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The Low Coclé€ del Norte 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 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 Rio Coclé
del Norte Project was recommended as a feasible alternative and was studied and
reported on in a separate report.

The full development of the Rio Coclé del Norte water resource will have a significant
impact in the Rio Coclé del Norte basin due to the need for the construction of large
reservoirs. While the operation of the Canal may eventually require the full development
of the Rio Coclé del Norte basin, the ACP is interested in examining other options that
have less impact. The Low Coclé del Norte Project was identified as a potential option.

OBJECTIVE OF THE STUDY

The objectives of this study are to:

* Estimate the cost and yield of a low dam on the Rio Coclé del Norte with
pumping facilities to deliver the water into the Panama Canal System either at
Toabré Reservoir or Cafio Sucio Reservoir, and

* Compare the unit cost of water with the unit costs for the Rio Indio, Upper
Charges, and Rio Coclé del Norte Projects.

To the extent possible, information developed for the existing feasibility-level studies
was used.

PUMPING ALTERNATIVES

Two alternatives were considered to pumping water from the Low Coclé Del Norte
reservoir to the Panama Canal System:

Alternative 1 - Pumping water from Low Coclé Del Norte Reservoir to Toabré
Reservoir; and

Alternative 2 - Pumping water from Low Coclé Del Norte Reservoir to Cafio
Sucio Reservoir.

Alternative 1 is analyzed using the mean annual flow for the Coclé del Norte basin
excluding the drainage above Toabré Dam. Alternative 2 uses the entire basin flow.
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The Low Cocl¢ del Norte Water Supply Project Executive Summary

For Alternative 1. the following three scenarios were considered:

Scenario 1 - Pumping against variable reservoir elevations with energy
requirements supplied from the national electric grid,

Scenario 2 - Pumping against a constant elevation over the top of the Toabré dam
with energy requirements supplied from the national electric grid, and

Scenario 3 - Pumping against variable reservoir elevations with energy supplied
by a hydroelectric power station at the Low Coclé Del Norte dam.

Based on an evaluation of the pumping options, Alternative 1, Scenario 1 was selected
for inclusion in the project. It was also determined that Alternative 2 would have
essentially the same economic impact on the project

ELEMENTS OF THE LOW COCLE DEL NORTE WATER SUPPLY PROJECT

The major elements that comprise the Low Coclé del Norte Water Supply Project
include:

e A roller compacted concrete dam with the top-of-structure at El. 41,

e A gated spillway located in the right-center of the dam (looking downstream)
sized to protect the dam against the probable maximum flood,

e A two-barrel conduit for diversion that will be converted into the emergency
drawdown facilities,

e Protection facilities for the town of Coclecito that will protect it against the
operation of the reservoir, and

e A pumping station designed to pump up to the 10% exceedance flow or 100 m*/s
into the Panama Canal System through the Toabré Reservoir.

HYDROLOGY AND RIVER HYDRAULICS

Existing information was used or studies were performed to develop the long-term
streamflow sequence, and to estimate the spillway design flood and anticipated reservoir
sedimentation. The selected pumping alternative presumes that the Toabré Dam is in
place and, therefore, the hydrologic studies were performed for the Coclé del Norte Basin
excluding the Toabré Dam drainage.

The mean annual flow at the Rio Coclé del Norte damsite is estimated to be 107.5 m*/s.
The mean annual flow for the basin excluding the Toabré Dam drainage, which was used

to evaluate the project, was estimated using a ratio of drainage areas for the damsite and
El Torno and the completed streamflow data for El Torno. The mean annual flow at the
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The Low Coclé del Norte Water Supply Project Executive Summary

Rio Coclé del Norte damsite excluding the Toabré Dam drainage is estimated to be 69 4

m’/s and the monthly distribution of flow is shown below:

MONTHLY MEAN STREAMFLOW AT THE BI'O COCLE DEL NORTE
DAMSITE EXCLUDING THI;? TOABRE DAM DRAINAGE
(m’/s)

Jan | Feb | Mar | Apr | May | Jun | Jul Aug [ Sep | Oct | Nov | Dec | Annual

60.4 1394 | 295 | 41.2 | 65.1 | 694 | 67.3 | 80.0 | 85.9 96.5 | 102.8 | 95.6 69.4

The probable maximum flood (PMF), based on probable maximum precipitation (PMP)
was adopted as the spillway design flood for the 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 714 mm.

The PMP was transformed to a PMF using the HEC-1 computer model. The probable
maximum flood hydrograph has an estimated peak discharge of 9,970 m>®/s and a 3-day
volume of 950 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 15 percent and will reach to about El. 4
at the dam.

GEOLOGIC CONDITIONS

The geologic conditions at the dam site were established as a part of the feasibility
studies for the Coclé del Norte and Caiio Sucio Projects (2).

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. In regard to other geological
aspects, there do not appear to be any strongly adverse conditions or fatal flaws at the
site.

As reported in the Executive Summary of the Toabré Dam Feasibility Study (3), either a
roller-compacted concrete (RCC) dam or a concrete-faced rockfill dam (CFRD) is a
viable alternative for the site, and an RCC dam was recommended for the site. If this
assessment is accepted, then the location of a pumping station at the toe of the dam
should not be a problem.

@ mwn




The Low Coclé del Norte Water Supply Project Executive Summary

The construction of the Low Coclé del Norte 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
igneous rock materials from a quarry located 3 km to 5 km east of the damsite. The
diversion cofferdams will be constructed from locally available random fill obtained from
required excavation at the dam.

DESCRIPTION OF THE PROJECT FACILITIES

The dam will impound a reservoir with a gross storage capacity of 662 MCM at El. 35,
the full supply level. The reservoir area at the full supply level will be about 51 square
kilometers. A general plan of the development is presented on Exhibit 1. :

Upon completion of the project facilities, the project will have the capability to deliver an
average of 1,854 MCM/year into the Panama Canal system through Toabré Reservoir.
The resultant incremental yield of the System at a reliability of 99.6% has not been
determined. However, it is expected that, with the storage capacity available in the
system, that the incremental system yield will closely approximate the amount of water
supplied. This would translate into about 24.6 lockages per day in the canal system.

The Low Coclé del Norte Dam will be constructed of a low to medium cement content
concrete mix with aggregate taken from a quarry located 3 km to 5 km east of the
damsite. The dam will be about 51 m high from the deepest foundation excavation to the
top of the dam. A precast concrete facing will act as the impermeable membrane. A site
plan for the dam and appurtenant works is shown on Exhibit 2.

A gated chute spillway will be located in the right-center portion of the dam (looking
downstream). The discharge under PMF conditions will be 6,520 m’/s using a surcharge
of 3.3 m above the full supply level. Control will be afforded by 6 radial gates, each 8-m
wide by 12-m high. Energy from the spill will be dissipated in a stilling basin located at
the toe of the dam.

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
left 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 will deliver water into the conduit. Flow
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The Low Coclé del Norte Water Supply Project Executive Summary

will be controlled by two 3 m by 6 m gates with sills at E1. 1. The minimum release will
be discharged through a valve located in the emergency drawdown gate housing.

The area around Coclecito will be protected from the operation of the reservoir by a
series of levees, detention ponds, pumps, and channel improvements. A plan of the
facilities is shown on Exhibit 3. The facilities will totally protect Coclecito from the 100-
year flood and will prevent major flooding for up to the PMF.

The pumping facilities at the toe of the Toabré Dam will consist of a station containing 4-
24 MW pumps and 4-13 MW pumps designed to deliver up to 100 m>/s under head
conditions that fluctuate with the level of the Toabré Reservoir. Each pump will deliver
water to the reservoir through a steel pipe that will be located in one of the existing
Toabré Dam diversion tunnels. A 230-kV switchyard will be located near the station and
a 65-km, 230-kV transmission line will connect with the national grid near Penonome. A
plan of the pumping station at the toe of the Toabré Dam is shown on Exhibit 4.

Operation facilities are required for the pumping station, 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 Low Coclé del Norte Water Supply Project has been developed
on the basis of the preliminary design and construction schedule. The estimates represent
the prevailing rates and prices in January 2003. The estimates are based on the
assumption that there will be no restriction on sources of supplies and equipment. The
unit prices have been taken from the feasibility study of the Rio Coclé del Norte Project
acting in full regulation with the Cafio Sucio and Rio Indio Reservoirs (2, Volume 2).

A summary of the construction cost is shown below.
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Item Estimated Cost
Mitigation and Compensation Costs $ 23,000,000
Construction Costs

Access Roads and Construction Camp $6.650,000
Low Coclé del Norte Storage Facilities $50,960,000
Pump Station and Transmission Line $87,290,000
Reservoir Clearing $5.920,000
Subtotal Direct Cost | $150,820,000
Contingency $27,080,000
Total Direct Cost | $177,900,000
Engineering and Administration $27,100,000
Construction Cost (Jan 2003 price level) $205,000,000
TOTAL COST | $228,000,000

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, insurance, an annual cost associated with watershed management,
implementation of the environmental mitigation plan and the relocation activities, and
energy for pumping. The annual operation and maintenance costs are estimated to equal
$3.1 million and the annual equivalent of the variable energy cost is about $5.3 million
for a total of $8.4 million.

PROJECT IMPLEMENTATION

It is estimated that implementation of the Project will required about 9.5 years including
environmental studies, funding, design, contractor selection, and construction alone will
require 4.8 years. An implementation schedule is shown on Exhibit 5.

CONCLUSIONS AND RECOMMENDATIONS

As a result of the studies described in the foregoing sections, it is concluded that:

e There is no readily apparent fatal flaw to the Project.

e There are no features associated with the development that would cause it to be
infeasible.

e A roller compacted concrete dam is an appropriate type of dam to provide an
indication of the cost of the project.

e It is our considered opinion that there are no geologic or geotechnical problems
associated with the sites that cannot be accommodated using conventional
solutions although the lack of subsurface investigations has increased the potential
for inaccuracies in the estimate of cost.
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* The Project will supply up to 1,854 MCM/year into the Toabré Reservoir.

* Construction of the project is estimated to cost about $205 million in 2003 dollars.
An addition $23 million have been allowed for compensation and mitigation for a
total cost of $228 million.

® The Project will provide an economically attractive source of water for the
Panama Canal system if the assumed pre-construction development takes place.

Based on these conclusions, it is recommended that the Project be investigated in further
detail if additional water is needed for the Panama Canal System after construction of the
Rio Indio Project and either the Rio Toabré Project or a project on the Rio Cafio Sucio.
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Executive Summary

TABLE OF SIGNIFICANT DATA

Project Setting
The Rio Coclé del Norte Basin drains into the Atlantic Ocean and is located in the Districts
of Donoso, Penonome, and Pintada about 90 km west of Panama City.

Hydrology
Average Annual Precipitation 2,800 mm
Average Annual Streamflow (excluding drainage 694 m’/s
upstream of the proposed Toabré Dam)
Storage Facilities
Reservoir
Drainage Area 865 km’
Normal Maximum Water Level El. 35 msl
Volume 662 MCM
Surface Area 51 km?

Dam

Type of Dam

Crest Elevation

Minimum Foundation Elevation
Maximum Height

Fill Volume

Upstream and Downstream Slope

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

Upstream Cofferdam Height (maximum)
Downstream Cofferdam Height (maximum)

Roller compacted concrete

41 msl
-10  msl
51 m
180,000 m’
Vertical, 0.75H:1V
Gated ogee
Six 12 m high by 8 m wide
63 m
El23 m
9,970 m’/s
950 MCM
6,520 m’/s
38.3 msl

7 m by 7 m concrete culvert

2

230
2,100
770
20.5
9

m
m’/s
m’/s
m
m
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TABLE OF SIGNIFICANT DATA, cont.

Storage Facilities, cont.
Emergency Drawdown Facility

Description Located in one of diversion
conduits. Flow controlled
by two 3 m by 6 m gates

Capacity at full supply level 5,000 m’s

Minimum Release Facility

Description Valve in wall of diversion
conduit

Capacity ' 107 m’/s

Pumping Facilities
Pumps
Number of Units and Capacity 4-24 MW 4-13 MW
Design Flow 38.5 m/s 38.5 m’s
Total Dynamic Head 53m 28 m
Rotational Speed 257 rpm 225 rpm
Estimated Project Cost
Project Cost $228,000,000
Annual Cost $8.,400,000
Estimated Project Schedule
Implementation Period 9.5 Years
Construction Period 4.8 Years
Estimated Project Yield
Average Pumping Capability 1,854 MCM/yr
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Implementation Schedule

Task Name

Year-1 | VYear1 Year 2 Year 3 Year 4 Year5 | Year6 Year 7 Year 8 Year 9 Year 10 Year 11

Design, Environmental Mitigation and Funding
Feasibility Study
Environmental Baseline Studies
Feasibility Confirmation and Project Configuration
Funding
Environmental Field Studies
Environmental Mitigation Planning and Implementation
Design

Construction Contract Awards
Access Roads and Construction Camp
Low Cocle del Norte Storage Project
Water Transfer Facilities
Reservoir Clearing

Construction
Access Roads and Construction Camp
Low Cocle del Norte Storage Project
Water Transfer Facilities
Reservoir Clearing/Filling

Deliver Low Cocle del Norte Water
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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 (MWH), formerly Harza Engineering Company,
to perform an engineering feasibility study of the Rios Coclé del Norte and Cafio Sucio
Water Supply Projects (Project) under Contract CC-3-536, Work Order 0005, dated June
21, 2000. As a part of this study, MWH was asked to evaluate, on a preliminary basis,
the option of developing the Rio Coclé del Norte water resource with a low dam at the
site identified in the Corps of Engineers’ Reconnaissance Report (1).

1.2 Background

The full development of the Rio Coclé del Norte basin requires a relatively high dam on
the Rio Coclé del Norte and the transfer of water to the Rio Indio Reservoir, either
directly by tunnel, or by diversion through the Rio Cafio Sucio Reservoir. This type of
development will have a significant impact in the Rio Coclé del Norte basin due to the
need for the construction of a large reservoir. The ACP is interested in examining other
options that have less impact. Two options have been identified:

1. The full development of the Rio Miguel de la Borda and its tributaries, one of
which is the Rio Cafio Sucio, and

2. Alow dam on the Rio Coclé del Norte and pumping facilities to deliver water
to the Rio Toabré Reservoir or to the Cafio Sucio Reservoir. (The ACP has
authorized studies of a project on the Rio Toabré outside the scope of this
contract.)

