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FOREWORD

The studies described in this appendix have been performed in accordance with the scope
of services for Contract CC3-5-536 - Work Order 005, Feasibility Design and Related
Services for the Coclé del Norte and Cafio Sucio Water Supply Projects entered into on
June, 2000. This appendix covers the selection of the type of dam for the Coclé del Norte
project to be further evaluated in the feasibility studies.

These studies have been prepared using the following basic information:

* Reconnaissance Study: Identification, Definition, and Evaluation of Water
Supply Projects, prepared by the U.S. Army Corps of Engineers, Mobile
District, dated August 1999;

* Topographic mapping of areas of the proposed dam site prepared by
Ingenieria Avanzada, S.A. under subcontract to MWH. Services were
completed and submitted to the ACP under Contract CC-3-536, Task Order 2.
Altimetric and Planimetric Surveys of 13 sites located on the Western Side of
Lake Gatun;

e Additional topographic mapping of the dam site developed by digitizing
1:50,000 scale maps obtained from Instituto Geografico Nacional (Tommy
Guardia);

® Geological and geotechnical information obtained from two dam site
exploration and mapping field programs, and a construction materials
investigation program, including both test pit sampling and laboratory testing,
and;

® The results of hydrology and meteorology studies presented in the companion
Appendix A.

The planned subsurface exploration program comprising boreholes and seismic refraction
was not performed.

Coclé€ del Norte and Cafio Sucio Water Supply Projects
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1 INTRODUCTION

As part of a reconnaissance study, the Mobile District assisted ACP to identify and rank
17 water supply projects to augment the existing canal water supply system. The Rio
Coclé Del Norte Water Supply Project was identified as one of the highest ranked
projects, and has been selected for study at the feasibility level. The dam site selected in
the reconnaissance study is located about 15 km inland from the Atlantic Ocean on the
north-flowing Rio Coclé Del Norte, Exhibit 1. The location was selected to provide the
maximum size reservoir.  Three reservoir elevations were considered in the
reconnaissance study: 65 m above mean sea level (El. 65), El. 80 and El. 100. The
maximum reservoir elevation is limited to El. 100 by topography. For a normal pool
level of El. 100, saddle dams are required.

The dam type selected in the reconnaissance study was a center core rockfill dam with a
crest at El. 83.5, providing a full supply level of El. 80.0, and a maximum reservoir flood
level of El. 82.5. An ungated spillway was located on the right abutment. The proposed
spillway had a crest width of 346 m and a capacity of 5,346 m’/s. The spillway chute
was proposed as a sloped and stepped natural rock cut channel.

The project also included a hydropower facility at the dam, a transmission line, and, for
alternatives with a full supply level below El. 80.0, an 18 km inter-basin water transfer
tunnel to the proposed Rio Indio Water Supply Project. The Rio Coclé Del Norte Water
Supply Project with a full supply level at El. 100.0 was connected to the Rio Indio Water
Supply Project via the proposed Rio Cafio Sucio Water Supply Project and a 2 km inter-
basin water transfer tunnel. In addition, the project included construction of access roads
and other facilities required for this remote location. Exhibit 2 is an area map showing
the reservoir and some of the proposed project features in relation to the proposed Rio
Indio Water Supply Project and Lake Gatun.

Coclé€ del Norte and Cafio Sucio Water Supply Projects
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2 DAM TYPES AND DEVELOPMENT CRITERIA

This section contains a description of the types of dams that have been considered and the
criteria used in sizing the facilities and appurtenant features. Features common to all dam
types are also identified, but not included in subsequent comparison.

2.1 General Criteria

During the feasibility assessment, at least two project configurations will be studied; a
reservoir with a full supply level at El. 100 connecting through the proposed Caiio Sucio
Reservoir to the proposed Rio Indio Reservoir, and a reservoir with a full supply level
between El. 100 and El. 65 directly connected to the proposed Rio Indio Reservoir. The
dam type selected as a result of these studies will be appropriate for either reservoir.

