tunnel diameter will
be reduced to 4.0 m immediately upstream of a four-branch manifold. The manifold,
located in the back of the powerhouse, consists of three 2-m diameter steel branches and
one 1.4-m diameter steel branch. A butterfly valve will be provided at the end of each
manifold branch to permit isolation of one unit for maintenance or in case of emergency
without interfering with the operation of the other units.

The powerhouse will be a conventional 51-m long by 14-m wide reinforced concrete
structure located on the right bank of the Rio Chagres. It will contain four unit bays and
one service bay. The foundation will be excavated in sound rock down to El. 75. The
centerline of the units will be at El. 81.7 slightly below the minimum tailwater level. The
powerhouse downstream deck and surrounding ground and access will be at El. 94 to
protect the area against flooding during the Probable Maximum Flood.  The
superstructure will be structural steel with metal cladding. A plan and section of the
powerhouse is shown on Exhibits 5-10 and 5-11.

To serve the power intake area equipment, lighting, and dam roadway lighting a 480-V
line from the powerhouse will be provided. Provision will also be made for easy
connection of a portable emergency generator for use during power outage.

The turbines will be vertical-shaft Francis units with steel spiral cases. The turbines will
be direct connected to synchronous generators. The general characteristics of the
turbines and generators are described below.
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16-MW 8-MWwW
Units Unit
Turbines
Runner Diameter (m) 1.4 1.0
Design Net Head (m) 115.0 105.0
Design Discharge (m’/s) 16.7 9.1
Setting (m below min. TWL) 0.3 1.2
Rotational Speed (rpm) 450 600
Generators
Rated Output (kVA) 17,800 8,900
Rated Voltage (kV) 13.8 13.8
Frequency (Hz) 60 60
Power Factor 0.90 0.90

A three-phase, oil-filled, 13.8/115 kV stepup transformer rated at 20 MVA, 60 Hz, and
0.9 pf will be connected to each generator of the three larger units. The transformer
connected to the small unit will be rated at 10 MVA, 60 Hz, 0.9 pf.

Two 2.2-m wide by 1.5-m high draft tube gates will be provided to allow for dewatering
of the 16-MW units, one at a time. In addition, a 3.3-m wide by 1.1-m high draft tube
gate will be provided for the 8-MW unit.

A 45-ton semi-gantry crane spanning the powerhouse and the draft tube deck will be
provided to handle turbine and generator components, inlet valves and draft tube gates
during erection and maintenance.

The minimum release will be made through the one of the units or through a bypass line.
A Howell-Bunger valve will be provided to control the flow releases through the bypass.

3.1.7.2 Switchyard and Transmission

A 115-kV switchyard will be located at approximate E1.140 on a leveled area about 200
m west of the powerhouse. The switchyard will contain the 115 kV switchgear, a double-
bus bar, and the take-off structures for the double-circuit 115 kV transmission line.

A 21.2-km long, double circuit 115-kV transmission line will connect to the existing
115kV Panama City—Colon transmission line near Madden Dam. The transmission line
will be conveyed on steel towers and each circuit will have three 500 keml 30/7 ACSR
conductors. The proposed double circuit line will cross the Chagres river near the project
site in a southerly direction and then follow the river and the west side of Lake Madden
to the existing 115-kV line downstream of Madden Dam. A new switchyard will be
constructed to facilitate connection to the existing line.
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A simplified one-line diagram of the powerhouse, including station services, substation,
and transmission-line interconnection is depicted on Exhibit 5-12. The transmission line
route is shown on Exhibit 5-13.

5.1.8 Operation Facilities

Operation facilities are required for the Upper Chagres Water Supply Project for the
hydropower facilities, the spillway gates, and the other gates and valves. The project
lends itself to remote operation especially since assistance can be easily provided from
the Lake Madden Project on short notice, if needed. Operation facilities will include a
SCADA system for monitoring and operation of the project remotely. The system will
monitor water levels, flow measurements, gate operation and project safety
instrumentation. The new SCADA system will include a communications package. It
will be monitored and operated by the ACP Meteorology and Hydrology Division as an
extension to their existing system.

Instrumentation will be installed to monitor the dam’s behavior during construction and
subsequent operation. Embedded instruments will be used to determine temperature,
strain, stress, and hydrostatic pore pressures, and to measure cracks.

Additional project facilities will include security and lighting at the dam, spillway, and
hydropower facilities. Landscaping and drainage will also be provided at these project
features. Limited maintenance facilities will be retained from the temporary construction
facilities.

5.1.9 Potential Environmental Impacts

According to the ACP, the major environmental impact would be the loss of about 1,250
has of forest. There would also likely be impacts on the fauna; however, the impacts will
not cause the disappearance of any known or reported species.

The implementation of the project will not cause the displacement of any people, but it
may affect the indigenous villages located downstream of the damsite. The major
impacts on the population will be restrictions in the use of the river and the presence of
construction personnel during construction. Also the perception of risk and insecurity
may increase for the communities downstream from the dam and local economic
activities and traditions may be affected.

Implementation of the project may also impact on the recent tourism activities; for
example white water rafting will be curtailed. However a lake environment may open up
new opportunities for tourism. It is also unknown if project implementation will have

@ mwh / Tans
5-8




—

Upper Chagres Water Supply Project Project Description

any impact of the recently signed debt for nature agreement between Panama and the
United States aimed at the protection of the Park.
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6. CONSTRUCTION PLAN AND ESTIMATE OF COST

A project implementation schedule, a detailed construction schedule, and cost estimate
have been prepared for the project as described in Section 5. Additional details of the
construction cost estimate are presented in Appendix F.

6.1 Implementation

The major steps required for project implementation following this engineering study are
as follows:

Environmental Studies ~

Feasibility Confirmation and Project Configuration
Funding

Environmental Mitigation Planning and Implementation
Environmental Field Studies

Design and Contractor Procurement

Construction Contract Awards

Construction

The implementation schedule is presented on Exhibit 6-1.

Some basic environmental studies have been performed; however, if the project moves
forward, additional economic base-line studies will be required. In addition, prior to
seeking funding, it will be necessary to confirm the feasibility of the project, which will
include economic studies to optimize the project facilities and establish the economic
Justification, and financial analyses to determine the cost of water

Once the decision to obtain funding has been taken, a mitigation plan will be required.
This can be prepared while funding is being secured. This plan may cover resettlement
of people from the villages downstream, habitat mitigation, evaluation of cultural
resources, development of a construction plan, and any other mitigation activities
identified during the base-line studies. The field studies may include protection or
removal of significant archaeological sites, habitat replacement, or additional detailed
studies of the flora and fauna in the reservoir area.

With funding in place, the design-level investigation program and final designs can
commence along with the procurement of contactors.

Construction of the project is envisaged to consist of two general contracts: 1) Access
Roads and the Construction Camp, and 2) The Storage and Hydropower Facilities. It is
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anticipated that the access road contract will be let to a local contractor and an
international contractor will handle the storage and hydropower facilities contract.
Supply and installation of the equipment will be accomplished under the main
construction contract.

It is assumed that the ACP has the capability to manage the construction contracts and
also to perform the operation and maintenance. It is suggested that the ACP hire a
Project Management Team responsible for the consulting engineering services relating to
the works required for implementation. The operation and maintenance can be
accomplished by adding staff to the ACP’s existing organization. Operation and
maintenance of the facilities required for the water supply project, including the hydro
facilities, are well within the existing capability of the current O&M organization.

6.2 Construction Plan and Schedule

A plan and detailed schedule have been developed for the construction of the Upper
Chagres Water Supply Project. For the purpose of this study it was assumed that the
project is to be completed at the end of the dry season in 2010, about when the demand
for navigation and M&I water is expected to exceed the yield of the existing system
complemented by the deepening of Lake Gatun.

The construction of the project, including the access roads and construction camp, the
dam and appurtenant works and the hydro facilities is anticipated to take approximately
48 months. Filling the reservoir to El. 190 will take about 6 months and to El. 210, the
full supply level, about one full wet season assuming average hydrologic conditions.