This report presents the results of studies associated with the second option.
The funds to perform this preliminary evaluation were reallocated from the original work

order when it became evident that neither the refraction studies nor the economic studies
would be performed for the large projects in the Rio Coclé del Norte basin.

1.3 Objective

The objective of this study is to estimate the cost and yield of a project consisting of a
low dam on the Rio Coclé del Norte, pumping facilities to deliver the water to either the
proposed Toabré or Cafio Sucio Reservoirs, and protection of the town of Coclecito.
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1.4 Scope of Services

Due to the limited funds available for the study, certain simplifying assumptions were
made for the scope of services based on preliminary studies done during the preparation
of the scope. These assumptions dealt with the location of the project and the
approximate size of the development. In addition, to the extent possible, information
collected and analyzed as a part of the Rio Coclé del Norte feasibility studies (2) will be
used and reported in the documentation for this study.

The project on the Rio Coclé del Norte will consist of a dam with a full supply level at El.
35, located at the site identified in the Reconnaissance Study (1) and also used for the
feasibility studies of the Rio Coclé del Norte acting in full regulation with the Rio Cafio
Sucio and Rio Indio Reservoirs and the Rio Coclé del Norte acting in full regulation with
the Rio Indio Reservoir (2). The quantity of water pumped into the canal system will be
developed as a part of the study.

Hydrologic and geologic information for the project will be based, to the extent possible,
on studies performed for the feasibility studies. No new geologic investigations will be
performed. New hydrology analyses will be made for basin conditions that include a
dam on the Rio Toabré.

The specific tasks are as follows:

Task 1. Assess hydrologic conditions with a dam at the Rio Toabré site (3)
including:
a. Long-term stream flow at the damsite
b. Construction period floods
c. Probable maximum flood
d. Sediment yield and deposition at the dam
Task 2. Estimate the yield of the pumping operation.
Task 3. Develop features for a low dam and its appurtenant works.
Task 4. Investigate alternative pumping schemes.
Task 5. Develop protective measures for the town of Coclecito.
Task 6. Estimate the cost of project.
Task 7. Develop a construction schedule.
Task 8. Prepare a report to document the studies.

1.5 Acknowledgements

MWH gratefully acknowledges the assistance that has been provided during the course of
the studies. In particular, the following persons and organizations have provided
invaluable assistance.
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2. PROJECT SETTING

The Low Coclé del Norte Water Supply Project consists of a small storage facility in the
Rio Coclé del Norte basin, pumping facilities to deliver water to either the (presumed
existing) Rio Toabré Reservoir or the Rio Cafio Sucio Reservoir, and protective measures
for the town of Coclecito. It is located essentially in the middle of the Republic of
Panama in the Districts of Donoso, Penonome, and La Pintada. A location map is
presented on Exhibit 2-1.

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, it causes a dry season in Panama. When it travels over Panama
either moving northward or southward, its passage results in heavy rainfall; and when it
is to the north, the strength of the rainy season decreases somewhat. This movement
generally results in a dry season from January through April, a moderated wet season
from May to mid-September, and a wet season for the rest of the year.

The average annual rainfall over the Rio Coclé del Norte basin above the dam site is
estimated to be 2,800 mm. A map of mean annual rainfall, taken from Atlas Nacional de
la Republica de Panamd (4), is presented on Exhibit 2-2. The map shows that mean
annual rainfall is higher in the coastal area and decreases inland.

Based on extended records for the Coclecito station, the mean monthly rainfall over the
Rio Coclé del Norte basin is estimated as the ratio of the basin annual rainfall and the
station annual rainfall times the station monthly rainfall. Mean monthly rainfall values
are shown in Table 2-1.

TABLE 2-1 MEAN MONTHLY RAINFALL, RIO COCLE DEL NORTE BASIN
(mm)

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug Sep | Oct | Nov | Dec | Annual
192 | 128 | 119 | 203 | 287 | 258 [ 215 | 279 [ 241 | 303 | 265 | 310 2,800

The mean monthly rainfall varies from a low of 119 mm in March to a high of 310 mm in
December.

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
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October, and the highest occurs in March and April at lower altitudes and in June at
higher altitudes.

2.2 Description of the Rio Coclé del Norte Basin

The drainage configuration of the Rio Coclé del Norte basin is presented on Exhibit 2-3.
The Rio Coclé del Norte is formed downstream from the confluence of the Rio San Juan,
Rio Coclecito, and Rio Cascajal near the town of Coclecito. The three rivers drain the
northern slopes of the Cordillera Central (Continental Divide) and flow northward to the
Atlantic Ocean. About halfway to the damsite, the Rio Coclé del Norte is joined by the
major basin tributary, the Rio Toabré. At its mouth, the drainage area of the Rio Coclé
del Norte is about 1,730 km®. The damsite is located about 15 km upstream from the
Atlantic Ocean. Above the damsite, the river drains an area of about 1,600 km>. The
river basin is fan-shaped with a maximum length of about 58 km and a width of about 55
km.

The Rio Toabré drains an area of about 810 km? at the confluence. The Toabré system is
comprised of the main stem of the Rio Toabré, the Rio San Miguel and the Rio de U on
the right bank, and the Rio Lura and Rio Tulu on the left bank. The Rio San Miguel is
the major and longest tributary of the Rio Toabré. It rises at about El. 900 and flows in a
general northwesterly direction to join the Rio Toabré. The slope of the Rio San
Miguel/Rio Toabré is about 10 percent in the 4-km long head reach, decreases to 3.3
percent in the next 6 km, and gradually flattens to about 0.06 percent near the confluence.
The Rio de U is the closest connection to the Rio Cafio Sucio watershed.

The three rivers above Coclecito drain an area of about 520 km”. The Rio San Juan is the
largest and longest of the three rivers. It drains an area of 270 km?, and rises at an
elevation of 1,300 meters above mean sea level (El. 1300). The river is very steep in the
head reach, dropping about 900 meters in a distance of about 5 km (about 18 percent
slope). The slope decreases downstream to about 6 percent in about 4 km. From
Coclecito, the Rio Coclé del Norte flattens to a slope of 0.3 percent to the damsite.

The Rio Cuatro Calles is another right bank tributary, joining the Rio Coclé del Norte
about 2 km upstream from the dam site. The drainage area is about 140 km?. Except for

the most upstream 1,200 m, the river slope is about 0.3 percent.

The drainage areas of the basins are presented below:
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. Accumulated
. Drainage .
Basin Area (km?) Dramagei Area

(km")
Rio San Juan 270
Rio Coclecito 110
Rio Cascajal 140

Area above Coclecito 520
Intervening local drainage 260
Rio Cuatro Calles 140
Rio Toabré 700

Area above damsite 1,600
Intervening local drainage 130

Total Basin Area 1,730

There is no access to the basin in the vicinity of the dam.

Slightly less than 40% of the basin is in forest. The remaining area has been deforested
and is now comprised of shrubs, pasture, and annual crops. Within the inundated area,
there are about 1,200 persons. Agriculture and cattle ranching are the main economic
activities. There are also mineral and ore resources reported in the area.

2.3 Socio-Economic Conditions

The population of the Rio Coclé del Norte basin was estimated in year 2000 to be about
26,000 persons. However, there were no indigenous populations reported in the area.

Agriculture and cattle ranching are the main economic activities, but per capita income
falls below the extreme poverty level. Cattle ranching occupies about 22% of the Rio
Coclé€ del Norte basin and, based on a count of animals, low productivity and inefficiency
is indicated. Basic crops are rice, corn, and beans, and production rates of these staples
are considered to be low when compared to national averages. There are mining metallic
concession contracts and requests in the basin according to the Ministry of Industry and
Commerce, however no current mining activity.

The literacy rate is around 90 percent, although this is slightly lower than the national
average. Most homes do not have access to potable water and over 90 percent of the
homes do not have electricity. Except for the road into Coclecito, there is a lack of
infrastructure. Medical services are more than an hour away for a high percentage of the
population.
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The six largest towns in the Rio Coclé del Norte Reservoir are Coclecito (population
683), Villa de Carmen (495), Cutevilla (372), Valle de San Miguel (256), Boca de la
Encantada (193), and Sabanita Verde (193). It is expected that most of the people
residing in the basin live along the river. While major relocation is not expected as a
result of the low dam, there will be some disruption to these communities.

According to the Reconnaissance Report (1) there are few public services. The town of
Coclecito is the most developed and the largest of the towns. It has several schools and a
hospital as well as access by road to La Pintada and Penonome. For these reasons, it has
been decided to maintain the entire town in place by protecting in from encroachment
with levees.

There is essentially no power except from small, local generating sources and telephone
coverage is limited. All of the towns obtain water from the rivers or from groundwater.
There is no treatment of community waste and most finds its way into the environment.
As a result, there are known health problems such as hepatitis, dysentery, dermatitis,
intestinal parasites, and respiratory illnesses associated with the waste disposal methods.
A lack of good quality all-weather roads is probably one of the most pressing needs. The
only roads are rarely graded and receive limited attention from the Ministry of Public
Works or local government.

2.4 Agricultural Sector

The Rio Coclé del Norte basin is largely undeveloped. The vegetation consists mostly of
shrubs, forest, and pasture. Croplands are included within the shrub category, mostly
because of the nature of the area under cultivation, the landscape position, and the size of
the farm holdings. The distribution of vegetation is shown in Table 2-2:

TABLE 2-2 VEGETATION DISTRIBUTION

. Rio Coclé del Norte Basin
Habitat Ha (rounded) % of Total
Shrub 65,000 40
Forest 63,000 39
Pasture 35,000 21
Total 163,000 100

Farms and ranches of various sizes occupy approximately 60% of the land in the project
area. Farm crops include manioc, maize, rice, beans, sugar, coffee, and tobacco.
Ranchers raise cows, horses, chickens, and hogs. Most of the farmers and ranchers are
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small commercial enterprises although there is also some cash crop and subsistence
farming (1).

2.5 Geologic Setting
A regional geologic map is presented as Exhibits 2-4.

2.5.1 Regional Geology

Bedrock in the region of the proposed Rio Coclé del Norte project consists mostly of
volcanic igneous rocks belonging to the Tucue Formation. These include basic and
intermediate (basaltic and andesitic) lava flows, breccias, tuffs, and agglomerates.
Reportedly, other rock types are intrusive igneous rocks classified as granodiorites,
quartz monzonites, gabrodiorites, diorites, or dacites.

Although little information on the engineering characteristics of these rocks exists, it is
anticipated that they may exhibit a wide variety in quality (ranging from high quality
intrusive rocks and extrusive lava flows to weathered and lesser quality volcanic tuffs and
epiclastics).

2.5.2 Regional Tectonics

The tectonics in the Central American region are described in Appendix B to the
feasibility studies for Rio Coclé del Norte (2), and are not repeated here.

2.6 Environmental Setting

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

2.6.1 Terrestrial Habitat

Forests cover about 39 % of the land in the basin. The remaining areas are categorized as
shrub and pasture.

2.6.2 Fish and Wildlife

The Rio Cocl€ del Norte is typical of a river in mountainous country. The 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 and benthic communities.
Currently, no fish species information is available. The snail Melanoides tuburculata is
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present and 1s considered a vector of some parasites. Corbicula fluminea (clam) are
abundant in the Rio Coclé del Norte.

The biological diversity of the Rio Coclé del Norte basin includes 317 species of birds,
71 species of amphibians, 46 species of reptiles, and 75 species of mammals. The
endangered species include 143 species of birds, 32 species of amphibians, 22 species of
reptiles, and 35 species of mammals or about one-half of all species.

2.6.3 Wetlands

According to the Reconnaissance Report (1), the wetlands in the project area consist of
forested riparian habitat along the immediate stream bank area. The width of the riparian
habitat within the impoundments varies from 10 m to 75 m. About 80% to 90% of the
streams above the dam site are bordered by forested riparian habitat.

2.6.4 Air Quality

Air quality in the project area is generally good except during the slash and burn period.
At the end of the dry season, during March and early April, sizable areas of forest and
secondary growth are burned and cleared to prepare the land for agricultural use.

2.6.5 Cultural and Historic Resources

In the Rio Coclé del Norte basin, below El. 80, there are about 70 reported archaeological
“sites. These sites are located and consist of indigenous villages, hamlets, funeral sites,
mines, and miscellaneous sites. It is likely that many sites are located within the
proposed impoundment (full supply level at El. 35).
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3. PROJECT DEFINITION STUDIES

The project definition studies are the basic studies that support the selection of the project
facilities and the final project arrangement. These studies include topography, hydrology,
geology and geotechnical investigations, and project operation studies.

3.1 Topography

Ingenieria Avanzada, S.A. prepared topographic mapping of the proposed dam site area
under subcontract to MWH as a part of the feasibility studies. The services were
completed and submitted to the ACP under Contract CC-3-536, Task Order 2. The extent
of the topographic coverage is shown on the plan views of the proposed project facilities.

3.2 Hydrology Studies

Hydrologic analyses were performed to estimate reservoir evaporation, the long-term
streamflow sequence, construction-period floods, the spillway design flood, and sediment
deposition in the reservoir. These studies were done to a feasibility level and their results
are presented in more detail in Appendix A, Hydrology and River Hydraulics.

To analyze the options for pumping water to the System Reservoirs, however they may
be configured at the time of development, it is necessary to have two estimates of
hydrologic information. The first, for the entire Coclé del Norte drainage, was done as a
part of the feasibility-level studies (2). The second, which excludes the drainage behind
Toabré Dam, was also done at feasibility level for this study.

3.2.1 Net Reservoir Evaporation

Net reservoir evaporation is estimated to total 1,134 mm/year and is based on historic
reservoir evaporation data from Gatun Lake over the period 1993 to 1998. The estimate,
developed by the ACP, was judged to be reasonable and was used in this study. The
monthly distribution of net reservoir evaporation is presented in Table 3-1.