General criteria have been established primarily for the dam type selection. It is
anticipated that they will be modified as a result of additional studies performed to
optimize the selected dam, as well as the results of the planned geotechnical exploration
program. The general criteria for dam type selection are as follows:

e The dam will be located at the damsite identified in the reconnaissance study;

¢ The reservoir full supply level will be at El. 80;

¢ The reservoir low supply level will be at El. 60:;

* An ungated spillway width of 50 m was selected. This limits flood surcharge
to El. 83.4, and;

* The dam crest will be at El. 82.4 with an upstream parapet wall to EL. 84 4.

As a result of these criteria, the gross storage at full supply level will be 7,500 million
cubic meters (MCM). The live storage between EL 80 and El. 60 is estimated to be 4 400
MCM [from El. 80 to El. 50 the active storage is 5,700 MCM].

Coclé¢ del Norte and Caiio Sucio Water Supply Projects
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Appendix D - Part 1 Dam Type Selection — Coclé del Norte

2.2 Alternative Dam Types

The dam types considered for this study are the following:

Alternative Dam Types Abbreviation
1 Concrete Faced Rockfill Dam CFRD
R
5 oller Compacted Concrete RCC
Dam
C - -
3 onventional Gravity CGCD
Concrete Dam
4 Earth Core Rockfill Dam ECRD

Alternatives 3 and 4 were considered, but not carried forward for study for the following
reasons:

Alternative 3, Conventional Gravity Concrete Dam, will have the same basic
geometry as Alternative 2, RCC. Experience over the last 15-20 years is that
RCC gravity dam unit construction costs are lower than those for conventional
gravity dams, primarily owing to the lower cement content (and therefore cost), as
well as less formwork and faster construction. Cost comparisons performed for
the Rio Indio and the Rio Cafio Sucio Water Supply Project dams showed the
RCC alternative to cost less than a conventional gravity concrete dam. Therefore,
Alternative 2 is expected to provide the same benefits and reliability at lower cost.
Consequently, a conventional gravity concrete dam was not considered further.

Alternative 4, Earth Core Rockfill Dam, requires a substantial source of suitable
impervious material for the core, as well as a relatively long dry season
construction period. As presented in Appendix B, Geology, and discussed in
Section 3 of this appendix, suitable sources and quantities of impervious material
were not located in the vicinity of the dam site. Some heterogeneous sources of
impervious materials were identified near the site, and residual soils are available

Coclé del Norte and Cafio Sucio Water Supply Projects
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Appendix D - Part 1 Dam Type Selection — Coclé del Norte

around the dam site. If of sufficient quantity, these sources would require a piece-
meal exploitation procedure resulting in higher costs and unfavorable
environmental consequences. The quality of the materials is also quite variable
impacting the overall quality of any potential core constructed using them.
Experience has shown that unless there are suitable sources of core material in
close proximity to the dam site, a CFRD is more economical than an ECRD. In
addition, the average annual rainfall is in excess of 4,000 mm, and the extended
wet season of eight months, will result in a longer construction period for this
type of dam than for a CFRD and at a higher cost. The longer construction period
will require increased flood protection for similar levels of protection, also
resulting in higher cost. The ECRD alternative was, therefore, discarded, and was
not considered further.

2.3 Dam Site Location

The dam site is located on the Rio Coclé del Norte about 1 km downstream of Cerro
Pelado, and approximately 4 km upstream of the village of San Lucas. It is about 5.5 km
downstream of the confluence with the Rio Toabre, and 13 km from the mouth of the Rio
Coclé del Norte with the Atlantic Ocean. The axis used for this study was selected
primarily to maximize storage and for topographical considerations. It takes advantage
of a relatively narrow reach of river valley to reduce the volume of the dam types,
provides adequate space for cofferdam and diversion facilities, and does not present any
adverse access difficulties. The final alignment of the dam will be confirmed following
the site investigation program during final design.