The construction schedule is presented on Exhibit 6-2.
The project construction has been divided into two major groups of activities, namely:
1. The Access Road and Construction Camp, Contract (1),
2. The Water Supply and Power Facilities, Contract (2), comprising:
a. The Upper Chagres dam and appurtenant works,
b. The hydropower facilities, and

¢. Clearing the reservoir area and filling the reservoir.

6.2.1 Access Road and Construction Camp, Contract 1
6.2.1.1 Mobilization

Upon receiving notice to proceed, the contractor will initiate mobilization of staff and
equipment. The mobilization of personnel and equipment for road construction is
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expected to be rapid as it is entirely available locally. The first objective of this contract
would be to provide an access to the site of the bridge over the Rio Chagres near the

- proposed powerhouse.

6.2.1.2 Access Roads

Access to the project will be gained from Panama City via Route 860 to Nuevo
Caimitillo. Overall, from Nuevo Caimitillo, 18.2 kilometers of permanent access road
and 3 kilometers of temporary construction road will be provided for the construction of
the project. The construction of access roads is on the critical path of the project
schedule, in particular the construction of the bridge over Rio Chagres downstream of the
damsite to access the right abutment, the powerhouse site and the quarry. The proposed
permanent access road alignment follows the relatively high ground to facilitate traffic
during the wetter season and to minimize the number of river crossings. The road
alignments are shown on Exhibit 5-13 and 6-3.

Construction of the access roads is expected to take about 20 months.

6.2.1.3 Construction Camp

The construction camp will be located in a central location. It has been assumed to be
located on the high ground south of the Rio Chagres near the access road junction. The
site is located 13 kilometers from Nuevo Caimitillo and not more than 3 km from any
project features.

6.2.1.4 Power Supply

Construction needs for electrical power is estimated to be approximately 1.5 MW. The
closest source of power would be the Madden hydropower plant located approximately
20 kilometers from the damsite. The construction would need the installation of a 13.8-
kV transmission line for such a demand, which would delay the construction activities at
the site. It is therefore anticipated that the contractor will generate the required power by
providing a diesel generator.

6.2.2 Water Supply and Power Facilities, Contract 2
6.2.2.1 Mobilization

The effort is anticipated to extend over a six-month period, as the contractor’s effort will
build-up during the execution of the preliminary works including establishing a
construction camp and power supply, establishing quarries and installing crushing plant
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and concrete plant. Most of the heavier pieces of equipment will be mobilized towards
the end of that period when the main access road and the camp have been completed and
when the construction of the main features of the project starts.

6.2.2.2 Rock and Aggregate Quarries

The quarry is located in and along the reservoir area west of the Rio Chico approximately
1,000 meters north of the damsite. The quarry will be used for the manufacturing of
concrete and RCC aggregates.

A crushing plant and an aggregate stockpile area will be established above El. 120, the
maximum anticipated water surface level behind the cofferdam. The establishment of the
quarries is anticipated to take approximately 6 months including geotechnical
investigations. As it is not on the schedule critical path, investigations can be initiated at
any time during the first year of activities before aggregates are needed.

6.2.2.3 Upper Chagres Dam and Appurtenant Work

A diversion culvert approximately 140 meters long will be used to pass the river flows
during the dam construction. This culvert will be ultimately used as the reservoir low-
level outlet. The diversion work including excavation and concreting is estimated to take
approximately 8 months to be completed immediately before the dry season (January to
April) to allow for construction of the RCC cofferdam. During this interim period a small
temporary earth cofferdam will divert the river flows into the culvert. The RCC
cofferdam (98,000 m’®) including excavation and foundation preparation will be
completed in the four-month period of the dry season.

Construction of the dam and appurtenant works requires the placement of approximately
1,910,000 m® of roller-compacted concrete (including the cofferdam) and 43,000 m’ of
conventional concrete. Aggregates will be obtained from the quarry located on the right
bank of the Rio Chico immediately upstream of its confluence with the Rio Chagres in
the proposed reservoir area approximately 500 meters from the damsite. A rapid
placement of the RCC will be followed by the construction of the spillway with
conventional concrete. A conveyor or crane system will be used to transport the RCC to
the dam to avoid contamination that might be caused by trucks during the wet season.
Overall construction of the dam, including the gravity section and the overflow spiliway
is expected to take approximately 19 months. The installation of the six tainter gates and
hoisting mechanisms will require another 12 months to complete.

One of the diversion culverts will be transformed into the low level outlet. The
construction of the tower on the upstream face of the dam will approximately follow the
progress of the dam construction. Upon completion of the RCC placement, the
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embedded parts and the gates will be installed in the intake tower: The installation is
expected to take approximately nine months. Upon completion of the gate installation
both culverts will be plugged at the upstream end.

6.2.2.4 Hydropower Facilities

The intake structure for the hydropower facility will be built on the upstream face of the
RCC dam approximately. It will be the last component of the system to be built. The
construction will be start with the tunnel excavation, approximately 200 meters long with
a 5 m diameter. The portal is located in the vicinity of the powerhouse site; it is
anticipated that all excavation for the powerhouse will be completed prior to starting the
tunnel excavation. An earthen cofferdam will be built at the location of the proposed
tailrace. The 5-m diameter, 50-m deep vertical shaft will then be excavated, immediately
followed by concreting. Upon completion of the shaft, a steel liner will installed and the
space between the liner and the rock will be backfilled with concrete. Field fabrication of
the steel liner may be performed at the location of the proposed switchyard
approximately 300 meters from the portal. Overall the tunnel and shaft construction will
take approximately 15 months.

The powerhouse construction will take approximately 2 years to complete. The first
twelve months will be essentially dedicated to the civil works while the second year will
be for the installation of the four units and the ancillary mechanical and electrical
equipment. Construction of the powerhouse will only be initiated after completion of the
power tunnel excavation.

The switchyard will require a level platform approximately 100 meter long by 75 meter
wide. Construction, including foundation, will take nine months. This will be followed
by approximately 6 months for installation of the equipment. Overall the transmission
line construction, including the design, civil work, tower erection and the installation of
conductors and insulators will take approximately two years.

6.2.2.5 Reservoir Clearing and Filling

Approximately 17 km? (1,700 hectares) of land needs to be cleared for the reservoir of
which about 1,250 ha is pristine forest. The clearing is expected to take approximately
12 months.

The Upper Chagres reservoir will require approximately 6 to 9 months for filling using its
own inflow and allowing for a continuous minimum release of 3 m*/s. In the six-month
period from October to March, the reservoir has a 90% probability of filling to El. 190,
which would be sufficient for testing the power plant.
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6.3 Cost Estimate

The cost estimate for the construction of the Upper Chagres Water Supply Project has
been developed on the basis of the present feasibility design and the construction
schedule presented in Section 6.2. This estimate includes the direct costs of labor,
equipment and material, the Contractor indirect costs and engineering and administration
costs. The costs were estimated in US Dollars at a January-2003 level. It is assumed that
a local contractor will construct the access roads and construction camp and an
international contractor will perform the work. Both contracts would be awarded on the
basis of competitive bidding.

For each project feature, quantities were calculated from the feasibility-level design
drawings and exhibits. The unit costs for major items of dam, appurtenant work and
tunnel construction were developed using cost of labor, equipment and material. These
items include: excavation (common and rock), fill placement, quarrying, concrete
fabrication and placement, formwork, steel reinforcement and tunnel excavation and
lining. Other unit costs were estimated from experience on other projects of similar
nature.

6.3.1 Cost of Labor and Materials

The cost of local labor was estimated based on the “Convencion Colectiva de Trabajo de
Panama” dated July 1998. This document indicates the minimum applicable wages to be
paid to workers in the construction industry by profession and region, for every year from
July 1998 to June 2002. Beyond that date, labor rates were adjusted according to the
local CPI. These rates were increased by 30% to reflect the fact they are mandatory
minimum wages. An average across the professions was taken to derive four main
categories: unskilled labor, skilled labor, equipment operator and truck driver. The
wages were also increased to reflect the expected 60-hour workweek: an overtime
premium of 16.7% was assumed. Labor rates were then calculated by adding 50% for
social costs. This resulted in the following hourly cost of salary.

TABLE 6-1 LOCAL LABOR COST OF SALARY

Unskilled labor $5.60/hr
Skilled labor $6.70/hr
Equipment operator $8.00/hr
Truck driver $6.30/hr

In addition to the local labor a crew leader was generally included at the rate of
$10.00/hr.