TABLE 3-1 MEAN MONTHLY NET RESERVOIR EVAPORATION
(MM)

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug Sep | Oct | Nov | Dec | Annual

112 | 117 | 133 | 123 91 80 84 80 78 80 72 84 1,134

3-1
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3.2.2 Long-Term Streamflow at the Rio Coclé del Norte Damsite

The long-term flow sequence was developed by the APC and reviewed by MWH. There
are three gages located in the Rio Coclé del Norte basin. Two stations, Batatilla and El
Torno were used with three other gages located outside the basin to derive the long-term
streamflow. The location of these gages is shown on Exhibit 3-1 and pertinent data for
each gage is presented in Table 3-2.

TABLE 3-2 STREAM GAGES USED IN ANALYSIS OF LONG TERM FLOW

RECORD
Station Watershed Location Period of | Drainage
Record Area

Rio Coclé del Norte at | Rio Coclé del Half-way between

Canoas Norte Coclecito and the 1983-date 571 km*
Rio Toabré

Rio Coclé del Norte at | Rio Coclé del Slightly upstream

El Torno Norte from Rio Toabré 1958-1986 672 km®
confluence

Rio Toabré at Batatilla | Rio Coclé del 5 km upstream from 1958-date 788 km?

Norte the mouth

Rio Trinidad at El Gatun 3 km upstream from 2

Chorro Lake Gatun 1948-date 172 km

Rio Ciri Grande at Los | Gatun 9 km upstream from 1948-date 186 km?

Canones Lake Gatun

Boca de Uracillo Rio Indio 5 }<m upstream _from 1979-date 376 km>
Rio Indio damsite

The long-term flow sequence (1948-1999) at the damsite was generated by adding the
data from El Torno and Batatilla, adjusted for drainage area and rainfall. The flows at El
Torno and Batatilla were completed using correlations with El Chorro, Los Canones and
Boca de Uracillo. MWH reviewed the correlation and double mass curve analyses and
determined that the approach is logical and results are acceptable.

The mean annual flow at the Rio Coclé del Norte damsite is estimated to be 107.5 m’/s
and the monthly distribution of flow is shown in Table 3-3. 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).
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TABLE 3-3 MONTHLY MEAN STREAMFLOW AT THE RiO COCLE DEL
NORTE DAMSITE
(m3/s)

Jan | Feb | Mar | Apr | May | Jun Jul Aug Sep Oct Nov Dec Annual

89.5 | 52.1 | 37.7 [ 53.5 | 91.8 | 108.8 | 107.7 | 1253 [ 1392 | 162.7 | 173.0 | 1492 107.5

The mean annual flow for the basin excluding the Toabré Dam drainage was estimated
using a ratio of drainage areas for the damsite and El Torno and the completed
streamflow data for El Torno. The mean annual flow at the Rio Coclé del Norte damsite
excluding the Toabré Dam drainage is estimated to be 69.4 m®/s and the monthly
distribution of flow is shown in Table 3-4. The complete monthly flow at the damsite is
presented in Table 2.

TABLE 3-4 MONTHLY MEAN STREAMFLOW AT THE RIO COCLE DEL
NORTE DAMSITE EXCLUDINGsTHE TOABRE DAM DRAINAGE
(m%/s)

Jan | Feb | Mar [ Apr | May | Jun | Jul | Aug Sep | Oct | Nov Dec Annual

60.4 | 394 | 295 | 41.2 [ 651 | 69.4 | 67.3 | 80.0 | 859 | 96.5 | 102.8 | 95.6 69.4

Mass curve and time series analyses indicate that the annual flows are consistent, and
homogeneous. There are no apparent trends for the basin data; however, there apparently
is a downward trend for the data excluding the Toabré Dam drainage.

On an annual basis, the lowest 1, 2, 3, and 4 calendar year flow sequences occurred in
1997, 1976-77, 1976-1978, and 1976-79, respectively. The 2, 3, and 4-year flows over
the period including 1997 and 1998 were very close. The average runoff in these periods
amounted to 67%, 72%, 82%, and 85% of normal, respectively. For reference, flows at
the dam site exceeded 90% and 95% of the time are estimated to be 26.1 m>/s and 19.3
m*/s for the entire basin and 20.8 m*/s and 15.0 m%/s for the basin excluding the Toabré
Dam drainage.

3.2.3 Construction Period Floods

Construction period floods at the Coclé del Norte damsite were evaluated using both
available regional flood frequency data and annual maximum instantaneous flood peaks
at representative stations. Use of the site-specific instantaneous peak data was considered
more appropriate than using the regional analysis.
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Instantaneous flood peak data are available at the three gages in the Rio Coclé del Norte
basin, at Canoas, at El Torno, and on the Rio Toabré at Batatilla. Both Canoas and El
Torno measure essentially the same contributing watershed and, since the record at El
Torno is longer, the flood peak data for El Torno was used to represent the Rio Coclé del
Norte basin above Rio Toabré. The Generalized Extreme Value (GEV) distribution was
adopted to estimate the relationship between return period and flood peak for the two
stations.

A general procedure for transposition of flood peaks from a gaged location to an ungaged

location 1s to use coefficients of empirical relationships assuming that these coefficients
remain constant for hydrologically and meteorologically similar drainage basins.

The flood peaks at the dam site are presented in Table 3-5.

TABLE 3-5 FLOOD PEAKS AT THE DAM SITE

Return Entire Basin Excluding Toabré Dam Drainage
Period Flood Peak | Dry Period Flood Peak Dry Period
(years) (m3/s) Flood Peak (m3/s) Flood Peak
(m’/s) (m’/s)
5 1,925 288 1,379 299
10 2,430 458 1,701 445
20 2,995 697 2,026 639
25 3,050 737 2,100 779
50 3,860 1,171 2,528 1,007
100 4,610 1,705 2,976 1,379

3.2.4 Spillway Design Flood

The probable maximum flood (PMF), based on probable maximum precipitation (PMP),
was adopted as the spillway design flood.

3.2.4.1 Probable Maximum Precipitation

Three procedures were used to evaluate and select the PMP.

1. The first consisted of transposing the most severe storms listed in the 1965 US
Weather Bureau (WB1965) and 1978 National Weather Service (1978NWS)
reports (5,6). These reports covered storms up to 1976.
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2. The second procedure was to develop and evaluate storm isohyetal patterns of
major storms that occurred over the basins since 1976, and

3. The third was to use the PMP estimates and depth-area duration curves developed
as a part of the NWS1978 and WB1965 reports.

The PMP was based on the 24-hour, 10-mi’ PMP estimates, and depth-area duration
curves developed as a part of the NWS1978 (5) and WB1965 (6) reports. This is the
same procedure that was selected for the Rio Coclé del Norte feasibility level studies.

A storm duration of 48 hours was adopted for the PMF based on the size of the basin.
For the entire basin and for the basin excluding the Toabré Dam drainage, the 48-hour
average PMP is estimated to be 714 mm and 761 mm, respectively.

3.2.4.2 Probable Maximum Flood

The PMP was transformed to a PMF using the HEC-1 computer model. A one-hour
duration of PMP increments was selected based on the lag time of the basin above the
damsite. PMP was distributed into one-hour increments using the depth duration curve
developed for the Rio Coclé del Norte and Cafio Sucio Feasibility Study. The one-hour
increments were arranged sequentially using the “alternating block method (7), adjusted
for losses, and applied to a unit hydrograph.

A unit hydrograph was developed for both basin conditions using Clark’s method (8).
The watershed parameters, length of mainstream, overall stream slope, and time-area
histogram were calculated from the topographic maps of 1:50,000 scale.

A uniform infiltration rate of 3 mm per hour was used. No initial loss was used because
antecedent rainfall would saturate the soil moisture. No infiltration loss was considered
for the reservoir area at maximum operating pool level.

For the entire basin, the probable maximum flood hydrograph would have a peak of
10,000 m*/s and a 5-day volume of about 950 MCM. For the basin excluding the Toabré
Dam drainage, the probable maximum flood hydrograph, including the routed outflow
from Toabré Dam, would have a peak of 9,970 m’/s and a 3-day volume of about 950
MCM. The PMF hydrographs are shown on Exhibits 3-2 and 3-3 for the entire basin and
for the basin excluding the Toabré Dam drainage respectively.

3.2.5 Reservoir Sedimentation

The analysis of reservoir sedimentation for the Rio Indio and Rio Coclé del Norte studies
resulted in an assumption of a unit yield of 1.4 mm/year. One this basis, after 100 years,
the sediment deposition at the Low Coclé del Norte dam will have reached to about El. 6
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and El. 4 for sediment contributions from the entire basin and from the basin excluding
the Toabré Dam drainage respectively. The storage behind the dam will be reduced by
30% and 15% respectively after 100 years.

3.3 Engineering Geology

The investigation program conducted for the original feasibility studies and used for this
prefeasibility study incorporated the following activities:

e Reconnaissance of dam and powerhouse sites; establish exploration program and
investigation requirements,

* Reconnaissance geologic mapping, including geomorphological analysis and

photo-geologic studies,

Outcrop geologic mapping at the dam site,

Construction materials investigation,

Identification of principal geologic factors governing alternative tunnel routes,

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,

e Laboratory testing and analyses of test pit samples, and

e Development of geologic and geotechnical parameters for use in design of
selected project and estimation of construction costs. '

Reconnaissance geologic mapping was performed along the Rio Coclé del Norte from the
reservoir area to immediately downstream of the dam site. A general reconnaissance of
some of the proposed reservoir area (up to the confluence with the Rio Toabré) 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. Conventional photogeologic methods were followed
using a mirror stereoscope and photo-comparator.

Samples of rock and soil samples from test pits were collected for subsequent laboratory
testing and analysis through the services of Tecnilab S.A. in Panama City. The
laboratory testing was performed in order to establish their potential use as construction
materials. Tests performed include gradation, specific gravity, absorption, soundness,
and abrasion resistance. In addition, preliminary petrologic determinations were made
from hand samples collected during geologic mapping.

3.3.1 Geology of the Damsite

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
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conventional design details and construction practices. In regard to other geological
aspects, there do not appear to be any strongly adverse conditions or fatal flaws at the
site.

3.3.2 Geotechnical Design Parameters

Geotechnical design parameters and criteria used for developing project layouts and cost
estimates are presented in Table 3-6.

TABLE 3-6 SUMMARY OF GEOTECHNICAL DESIGN PARAMETERS FOR
RIO COCLE DEL NORTE DAM

Parameter Selected Design Criteria
Thickness of overburden (top of weathered rock) 3m
Depth to top of competent work 6 m
Excavation depth under main dam body 6m
Excavation depth under spillway headworks 6 m

1H:5V, 3-m-wide benches every 10 m
vertically

2H:1V, 3-m-wide benches every 10 m
vertically. Bench at soil-rock contact
L.5H:1V, 3-m-wide benches every 10 m
vertically. Bench at soil-rock contact

Rock Excavation Slopes

Soil Excavation Slopes, Permanent

Soil Excavation Slopes, Temporary

3.3.3 Foundation Treatment

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. 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 estimating purposes, a single row, staged grout curtain
constructed by the split-spacing method is assumed.
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3-7



The Low Coclé del Norte Water Supply Project Project Definition Studies

3.3.4 Diversion and Cofferdams

River diversion during construction will be accomplished through a culvert located under
the dam at the left abutment in a trench excavated in bedrock. This bedrock should be of
moderate strength and unweathered over most of the culvert length. The upstream and
downstream cofferdams will be founded on weathered rock and the natural ground surface,
respectively.

3.3.5 Geology at the Pumping Station

As reported in the Executive Summary of the Toabré Dam Feasibility Study (3), either an
RCC dam or a CFRD are viable alternatives for the site. If this assessment is accepted,
then the location of a pumping station at the toe of the dam should not be a problem.

3.3.6 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. As a part of the feasibility studies
for the projects in the Western Watershed, 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 information from 53 separate regional and worldwide
catalogs. Within the defined region, nearly 2,150 earthquakes were identified. A map of
the location and magnitude of many of these earthquakes is shown on Exhibit 3-4.

Feasibility-level estimates were made of the maximum design earthquake (MDE) and the
operating basis earthquake (OBE) for the Rio Coclé del Norte Project The
recommended seismic design parameters for the project are 0.27 for the MDE and 0.14
for the OBE.

3.3.7 Construction Materials

As most of the facilities are comprised of concrete or roller compacted concrete, the
required construction material is concrete aggregate.

All aggregates (including coarse and fine aggregates for concrete, saddle dam filters,
drains, and riprap) need to be manufactured from quarried sources. Coarse and fine
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aggregates for concrete will be processed from quarried igneous rock materials, i.e.
basalt or andesite. Aggregates for filters and drains will be obtained by processing of
the same quarry sources as exploited for concrete aggregates. The area three to five
kilometers east of the damsite could be stripped and opened as a quarry. The location of
these sources is shown on Exhibit 2-4. Quarries identified for the construction of the
Toabré dam offer an alternative material sources for construction of the pumping station.

3.4 Dam Site and Dam Type Selection Studies

The dam site selected for the feasibility studies in the Coclé del Norte basin was adopted
because no better site was identified and feasibility-level mapping was available. The
selected site can regulate almost the entire water resource of the basin.

A roller compacted concrete (RCC) dam with a gated spillway was selected to minimize
cost and the maximum water surface elevation and, therefore, the impact in the basin.
Although no subsurface investigations were performed and, in earlier studies, this was a
basis for not selecting a high RCC dam, foundation conditions at the site for a low dam
were determined to be acceptable for this type of dam.

3.5 Reservoir Operation Level and Yield

3.5.1 Area/Volume Relationship

Area and volume data versus elevation were developed for reservoir based on the
1:50,000 scale maps. The “zero” area and volume point was determined from a terrestrial
survey. A curve of area and volume versus elevation is shown on Exhibit 3-5.