2.4 Spillway Design Flood

The spillway will be designed for the probable maximum flood (PMF). For a project
whose failure would 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, i.e. the
probable maximum precipitation (PMP) resulting in the PMF.

Estimating the PMF consists of analyzing the basic factors that cause the occurrences of
great floods, maximizing these factors to their highest reasonable physical limits, and

Coclé del Norte and Cafio Sucio Water Supply Projects
@ mwH / Tans

1 a0t 1y s

D1-5



Appendix D — Part 1 Dam Type Selection — Coclé del Norte

then combining them within acceptable conditions from a hydrologic point of view, in a
manner which produces the maximum flood. The studies to determine the PMF are
presented in Appendix A, Hydrology and Meteorology.

The maximum peak inflow of the PMF is estimated to be 10,460 m’/s. The PMF has a 5-
day volume of about 988 MCM.

2.5 Diversion Flood and Diversion Works

The selected diversion flood will impact the cost of the diversion tunnel (or culvert) and
cofferdams. For this dam type selection study, the following aspects of dam construction
were taken into consideration:

1. Conversion of the diversion tunnel to a low level outlet for control of
reservoir filling and emergency drawdown of the reservoir;

2. The length of time and cost of repair to critical components of the project
that would be subject to damage due to flooding during construction, and;

3. Diversion structure cost differences for alternative dam types.

At this stage of study, the length of time at risk and cost of repair to components of the
project that could be impacted by a flood during construction cannot be differentiated
with any certainty. Both RCC and CFRD-type dams will be constructed to a level above
proposed upstream cofferdam elevations in two to three years after diversion facilities are
completed. Therefore, the diversion flood for the two alternative dam types for this study
will be the same. There is less than a 5% probability that a flood greater in magnitude
than the 50-year return period flood will occur in two years. A sensitivity analysis to
selecting a more frequent flood peak for the RCC alternative is presented in Section 5.1.1
of this appendix.

The diversion cost for the alternative dam types is a function of optimizing the cost of the
cofferdam against diversion tunnel cost. As the cofferdam is lowered, the diversion
tunnel must be increased in size and cost.

Coclé del Norte and Cafio Sucio Water Supply Projects
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Flood peaks for selected return periods from Appendix A, and are presented below:

Return Period (Years) Flood Peak (m3/s)
2 1,295
5 1,925
10 2,430
20 2,995
50 3,860
100 4,610

Hydraulic analyses for several alternative diversion flood cases and diversion facilities
have been prepared. They are presented in Attachment 1, Hydraulic Analysis for Design
of Diversion Tunnel and Cofferdam. The 50-year return period flood was selected. The
analysis includes development of a tailwater rating curve, diversion tunnel/culvert
analysis and reservoir routing of the selected floods for several diversion tunnel/culvert
sizes. Flood routing analysis showed that, as for the PMF, the diversion flood is
substantially attenuated by the cofferdam and diversion tunnel arrangements being
considered. Tunnel size/cofferdam height optimization studies show that the minimum
diversion tunnel/culvert size for conversion to an emergency drawdown outlet will result
in the lowest overall diversion cost.

The minimum size of the diversion tunnel/culvert is determined by drawdown
requirements during filling and operation. Provision of drawdown capability is most
easily and cost effectively achieved by conversion of the diversion facilities to a low level
outlet. For this dam type selection study the following criteria and assumptions were
adopted for sizing the emergency drawdown facilities:

1. Drawdown requirements were adopted for a significant hazard, significant risk
dam in accordance with U.S.B.R. ACER Technical Memorandum No. 3, 1982

2. The average annual inflow is 107.5 m3/s;

3. A provision for sediment build-up will be made.

Emergency drawdown studies are presented in Attachment 1. Three D-shaped diversion
tunnels of 6, 8, and 10 m were sized for diversion of the construction flood. Drawdown