@ mwH /TS
6-6




Upper Chagres Water Supply Project Construction Plan and Cost Estimate

Equipment rates were generally obtained from the publication of the US Army Corps of
Engineers entitled “Construction Equipment Ownership and Operating Expense” (EP
1110-1-8), dated August 31, 2001. These rates have been increased at a 0.8% p.a. factor,
reflecting the construction equipment cost escalation for the period. Equipment
requirements and production rates were developed based on experience in similar type of
project in tropical countries.

It is anticipated that materials including explosives, cement, and reinforcement steel will
be imported for the most part. International unit prices were used: Table 6-2 below

shows estimated unit costs of materials delivered at the site.

TABLE 6-2 MATERIAL UNIT COST

Material Unit Cost
Cement MT $122
Explosive Kg $1.50
Reinforcing Steel MT $725

The operational costs for the international contractor were also itemized for the purpose
of this estimate. These costs include a management and engineering crew of eight,
including a project manager, a superintendent, three staff engineers, a purchasing agent, a
scheduler (coordinator) and an accountant. The crew will be fully mobilized on site for
the 28 months of construction, after completion of the preliminary works such as access
road, construction camp, establishing quarries, etc. A supporting crew of administrative
personnel and drivers was also itemized. Other operational costs accounted for include
items such as a maintenance crew, vehicles for staff transportation and telephone.

Overall the contractor operating costs were estimated at approximately 7% of the total
direct construction cost. In addition, the following indirect costs were also added:

Contractor home office charges 7.0%
Bond 1.5%
Insurance 2.5%
Margin for risk 2.0%
Margin for profit 10.0%

As a result, unit rates calculated on the basis of the costs of labor, equipment and
materials have been increased by a margin of 30% to reflect these items.

The resulting unit-prices were compared with those obtained through the bidding process
on other international water resources projects in Central and South America and
appeared to be reasonable estimate for this type of construction.
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The unit prices shown in Table 6-3 were used.

TABLE 6-3 ESTIMATED UNIT PRICES (JAN-2003 LEVEL)

Material Unit Cost
Clearing Ha $2,200
Clearing and Grubbing m’ $0.55
Overburden Excavation m’ $3.70
Bulk Rock Excavation m’ $9.20
Structural Rock Excavation m’ $14.80
Power Tunnel Excavation m’ $126.00
Shotcrete m” $45.90
Rock-bolts M $67.00
Steel Ribs Kg $6.00
Mass RCC m’ $46.50
Mass Concrete m’ $116.00
Structural Concrete m’ $145.00
Tunnel Concrete Lining m’ $172.00
Formwork m” $46.80
Reinforcing Steel kg $1.32
Temporary Access Road km $115,200
Permanent Access Road km $147,600

A summary of the construction cost is shown in Table 6-4 below.
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TABLE 6-4 SUMMARY COST OF THE UPPER CHAGRES PROJECT

Item Estimated Cost

Land Acquisition and Mitigation $9,100,000
General Costs including Construction Camps
and Permanent Access Roads $13,030,000
River Diversion Works $9,170,000
‘Main Dam $107.,230,000
Spillway $12,830,000
Emergency Drawdown Facilities $1,550,000
Power Intake and Tunnel $9,460,000
Powerplant $18,420,000
Transmission System $5,170,000
Operation Facilities $900,000
Subtotal Direct Cost | $190,580,000
Contingency $27,720,000
Direct Cost | $218,300,000
Engineering and Administration $32,700,000
Construction Cost (Jan 2003 price level) | $251,000,000

6.3.2 General Costs

The General Costs include mobilization, land acquisition and resettlement, temporary
facilities, access roads, a bridge across the Upper Chagres, watershed management,
mitigation plan implementation, and reservoir clearing. Certain of these costs are
discussed in more detail below.

6.3.2.1 Land Acquisition and Mitigation Costs

The allocation for land acquisition will include all land in and around the reservoir up to
EL 220, plus land for structures, borrow areas, construction and permanent roads,
construction camp, other temporary structures, and disposal areas. These areas comprise
a total area estimated to be about 1,800 ha. The value of these lands has been estimated
to average $1,000/ha.

Implementation of the Upper Chagres Project will not require resettling any people.
However, an allowance of $9 million has been included for compensation for loss of
earnings, habitat mitigation, mitigation planning, and options for resettlement in case
communities deem it necessary.
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6.3.2.2 Access Roads and Bridges

The lengths and location of the required access is presented in 6.2.1.2. It is expected that
the access to the area will be to Panama highway standards. The ACP will maintain all
permanent roads required for operation of the project.

6.3.3 Contingencies

A contingency allowance is included in the cost estimate for unforeseen site conditions,
approximations, and the potential for future design changes. For these estimates, an
allowance of 15% was used for all civil items and 10% for all equipment. Overall, the
contingency is approximately 11% of the project construction cost or about 14% of the
subtotal of the direct costs.

6.3.4 Engineering and Administration

Indirect costs for final design, engineering services during construction, and for
administration costs of the APC chargeable to the project are based on previous
experience for similar projects. It has been estimated that 15 percent of the total direct
costs will be adequate for engineering and administration.

6.3.5 Capital Cost

An estimate of the capital cost is provided to indicate the anticipated financial cost of the
project if it is implemented according to the schedules shown on Exhibits 6-1 and 6-2.
The capital cost provides for inflation from the price level date to the beginning of
construction, escalation for each of the features according to the construction schedule,
and interest during construction.

For estimating purposes, it was assumed that inflation and escalation would occur at a
rate of 3% per year and that interest charges during construction would accrue at a rate of
10% per year.

It was further assumed that construction of the storage facilities and hydro plant will
require about four years and that the construction would begin in April 2006. Therefore
the construction cost, priced at the January 2003 level, was inflated at 3% per year for 3.2
years and then escalated at 3% according to an expenditure schedule derived form the
construction schedule. For the interest computation, it was assumed that the year’s
disbursement would be borrowed in January and July and that the interest would accrue.

The estimated capital cost is shown below:
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Item Estimated Cost
Construction Cost Jan 2003 price level $251,000,000
Inflation to beginning of construction $19,250,000
Escalation during construction $20,350,000
Construction Cost (current dollars) $290,600,000
Interest during construction $55,400,000
CAPITAL COST $346,000,000

6.3.6 Disbursement Schedule

A disbursement schedule has been estimated beginning on July 1, 2005, the point in time
when funding is secured according to the implementation schedule. The disbursement
schedule has been estimated on the basis of the cost estimate, the implementation
schedule, and the detailed construction schedule. The disbursement schedule, presented
in Table 6-5 shows a distribution for the construction cost and for the capital cost, which
consists of the construction cost plus inflation and escalation during construction, and
interest during construction. It should be noted that there are only 6 months of activity in
year 1 (2005) and 3 months of activity in year 6 (2010).

TABLE 6-5 DISBURSEMENT SCHEDULE

(x $1,000)
Year Disbursement of Disbursement of
Construction Costs Capital Costs

1 (2005) $5,300 $6,100
2 (2006) $16,900 $20,100
3 (2007) $63,200 $77,100
4 (2008) $126,300 $161,100
5(2009) $30,900 $63,400
6 (2010) $8.,400 $18,200

Total $251,000 $346,000

6.4 Annual Operating Cost

The annual operating costs include the costs of operation and maintenance (O&M), for
the various features, the cost of replacing short-life equipment, administration by the

Owner, and insurance.
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The O&M for the dam and hydro plant will be performed by a single O&M group that
will be a part of the ACP’s much larger Canal Operation Group. As the personnel are
part of a larger group, the management duties will required only part time input from
existing staff. An estimate of the personnel and equipment requirements and the cost are
shown below.