3.5.2 Reservoir Operating Level

Three reservoir operating levels were considered: E1.30, El. 35 and EL 40. A reservoir at
El. 40 would require a substantial and intrusive protection scheme for Coclecito and
would impact several additional towns compared with lower reservoir levels. The
reservoir at El. 30 required more pumping against a wider range of head conditions as
well as additional work to connect the reservoir to Toabré or a location suitable for
pumping to Cafio Sucio. The reservoir operating level was selected subjectively at El.
35. This level provides sufficient storage for daily regulation of inflow, a reservoir that
extends to the Toabré site to minimize pumping requirements, and permits a relatively
inexpensive protection scheme for Coclecito.
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3.5.3 Project Yield

The project pumping facilities were sized to deliver all flows up to the flow equivalent to
the 10% probability of exceedance, adjusted for mandatory releases and evaporation. For
Alternative 1, which assumes that a dam exists at the Toabré site, all flows up to 100 m’/s
will be pumped. For Alternative 2, which assumes that there are no other storage
facilities in the Coclé del Norte basin, all adjusted flow up to 170 m’/s will be pumped
into the system.

Under these two conditions, the estimated average annual water supply for the four
scenarios is presented in Table 3-7.

TABLE 3-7 AVERAGE ANNUAL WATER SUPPLY

Pumping Average Annual
Alternative Water Supply
Alternative 1
Scenario 1 58.8 m’/s
Scenario 2 58.8 m’/s
Scenario 3 242 m’/s
Alternative 2 90.4 m’/s

The estimated average annual water supply is not a system yield. To estimate the impact
on the system yield the monthly pumped flows would have to be input to the HEC-5
system studies. It is expected that the yield of the system would increase by essentially
the same amount; however, this would probably require modification to the operating
rules and perhaps the addition of some transfer facilities.
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4. PROJECT CONFIGURATION STUDIES

These project configuration studies considered the pumping scheme, the spillway and
diversion flood, the spillway size, and the diversion arrangement. The studies are
summarized below.

4.1 Pumping Scheme

Two alternatives were considered to pump water from the Low Coclé Del Norte reservoir
to the Panama Canal system:

* Alternative 1 - Pumping water from Low Coclé Del Norte Reservoir to Toabré
Reservoir, and

¢ Alternative 2 - Pumping water from Low Coclé Del Norte Reservoir to Cafio
Sucio Reservoir.

Alternative 1 is analyzed using the mean annual flow for the Coclé del Norte basin
excluding the drainage above Toabré Dam. Alternative 2 uses the entire basin flow.

For Alternative 1, the following three scenarios were considered:

® Scenario 1 - Pumping against variable reservoir elevations with energy
requirements supplied from the national electric grid,

* Scenario 2 - Pumping against a constant elevation over the top of the Toabré dam
with energy requirements supplied from the national electric grid, and

e Scenario 3 - Pumping against variable reservoir elevations with energy supplied
by a hydroelectric power station at the Low Coclé Del Norte dam.

The studies are described in detail in Appendix B and are summarized below.

The design flow for the pumping stations was selected based on the criterion of 10%
probability of exceedance of the monthly average flows for the period 1948-1999 at the
dam site. A duration curve of flows available for pumping was derived based on the
average monthly flows, flow releases, and evaporation losses. For Alternative 1, the flow
data for the basin excluding the Toabré Dam drainage was used (Table 2). For
Alternative 2, flow data for the entire basin was used (Table 1). The selected design
flows for the pumping station for Alternatives 1 and 2 are shown below:
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SELECTED DESIGN FLOWS FOR PUMPING STATIONS - ALTERNATIVES

1 AND 2
e Alternative 1 .
Description Scenarios 1 and 2 Alternative 2
Selected design flow for pumping station 100 m’/s 170 m’/s

For Scenario 3 of Alternative 1 the design flows for the pumping station and hydropower
station were selected to balance energy generation with energy required for pumping
water into the Toabré dam. The selected design flows are shown below:

SELECTED FLOWS FOR PUMPING AND HYDROPOWER STATIONS -
SCENARIO 3 OF ALTERNATIVE 1

Description Alternative 1
Scenario 3
Selected design flow for pumping station 37 m’/s
Selected design flow for hydropower station 80 m’/s

It was assumed that 4 equal-sized pumps would be used for Alternative 1, Scenario 2 and
Alternative 2 and two different sized sets of 4 pumps for Scenarios 1 and 3 of Alternative
1 to handle the wide range of head conditions.

A project concept was developed for each alternative and scenario. Estimates of cost
were developed on a preliminary basis and the various concepts were compared on the
basis of an economic cost of water. Costs were estimated on a parametric basis at a 2003
price level. Energy costs were estimated at $0.07/kWh based on information available in
Panama. Operation and maintenance of the pumping schemes was estimated at 2% of the
construction cost. The economic cost of water is based on an assumed demand schedule
that assumes that the year 2000 demand is 38 lockages per day (L/d) and that the demand
increases at a rate of 0.75 L/d/year. This is consistent with the assumptions for the
feasibility-level studies of project in the Western Watershed. It is assumed that the
pumping scheme comes on line in the first year of deficit and the economic cost is the
present value of costs divided by the discounted stream of water supply.

4.1.1 Alternative 1, Scenario 1 Pumping into Toabré Reservoir

Scenario 1 includes a pumping station located at the toe of Toabré Dam and steel pipes to
discharge water into the Toabré Reservoir, and a 50-km long, 230 kV, single circuit
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transmission line connecting to the national grid'. These discharge pipes would be about
150 m long and installed in the Toabré Dam temporary diversion facilities. The scenario
requires two sets of 4 pumps due to the large operating range. The larger pumps would
be rated at 23,900 kW and the smaller set at about 12,600 kW. The scenario would
deliver an average of 59 m*/s and require an energy input of about 301 GWh/year. The
civil and equipment costs are estimated to be about $100 million.

4.1.2 Alternative 1, Scenario 2 Pumping over Toabré Dam

Scenario 2 includes a pumping station located at the toe of Toabré Dam and steel pipes to
discharge water into the Toabré Reservoir over the top of the dam, and a 50-km long, 230
kV, single circuit transmission line connecting to the national grid®. The discharge pipes
would be about 150 m long and installed on the downstream slope of the RCC dam and
over the crest. An energy dissipation structure would be required on the upstream face of
the temporary diversion facilities. The scenario requires a set of 4 pumps rated at about
20,000 kW. The scenario would deliver an average of 59 m’/s and require an energy
input of about 441 GWh/year. The civil and equipment costs are estimated to be about
$53 million.

4.1.3 Alternative 1, Scenario 3 Balanced Pumping into Toabré Reservoir

Scenario 3 includes a hydroelectric station at the toe of Coclé del Norte Dam, a pumping
station located at the toe of Toabré Dam, steel pipes to discharge water into the Toabré
Reservoir, and a 21-km long, 115 kV, single circuit transmission line between the
hydroelectric plant and the pumping plant. The distribution of water between the hydro
plant and the pumping plant was designed to balance the available and required energy.
The hydro plant would contain 4 equal-sized units with an aggregate capacity of 25 MW.
The pumping station will contain two sets of 4 pumps due to the large operating range.
The larger pumps would be rated at 8,900 kW and the smaller set at about 4,700 kW.
The scenario would deliver an average of 25 m>/s and require no energy input from the
national grid. The civil and equipment costs are estimated to be about $75 million.

4.1.4 Alternative 2 Pumping into Cafio Sucio Reservoir

Alternative 2 includes a pumping station located on the Low Coclé del Norte Reservoir
near to the Cafio Sucio Reservoir, a 3.6-km long, concrete lined tunnel, an underground
pumping station, a shaft and steel pipes connecting the pumping station to the Cafio Sucio
Reservoir, safety valves on the pump discharge line and an energy dissipation structure in

! Note that the final transmission line length is 65 km. This change in length would have no impact on the
selection of an alternative pumping scheme.

2 Ibid.
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Cafio Sucio Reservoir, and a 50-km long, 230 kV, single circuit transmission line
connecting to the national gridl. The scenario requires one set of 4 pumps rated at 36,800
kW. The scenario would deliver an average of 90 m®/s and require an energy input of
about 756 GWh/year. The civil and equipment costs are estimated to be about $100
million.

4.1.5 Evaluation of Alternatives

In addition to the costs of the pumping facilities identified for each scenario, a cost has
been added for Low Coclé del Norte Dam, the protection facilities at Coclecito, and for
compensation and mitigation of the environmental impacts. The economic costs of
water, estimated as described above, are shown in Table 4-1.

TABLE 4-1 EVALUATION OF ALTERNATIVE PUMPING SCENARIOS

Item Alternative 1 Alternative
Scenario 1 | Scenario2 | Scenario 3 2
Construction Cost (million) $213.9 160.3 $185.6 $215.3
Annual O&M Cost (million) $1.97 $1.19 $1.56 $1.99
Unit Energy Cost $0.011/m” | $0.017/m’ -0- $0.019/m’
Average Supply, MCM/yr 1,854 1,854 762 2,852
Economic Cost of Water $0.08/m’ $0.07/m” | $0.07/m’ $0.09/m’

Within the limits of estimated costs and the assumptions for future demand, all cases are
considered to have about the same economic cost of water.

In the scope of services, the arrangement delivering water to Cafio Sucio Reservoir was
included to determine if it had any cost advantage. From Table 4-1, it is evident that
there is no cost advantage for supplying water directly to Cafio Sucio Reservoir.
However, based on the information presented in the Executive Summary for the Toabré
Study (3), it can be estimated that the economic cost of water for the Toabré Project
(computed using the same assumptions as for this study) is significantly higher than
Alternative 2. Therefore, it can be postulated that Alternative 2 should be used in place
of the Toabré Project. It was decided that judging the viability of the Toabré Project on
the basis of a draft executive summary was not appropriate. Therefore, Alternative 1,
Scenario 1 is adopted for inclusion in the project description for the following reasons:

1. It was assumed that a development of this nature should be sized to near fully
develop resource and, therefore, Alternative 1, Scenario 3 was not selected.
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2. The construction cost is high enough to represent any alternative that might be
implemented.

3. There are financial disadvantages to high operating costs and, therefore,
Alternative 1, Scenario 2 and Alternative 2 were not selected.

4. The 8 required pumps required for Scenario 1 could more easily be staged thus
improving the economic cost of water to some degree.

5. In the adoption of Scenario 1, it is implicitly assumed that the Toabré Project will
exist. If this assumption were not correct, the inclusion of Alternative 2 into the
Panama Canal System would have about the same economic impact.

Although not a part of the scope of services, a preliminary evaluation was performed to
determine if the addition of hydropower at the dam is attractive for Alternative 1 Scenario
1 and Alternative 2. The power plant was sized for the pumping station design flow plus
the minimum release. Generation was computed for a flow equal to the average annual
supply less the amount actually supplied in any year. Allowing for the costs and benefits
associated with the hydro installation, the economic cost of water was reduced by
$0.01/m’ for both arrangements.

4.2 Spillway and Diversion Flood

The spillway is designed for the probable maximum flood. For a project whose failure
could result in loss of human life and economic endeavor, it is customary to design the
project for the worst conditions that could reasonably be postulated. The adopted
pumping alternative presumes construction of Toabré Dam, therefore, the maximum peak
inflow of the PMF is estimated to be about 9,970 m*/s and the 3-day volume is about 950
MCM.

A flood with a return period of 25 years was selected for the construction diversion flood
for the RCC dam. This flood would have a peak discharge of 2,100 m%/s and a 2-day
volume of about 50 MCM.

4.3 Spillway Size

The spillway was sized to limit the flood surcharge to between 3 m and 5 m to minimize
impacts in the valley upstream from the dam, most notably in Coclecito. Both ungated
and gated spillways were evaluated. A 100-m wide ungated spillway with its crest at El.
35 resulted in a flood surcharge of 7.8 m. This surcharge exceeds the imposed limit. As
a result, ungated spillways were rejected because wider spillways are not suitable for the
channel conditions below the dam. A six-gate spillway with a clear opening of 48 m and
a crest at El. 23 resulted in a surcharge of 3.3 m using spillway rating information
developed for the Upper Chagres Project. This surcharge was within the adopted limits
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and the configuration was accepted. Each of the spillway gates will be 6 m wide by 12
m high. The peak outflow under PMF conditions will be about 6,520 m?/s

4.4 Diversion Facilities

The diversion tunnel will be sized to pass the 25-year flood, which was estimated to be
2,100 m’/s. This is coincidentally the same magnitude of flood that was used in the
Upper Chagres Feasibility Study (9) and, therefore, the same conduit arrangement was
used. The diversion facilities will consist of to 7 m by 7 m box culverts and the upstream
water surface will reach EI 13.2. The diversion facilities also will be used for emergency
drawdown and minimum release.
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5. DESCRIPTION OF THE LOW COCLE DEL NORTE PROJECT

The major elements that comprise the Low Coclé del Norte Water Supply Project
include:

¢ Storage facilities on the Rio Coclé del Norte consisting of:
©  Aroller compacted concrete dam with the top-of-structure at El. 41,
© A 6-bay gated spillway sized to protect the dam against the PMF,
o A twin-box culvert for diversion during construction, and
o  Access roads.
* A pumping station at the toe of Toabré Dam that includes two sets of 4 pumps
and a transmission line to connect to the national grid.
* A series of dikes, channels, and bridges to protect the town of Coclecito
against inundation from the operation of the reservoir.

Prior to the implementation of the Low Coclé del Norte Project, it is presumed that the
Rio Indio Water Supply Project and the Rio Toabré Water Supply Project have been
implemented and that the transfer tunnels from Toabré to Indio and Indio to Gatun have
the capacity to accommodate water from the project.

The Low Coclé del Norte Dam will impound a reservoir with a gross storage capacity of
662 MCM at El. 35, the full supply level. The reservoir area at the full supply level is
approximately 51 square kilometers.

A general plan of the development, showing the location of the dam and pumping station
is shown on Exhibit 5-1.