Coclé del Norte and Cafio Sucio Water Supply Projects
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studies showed that the 6 m diameter tunnel did not meet the emergency drawdown
guidelines, even concurrently using a Coclé del Norte to Indio transfer tunnel of 8 m
diameter. The 8 m diameter diversion tunnel alone also does not meet all of the guideline
times for drawdown, but may be acceptably close. Operated in conjunction with the
transfer tunnel, the 8 m diversion tunnel does meet guidelines. Therefore, the 8 m
diameter tunnel is selected for diversion and conversion to an emergency drawdown
facility.

Preliminary layouts have been prepared for a diversion tunnel. The dam site topography
favors a diversion tunnel through the left abutment. The design flood and diversion
facilities selected for the dam type study are:

1. The 50-year event, with a peak inflow of 3,860 m’/s, is selected as the design
flood;

2. The diversion tunnel will be an 8.0-m-diameter, D-shaped tunnel. The CFRD
alternative requires a 530 m long tunnel, and the RCC dam alternative
requires a 440 m long tunnel. It will be located in the left abutment. An
access shaft adjacent to the crest centerline on the left abutment will provide
access to the emergency drawdown gates.

3. Maximum discharge of the diversion tunnel will be 650 m’/s;

4. The upstream cofferdam will be sized to retain a flood with a peak elevation
of El. 22.3. The cofferdam will have a crest at El. 22.5 m, and;

5. The downstream cofferdam will have a crest at El. 4.0 m.

2.6 Spillways

In the reconnaissance study, the USACE selected an ungated spillway located on the left
abutment. It was proposed with a crest width of 346 m (measured as the open width of
the control structure) and a capacity of 5,346 m’/s and a sloped and/or stepped natural
rock cut channel spillway chute. Review of the supporting cost information showed this
to be a relatively expensive spillway arrangement.

ACP has indicated a preference for an ungated spillway because of its lower operation
and maintenance costs. From earlier studies of spillways for the hydraulically similar Rio

Coclé del Norte and Caiio Sucio Water Supply Projects
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Indio Water Supply Project, ungated and gated spillways of this capacity were
determined to have substantially the same initial construction cost for CFRD dams. The
RCC dam alternative was also of similar cost for both ungated and gated spillways.

Therefore, for this dam type selection analysis, the crest of the ungated spillway was set
at El. 80.0, and flood routing performed for several widths with hydraulic widths varying
from 25 m to 346 m (selected for the Reconnaissance study). These are presented in
Attachment 2, Evaluation of Spillway Sizes and Estimation of Freeboard for Rio Indio
Project. The flood routing showed that the reservoir provides substantial attenuation of
the inflow flood: the 346 m wide spillway limits the flood surcharge to El. 82.6 m, the 25
m wide spillway to El. 83.5 m. Dam and spillway cost studies performed for the similar
Rio Indio Water Supply Project demonstrated that the low cost combination of dam
(height) and spillway (width) option is for a spillway hydraulic crest width between 25
and 50 m. For the dam type selection study, an ungated spillway with a crest width of 50
m is selected, with a corresponding maximum water surface at E1.83 4.

2.6.1 Ungated Spillway for CFRD Alternative

Layouts for an ungated spillway adjacent to the CFRD showed the right abutment to have
preferable topographical characteristics. A spillway located on the left abutment would
result in the construction of a longer spillway chute through more variable topographical,
and potentially, geological terrain. The chute would also terminate at an unfavorable
angle to the downstream river channel, or would need to be increased in length.