Number Annual Unit | Total Annual

Cost O&M Cost

Personnel
Manager 0.2 $95,000 $19,000
Assistant Manager 1 $60,000 $60,000
Operation Personnel 2 $35,000 $70,000
Maintenance Personnel 3 $30,000 $90,000
Electrical Foreman 0.1 $50,000 $5,000
Electrician 1 $40,000 $40,000
Mechanical Foreman 0.1 $50,000 $5,000
Hydroelectric Mechanical 1 $40,000 $40,000
Heavy Duty mechanical 1 $35,000 $35,000
Laborers 8 $15,000 $120,000
Subtotal $484,000

Equipment
Vehicles 5 $40,000 $200,000
Spare Parts LS $200,000 $200,000
Maintenance Equipment LS $150,000 $150,000
Total O&M Cost $1,034,000

The cost of replacing short-life equipment is included in the annual cost as a sinking
fund. The cost is computed as the amount to replace all equipment in 25 years at an
interest rate of 10% and an inflation rate of 3% per year. The sinking fund amount is
estimated to be $520,000 per year.

Administration and general expenses of the owner is for salaries, outside services,
injuries and damages, welfare, pensions and miscellaneous expenses. These costs were
assumed to equal 40% of the labor cost of the O&M personnel.

The annual cost of insurance was estimated as 0.1% of the construction cost.

In addition, an annual cost associated with watershed management, implementation of the
environmental mitigation plan and the relocation activities is included.

The annual operation and maintenance costs are summarized in Table 6-6.
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TABLE 6-6 ANNUAL OPERATION AND MAINTENANCE COST

Item Annual Cost

O0&M $1,034,000
Replacement $520,000
Admin and General Expenses $193,000
Insurance $243,000
Resettlement Administration $80,000
Watershed Management $150,000
Mitigation Plan Implementation $100,000

Total (rounded) | $2,320,000
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7. ECONOMIC COST OF WATER

The original scope of services for the economic evaluation of the Upper Chagres Project
consisted of a series of economic studies that were to include:

¢ Optimization of the dam height and spillway width,
Assessment of the economic viability of the combined navigation/M&I project,
and

e  Evaluation of the addition of hydropower.

During the study, it was determined that no supplemental water supply project would be
implemented unless it was a part of a much bigger project to construct a third and even a
fourth set of locks. Under these conditions, the existing demand and toll revenues are not
valid and any economic justification using these values would be irrelevant. This
determination prevented the optimization of the dam height and any assessment of
economic feasibility. The evaluation of hydropower was possible and is discussed in
Section 4.

Although no economic analysis is possible at this time, it is possible to analyze a series of
demand conditions and compare them to the cost of the project to estimate the economic
cost of water.

If conditions existed where the full amount of the system yield attributable to the
implementation of the Upper Chagres Project could be beneficially used, the economic
cost of water would be about $0.11/m>. This estimate is derived by dividing the present
worth of the construction and annual costs by the present worth of the supply, which is
5.3 L/d. In all estimates, a discount rate of 12% was used. This condition is highly
unlikely and only serves to indicate a minimum cost of water.

A more likely condition assumes that only a portion of the yield can be used when the
project comes on line and that the usable yield increase at some reasonable rate. For
example, if the year 2000 demand were assumed to be 38 L/d, the demand increased at
0.75 L/d/yr, the existing system without Chagres could yield 44.5 L/d, and the project
came on line in year 2011, the economic cost of water would be about $0.14/m>. Under
these conditions, it would take from 5 to 6 years for the full yield of the project to be
utilized. In other words, if the benefit of water were $0.14/m> , which would be about
$10.6 million/year for one lockage, the benefit cost ratio under the condition described
above would be 1.0 for an interest rate of 12%.

Under the same assumptions and a rate of increase of 0.6 L/d/yr, the cost of water would
be about $0.19/m’.
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Upper Chagres Water Supply Project

Cost of Water

For comparison purposes, the following table presents historic demands with a range of
growth rates assuming that the current demand for navigation and M&I water is about 38

L/d.
TABLE 7-1 COMPARISON OF DEMANDS AND COST OF WATER
Recon Recorf Rep ort Base
Navigation Base Demand
Report Demand
Year Constrained Demand + Increased by Increased by
' MWH M&1 0.6 L/d/yr
Demand 0.75 L/d/yr
Demand
2000 38.0L/d 38.0 L/d 38.0 L/d 38.0 L/d
2020 47.6 L/d 52.5L/d 53.0L/d 50.0 L/d
2040 52.0L/d 70.8 L/d 68.0 L/d 62.0 L/d
2060 59.0 L/d 85.1 L/d 83.0L/d 74.0 L/d
Cost of Water | $0.35/m’ $0.15/m’ $0.14/m" $0.19/m”

The economic cost of water for the Upper Chagres Project is about $0.07/m> more than
for the Rio Indio Project, which has a significantly larger yield. In addition, the Chagres
Project water would also cost more than the Caflo Sucio development, although the yield

for Sucio is less. A comparison of the three projects is shown below.

Cost of Water with Cost of Water with
Project Yield Base Demand Increased | Base Demand Increased
by 0.75 L/d/yr by 0.6 L/d/yr
Upper Chagres 53L/d $0.14/m’ $0.19/m’
Rio Indio 15.8 L/d $0.07/m’ $0.10/m’
Cafio Sucio 2.5L/d $0.09/m’ $0.12/m’
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Upper Chagres Water Supply Project Conclusions and Recommendations

8. CONCLUSIONS AND RECOMMENDATIONS

As aresult of the studies described in this report and its appendices, it is concluded that:

The Upper Chagres Water Supply Project is technically feasible.

¢ The damsite selected in the Reconnaissance Report is a suitable site for the
development of the water resources of the Upper Chagres Basin.

e Locating the dam upstream at the confluence of the Rio Piedras would result in a
lower capital cost, but would result in a smaller yield.

® A roller compacted concrete dam is suitable for the site and is the most cost
effective arrangement.

* The yield of the Panama Canal system will increase by about 400 MCM/yr (about
5.3 L/d) with the addition of the Upper Chagres Project.

The addition of a 56 MW hydropower plant to the Project is warranted.

o The project is estimated to cost about $251 million in 2003 dollars. Allowing for
inflation at 3% per year, escalation during construction at 3% per year, and
interest during construction at 10% per year, the capital cost of the project in
current dollars would be about $307 million.

* The economic cost of water is higher for the Upper Chagres Project than for either
the Rio Indio Project or the Cafio Sucio project.

As a result of these conclusions, it is recommended that:
The Upper Chagres Water Supply Project not be considered as a source of water for

any canal expansion in the near or intermediate term unless expansion to the Western
Watersheds is not possible.

@ mwh/ Tays
8-1







Upper Chagres Water Supply Project References

9. LIST OF REFERENCES

)] (Recon 1999) Panama Canal, Reconnaissance Study, Identification, Definition,
and Evaluation of Water Supply Projects, US Army Corps of Engineers, Mobile
District, 31 December 1999,

2) Programs and Projects, http:/www.pancanal.com/projects/gaillard.html, 1/28/00.

3) Final Report of the Commission for the Study of Alternatives to the Panama
Canal, Volume I, Commissioners’ Joint Statement, Executive Summaries, 1993.

4 Panama Canal, United States Energy Information Administration,
www.eia.doe.gov, June 1999.

(5) Panama, Recent Economic Developments, International Monetary Fund,
December 3, 1998.

(6) Instituto Geografico Nacional, “Atlas Nacional de la Republica de Panama”,
Tommy Guardia, 1988.

@) Chow, Ven Te, Maidment, David R., and Mays, Larry W., “Applied Hydrology’,
McGraw-Hill, Inc., New York, 1988.

(8) ETESA, Plan de Expansion del Sistema de Generation, 1999.
9 ETESA, Planiamiento Operativo del Sistema Integrado Nacional, July 2002.
(10) ETESA, Plan de Expansion de Transmision, 2002.

(11)  Harza Engineering Company, Long-Term forecast for M&I Water Demand an
Raw Water Consumption / Comparative Analysis of Cost and Pricing, 2000.

(12) U S Bureau of Reclamation (USBR), Design of Small Dams, Third Edition, 1987.

@ mwH /TS
9-1







Upper Chagres Water Supply Project Bibliography

10. BIBLIOGRAPHY

Census Data 2002.

Clark, C.O., “Storage and the Unit Hydrograph”, Trans. American Society of Civil
Engineers, Vol 110, 1945.

ETESA, Informe Indicativo de Demanda 2001-2010, November 2000.
Long Term Transportation Forecast, Panama Canal Commission, 1997.