Upon completion of the dam and pumping station, the project will have the capability of
supplying an average of 1,854 MCM or the equivalent of 24.6 lockages per day into the
Panama 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
continued supply of M&I water from the system to the Panama Canal Watershed through
IDAAN. The implementation of the Low Coclé del Norte Project will provide a
significant quantity of water to assist the ACP in meeting water supply demands for
foreseeable 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 and details of the pumping
scheme are presented in detail in Appendices A and B.
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5.1.1 Low Coclé del Norte Dam

The Low Coclé del Norte Dam is proposed as a roller compacted concrete (RCC) dam. A
plan of the dam is shown on Exhibit 5-2 and a profile, sections, and details 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 to the east of the site. 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. 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 180,000 cubic
meters.

The axis of the dam will be essentially in an east-west direction about 15 degrees off of
the perpendicular across the river. The axis crosses the main channel of the Rio Coclé
del Norte at about 993,600N, 550,400E (UTM Coordinate System). The crest of the dam
will be at El. 41 and the crest width will be 8.0 m. The dam will be about 51 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.
A gallery will be located at about El. 5 near the face of the dam. It will serve as access to
the interior of the dam for installation of the grout curtain and inspections, as a collector
of seepage, a terminal point for foundation drains, and access for instrumentation. 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 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
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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 25 m below the structural 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 from the crest of the dam.
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 right-center portion of the dam (looking
downstream). A plan and sections are shown on Exhibit 5-4. The spillway has been
designed to pass the PMF without overtopping the dam. The discharge under PMF
conditions will be 6,520 m*/s using a surcharge of 3.3 m above the full supply level.

The spillway will consist of an ogee control structure, a straight chute, and a stilling basin
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 aligned down the downstream face of the dam and will terminate in the
stilling basin. 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.

The stilling basin will be founded on and anchored to competent rock and will be about
60 m long. It will contain a single row of baffle blocks and will contain the jump for all
discharge conditions. The lip of the end sill will be at El. -5 and the walls of the basin
will be at El. 15. The channel downstream from the basin will be sloped at 1V:5H back
to original grade.

5.1.4 Diversion During Construction

During construction, the Rio Coclé del Norte will be diverted through a twin-barrel
conduit and cofferdams located upstream and downstream from the damsite will protect
the work site. The conduits will serve to:
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Pass the 25-year flood during construction,

Control the rate of initial reservoir filling,

Provide for emergency evacuation of the reservoir, and
House the minimum release facility.,

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

The two-barrel conduit, 230 m long, will be trenched into rock on the left (west) 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 770 m’/s. The excavation for the conduit will be located off-channel and
protected so that it will remain dry under the 20-year flood conditions. The excavation
within the footprint of the dam will be backfilled around the conduit with conventional
concrete.

The approach channel will be about 60 m long and will be excavated to El. 0. The first
115 m of the discharge channel will be concrete lined and the remaining channel back to
the river will be about 120 m long.

A 20.5 m high cofferdam founded on weathered rock will be located across the river
channel about 80 m upstream from the upstream face of the dam. It will be constructed
of relatively impervious random fill with its crest at El. 13.5. A 9-m high cofferdam will
be located about 50 m downstream from the lip of the spillway stilling basin.

5.1.5 Emergency Drawdown Facilities

Emergency drawdown will be accomplished using the spillway and one of the diversion
conduits. To accomplish the drawdown, a gate tower 10 m by 6 m will be constructed on
the face of the dam. Two sets of two 3-m wide by 6-m high gates will be installed with
their sills at the bottom of the culvert (El. 0). The gate sets will include emergency gates
and operating gates. The gates were set at a level required to maintain the reservoir at
about the 25% level while passing the design inflow even though this resulted in
drawdown times much shorter than required. The sediment deposition is estimated to
reach El. 4 at the dam after 100 years and, therefore, should not adversely impact the
operation of the emergency drawdown facilities. The design inflow was assumed to
equal the average of the two highest mean monthly flow values or about 126 m’/s. A
profile, sections, and details of the emergency drawdown facilities are shown on Exhibit
5-6.

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

Reservoir Allowable Computed Time to
Reservoir Time to Reach Reach Required
Level . ! ;
(% of FSL) Elevation Elevation Elevation
’ (days) (days)

75 26.0 30-40 2
50 17.5 50-60 11
25 9.0 80-100 36

5.1.6 Minimum Release Facility

The minimum release has been assumed to equal 10% of the average flow or about 10.7
m’/s. The minimum release will be discharged through a valve into the second conduit.
It should be attractive to add a penstock and hydro plant to this minimum release facility.

5.1.7 Coclecito Protection Plan

The Coclecito Protection Plan will protect almost the entire area of Coclecito together
with the developed area east of Coclecito from flooding after the construction of the
Coclé del Norte dam and the impoundment of a reservoir with its full supply level at El.
35. A plan and sections of the facilities are shown on Exhibit 5-7 and 5-8. The
maximum flood level of the reservoir is estimated at El. 38.3. The protection system
includes a series of levees around the low areas that will have a crest at EL. 40. The
levees have been located to avoid existing properties while protecting as many as
possible. To minimize impact to the town, the Rio Coclecito will need to be relocated
along with the main access road and bridge to provide room for the protection levees as
shown on Exhibit 5-7. The relocated river channel and bridge have been designed to
safely pass the100 year flood. In addition, detention ponds and pumping facilities will be
included in the protection works to prevent flooding inside the protected area for storms
with a return period of 100 years.

The levees will be constructed of locally excavated impervious materials. The crest
width is 5 m, slopes are 3H:1V, and a minimum of 1 m of overburden will be removed to
provide underseepage control. No foundation improvements are planned. Three levees
totaling 1,500 m are required. As the grass runway or landing strip is in a state of
disrepair and is currently unusable, it has not been replaced. Two storm runoff detention
ponds and two pumping stations are required to prevent flooding behind the levees on the
Coclecito side, and one small pumping station east of the town. They will be provided
with standby generators as well as capability to connect to the local power supply. They
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will operate automatically when the level of water in the detention basins rises over a
preset level.

5.1.8 Pumping Station and Associated Facilities

The pumping facilities consists of a pumping station, pipes to deliver water through the
Toabré Dam diversion tunnel into the reservoir, and an energy connection to the national
grid. The pumping station will house four 23.9 MW and four 12.6 MW centrifugal
pumps.

5.1.8.1 Pumping Station

The pumping station will be located at the toe of Toabré Dam on the south bank of the
Rio Toabré. Plans and sections of the station are shown on Exhibit 5-9 and 5-10.

“The pumping station will be a conventional reinforced concrete structure, 110 m long by
22 m wide. It will contain eight pump bays and one service bay. The foundation will be
excavated in competent rock at El. 20. The centerline of the pumps will be at El. 29. The
general characteristics of the pumps and motors are described below.

24-MW 13-MW
Units Units
Pumps
Design flow (m°/s) 38.5 38.5
Design Dynamic Head (m) 52.6 27.7
Peak Efficiency % 83 83
Rotational Speed (rpm) 257 225
Motors
Rated Output (kVA) 28,600 15,060
Rated Installed Capacity (MW) 25.7 13.3
Frequency (Hz) 60 60
Power Factor 0.90 0.90

One each of the large and smaller pumps will connect to an 85-m long pipe constructed in
the Toabré Dam diversion conduit. The connection will consist of a manifold and pipe.
The length of the pipe will vary with the location of the pumps in the pumping station.
The 2.75-m diameter discharge lines will average about 100 m long and sized for a
maximum velocity of 4.5 m/s.
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5.1.9 Power Supply

The energy requirements for the pumping scheme, which include an allowance for
pumping, station services, and transmission line losses, are estimated to be about 300
GWh/year at full supply. To provide this energy, a 65-km long, 230 kV, single circuit
transmission line will connect to the nation grid near Penonome. A new substation will
be required for the connection at Toabré Dam and a new switchyard will be required at
Penonome.

To provide power to the spillway gates and other gates and valves at the dam, a 13.8 kV
line will be installed from the pumping station to the dam over a distance of 20 km. In
addition, a portable emergency generator will be provided.

The alignments of the 230 kV and the 13.8 kV line are shown on Exhibit 5-11.

5.1.10 Additional System Modifications and Transfer Facilities

As was mentioned in Section 3.5.3, the average flows pumped into the system do not
represent additional system yield. For the scenarios associated with Alternative 1, the
respective monthly flows would be added to the inflow to Toabré Reservoir and operated
through the system to determine yield. Optimization of the yield of the system with these
additional flows may require: a larger or second transfer tunnel to the Rio Indio Reservoir
than is currently planned under the Toabré Reservoir studies (3), a larger or second
transfer tunnel from the Rio Indio Reservoir to Lake Gatun, a higher dam at Toabré, or a
new system rule curves. For Alternative 2, similar adjustments may be necessary for: the
Rio Cafo Sucio Reservoir, the transfer tunnel to the Rio Indio reservoir, or the transfer
tunnels from Rio Indio Reservoir to Lake Gatun.

Studies to evaluate these potential changes are outside of the scope of this study and the
current estimate of cost does not include any allowance for these potential modifications.
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6. CONSTRUCTION PLAN AND ESTIMATE OF COST

A project implementation schedule, a construction schedule, and a cost estimate have
been prepared for the project as described in Section 5. Implementation is expected to
require about 9.5 years with construction taking about 4.8 years.

6.1 Implementation

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

Feasibility Study

Environmental Base Line Studies

Feasibility Confirmation and Project Configuration
Funding

Environmental Field Studies

Environmental Mitigation Planning and Implementation
Design

Contractor Procurement and Construction Contract Awards
Construction

The implementation schedule is presented on Exhibit 6-1.

If the project moves forward, one of the first activities will be to perform a technical,
economic, and financial feasibility study. The study will include subsurface
investigations to evaluate the foundation conditions, economic studies to optimize the
project facilities and establish the economic justification, and financial analyses to
determine the cost of water. As a part of the feasibility assessment and to support a
funding request, environmental base-line studies will be required. Upon completion of
the baseline studies, the feasibility of the project will be confirmed and the final project
configuration studies will be completed.

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 relocation or
resettlement of people from the villages along the river, 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.
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Construction of the project is envisaged to consist of four general contracts: 1) Access
Roads and the Construction Camp, 2) The Storage Facilities. 3) The Pumping Station,
and 4) Reservoir Clearing. Contractor selection and award will be performed for each
contract and scheduled to meet the construction schedule.

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 any pumping
facilities, are well within the existing capability of the current O&M organization.

6.2 Construction Plan and Schedule

A plan and schedule have been developed for the construction of the Low Coclé del
Norte Project. The construction of the project, including the access roads and
construction camp, the dam and appurtenant works and the pumping facilities is
anticipated to take approximately 4.8 years. Filling the reservoir to the full supply level,
El. 35, is estimated to require about one wet season, assuming average hydrologic
conditions and the continuous release of 10% of the flow downstream. A construction
schedule is shown of Exhibit 6-2.

The project has been divided into four major contracts:

Access Roads and Construction Camps,
Low Coclé del Norte Storage Facilities,
Pumping Facilities, and

Reservoir Clearing.

The durations of the construction of each component are estimated as 1.7 years for the
access roads, 3.4 years for the Low Coclé del Norte Storage Facilities, 2.7 years for the
Pumping Station including the transmission line, and 0.5 years for reservoir mapping and
clearing.

6.2.1 Access Road and Construction Camp, Contract 1

Contract 1 requires the construction of 25 km of permanent roads, 4 km of construction
roads, two bridges, and the construction camp for the storage facilities.
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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
expected to be rapid as it is entirely available locally.

6.2.1.2 Access Roads

Access to the Low Cocl€é del Norte Project will be provided from the permanent access
for the Rio Toabré dam. The access road will be 25 km long and will require a major
bridge over the Rio Coclé del Norte, and smaller bridges along the route. The road
alignment is shown on Exhibit 5-11.

Construction of the access roads and bridges is expected to take about 17 years and the
main access road is on the critical path. Temporary construction access will be
constructed as a part of the individual contracts.

6.2.1.3 Construction Camp

It is anticipated that two construction camps will be required: one for the construction of
the Low Coclé del Norte Storage Facilities, and one for the Pumping Station. A smaller
camp may be required for the transmission line.

The camp for the Low Coclé del Norte Storage Facilities will be located in an area of 10
hectares approximately 2.5 kilometer east of the damsite along the access road. The
construction will be started so that its substantial completion coincides with the
completion of the Main Access and the beginning of the construction of the main features
of the project. Ten weeks of construction will be sufficient to provide housing for the
initial crews working at the dam site.

The camp for the Pumping Station will be located at the toe of Toabré Dam and will be a
part of the Pumping Station Facilities contract.

6.2.2 Low Coclé del Norte Storage Facilities - Contract 2

Construction of the dam and its appurtenant works will take about 3.8 years and falls on
the critical path.

6.2.2.1 Mobilization

The effort is anticipated to extend over a three-month period, as the contractor’s effort
will build-up during the execution of the preliminary works including construction access
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and a power supply. 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 about three kilometers east of the damsite. A crushing plant and an
aggregate stockpile area will be established. The establishment of the quarries is
anticipated to take approximately 7 months including geotechnical investigations. As it
1s 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 Low Coclé del Norte Dam and Appurtenant Works

A twin-barrel diversion culvert approximately 230 meters long will be used to pass the
river flows during the dam construction. One culvert will be ultimately used as the low-
level outlet for emergency drawdown. The diversion works, including excavation and
concreting, is estimated to take approximately 1 year. The main upstream and
downstream cofferdams, including excavation and foundation preparation, will be
completed in 3 months.

Constructlon of the dam and appurtenant works requires the placement of approximately
180,000 m’ of roller-compacted concrete. Aggregates will be obtained from the quarry
located slightly downstream from the damsite on the right side of the river. 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 spillway
is expected to take approximately 2 years. 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 gate tower on the upstream face of the dam will approximately follow
the progress of the dam construction. Upon completion of the RCC placement, the
embedded parts and the gates will be installed in the conduit at the bottom of the tower.
The installation is expected to take approximately three months. Upon completion of the
gate installation one culvert will be plugged at the upstream end.