The chute spillway would include an approach channel excavated to EL. 75. The spillway
ogee crest would be at El. 80.0, the reservoir full supply level. The selected spillway
width to pass the PMF is 50.0 m. The maximum discharge is 600 m’/s. A spillway
bridge will span the ogee from the dam crest to the right abutment. The spillway chute
will taper to 14 m at the flip bucket. The chute will have an overall length of about 250
m, and a drop of approximately 75 m. A smooth concrete chute will be provided with
training walls of about 4 m. The flip bucket will have a lip at El 4 that is one meter
above the expected maximum tailwater elevation under PMF conditions. All spillway
structures will be constructed of conventional mass or reinforced concrete founded on
rock. Anchors and drains under the spillway chute are also provided. The spillway will

Coclé del Norte and Cafio Sucio Water Supply Projects
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discharge back into the Rio Coclé Del Norte by means of a short excavated discharge
channel.

2.6.2 Ungated Spillway for RCC Alternative

The ungated spillway for the RCC alternative will be located on the dam and aligned to
discharge directly into the Rio Indio. It will include a crest at EL. 80.0 m and an open
crest width of 50 m. The crest road will be supported by means of two piers. A smooth
chute of conventional concrete will be provided with training walls. The spillway chute
will terminate in a flip bucket at El. 4.

2.7 Other Features

In addition to the dam and spillway, there are a number of other features that comprise or
are required for construction of the Rio Coclé del Norte Water Supply Project including:

o Cofferdams;

e Saddle Dams;

e Multi-level Outlet Structure;

e Hydropower Facilities;

e Access, and;

e Construction Area (laydown and around dam).

These are described below together with how they are addressed in the dam type
selection study.

2.7.1 Cofferdams

Cofferdams will be constructed upstream and downstream of the project works and will
be of sufficient height to protect the working area against flooding during the selected
diversion flood. The cofferdams will be constructed along an alignment approximately
parallel to the main dam at a location far enough upstream and downstream to avoid
conflicts between construction of the main dam and the cofferdam. For the dam type
selection study, a minimum distance of 25 m will be provided between the toe of the

Coclé del Norte and Cafio Sucio Water Supply Projects
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cofferdam and the foundation excavation limits. The upstream and downstream slopes of
the cofferdams will be 2.5H: 1V and 2H: 1V respectively. The cofferdams will be
constructed of compacted and dumped random fill on the in-situ alluvium. Less pervious
material will be placed on the water retaining face, and a filter and drain will be provided.
The crest width will be 5 m. Crest elevations, which are the same for both dam types, are
given in Section 2.5 Diversion Flood.

2.7.2 Saddle Dams

Creation of a reservoir with a normal full supply level at El. 80 m will not require
construction of saddle dams.

2.7.3 Multi-level Intake for Outlet Structure

Provisions for a multi-level intake for the outlet structure may be required for the Rio
Coclé Del Norte Water Supply Project to provide control of water quality for ecological
downstream releases. The outlet structure will be capable of releases at various
elevations from EL 80.0, the normal reservoir elevation to EL. 10.0, approximately 10 m
above the current river elevation. If required, the outlet structure would be sized to
provide the minimum release presented in the USACE’s HEC-5 analyses, of 10.9 m’/s.
This is assumed to be the seven-day low flow exceeded 10% of the time (7Q10).

The relatively small multi-level outlet structure will be constructed on the upstream face
of the RCC and CFRD dam type alternatives. Slide gates or valves will be housed in the
intake structure. Operation of valves at selected elevations will provide withdrawal at the
required level. Discharge will be through the intake structure to a steel pipe located at
dam foundation elevation. The required pipe diameter is 2.2 m. The pipe will terminate
at control valve and flume for measurement and variation of required minimum releases.
A bifurcation will be included for possible future addition of hydropower. Differences in
complexity and cost are too small to be captured in this dam type comparison study.
Therefore, the multi-level outlet structure is not included in the dam type selection cost
comparison.