Panama Lakes Water Quality Study, Final Draft Report, U.S. Army Corps of Engineers
Engineering Research and Development Center, September 2002.

b

URS-Dames and Moore, IRG, GEA, Recopilacion y Presentacion de Datos
Socioeconomicos de la Region Occidental de la Cuenca del Canal de Panamd, Informe
Borrador Final — Rio Indio, March 2002.

US National Weather Service, Hydrometeorological Branch, Office of Hydrology
(NWS), “Probable Maximum Precipitation Estimates for Drainages above Gatun and
Madden Lakes, Panama Canal Zone”, prepared by F.K. Schwartz and J.T. Reidel.
February 1978.

U S Weather Bureau, Hydrometeorological Branch, Office of Hydrology (WB),
“Probable Maximum Precipitation over Eastern Panama and Northwest Columbia”,

Washington DC, September 1965.

The World Factbook 1999 — Panama, www.odci.gov/cia/ publications/ factbook/pm.html

@ mMwH / Taxs
10-1







R P
(O U T T




Upper Chagres Water Supply Project Tables

TABLES

[e—y

Long-term Monthly Streamflow at the Damsite
2 Detailed Cost Estimate
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Year

1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979

Jan

25.5
24.9
395
15.9
385
20.4
25.8
22.0
15.0
21.2
28.8
26.7
29.4
19.8
19.9
16.6
15.0
20.6
19.7
18.4
414
18.3
64.8
62.4
17.5
32.8
12.7
53.9
18.4
17.6
37.8
15.4
18.2
25.9
33.9
13.8
11.9
46.6
43.6
57.4
11.9
272
12.1
25.8
15.8
13.8
12.1

Feb

14.9
11.0
17.7
9.5
20.3
" 145
12.1
16.0
22.1
15.9
20.5
20.2
17.8
14.4
13.6
9.0
9.4
17.1
43.2
12.4
27.0
13.7
18.3
21.7
11.6
14.8
8.6
12.3
10.1
11.2
19.3
12.1
14.1
16.8
19.9
13.3
13.8
18.0
20.4
14.6
8.4
13.2
7.5
14.0
11.0
11.7
8.9

Mar

11.4
82
11.7
7.8
11.2
11.0
9.3
14.2
17.5
15.9
15.8
10.7
11.2
9.8
8.6
6.3
6.9
10.8
23.2
9.0
14.0
12.4
12.7
19.2
82
10.7
6.7
8.9
82
9.0
12.9
9.9
11.9
12.6
13.4
6.9
10.7
13.7
13.6
10.3
5.6
9.7
5.1
11.2
82
8.4
6.9

Apr

9.0
12.3
85
9.4
9.9
26.7
8.9
11.9
11.9
24.8
17.0
17.8
11.4
12.7
9.5
6.1
72
20.0
194
10.6
12.5
12.8
10.2
19.8
6.9
7.3
9.7
214
11.9
9.5

- 273

16.9
10.7
34.7
31.2
7.3
20.4
26.7
9.1
25.8
5.1
7.5
5.2
12.7
8.2
26.6
17.8

May

19.5
319
26.8
382
20.0
53.6
10.1
15.5
222
17.9
33.6
37.7
253
24.1
13.9
14.2
23.5
40.4
25.8
24.1
376
21.7
15.3
43.4
13.1
17.6
17.9
274
18.5
27.6
39.0
26.9
23.7
41.0
43.0
144
28.1
36.7
22.0
17.6
16.3
13.0
20.3
19.9
14.7
28.2
17.1

Table 1

LONG-TERM MONTHLY STREAMFLOW AT DAM SITE
(cubic meters per second)

Jun

213
32.8
253
244
22.1
41.2
19.7
18.2

373

29.7
354
31.1
28.9
279
22.9
23.7
39.1
30.1
30.5
23.8
27.6
34.6
17.5
37.2
12.7
21.2
17.5
29.6
43.1
202
413
45.5
33.1
327
49.5
15.2
21.1
35.1
47.8
21.7
284
16.8
28.8
18.5
17.1
39.8
23.7

Jul

20.4
323
64.6
305
24.5
37.2
15.0
15.6
28.1
33.1
273
42.0
30.7
39.6
322
40.0
51.0
53.9
33.2
315
32,6
34.7
283
63.9
11.9
22.1
16.4
30.8
26.8
33.0
41.7
28.0
23.2
34.0
44.8
249
22.7
37.3
46.4
14.1
283
21.9
44.8
12.9
225
46.7
27.3

Aug

243
353
43.4
335
28.6
67.8
23.1
26.9
37.5
322
319
42.9
40.2
42.8
33.7
31.5
48.3
45.8
24.8
38.2
31.4
39.0
48.7
34.1
13.9
25.2
18.4
29.1
335
44.1
45.7
26.4
30.7
304
33.9
35.8
30.6
43.2
38.7
25.3
323
31.3
52.0
15.0
28.8
48.8
36.7

Sep

309
34.1
349
40.2
34.1
41.1
23.9
224
40.4
39.1
31.6
375
36.1
349
28.5
26.6
383
329
28.7
35.0
28.1
38.1
314
357
18.2
27.0
32.1
30.2
315
38.1
49.4
317
40.3
38.1
353
39.6
30.7
454
33.2
19.7
283
313
347
223
26.7
324
31.7

Oct

19.1
515
304
38.8
44.4
41.5
234
35.6
75.6
52.2
45.4
56.3
34.8
30.8
32.1
389
45.0
26.2
24.8
49.4
33.6
25.0
28.5
44.6
30.6
27.7
33.2
343
37.7
36.4
377
279
50.8
42.3
30.5
31.8
28.9
57.2
311
31.7
36.1
42.8
46.6
39.8
56.3
34.6
28.5

Nov

42.1
62.9
177.5
42.6
54.5
51.0
49.3
31.8
66.9
40.8
41.1
53.5
314
255
356
45.8
61.3
50.8
289
315
39.6
64.2
77.0
86.3
49.0
333
54.9
35.6
45.0
40.6
439
39.2
50.1
73.0
36.1
34.0
38.7
48.2
393
34.0
60.4
39.7
58.0
42.6
45.2
42.6
42.8

Dec

67.6
41.8
103.6
24.8
80.3
106.9
41.1
214
43.4
34.6
76.6
89.1
65.6
58.7
393
295
53.5
60.1
28.2
53.2
343
63.2
44.0
41.5
33.0
27.2
89.5
94.0
284
31.7
253
22.2
51.4
77.1
37.1
17.7
86.7
50.4
21.6
19.9
46.0
26.7
58.0
17.9
33.1
235
41.1

Annual

25.5
31.6
48.7
26.3
324
42.7
21.8
21.0
34.8
29.8
33.8
38.8
30.2
284
242
24.0
33.2
34.1
27.5
28.1
30.0
31.5
33.1
42.5
18.9
222
26.5
34.0
26.1
26.6
35.6
25.2
29.9
38.2
34.1
21.2
28.7
382
30.6
243
25.6
234
311
21.1
24.0
29.8
24.6
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Year

1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

Mean
Maximurr
Minimum
St. Dev

Jan

30.8
17.7
32.1

85
25.6
12.9

17.7°

12.6
13.7
19.9
29.7
19.6
16.4
253
12.9
154
73.2
29.0
12.2
30.8
50.9

255
73.2

85
14.0

Feb

18.5
14.4
14.6

6.2
15.5
12.9
11.8

8.2
14.5
12.1
17.6
12.7
10.9
12.2

8.6

83
30.5
16.8

84
24.0
19.6

14.9
43.2
6.2
59

Mar

10.1
100.6
9.2
54
8.9
94
12.1
28.5
9.1
8.6
14.0
15.4
88
17.0
73
4.8
22,6
9.1
5.0
14.8
11.7

12.4
100.6
4.8
11.7

Apr

10.7
46.3
12.3
36.6

6.3
19.5
21.9
559

7.0
17.2
223
11.8
14.0
26.8

6.4

6.1
19.3

7.8
14.3
17.5

9.0

15.7
55.9
5.1
9.8

May

223
37.2
220
222
18.7
342
493
36.0
24.5
319
74.5
314
46.6
36.3
254
19.1
475
313
39.6
25.7
21.8