The protection facilities at Coclecito will require about 18 months to complete. The
construction sequence calls for ordering the pumps and beginning the bridge
construction. The supply of pumps is estimated to take 12 months to be followed by 6
months to construct the pumping stations and install the pumps. In the interim, the
detention ponds and levees will be constructed. The detention ponds required the
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excavation of about 855,000 m® and the levees will require the placement of about
1,050,000 m’.

6.2.3 Pumping Facilities- Contract 3

This contract will include the construction of a camp, the pumping station, and the
transmission lines. It is assumed that the facilities required to convey the water through
the diversion facilities of Toabré Dam were put in place at the time the dam was
constructed although the cost of these facilities is included in this estimate.

6.2.3.1 Mobilization

Mobilization will include construction of temporary access roads and the construction
camp for the pumping facilities. The camp will be located in the vicinity of the access
road to the construction site.

6.2.3.2 Pumping Station

The pumping station will be built at the toe of Toabré Dam. The construction will be
started with a cellular and embankment cofferdam to protect the work area. The civil
works of the pumping station will take approximately 16 months to complete. Furnishing
and installing the pumps and motors, which is on the critical path, will require about 2.5
years.

6.2.3.3 Transmission Facilities

Two substations and a switchyard will be required at Coclé del Norte, Toabré and
Penonome respectively. Construction, including the installation of the equipment, will
require about 6 months for each switchyard and they have been scheduled concurrently
with construction of the transmission line.

Construction of the power supply for the pumping station and the gates at Coclé del
Norte Dam is expected to take about 1.8 years of which 11 months will be for the
construction of the 65-km 230-kV transmission line connecting to the national grid at
Penonome. Start-up and commissioning of the pumping station and power system will
take place over 10 months, of which 2 months is on the critical path.

6.2.4 Reservoir Clearing and Filling — Contract 4

The reservoir will be cleared to El. 40. At El. 40, the surface area is approximately 65
km®. It is assumed that about 40% of the area, or about 2,600 ha, is in forest and needs to
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be cleared. The clearing is expected to take approximately 6 months. With mapping, the
contract will take about 7 months.

The Low Coclé del Norte reservoir can be filled in one wet season using its own average
inflow and allowing for a continuous minimum release of 10% of the inflow.

6.3 Cost Estimate

The cost estimate for the construction of the Low Coclé del Norte Water Supply Project
1s based on the feasibility-level estimate prepared for the Rio Coclé del Norte Project at
ElL 100. The unit prices, which include the direct costs of labor, equipment and material,
the Contractor indirect costs and engineering and administration costs, were used without
adjustment. The costs were estimated in US Dollars at a January-2003 level.

For each project feature, quantities were calculated from the drawings and exhibits. Unit
prices were estimated for 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 “Convencidn Colectiva de Trabajo de
Panamd” 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 CPL. 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

Category Labor Rate
Unskilled labor $5.60/hr
Skilled labor $6.70/hr
Equipment operator $8.00/hr
Truck driver $6.30/hr
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In addition to the local labor a crew leader was generally included at the rate of
$10.00/hr.

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 duration 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.
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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.

The unit prices shown in Table 6-3 were used.

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

Material Unit Price
Clearing Ha $2,200
Overburden Excavation m’ $3.70
Rock Excavation m’ $9.20
Cofferdam Selected Fill m’ $7.30
Drain Material m’ $16.10
Mass RCC m’ $56.00
Mass Concrete m’ $116.00
Structural Concrete m’ $145.00
Backfill concrete m’ $105.00
Precast Concrete Panels m’ $282.00
Formwork m’ $46.80
Reinforcing Steel Kg $1.32
Temporary Access Road Km $115,200
Permanent Access Road Km $147,600

A detailed estimate of the Construction Cost is presented in Table 2 (at the end of the
text) and a summary is shown in Table 6-4 below.
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TABLE 6-4 SUMMARY COST OF THE LOW COCLE DEL NORTE PROJECT

Item Estimated Cost

Mitigation and Compensation Costs $23,000,000
Construction Costs

Access Roads and Construction Camp $6,650,000

Low Coclé del Norte Storage Facilities $50,960,000

Pumping Facilities $87,290,000

Reservoir Clearing $5,920,000

Subtotal Direct Cost | $150,820,000

Contingency $27,080,000

Direct Cost | $177,900,000

Engineering and Administration $27,100,000

Construction Cost (Jan 2003 price level) $205,000,000

TOTAL COST $228,000,000

A detailed estimate of cost is presented in Table 3 at the end of the text.

6.3.2 Social, Economic and Environmental Mitigation and Compensation Costs

The ACP has not estimated mitigation and compensation costs for the Low Coclé del
Norte Project. However, these costs have been estimated for the Western Watershed
projects that have been done at the feasibility level. A curve of compensation and
mitigation costs versus reservoir area at full supply level has been prepared. From this
curve it is estimated that the compensation and mitigation costs for the Low Coclé del
Norte Project are about $23,000,000. The allocation for land acquisition has been
included in these costs. These costs are in addition to the construction cost of the
Coclecito protection works.

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 20% was used for the pumping facilities, 15% was for all other civil items
and 10% for all other equipment. Overall, the contingency is approximately 13% of the
project construction cost or about 18% of the subtotal of the direct costs.
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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 about 15 percent of the total
direct costs will be adequate for engineering and administration.

6.3.5 Disbursement Schedule

A disbursement schedule has been estimated beginning 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
construction schedule. The disbursement schedule, presented in Table 6-5 shows a
distribution for the construction cost. Based on outdated demand data, the project could
be required around 2030. The disbursement schedule has been tied to that date.

TABLE 6-5 DISBURSEMENT SCHEDULE

($1,000)
Year Disbursement of
Construction Costs
1(2026) $15,000
2(2027) $28,000
3(2028) $58,000
4(2029) $68,000
5(2030) $59,000
Total $228,000

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. For this estimate, it was assumed that the operating costs would
be the equivalent of 1% of the construction cost for the access roads and storage facilities
plus 2% of the construction cost of the pumping facilities plus the energy cost.

O&M for the roads, dam and pumping facilities will be performed by an O&M group that
will be a part of the ACP’s much larger Canal Operation Group. The estimate also
includes an allowance for vehicles, spare parts, and maintenance equipment.
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The cost of replacing short-life equipment normally is included in the annual cost as a
sinking fund. The allowance would permit replacing all equipment in 25 years.

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

The annual cost of insurance is usually about 0.1% of the construction cost.

In addition, the percent allowance for operation is also meant to include an annual
expenditure for watershed management, implementation of the environmental mitigation
plan and the relocation activities is included.

The average energy requirement at full supply is estimated to be about 300 GWh/year
and is comprised of 289GWh for pumping, 4 GWh/year for station services, and 7
GWh/year for transmission line losses. The actual pumping cost varies each year
depending on the demand. Valued at $0.07/kWh, the average annual cost of providing
energy was computed as the equal annual equivalent of the present worth of the required
generation times the value of energy. The annual cost varies from about $200,000/year in
the early years of operation in a dry year to about $40 million/year at full supply in a wet
year and is estimated to be about $5.3 million per year.

The average annual operating cost is, therefore, estimated to be $8,400,000.
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7. ECONOMIC COST OF WATER

As was the case for the feasibility-level studies performed under this work order, there is
not sufficient information available to perform an economic feasibility assessment. As
for the other projects, an estimate of economic cost of water has been developed as a
means of comparing all the projects. The estimate for the Low Coclé del Norte Water
Supply Project is derived by dividing the present worth of the total project cost
(construction, compensation and mitigation cost) and the annual costs by the present
worth of the supply. In all estimates, a discount rate of 12% was used. For these studies,
the supply, which was taken equal to the average annual flow pumped into the system,
was used as no estimate of the incremental system yield was made.

If conditions existed where the full amount of the water supply from the implementation
of the Project could be beneficially used immediately upon the completion of
construction, the economic cost of water would be about $0.02/m>. 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 supply can be used when the
project comes on line and that the usable supply 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, which is presumed to include the Rio Indio Reservoir,
could yield 60.3 L/d, the supply translates directly to yield, and the project came on line
in the first year that there was a system deficit (year 2030), the economic cost of water
would be about $0.09/m”>.

Under the same assumptions and a rate of increase of 0.6 L/d/yr, the cost of water would
be about $0.10/m”.

It must be noted that the Low Coclé del Norte Water Supply Project cannot be
implemented on its own. It has been presumed that the Toabré Water Supply Project is
already in existence; however, it can be implemented at about the same economic cost
with a slightly different configuration and the Rio Cafio Sucio Project. The indicated
economic costs represent only the Project facilities and do not include any costs for the
Toabré Water Supply Project.

For comparison purposes, the following table presents historic demands with growth rates
of 0.75 L/d and 0.6 L/d assuming that the year 2000 demand for navigation and M&I
water is about 38 L/d.
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The Low Cocl€ del Norte Water Supply Project

Economic Cost of Water

TABLE 7-1 COMPARISON OF DEMANDS AND COST OF WATER

Base Base Demand
Demand
Year Increased by
Increased by 0.6 L/d/vr
0.75 L/d/yr ¥ y
2000 38.0L/d 38.0L/d
2020 53.0L/d 50.0 L/d
2040 68.0 L/d 62.0 L/d
2060 83.0 L/d 74.0 L/d
Cost of Water $0.09/m” $0.10/m”

A comparison of the Western Watershed Projects studied to date, ranked by cost of water,

is shown below.

TABLE 7-2 COMPARISON OF PROJECTS AND COST OF WATER

Dzz:‘; d Base Demand
Project Yield I Increased by
ncreased by 0.6 L/d/yr
0.75 L/d/yr )
Rio Indio 15.8 L/d $0.07/m’ $0.10/m’
Low Coclé del Norte 24.6 L/d $0.09/m’ $0.10/m’
Upper Chagres 531/ $0.14/m’ $0.19/m’
Coclé del Norte FSL @ E1. 71 | 45.81/d $0.19/m’ $0.22/m’
(acting in full regulation with
Indio Reservoir)
Coclé del Norte FSL @ El. 100 | 47.0 L/d $0.23/m’ $0.27/m’
(acting in full regulation with
Sucio and Indio Reservoirs)

The economic cost of water for the Project indicates that the Low Coclé del Norte Project
provides an attractive source of water when compared to the other projects in the western
watershed and in the Upper Chagres basin.

However, the economic cost of water presented in Table 7-2 does not necessarily provide
a basis for ranking because there are development assumptions associated with each
project. For the Low Coclé del Norte Project, these assumptions are as follows:

@ mwH
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The Low Cocl€é del Norte Water Supply Project Economic Cost of Water

The economic cost of water for the Low Coclé del Norte Project is based on the
assumption that the Rio Indio Project and the Rio Toabré Project have been
completed. (As an alternative, a project with a similar economic cost can be
developed if the Cafio Sucio Project has been completed.) It was also assumed that
the incremental system yield is the amount of water pumped through the project.

The demand assumptions, which form the basis for the economic cost of water, may
not be correct.

For the other projects, the same demand assumption was made plus:

The economic cost of water for the Rio Indio Project assumes that the Lake Gatun
deepening, that is now underway, is completed.

The yield for Upper Chagres will only be realized if it is the first new water supply
project constructed. If the Upper Chagres Project is constructed first, then the yield
of all subsequent projects will be slightly reduced.

The economic cost of water for the storage projects on the Rio Coclé del Norte at full
supply levels at El. 100 and El. 71 is based on the assumption that the Rio Indio
Project has been completed.
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The Low Coclé del Norte Water Supply Project Conclusions and Recommendations

8. CONCLUSIONS AND RECOMMENDATIONS

As aresult of the studies described in the foregoing sections, it is concluded that:

e There is no readily apparent fatal flaw to the Project.

* There are no features associated with the development that would cause it to be
infeasible.

* A roller compacted concrete dam is an appropriate type of dam to provide an
indication of the cost of the project.

® It is our considered opinion that there are no geologic or geotechnical problems
associated with the sites that cannot be accommodated using conventional
solutions although the lack of subsurface investigations has increased the potential
for inaccuracies in the estimate of cost.
The Project will supply up to 1,854 MCM/year into the Toabré Reservoir.

¢ Construction of the project is estimated to cost about $205 million in 2003 dollars.
An addition $23 million have been allowed for compensation and mitigation for a
total cost of $228 million.

® The Project will provide an economically attractive source of water for the
Panama Canal system if the assumed pre-construction development takes place.