Cocl€ del Norte and Caiio Sucio Water Supply Projects
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Appendix D - Part 1 Dam Type Selection — Coclé del Norte

2.7.4 Hydropower Facilities

The project has been planned with provision for incorporating hydroelectric generation.
On-going studies are being performed to identify the generation potential and the
hydropower facilities that will be constructed at the Rio Coclé Del Norte dam as well as
at the trans-basin transfer tunnel to Rio Indio and Lake Gatun. These are dependent on
future operation studies for the combined Rio Coclé Del Norte and Rio Indio Water
Supply Projects.

For the dam type selection studies, the principal cost difference is the intake structure and
power tunnel required for the CFRD alternative. The hydropower tunnel will not be
larger than the diversion and low-level outlet tunnel. A potential location for the power
tunnel will be identified and, using cost estimates derived from the diversion and low
level outlet tunnel, an order of magnitude cost estimate will be made for the addition of a
power tunnel for the CFRD alternative.

2.7.5 Access

New access roads (and bridges) to the dam site and to quarries will be required. Access
roads are not specifically included in the dam type selection study as cost differences are
small and have not been defined.

2.7.6 Construction

Construction camps and facilities will be required prior to commencement of the main
Rio Coclé Del Norte dam and facilities construction contract. For the dam type selection
study, they have been estimated to be similar and have not been included in comparative
cost estimates. The RCC dam will require specific installations for material storage and
handling and the costs of these installations are included in the general costs of the RCC.

Coclé del Norte and Cano Sucio Water Supply Projects
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3 GEOLOGIC AND GEOTECHNICAL CHARACTERISTICS

Geologic and geotechnical information used as the basis for input to the dam type
selection process was obtained during two visits to the proposed Rio Coclé del Norte dam
site, one in September 1999 and another in December 2001. Investigations included
general reconnaissance of the project area, basic geologic mapping at the damsite and
appurtenant structures, identification of potential construction material sources, and
material sampling and testing. Although further investigations to investigate subsurface
conditions by drilling and geophysical surveys have been planned, the results of these
additional investigations were not available for the dam type selection study.

Only those geologic and geotechnical characteristics pertinent to the dam selection
studies are addressed in this section. A more detailed description of the local geology
and geotechnical characteristics is contained in Appendix B, Geology and Seismicity, of
the main report.

3.1 Site Geology

Bedrock units at the' Rio Coclé del Norte dam site area consist of Tertiary age volcanic
rocks, mostly basalt flows with minor agglomerate units, belonging to the Tucué
Formation. Other volcanic and intrusive igneous formations occur in the reservoir area
belonging to the Petaquilla Formation. Sedimentary rock units also occur in the Coclé
del Norte region but based on site reconnaissance, there is no evidence that they occur in
the dam site area.

At the dam site, the Rio Coclé del Norte flows north, forming a relatively steep-sided
valley. The river is only slightly above sea level at the site and minor tidal fluctuations
(reportedly up to 30 cm) are evident. The sides of the river rise steeply to a little over
100 m on the left side and to above 140 m on the right side. The width of the valley
bottom at the site varies, but averages about 100 m with the streambed occupying about
50-80 m.
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Both abutments are densely vegetated with primary and secondary forest growth, and are
almost entirely covered with talus, colluvial, and residual soils. Most of the dam site area
is characterized by a moderately deep weathered profile with locally thick soil cover
typical of the sub-tropical climate.

Small, scattered rock outcrops can be observed throughout the site area on both
abutments, especially in gullies. Bedrock at the dam site is found to consist mostly of
porphyritic basalt and, less commonly of basic agglomerate. The basalt is thick-bedded
to massive in nature. Based upon reconnaissance mapping and test pits, it is considered
that the same rock types occur in the foundation areas of all proposed principal structures
and on both sides of the river. It is also interpreted that sound, strong bedrock can be
reached at reasonable depths at most structure locations.

River terrace deposits are found along the valley at many locations, mostly at about 5-10
m above present river level, on the inside of meanders, and at the confluence of
tributaries. The terrace deposits appear to be largely silty-sand and clayey-silt. No
significant gravel deposits have been found.