27.6
74.5
10.1
11.7

Table 1

LONG-TERM MONTHLY STREAMFLOW AT DAM SITE
(cubic meters per second)

Jun

29.3
40.0
19.2
19.6
303
26.2
30.6
364
223
344
21.0
21.9
452
47.8
36.7
36.4
425
26.8
24.0
36.2
41.7

29.6
49.5
12.7

9.1

Jul

17.9
389
32.7
21.6
39.1
21.2
253
442
43.8
37.8
19.1
22.8
34.9
36.1
37.9
43.6
453
16.2
31.0
453
28.2

323
64.6
11.9
1.5

Aug

21.2
27.9
31.1
277
67.8
37.8
22.0
515
57.2
323
34.1
23.0
49.8
25.8
33.0
413
49.9
13.5
33.9
53.8
32.8

353
67.8
13.5
11.3

Sep

23.5
33.1
29.5
343
48.4
30.6
36.6
39.7
40.8
58.5
447
333
41.1
37.7
344
28.7
337
18.4
342
443
40.8

34.1
58.5
18.2

7.2

Oct

304
40.7
45.9
40.0
55.1
29.8
57.6
60.6
50.8
67.4
574
33.4
334
58.1
37.0
31.0
42.1
24.6
335
40.5
53.9

39.8
75.6
19.1
11.6

Nov

43.6
61.6
319
76.5
55.8
51.9
64.7
29.8
44.4
36.2
58.6
57.3
48.8
40.7
65.2
38.5
83.2
21.9
38.5
52.1
333

493
177.5
21.9
21.0

Dec

39.6
32.1
20.4
25.6
35.1
17.7
30.2
13.7
324
29.7
63.0
33.6
31.1
26.5
30.3
50.0
94.7
21.6
54.8
126.7
84.2

46.4
126.7
13.7
25.6

Annual

24.8
40.9
25.1
27.0
33.9
253
31.7
348
30.0
322
38.0
26.4
31.8
325
279
26.9
48.7
19.8
27.5
42.6
357

30.2
48.7
18.9

6.5
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TABLE 2

UPPER CHAGRES WATER SUPPLY PROJECT

PROJECT COST ESTIMATE
COST SUMMARY
DESCRIPTION AMOUNT
1 GENERAL $22,130,000
2 DIVERSION $9,170,000
3 DAM $107,230,000
4 SPILLWAY $12,830,000
5 EMERGENCY DRAWDOWN FACILITY $1,550,000
6 POWER INTAKE $9,460,000
7 SHAFT, TUNNEL AND MANIFOLD $3,720,000
8 POWER PLANT $18,420,000
9 TRANSMISSION SYSTEM $5,170,000
10 OPERATION FACILITIES $900,000
SUBTOTAL DIRECT COST $190,580,000
CONTINGENCIES $27,720,000
DIRECT COSTS $218,300,000
ENGINEERING AND ADMINISTRATION $32,700,000
CONSTRUCTION COST $251,000,000




TABLE 2
UPPER CHAGRES WATER SUPPLY PROJECT
PROJECT COST ESTIMATE

Description

1 GENERAL

1.1 Mobilization and Demobilization
1.2 Temporary Facilities
1.3 Construction Access Roads
1.4 Rio Chagres Bridge
1.5 Permanent Access Roads
1.6 Land Acquisition and MitigationCosts
1.6 Reservoir Clearing
Subtotal 1

2 DIVERSION

2.1 Site Preparation
2.2 Diversion Culverts
2.2.1 Overburden Excavation
2.2.2 Rock Excavation
2.2.3 Concrete
2.2.4 Concrete (High Strength)
2.2.5 Backfill Concrete
2.2.6 Formwork
2.2.7 Reinforcement
2.3 Cofferdams
2.3.1 Mass RCC
2.3.2 Earthfill
Subtotal 2

3 DAM

3.1 Site Preparation
3.2 Foundation Excavation
3.2.1 Overburden Excavation
3.2.2 Rock Excavation
3.3 Foundation Treatment
3.3.1 Surface Treatment
3.3.2 Consolidation Grouting
3.3.1 Curtain Grouting
3.3.2 Drainage
3.4 Dam Section
3.4.1 Roller Compacted Concrete
3.4.2 Cofferdam Interface
3.4.3 Uncompacted Concrete
3.4.4 U\S, D\S Face Precast Panels and Membrane
3.4.5 Bedding Mix (grout enriched RCC)
3.4.6 Gallery Concrete
Subtotal 3

Unit Unit Cost

(M)

oW e Tw e Twe

3383838

-
(]

a\d

Bu

LS

8 8,8

588333

$115,200
$427,600
$147,600

$2,200

$0.55

$3.70
$9.20
$116.00
$145.00
$105.00
$46.80
$1.32

$50.00
$10.25

$0.55

$3.70
$9.20

$69.20
$46.00
$50.00

$46.50
$121.00
$44.00
$282.00
$70.00
$210.00

Quantity

3.0
18.2

1,700

27,300

93,900
93,900
10,800
2,180
1,150
5,880
760,700

98,400
5,230

70,000

923,000
461,300

2,300
42,800
13,600

1,768,400
23,900
18,200
23,300
24,700
11,200

Amount

$3,000,000
$2,830,000
$345,600
$427,600
$2,686.320
$9,100,000
$3,740,000
$22,129,520

$15,015

$347,430
$863,880
$1,252,800
$316,100
$120,750
$275,184
$1,004,124

$4,920,000
$53,608
$9,168,891

$38,500

$3,415,100
$4,243,960

$150,000
$159,160
$1,968,800
$680,000

$82,230,600
$2,891,900
$800,800
$6,570,600
$1,729,000
$2,352,000
$107,230,420



TABLE 2
UPPER CHAGRES WATER SUPPLY PROJECT

PROJECT COST ESTIMATE
Description Unit Unit Cost  Quantity Amount
4 SPILLWAY
4.1 Headworks
4.1.1 Concrete m’ $116.00 14,500 $1,682,000
4.1.2 Formwork m’ $46.80 9,010 $421,668
4.1.3 Reinforcement kg $1.32 1,113,900 $1,470,348
4.2 Chute and Flip Bucket
4.2.1 Concrete m’ $116.00 10,900 $1,264,400
4.2.2 Formwork m? $46.80 10,600 $496,080
4.2.3 Reinforcement kg $1.32 406,700 $536,844
4.3 Bridge
4.3.1 Concrete m’ $145.00 550 $79,750
4.3.2 Formwork ' m’ $46.80 690 $32,292
4.3.3 Reinforcement kg $1.32 86,600 $114,312
4.4 Gates
4.4.1 Radial Gates and Embedded Parts Each $270,000 6 $1,620,000
4.4.2 Gate Hoists Each $230.000 6 $1,380.000
4.4.3 Electrical Supply LS $62,000
4.4.4 Stoplogs Each $332,500 1 $332,500
4.5 Plunge Pool Excavation
4.5.1 Overburden Excavation m’ $3.70 151,200 $559,440
4.5.2 Rock Excavation . m’ $9.20 302,500 $2,783,000
Subtotal 4 $12,834,634

5 EMERGENCY DRAWDOWN FACILITY
5.1 Tower and Gate Structure

5.1.1 Concrete m’ $116.00 1,400 $162,400

5.1.2 Concrete (High Strength) m’ $145.00 420 $60,900

5.1.5 Formwork m’ $46.80 3,890 $182,052

5.1.6 Reinforcement kg $1.32 143,100 $188,892
5.2 Culvert

5.2.1 Concrete Plug m’ $116.00 980 $113,680

5.2.2 Stop Logs and Embeds LS $295,000
5.3 Gates

5.3.1 Wheeled Gate and Hoist (3.00m x 4.00m) Each $250,000 2 $500,000

5.3.2 Power and Controls LS $50,000 1 $50,000

Subtotal 5 $1,552,924




Description

6 POWER INTAKE

6.1 Civil Work
6.1.1 Site Preparation
6.1.2 Overburden Excavation
6.1.3 Rock Excavation
6.1.4 Mass Concrete
6.1.5 Structural Concrete
6.1.6 Formwork
6.1.7 Steel Reinforcement
6.1.8 Steel Liner
6.1.9 Miscellaneous Metal Works
6.2 Equipment