Based on these conclusions, it is recommended that the Project be investigated in further
detail if additional water is needed for the Panama Canal System after construction of the
Rio Indio Project and either the Rio Toabré Project or a project on the Rio Cafio Sucio.
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MONTHLY MEAN DISCHARGES

Table 1

RIO COCLE DEL NORTE AT DAM SITE

(m?/s)
Drainage Area: 1,594 km’

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC_ JANNUAL
1948 67.5 37.1 30.1 25.0 40.2 50.3 120.0 133.4 128.8 122.3 198.1 82.5 86.3
1949 46.6 33.9 25.9 24.5 49.0 152.0 1194 139.4 176.5 169.9 250.9 2124 116.7
1950 64.7 44.5 32.3 26.4 92.2 139.6 143.6 186.5 140.4 173.9 208.8 209.3 121.9
1951 95.0 64.1 44.5 34.3 93.8 107.5 102.3 108.2 155.8 138.8 184.4 126.1 104.6
1952 72.5 449 30.1 27.8 64.7 120.9 101.6 105.7 151.0 193.9 140.2 178.6 102.7
1953 145.8 76.8 50.9 40.9 105.0 97.6 95.7 84.5 97.4 200.5 200.6 132.1 110.7
1954 83.2 50.9 379 33.1 90.2 93.6 168.8 139.0 172.1 153.9 240.1 153.7 118.1
1955 161.3 73.6 46.6 40.2 62.6 154.5 122.1 172.5 198.4 179.0 241.6 164.5 134.7
1956 165.8 74.9 52.6 49.9 120.2 155.1 148.5 121.5 168.0 223.4 175.2 120.2 131.3
1957 65.0 42.4 32.3 26.4 66.1 66.4 65.8 103.0 109.3 193.7 1444 124.5 86.6
1958 90.7 76.3 50.6 40.9 85.5 96.5 80.9 135.8 121.9 123.8 108.0 108.5 93.3
1959 64.6 31.2 15.4 39.9 40.2 197.5 2111 131.9 119.5 151.7 146.1 271.0 118.3
1960 128.9 61.6 50.8 77.4 71.7 100.6 83.5 79.8 110.3 152.0 191.5 275.9 1153
1961 80.3 52.3 364 37.0 70.4 92.3 103.1 172.3 1157 164.6 191.0 199.3 109.5
1962 76.2 42.2 26.9 42.6 67.8 92.2 85.2 115.6 105.6 137.3 183.3 131.2 92.2
1963 64.0 52.3 37.0 156.2 124.9 114.5 112.9 120.5 100.3 115.6 194.4 97.3 107.5
1964 72.8 24.8 20.0 129.5 121.8 157.3 144.6 142.2 141.2 187.3 178.2 67.8 115.6
1965 1254 47.8 23.9 14.1 88.0 55.8 59.8 75.2 73.2 117.0 1334 160.7 81.2
1966 71.7 38.6 29.9 385 112.0 137.2 110.6 106.8 86.2 156.6 279.2 223.0 115.9
1967 95.5 60.9 29.2 85.4 132.1 181.5 128.1 154.6 159.8 176.6 150.3 113.1 1223
1968 61.9 64.1 64.7 45.2 90.9 129.0 95.9 110.9 125.9 156.0 136.9 143.8 102.1
1969 44.6 40.7 18.8 27.7 54.6 84.8 59.6 106.5 115.0 163.7 176.0 164.2 88.0
1970 313.0 114.8 55.9 149.3 249.7 86.2 1164 171.8 191.6 189.4 268.0 353.8 188.3
1971 138.2 68.6 96.8 56.7 106.8 139.9 133.9 144.9 168.6 177.1 114.2 59.1 117.1
1972 105.3 54.7 39.1 90.0 92.2 70.2 75.6 66.8 123.1 113.5 108.0 71.1 84.1
1973 62.4 40.6 19.9 20.7 84.9 125.2 123.6 130.8 176.4 201.9 245.5 200.3 119.4
1974 91.6 73.9 46.7 55.8 94.7 90.3 106.5 114.9 104.6 214.5 155.7 103.4 104.4
1975 62.6 40.7 23.2 16.4 68.9 72.4 97.3 174.0 215.5 2359 325.0 283.1 134.6
1976 101.5 60.8 379 26.2 44.8 44.3 46.0 77.4 137.4 127.5 117.6 49.3 72.5
1977 40.1 29.2 17.5 235 429 80.9 85.1 172.2 1304 164.6 123.9 72.8 81.9
1978 47.0 41.8 28.0 179.2 224.6 106.3 66.7 75.0 137.8 149.5 159.5 93.0 109.0
1979 31.3 28.3 21.9 97.5 89.8 143.5 110.3 177.5 144.0 106.2 108.1 157.9 1014
1980 144.8 49.4 245 38.8 56.5 86.4 84.2 146.9 109.8 146.8 155.9 161.7 100.5
1981 127.0 87.8 68.8 185.8 178.7 149.6 140.8 146.6 95.3 132.2 244.5 341.1 158.2
1982 77.8 45.5 31.1 32.8 59.7 85.2 111.5 89.9 100.4 145.2 121.3 61.2 80.2
1983 51.3 23.3 16.1 18.2 131.6 81.5 519 69.8 154.9 116.3 106.0 131.0 79.3
1984 90.2 94.7 68.3 24.5 68.3 112.0 145.2 206.9 164.7 163.8 164.5 79.2 115.2
1985 79.6 42.2 38.7 24.1 364 141.6 84.6 103.2 99.1 128.5 147.5 169.3 91.2
1986 102.6 55.1 37.1 107.0 113.3 114.1 117.3 123.2 134.1 236.2 226.3 83.0 120.8
1987 48.1 354 24.5 59.4 68.3 65.4 85.9 101.6 115.3 229.6 143.3 96.4 89.4
1988 51.3 46.1 23.6 19.9 90.9 89.9 127.5 136.8 137.3 189.1 175.5 96.2 98.7
1989 71.1 44.1 34.6 26.6 834 106.4 137.2 147.7 137.2 146.1 192.2 126.6 104.4
1990 76.8 45.1 30.2 25.1 64.2 66.5 106.2 109.1 160.0 207.1 156.6 205.1 104.3
1991 56.6 36.6 79.6 29.0 76.1 96.6 78.7 91.0 152.2 198.5 139.5 132.8 97.3
1992 48.6 30.8 21.0 71.1 118.4 125.3 102.6 122.6 176.9 140.6 118.2 85.1 96.8
1993 78.3 42.0 47.1 48.6 63.5 128.8 108.5 83.6 204.8 151.5 242.8 165.5 113.8
1994 59.2 40.7 35.1 46.9 96.6 150.4 94.4 133.1 162.3 164.6 149.7 75.3 100.7
1995 49.8 372 30.0 43.3 113.8 108.1 132.2 138.3 163.3 106.6 133.0 180.2 103.0
1996 2974 118.0 74.9 50.0 170.1 167.2 1854 210.7 2329 181.3 2162 319.4 1853
1997 77.0 575 36.1 30.6 75.5 63.5 70.9 87.0 81.3 125.8 103.4 53.5 71.8
1998 38.2 35.1 27.5 67.4 74.8 71.3 104.0 90.8 1134 154.3 107.2 140.4 85.4
1999 89.5 55.2 38.1 53.4 92.3 110.4 108.8 127.8 141.2 162.8 172.9 149.2 108.5

Mean 89.5 52.1 37.7 53.5 91.8 108.8 107.7 125.3 139.2 162.7 173.0 149.2 107.5

Maximum | 313.0 118.0 96.8 185.8 249.7 197.5 211.1 210.7 232.9 236.2 325.0 353.8 188.3
Minimum 31.3 23.3 15.4 14.1 36.4 44.3 46.0 66.8 73.2 106.2 103.4 49.3 71.8
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MONTHLY MEAN DISCHARGES

Table 2

RiO COCLE DEL NORTE DAM SITE EXCLUDING TOABRE DAM DRAINAGE

(m?/s)
Drainage Area: 865.4 km’
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Mean
1948 49.4 30.1 25.2 214 32.2 38.8 78.2 85.0 82.7 79.4 115.0 58.1 58.0
1949 36.4 27.9 22.1 21.0 38.0 94.0 77.9 87.9 105.4 102.4 137.4 121.3 72.6
1950 47.7 35.0 26.7 22.5 63.5 88.0 90.0 109.9 88.4 104.2 119.7 120.0 76.3
1951 65.1 474 35.0 28.2 64.4 71.8 69.0 72.1 95.8 87.6 109.0 81.4 68.9
1952 52.4 35.3 25.2 23.5 47.7 78.7 68.6 70.8 93.5 113.2 88.3 106.4 67.0
1953 91.0 54.9 39.2 327 70.5 66.5 65.5 59.3 66.4 116.1 116.2 84.4 71.9
1954 58.6 39.2 30.6 273 62.5 64.3 101.9 87.7 103.4 94.9 133.0 94.8 74.8
1955 98.4 53.0 36.4 32.2 46.5 95.2 79.3 103.6 115.2 106.5 133.6 99.9 83.3
1956 100.5 53.8 40.3 38.6 78.4 95.5 92.3 79.0 101.5 126.0 104.8 78.4 82.4
1967 47.9 336 26.7 225 48.6 48.8 48.4 69.4 72.7 113.1 90.4 80.5 58.6
1958 62.7 54.6 39.0 327 59.8 65.9 50.0 81.9 66.8 93.0 58.5 76.9 61.8
1959 47.3 23.4 11.2 22.6 32.2 75.3 75.3 88.2 72.5 93.0 50.4 202.2 69.5
1960 98.5 50.4 43.9 63.9 44.7 61.8 43.5 78.4 73.2 94.0 112.2 147.4 76.0
1961 56.9 40.1 29.6 30.0 56.3 59.8 62.3 106.4 66.6 91.2 130.1 153.2 73.5
1962 61.8 36.1 23.2 38.0 53.3 60.9 57.4 69.8 60.4 79.3 122.9 96.5 63.3
1963 44.4 41.3 33.1 132.6 87.2 66.5 64.0 65.7 57.8 63.2 131.4 66.8 71.2
1964 56.5 16.7 16.6 108.4 83.6 107.1 834 75.6 69.8 107.7 82.3 35.0 70.2
1965 106.8 35.9 16.2 9.3 87.6 44,2 50.2 50.1 52.8 77.8 84.9 111.5 60.6
1966 53.3 28.8 23.3 32.3 74.6 86.3 68.4 70.3 58.7 78.3 185.4 149.4 75.8
1967 70.4 48.7 21.9 78.7 104.1 110.5 71.7 94.8 78.3 83.3 88.2 85.3 78.0
1968 48.2 55.6 61.2 40.7 71.7 85.1 61.6 62.2 76.1 72.0 54.0 108.0 66.9
1969 25.6 30.3 12.7 18.8 38.1 57.3 35.2 66.7 64.0 110.5 115.6 115.9 57.6
1970 71.3 46.2 42.3 43.7 103.1 57.3 68.3 103.8 139.1 105.5 117.8 149.7 87.3
1971 74.6 55.2 40.7 30.0 82.0 84.9 79.3 84.7 103.7 106.9 67.9 39.5 70.8
1972 72.8 42.9 314 69.0 76.2 41.5 55.4 48.8 80.9 74.2 65.5 52.5 59.3
1973 52.9 34.9 16.0 17.0 68.8 77.9 89.3 91.4 110.1 110.8 |- 132.1 102.0 75.2
1974 70.1 38.4 29.0 29.3 85.6 62.2 64.9 75.9 66.2 130.1 101.7 65.4 68.2
1975 50.4 29.7 14.9 13.8 55.9 48.6 63.1 112.8 1314 128.8 191.9 184.2 85.4
1976 70.8 50.2 32.6 21.6 33.6 27.7 30.6 46.0 88.4 91.3 68.6 27.9 49.1
1977 30.6 23.6 13.7 20.7 33.5 51.5 53.2 106.6 824 90.8 77.5 48.0 52.7
1978 35.7 35.0 214 1404 145.5 69.2 349 37.7 80.6 87.3 84.7 66.6 69.9
1979 19.8 223 18.7 87.4 61.4 82.2 78.9 107.8 924 80.5 77.3 109.3 69.8
1980 106.6 37.1 17.6 30.0 36.4 55.1 50.2 83.1 63.7 76.8 95.0 123.5 64.6
- 1981 99.2 69.2 50.6 148.1 116.3 92.1 65.9 107.4 80.0 94.6 157.1 235.7 109.7
1982 49.5 33.2 23.8 26.0 46.2 50.9 74.8 56.5 58.7 80.0 74.6 46.2 51.7
1983 43.7 18.9 13.7 15.7 98.4 48.0 31.2 44.0 89.9 86.5 78.1 82.0 54.2
1984 51.9 78.9 56.5 20.1 514 69.7 83.2 140.4 934 89.6 98.4 56.5 74.2
1985 65.3 34.1 33.7 21.0 29.6 88.9 47.0 52.2 48.2 74.4 77.1 126.5 58.2
1986 89.4 47.6 32.3 87.3 86.8 69.9 85.9 79.9 85.3 131.3 127.2 584 81.8
1987 374 28.8 20.9 44.5 49.9 48.2 60.1 68.6 75.9 128.6 89.8 65.8 59.9
1988 39.5 36.1 20.4 17.6 62.8 62.3 82.1 86.6 86.9 111.1 105.0 65.7 64.7
1989 51.6 34.8 28.4 22.6 58.7 71.2 86.9 91.9 86.9 91.2 112.5 81.6 68.2
1990 54.9 354 25.2 214 47.5 48.8 71.1 72.6 97.8 119.0 96.2 118.1 67.3
1991 42.8 29.8 56.5 244 54.5 66.0 56.0 62.9 94.1 115.2 88.0 84.7 64.6
1992 37.7 25.6 18.4 51.6 77.4 80.9 69.2 79.6 105.6 88.5 77.3 59.6 64.3
1993 55.8 334 36.8 37.7 47.1 82.7 72.3 58.8 118.0 93.8 134.1 100.3 72.6
1994 44.4 32.5 28.8 36.6 65.9 93.2 64.7 84.9 98.8 99.9 92.9 54.0 66.4
1995 38.5 30.1 25.2 34.3 75.1 72.1 84.4 87.4 99.3 71.3 84.8 107.1 67.5
1996 155.8 77.2 53.8 38.6 102.5 101.2 1094 120.5 130.0 107.6 122.9 132.7 104.4
1997 55.0 43.4 29.4 25.6 54.1 47.1 51.5 60.6 57.5 81.2 69.6 40.8 51.3
1998 30.9 28.7 23.3 49.4 53.7 51.7 69.9 62.8 74.8 95.1 71.6 88.4 58.4
1999 62.0 44.8 38.6 41.4 72.1 85.6 70.9 109.3 122.8 87.3 106.1 123.9 80.4
Mean 60.4 39.4 29.5 41.2 65.1 69.4 67.3 80.0 85.9 96.5 102.8 95.6 69.4
Maximum| 155.8 78.9 61.2 148.1 145.5 110.5 109.4 140.4 139.1 131.3 191.9 235.7 109.7
Minimum 19.8 16.7 11.2 9.3 29.6 27.7 30.6 37.7 48.2 63.2 54.0 27.9 49.1




Table 3

LOW COCLE DEL NORTE WATER SUPPLY PROJECT

SUMMARY COST ESTIMATE

1. ACCESS ROADS AND CONSTRUCTION CAMP

$ 6.65

2. LOWER COCLE DEL NORTE STORAGE PROJECT $ 50.96

3. PUMPING FACILITIES
4. RESERVOIR CLEARING

SUBTOTAL DIRECT COSTS

Contingency

DIRECT COST

Engineering and Administration
CONSTRUCTION COST (Jan 2003 price level)
COMPENSATION AND MITIGATION COST