3.2 Materials Available for Construction

Materials available in the vicinity of the proposed dam site include alluvial deposits in
terraces and the river bottom, overburden, and rockfill from quarry operations.

Alluvial Deposits. Small alluvial terraces are found at various locations along the
river and are found to consist of clayey and sandy silt with fragments of
weathered basalt. These are limited in size and volume and do not provide a
suitable resource for construction materials. Gravel deposits in the river bottom
are used as a source of materials by local inhabitants but are also thought to be
limited in quantity for use in dam construction as zone material in fill dams or as
concrete aggregate.

Colluvial and Residual Soils. Based on current interpretations of overburden
conditions in the vicinity of the proposed dam site, the overburden in this area can
be classified as a bouldery and gravely silty clay or clayey silt with sand. Such
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overburden could be suitable for use in random fills for access roads, ramps or in
cofferdams, and also as random fill zones for a zoned earthfill dam type.
However, it is considered that the predominance of boulder-sized, weathered
basalt blocks precludes the overburden from use as a core material, or as either
coarse or fine filter zones in a zoned fill dam alternative. Removing boulder-sized
blocks from the overburden could potentially produce core material, but alteration
of the remaining cobble sized fragments due to breakage could lead to a gap-
graded or open graded material in-place. Although most of the bedrock in the
project area is covered by horizons of talus, colluvial, and residual soils, it is
thought that the relatively shallow depth of overburden at the dam site would
necessitate opening other additional borrow sources.

Basalt. Bedrock throughout the dam site area consists of basalt rock units.
Rockfill could be obtained from materials removed from the required excavations
(e.g. spillway and diversion tunnel excavation). However, the quantities of
rockfill required for a fill dam type would most likely require opening of one or
more rock quarries in the area in addition to use of materials from required
excavation. The area downstream of the proposed dam site on the right side of
the Rio Coclé del Norte contains high hills that could be stripped and opened as
quarries. This currently seems to be the most attractive location for quarry
operations to supply not only rockfill for dam construction, but also coarse
aggregate for concrete and filters.

No suitable natural sand deposits were identified in the vicinity of the Project site for
potential use as fine aggregate for concrete during the site investigations. Investigations
of terrace deposits along the sides of the river indicated that these materials may be sandy
or contain some quantity of sand, but further exploration of these features could not be
carried out due to suspension of site investigation activities in December, 2001. Due to
the low ground surface elevation of the lower terraces above the river level, excavation of
suitable quantities of materials from these terraces, if found to contain suitable materials,
would be difficulit.

Helicopter reconnaissance of the Caribbean shoreline on either side of the mouth of the
Rio Coclé del Norte was carried out. The shoreline in both directions can be described as

Coclé del Norte and Cafio Sucio Water Supply Projects
@ mwH /TS

DI1-15



Appendix D — Part 1 Dam Type Selection — Cocl€ del Norte

rocky with many outcrops of basalt bedrock. Small sand beaches were identified, and
local people have reportedly used the beach sand for construction purposes in the area;
however, it is doubtful that these beaches could successfully yield adequate quantities of
sand suitable for construction. There may be offshore sources of sand that could be
mined and transported to the Project site via the Rio Coclé del Norte; but the existence
and adequacy of such sources is purely speculative, and could not be confirmed during
the site investigations activities.

Given the above observations, the most promising source of fine concrete aggregate may
come from quarry operations such as those described for use in producing coarse
aggregates. '

3.3 Geotechnical and Geologic Design Considerations

Generally, the geologic and geotechnical factors that most influence selection of dam type
fall into the following categories:

e General foundation bedrock acceptability, including sliding resistance and
deformation characteristics of foundation;

e Required excavation depths to achieve acceptable foundation materials;

e Measures required to treat the foundation to improve physical properties and
control leakage;

e Long-term performance of the foundation under normal operation conditions and
extreme events, especially earthquake; and

e Auvailability of suitable construction materials.