TABLE 2
UPPER CHAGRES WATER SUPPLY PROJECT
PROJECT COST ESTIMATE

6.2.1 Wheeled Intake Gate (3.30 x 2.20) and Hoist

6.2.2 Stoplogs

6.2.3 Trash Screen Bays

6.2.4 Trash Rake

6.2.5 Power and Control Equipment

6.2.6 Cabling, MV & LV Power, Cont/Comm

7 SHAFT, TUNNEL AND MANIFOLD

7.1 Civil Work
7.1.1 Portal Excavation
7.1.2 Tunnel Excavation
7.1.3 Shaft Excavation
7.1.4 Structural Concrete
7.1.5 Shaft Concrete Lining
7.1.6 Tunnel Concrete Lining
7.1.7 Shotcrete
7.1.8 Rockbolts
7.1.9 Steel Ribs
7.1.10 Formwork
7.1.11 Steel Reinforcement
7.1.12 Steel Liner and Manifold
7.1.14 Miscellaneous

Subtotal 6

Subtotal 7

Unit Unit Cost

- &

Each
Each
Each
Each
LS
LS

58888383

=
@ 8% 5

X

$0.55
$3.70
$9.20
$116.00
$145.00
$46.80
$1.32
$3,200
5%

$255,000
$204,000
$275,000
$110,000

$14.80
$126.00
$295.00
$145.00
$180.00
$172.00
$45.90
$67.00
$6.00
$46.80
$1.32
$3,200
5%

Quantity

4,200
44,000
4,450
5,530

. 21,000
37,900
1,120,000
103

- NN N

500
4,250
990
720
430
1,480
2,530
770
30,100
1,360
72,000
552

Amount

$2,310
$162,800
$40,940
$641,480
$3,045,000
$1,773,720
$1,478,400
$329,600
$374,000

$510,000
$408,000
$550,000
$110,000
$18,750
$12,500
$9,457,500

$7,400
$535,500
$292,050
$104,400
$77,400
$254,560
$116,127
$51,590
$180,600
$63,648
$95,040
$1,766,400
$177,000
$3,721,715



TABLE 2
UPPER CHAGRES WATER SUPPLY PROJECT
PROJECT COST ESTIMATE

Description

8 POWER PLANT

8.1 Civil Work
8.1.1 Site Preparation
8.1.2 Overburden Excavation
8.1.3 Rock Excavation
8.1.4 Cofferdam and Care of Water
8.1.5 Mass Concrete
8.1.6 Structural Concrete
8.1.7 Formwork
8.1.8 Steel Reinforcement
8.1.9 Finishing Platform, Pavement, etc
8.1.10 Roof, siding, windows, doors, etc
8.1.11 Miscellaneous
8.2 Power Generating Equipment
8.2.1 Main Inlet Valves (2.00 m dia)
8.2.2 Turbine/Generator Units (16 MW)
8.2.3 16-MW Unit Auxiliaries
8.2.4 Main Power Transformers (20MVA)
8.2.5 Take-off Structures and Overhead Lines
8.2.6 Draft Tube Gates (2.20 m x 1.40 m)
8.2.7 Main Inlet Valve (1.40 m dia)
8.2.8 Turbine/Generator Unit (8§ MW)
8.2.9 8-MW Unit Auxiliaries
8.2.10 Main Power Transformers (10MVA)
8.2.11 Take-off Structures and Overhead Lines
8.2.12 Draft Tube Gates (3.60 m x 1.10 m)
8.2.13 Fixed Cone Bypass Valve
8.3 Miscellaneous Mechanical
8.3.1 Dewatering System
8.3.2 Semi-Gantry Crane - 45T
8.4 Miscellaneous Electrical
8.4.1 Switchgear - 13.8 KV
8.4.2 Station Service Transformer
8.4.3 Stand-by Diesel Generator
8.4.4 Station Auxiliaries (light, HVAC, etc.)
8.4.5+A2 Cabling, MV & LV Power, Cont/Comm
Subtotal 8

Unit Unit Cost

Each
Each
Each
Each
LS
Each
Each
Each
Each
Each
LS
Each
Each

LS
LS

LS
Each
Each

LS

LS

$0.55
$3.70
$9.20

$116.00
$145.00
$46.80
$1.32

$310
5%

$312,500
$2,500,000
$375,000
$312,500

$43,750
$200,000
$1,875.000
$312,500
$187,500

$56,250
$250,000

$50,000
$187,500

Quantity

12,300
189,000
18,530

2,490
1,210
6,640
140,000

710

W w W w

—_—— e NN

Amount

$6,765
$699,300
$170,476
$350,000
$288.840
$175,450
$310,752
$184.800
$236,000
$220.100
$132,000

$937,500
$7,500,000
$1,125,000
$937,500
$100.000
$87.500
$400,000
$1,875,000
$312,500
$187,500
$37,500
$56,250
$250,000

$56,000
$312,500

$106,250
$50,000
$187,500
$375,000
$750,000
$18,417,983




TABLE 2
UPPER CHAGRES WATER SUPPLY PROJECT

PROJECT COST ESTIMATE
Description Unit Unit Cost  Quantity Amount
9 TRANSMISSION SYSTEM
9.1 Switchyard - Civil Work
9.1.1 Site Preparation m? $0.50 5,000 $2,500
9.1.2 Overburden Excavation m’ $3.70 46,000 $170,200
9.1.3 Rock Excavation m’ $14.80 2,000 $29,600
9.1.4 Foundation, Subbase, Backfill m’ $18.00 5,040 : $90,720
9.1.5 Perimeter Road m’ $6.00 1,200 $7,200
9.1.6 Fence, Drainage, etc. LS $20.000
9.1.7 Steel Structures LS $600,000
9.2 Switchyard - Equipment
9.2.1 115-kV Equipment Bay Each $225,000 4 $900,000
9.2.2 Service Power Transformer - SMVA ’ Each $93,750 1 $93,750
9.2.3 Protection, Control and Comm. Equipment LS $375,000
9.2.4 Cabling, MV & LV Power, Cont/Comm LS $250,000
9.2.5 Control Building Auxiliaries LS $43,750
9.3 115-kV Transmission Line
9.3.1 Civil Works (survey, Found., Struc.) km $37,500 21.2 $795,000
9.3.2 Conductors and Shield Wire km $37.500 21.2 $795,000
9.3.3 Insulators and Accessories km $18,750 21.2 $397,500
9.3.4 Grounding and Miscellaneous % 5.00% $99,000
9.3.5 Cut-in of Existing Panama-Colon Line LS $500,000
Subtotal 9 $5,169,220
10 OPERATION FACILITIES
10.1 Emergency Generator Each $25,000 1.0 $25,000
10.28CADA LS $200,000
10.3 Other Communication Facilities LS $112,500
10.4 Instrumentation LS $100,000
10.5 Lighting, Landscaping, and Drainage LS $160,000
10.6 Unspecified Facilities LS $300,000
Subtotal 10 . $897,500

SUBTOTAL DIRECT COST (Rounded) - $190,580,000
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Location Map

Regional Isohyetal Map

Annual Rainfall Pattern on Rio Chagres Watershed
Regional Geology and Photolinears

Plate Boundaries

Flow Duration of Rio Chagres at Chico (Upper Chagres Damsite)
Flood Frequency Curve, Rio Chagres at Chico

Probable Maximum Flood (PMF) Hydrograph

Location of Boreholes and Test Pits

Seismicity of Panama

Construction Material Sources

Reservoir Elevation-Volume Curves

Storage-Yield Curve

General Plan of Development

Upper Chagres Dam, Plan

Upper Chagres Dam, Profile, Typical Cross Section and Details
Spillway and Plunge Pool, Plan and Sections

Spillway, Plan, Section, and Upstream Elevation

River Diversion Facilities, Plan, Profile, and Details
Emergency Drawdown Facility, Profile, Section and Details
Power Development, Profile

Power Intake, Plan and Sections

Powerhouse, Plan

Powerhouse, Section

Powerhouse, Substation and Transmission One-Line Diagram
Transmission Line Route

Implementation Schedule
Construction Schedule
Access Roads
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NOTES:

1. TOPOGRAPHY FROM ACP, CREATED FROM
IFSAR AERIAL SURVEY.

2. 50-m CONTOUR INTERVAL.