TOTAL COST

$ 87.29
$ 592

$ 1508

$ 271

$ 1779

$ 271

$ 205.0

$ 230

$ 2280

Page 1 of 9

US$ million



LOW COCLE DEL NORTE WATER SUPPLY PROJECT

CONSTRUCTION COST ESTIMATE SUMMARY

1. ACCESS ROADS AND CONSTRUCTION CAMP

1 General
2 Access Roads
3 Construction Camps

Subtotal

2. LOWER COCLE DEL NORTE STORAGE PROJECT

1 General

2 Diversion

3 Dam

4 Spillway

5 Drawdown Facilities

6 Operation Facilities

7 Coclecito Protection Works

3. PUMPING FACILITIES
1 General
2 Civil Works
3 Electro-mechanical Equipment
4 Transmission System

4. RESERVOIR CLEARING
1 General
2 Clearing
SUBTOTAL DIRECT COSTS
Contingency

DIRECT COST

Engineering and Administration

CONSTRUCTION COST (Jan 2003 price level)

Subtotal

Subtotal

Subtotal

LR R ] A AR A AR AR TR @ @ n
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360,000
4,790,000
1,500,000
6,650,000

2,150,000
8,620,000
13,830,000
10,910,000
2,650,000
1,120,000
11,680,000
50,960,000

2,660,000
11,510,000
56,220,000
16,900,000
87,290,000

200,000
5,720,000
5,920,000
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150,820,000

27,080,000

177,900,000

27,100,000

205,000,000



LOW COCLE DEL NORTE WATER SUPPLY PROJECT

ACCESS ROADS AND CONSTRUCTION CAMPS

Description

1 GENERAL
1.1 Mobilization and Demobilization
1.2 General Maintenance

2 ACCESS ROADS
2.1 Permanent Roads
2.3 Bridge over Rio Miguelito
2.3 Bridge over Cocle del Norte

3 CONSTRUCTION CAMPS
3.1 Cocle del Norte
3.2 Pumping Station

Subtotal Direct Cost (rounded)
Contingency
Direct Cost

Unit

LS
LS
Subtotal 1

LS
LS
Subtotal 2

LS

Unit Cost

$250,000

$147,600
$350,000
$750,000

$1,500,000

Quantity

25

1

Included in Pumping Facilities Contract

Subtotal 4

LS
LS
LS

Page 3 of 9

Amount

$250,000
$110,000
$360,000

$3,690,000
$350,000
$750,000
$4,790,000

$1,500,000
$1,500,000
$6,650,000

$1,000,000
$7,650,000



LOW COCLE DEL NORTE WATER SUPPLY PROJECT Page 4 of 9

Description Unit Unit Cost Quantity Amount
1 GENERAL
1.1 Mobilization and Demobilization LS $1,500,000 1 $1,500,000
1.2 Temporary Access km $115,200 3 $345,600
1.2 Temporary Facilities LS $300,000 1 $300,000
Subtotal 1 $2,145,600
2 DIVERSION
2.1 Site Preparation m’ $0.55 40,000 $22,000
2.2 Diversion Culverts
2.2.1 Overburden Excavation m’ $3.70 61,800 $228,660
2.2.2 Rock Excavation m’ $9.20 61,800 $568,560
2.2.3 Concrete m’ $116.00 22,428 $2,601,648
2.2.4 Concrete (High Strength) m’ $145.00 2,243 $325,206
2.2.5 Backfill Concrete m’ $105.00 3,220 $338,100
2.2.6 Formwork m’ $46.80 17,200 $804,960
2.2.7 Reinforcement kg $1.32 1,400,000 $1,848,000
2.3 Cofferdams
2.3.1 Overburden Excavation m’ $3.20 40,800 $130,560
2.3.2 Fill m’ $7.30 220,715 $1,611,220
2.3.3 Filter/Drain m’ $16.10 8,785 $141,439
Subtotal 2 $8,620,352
3DAM
3.1 Site Preparation m’ $0.55 20,000 $11,000
3.2 Foundation Excavation
3.2.1 Overburden Excavation m’ $3.70 80,000 $296,000
3.2.2 Rock Excavation m’ $9.20 39,600 $364,320
3.3 Foundation Treatment
3.3.1 Surface Treatment LS  $150,000.00 1 $150,000
3.3.2 Consolidation Grouting m $69.20 2,750 $190,300
3.3.1 Curtain Grouting m’ $46.00 7,000 $322,000
3.3.2 Drainage m $50.00 1,400 $70,000
3.4 Dam Section
3.4.1 Roller Compacted Concrete m’ $56.00 170,000 $9,520,000
3.4.2 Uncompacted Concrete m’ $56.00 10,400 $582,400
3.4.3 U\S, D\S Face Precast Panels and Membrane m’ $282.00 5,200 $1,466,400
3.4.4 Bedding Mix (grout enriched RCC) m’ $70.00 3,720 $260,400
3.4.5 Gallery Concrete m’ $210.00 2,850 $598,500

Subtotal 3 $13,831,320
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Description
4 SPILLWAY
4.1 Headworks
4.1.1 Concrete
4.1.2 Formwork
4.1.3 Reinforcement
4.2 Chute and Stilling Basin
4.2.1 Concrete
4.2.2 Formwork
4.2.3 Reinforcement
4.3 Bridge
4.3.1 Concrete
4.3.2 Formwork
4.3.3 Reinforcement
4.4 Gates

4.4.1 Radial Gates and Embedded Parts

4.4.2 Gate Hoists
4.4.3 Electrical Supply
4.4.4 Stoplogs

4.5 Stilling Basin Excavation
4.5.1 Overburden Excavation
4.5.2 Rock Excavation

5 EMERGENCY DRAWDOWN FACILITY

5.1 Tower and Gate Structure
5.1.1 Concrete

5.1.2 Concrete (High Strength)

5.1.5 Formwork

5.1.6 Reinforcement
5.2 Culvert

5.2.1 Concrete Plug

5.2.2 Stop Logs and Embeds
5.3 Gates and Valves

5.3.1 Wheeled Gate and Hoist (3.0 m x 6.0 m)

5.3.2 Valve 1.6-m diameter
5.3.2 Power and Controls

Unit Unit Cost

Each
Each

LS

Each

Each
Each

LS

$116.00
$46.80
$1.32

$116.00
$46.80
$1.32

$145.00
$46.80
$1.32

$270.000
$230,000
$100,000
$332,500

$3.70
$9.20

$116.00
$145.00
$46.80
$1.32

$116.00
$100,000

$440,000
$240,000
$100,000

Quantity

14,600
9,010
745,000

20,300
10,800
980,500

550
690
86,600

Included in
22.1and 222

936

90
2,300
81,700

980
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Amount

$1.693,600
$421,668
$983,400

$2,354,800
$505,440
$1,294,260

$79,750
$32,292
$114,312

$1,620,000
$1,380,000
$100,000
$332,500

$0
$0
$10,912,022

$108,576

$13,050
$107,640
$107,844

$113,680
$100,000

$1,760,000
$240,000
$100,000
$2,650,790
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Description
6 OPERATION FACILITIES
6.1 Emergency Generator
6.2 SCADA
6.3 Other Communication Facilities
6.4 Instrumentation
6.5 Lighting, Landscaping, and Drainage
6.6 Unspecified Facilities

Subtotal 6

7 COCLECITO PROTECTION WORKS

7.1 Temporary Facilities
7.2 Excavation

7.3 Berms

7.4 Bridge

7.4 Pumping Stations (3)
7.5 Road

7.6 Miscellaneous

Subtotal Direct Cost (rounded)
Contingency
Direct Cost

Subtotal 7

Unit Unit Cost

Each $35,000
LS $200.000
LS $150,000
LS $200,000
LS $200,000
LS $300,000
L.S. $50,000
m’ $3.20
m’ $7.30
L.S. $250,000
L.S. $350,000
km $147,600

Quantity

_— — = - = N

i
855,000
1,050,000
1
1
0.5

5%
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Amount

$70,000
$200,000
$150,000
$200,000
$200,000

$300,000
$1,120,000

$50,000
$2,736,000
$7,665,000
$250,000
$350,000
$73,800

$555,000
$11,679,800

$50,960,000
$7,800,000
$58,760,000
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PUMPING FACILITIES
Description Unit  Unit Cost Quantity Amount
1 GENERAL
1.1 Mobilization and Demobilization LS $1.500,000
1.2 Temporary Access km $115,200 1 $115,200
1.3 Construction Camp Each $750,000 1 $750,000
1.4 Temporary Facilities Each $295,000 1 $295.000
Subtotal 1 $2,660,200
1 CIVIL WORKS
1.1 Excavation
1.1.1 Cellular Cofferdam LS $1,000,000 1 $1.000,000
1.1.2 Overburden Excavation m’ $3.70 160,000 $592,000
1.1.3 Rock Excavation m’ $9.20 240,000 $2,208,000
1.2 Pumping Station
1.2.1 Mass Concrete m’ $116.00 20,900 $2,424.,400
1.2.2 Structural Concrete m’ $145.00 2,000 $290,000
1.2.3 Formwork $46.80 22,900 $1,071,720
1.2.4 Steel Reinforcement $1,320 916.0 $1,209,120
1.2.5 Roof, siding, windows, doors, etc $310 5,900 $1,829,000
1.2.6 Miscellaneous % 5% $340,000
1.3 Ancillary Facilities
1.3.1 Access Road km $145,000 1 $145,000
1.3.2 Parking Area LS $50,000 1 $50,000
1.3.3 Lighting, Landscaping, Drainage etc. LS $100,000 1 $100,000
1.3.4 Modifications to Low Level Qutlet LS $250,000 1 $250,000
Subtotal 2 $11,509,240
3 PUMPING EQUIPMENT
3.1 Pumping Equipment
3.1.1 Trashracks Each $25,000 16 $400,000
3.1.2 Draft Tube Gates (3m x 6 m) Each $125,000 4 $500,000
3.1.3 Upper Stage Pump/Motor Unit (26 MW) Each $5,800,000 4 $23,200,000
3.1.4 Lower Stage Pump/Motor Unit (13.5 MW) Each $3,700,000 4 $14,800,000
3.1.5 Main Valves (2.30 m dia) Each $450,000 4 $1,800,000
3.1.6 Main Valves (2.75 m dia) Each $550,000 4 $2,200,000
3.1.7 Penstocks Ton $6,000 600 $3,600,000

3.1.8 Guard Valves (2.75 m dia) Each $350,000 4 $1,400,000
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Description
3.2 Miscellaneous Mechanical
3.2.1 Gantry Crane
3.2.2 Draft Tube Gate Crane
3.2.3 General
3.3 Miscellaneous Electrical
3.3.1 Main Power Transformer -30 MVA
3.3.2 Take-off Structures & OH lines to Switchyard
3.3.3 Switchgear - 13.8 kV
3.3.4 Station Service Transformer
3.3.5 Stand-by Diesel Generator
3.3.6 Station Auxiliaries (light, HVAC, etc.)
3.3.7 Control and Communication Equip
3.3.8 Cabling, MV & LV Power, Cont/Comm
Subtotal 3
4 TRANSMISSION SYSTEM
4.1 Toabre Substation
4.2 Penonome Switchyard
4.3 230-kV Transmission Line
4.3.1 Civil Works (survey, Found., Struc.)
4.3.2 Conductors and Shield Wire
4.3.3 Insulators and Accessories
4.3.4 Grounding and Miscellaneous
4.4 13.8 kV Transmission Line to Cocle del Norte
Subtotal 4

Subtotal Direct Cost (rounded)
Contingency
Direct Cost

Unit

Each
Each
LS

Each
LS
LS

Each

Each
LS
LS
LS

LS
LS

km
km
km
LS
km

Unit Cost

$750,000
$250,000
$2,500,000

$400,000
$250,000
$120,000
$50,000
$250,000
$750,000
$1,000,000
$400,000

$3,500,000
$2,500,000

$62,500
$62,500
$31,250
$400,000
$17,000

Quantity

[

e TR S

65
65
65

20

= em e
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Amount

$750.000
$250,000
$2,500,000

$1,600.000
$250,000
$120,000
$200,000
$500,000
$750,000
$1,000,000
$400,000
$56,220,000

$3,500,000
$2,500,000

$4,062,500
$4,062,500
$2,031,250
$400,000
$340,000
$16,896,250

$87,290,000
$17,390,000
$104,680,000
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RESERVOIR CLEARING

Description Unit Unit Cost
1 GENERAL

1.1 Mobilization and Demobilization LS

1.2 Temporary Facilities LS

Subtotal 1

2 RESERVOIR CLEARING

2.1 Cocle del Norte Reservoir FSL 35 (to El 40) ha $2,200

Subtotal Direct Cost (rounded)
Contingency
Direct Cost

Quantity Amount

$150,000
$50,000
$200,000

2,600 $5,720,000
$5,920,000

$890,000
$6,810,000
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The Low Coclé del Norte Water Supply Project Exhibits

5-10
5-11

EXHIBITS

Title

Project Location Map

Regional Isohyetal Map

Drainage Configuration of the Coclé del Norte Basin
Regional Geologic Map

Location of Stream Gages and Rainfall Stations

Probable Maximum Flood Hydrograph, Entire Basin

Probable Maximum Flood Hydrograph, Excluding Toabré Dam Drainage
Seismicity of Panama

Area and Volume vs. Elevation

General Plan of Development

Low Coclé del Norte Dam, Plan

Low Coclé€ del Norte Dam, Profile, Typical Cross Sections and Details
Low Coclé€ del Norte Spillway, Plan, Sections and Upstream Elevation
Low Coclé del Norte River Diversion Facilities, Plan and Typical Cross
Sections

Low Coclé€ del Norte Diversion and Emergency Drawdown Facilities,
Profile and Details

Low Coclé del Norte Project, Coclecito Protection, Plan

Low Coclé del Norte Project, Coclecito Protection, Plan and Sections
Toabré Pumping Station, Plan and Elevation

Toabré Pumping Station, Typical Sections and Plan at El. 29

Low Coclé del Norte Project, Access Roads and Transmission Line
Alignment

Implementation Schedule
Construction Schedule (2 Sheets)
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