3. LITHOLOGIC CONTACTS FROM WOODRING,
1955.
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Task Name
Notice to Proceed
Contract 1 - Roads and Camps
Road/Camp Contractor Mobilization
Access Roads
Construction Camp and Offices
Clearing, Surveying and Siting
House Construction
Camp Infrastructures and U
| Contract 2 - Storage and Power Faci
Water Supply and Power Facility Mol
Establish Quarries
Geotechnical Investigation
Surveying and Mapping
Clearing & Grubbing
Overburden Excavation
Design and Purchase Crushing Plant
Shipping of Crushing Plant
Crushing Plant Installation
| Diversion Work
| Site Preparation
| Overburden Excavation
| Rock Excavation
| Concrete Placement
| Cofferdams
| Site Preparation
Pre-cofferdam Construction
Overburden Excavation
RCC Cofferdam
| Upper Chagres Dam
Site Preparation
Overburden Excavation - Right Bank
Overburden Excavation - Left Bank
Rock Excavation - Right Bank
Rock Excavation - Left Bank
Grouting Curtain - Right Bank
Grouting Curtain - River Section
Grouting Curtain - Left Bank
| Consolidation Grouting - Right Bank
| Consolidation Grouting - River Section
Consolidation Grouting - Left Bank
RCC Placement to El 120
RCC Placement to El 160

Duration
1 day
96 wks
10 wks
86 wks
29 wks
2 wks
27 wks
12 wks
181 wks
2.5 mons

2006

2007

2008

2009

FMAMJJASONDJFMAMJJASONDJFMAMJJASONDJFMAMJIJASONDUJIFMAM

30 wks |

8 wks
6 wks
4 wks
4 wks
13 wks
13 wks
4 wks

32 wks |

3 wks
5 wks
14 wks
10 wks

18 wks |

2 wks
4 wks
2 wks
10 wks
66 wks
5 wks
6 wks
4 wks
12 wks
8 wks
12 wks
6 wks
8 wks
9 wks
5 wks
6 wks
9 wks

11 wks

AUTORIDAD DEL CANAL DE PANAMA
Division de Proyectos de Capacidad del Canal

acrsls
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Task Name
~ RCC Placement to EI 210
Spillway
Gate Design and Fabrication
Gate Shipping
Gate Installation
Trunion Construction
Bridge Concrete
Chute Concrete Placement
Plunge Pool
Rock Excavation
Low Level Outlet
Tower and Gate Structure Concreting
Gate Design and Fabrication
Gate Shipping
Embeds Installation
Gate Installation
Plug Diversion Culverts
Rio Chagres Powerhouse
Site Preparation
Overburden Excavation
Cofferdam
Rock Excavation
Powerhouse Substructure
Powerhouse Superstructure
Powerhouse Finishes, Metalwork, etc.
Backfill, Outside Finishes
Cofferdam Removal
Power Generating Equipment
Design
Fabrication of Embedded Metal Parts
on of Mech. and Elect. Equipment
Shipping of Embedded Parts
Shipping of Mech. and Elect. Equipment
Installation of Embedded Parts
Equipment Erection
Power Plant Testing and Commissioning

Duration

11 wks

117 wks
52 wks
13 wks |
52 wks
52 wks
10 wks
13 wks

2006

14 wks
14 wks
71 wks |
27 wks
39 wks
13wks|
26 wks
13 wks |
4 wks |
147 wks |

2007

2008

2009

[

FMAMJJASONDJFMAMJJASONDJFMAMJJASONDJIFMAMJIJASONDUJIFMAM

A A A e A A A

3 wks |
3 wks
4 wks
3wks |
48 wks

10 wks
39 wks
4 wks |

3 wks
134 wks |

13 Exmm
20 wks |
39 wks
13 wks |
13 wks |

L
il

32 wks |
52 wks
4 wks
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Task Name
|" Shaft, Tunnel and Manifold
Portal Excavation
Tunnel Excavation
Shaft Excavation
Shaft Concrete Lining
Steel Liner Design and Fabrication
Steel Liner Shipping
Steel Liner Field Fabrication and Installation
Steel Liner Concrete Backfill and Grouting
Manifold Field Fabrication and Installation
Manifold Concrete Backfill
Power Intake
Site Preparation
Overburden Excavation
Rock Excavation
Intake Concreting
Intake Equipment Design and Fabrication
| Intake Equipment Shipping
| Intake Equipment Installation
Switchyard
| Civil Works incl. Control Building
Switchyard Equipment Design
| Switchyard Equipment Fabrication
Switchyard Equipment Shipping
Switchyard Equipment Erection
A Transmission Line
Surveying and Design
7 115-kV Route Clearing, Foundation and Structures
115-kV Installation of Conductors, Insulators, etc.
|
f

Reservoir Area
Reservoir Clearing
Reservoir Mapping
Reservoir

2006

2007

2008

2009

~ Duratton FMAMJJASONDJFMAMJIJASO Z‘%O.,_ FMAMJJASONDJFMAMJJASONDUJFMAM

72 wks |
3 wks
17 wks
9 wks
10 wks
39 days
13 wks
15 wks |
15 wks
5 wks
3 wks
91 wks

1wk

2 wks
2 wks
20 wks
52 wks

13 wks
26 wks |
91 wks |
39 wks |
13 wks

39 wks |
13 wks
26 wks
91 wks |
26 wks

39 wks
26 wks
79 wks |
52 wks |
52 wks

26 wks |

AUTORIDAD DEL CANAL DE PANAMA bn.mv "&“ﬂl

Division de Proyectos de Capacidad del Canal

CONTRACT NO. CC-3-536
UPPER CHAGRES WATER SUPPLY PROJECT

CONSTRUCTION SCHEDULE

SHEET 3 OF 3
! — DATE: EXHIBIT:
@ MWHTANS| 2 | e




——Z

662,800 E
663,000 E
663,200 E
663,400 E
663,600 E
663,800 E
w00

664,000 E
664,200 E
664,400 E
664,600 E
664,800 E

\

fol%)
/-\t/

1,025,200 N ﬁ
QUARRY LIMIT OF IFSAR
&; \Iao_uoox%x,\
s LIMIT OF TOPOGRAPHIC
1,025,000 N ’ \ SURVEY
! S o=
1,024,800 N / DRAINAGE \\ i, /.
| CULVERT R~/

CONVEYOR/—
ACCESS ROAD ¥

1,024,600 N

1,024,400 N

\
1,024,200 N ) &/
SO
Rt L/ ) e
%) ~, e~ 7 1
) TYSEEA ) ,
¢ SSEEl gy \
1,024,000 N \% I Ny . ]
Q / 74 —x_ St
\p/. / \\ Xiod s -
if P TFTreds, e
o \ /i \ PN /(.:\:Wl\\\\\\ \\
\ \\ \ \\ // _ \ \ \\\
1,023,800 N s ot e NP \ =
Vs
[ s \ / / A ~
. _\ \ \ 7
N\ / \ \ S 1
[ \ N N . I
/ _/ N 7 \.
Ne oyl \
1,023,600 N 3 F ; X /
\ N\ ———~ /
\ N ——— \ /
[ n \ /
A\l N, {
é Moo oA !
1,023,400 N ,\,ﬁ - //\\
A CONSTRUCTION
- CAMP
—~ _
1,023,200 N L~=">\__

LEGEND:

Sam—— PERMANENT ACCESS ROAD
ssrdcse CONSTRUCTION ACCESS ROAD
i TRANSMISSION LINE

0 100 200 300 400 500m
Livaal | | 1 |

GRAPHIC SCALE

AUTORIDAD DEL CANAL DE PANAMA >Q.mv &“ﬂl

Division de Proyectos de Capacidad del Canal

CONTRACT NO. CC-3-536
UPPER CHAGRES WATER SUPPLY PROJECT

ACCESS ROADS

. Niara | |DATE: EXHIBIT:
@ MWH TAVS o

SEPTEMBER, 2003




		2006-03-20T13:54:22+0000
	Plan Maestro