Such geological and geotechnical factors can have direct influence on the development of
comparative construction costs and were taken into consideration during the study of dam
type alternatives. However, in the absence of subsurface investigation data, the process
had to be based on qualitative evaluations involving engineering judgment and previous
experience in similar geological environments.

Foundation Bedrock Characteristics. In general, the basaltic foundation
bedrock at the site should provide an excellent foundation for all types of
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structures being considered. This type of foundation material is not expected to
present any significant constraints on project development that cannot be taken
care of with appropriate design details and construction practices.

» Bearing Capacity. The basaltic bedrock units at the site are strong and are
expected to present adequate bearing capacity to support any of the
structures being considered. Differential settlements should not be a
concern with this type of foundation. Data from subsurface investigation
and testing will be needed to develop design and construction details for
foundation treatment.

* Resistance to Sliding. The basalt should provide adequate resistance to
sliding along discontinuities and at foundation-structure interfaces,
provided excavation depths are sufficient to achieve fresh sound bedrock.

Excavation Depths. Based upon observations made at the site and comparison
with rock types elsewhere in similar environments, an average overburden
thickness of 3 m can be assumed, i.e. depth to top of weathered rock. An average
depth to the top of competent rock can be assumed to be about 6 m. These values
can be used in the development of preliminary layouts and in the computation of
quantity takeoffs for cost estimates. Actual depths and characteristics of
weathering need to be properly investigated by drilling and geophysical
exploration since these are very sensitive inputs to the cost estimates.

Foundation Improvement, Treatment, and Long-Term Performance. No
special foundation improvement or treatment measures are expected for the Rio
Coclé del Norte site that would influence selection of one dam type over another.
Similarly, the basalt bedrock is expected to perform satisfactorily over the lifetime
of the project without adverse deterioration.

Natural Slope Stability. No large mass movements are expected to affect the
reservoir, but the effect of saturation, say after intense rainfall, on the stability of
residual soils and saprolites needs to be properly evaluated. This could be
significant in design of safe spillway cuts.

Coclé del Norte and Cafio Sucio Water Supply Projects
@ mwH / THHS

D1-17



Appendix D — Part | Dam Type Selection — Coclé del Norte

Construction Materials. Basalt from required excavation, provided it is not
entirely decomposed, could be used as rockfill material. All grades of rockfill
could be satisfactorily developed from one or more quarries in basalt. All
aggregates (including coarse and fine aggregates for concrete, filters, drains, and
riprap) need to be manufactured from quarried sources located within a 3-4 km
distance of the dam site. Economic sources of impervious fill are not available.

Geotechnical design criteria used for developing preliminary layouts and cost estimates
for dam type selection are presented in Table 1, following:

Table 1: Summary of Geotechnical Design Parameters

Parameter Selected Design Criteria

Thickness of overburden 3m
(top of weathered rock)

Depth to top of competent rock 6 m
Rock excavation slopes THS5V

Soil excavation slopes
Permanent 2H:1V
3-m-wide benches every 10 m vertically
Bench at soil-rock contact

Temporary 1L5H:1V
3-m-wide benches every 10 m vertically
Bench at soil-rock contact
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4 ALTERNATIVE DAM TYPE LAYOUTS

This section gives a brief description of both of the alternative dam type development
concepts and highlights the pertinent differences between them.

4.1 Concrete Face Rockfill Dam

A site plan and profile of the concrete faced rockfill dam (CFRD) is presented in Exhibit
3. The general arrangement shows the dam, cofferdams, and diversion culvert alignment.
Exhibit 4 shows the CFRD ungated spillway plan, profile and section.

The centerline of the dam alignment was selected to minimize excavation and fill
volume. The alignment will be confirmed during subsequent studies of the selected dam
type to include any additional information from planned geotechnical explorations. The
upstream and downstream cofferdams were located to provide adequate construction and
laydown areas while minimizing the length of diversion culvert. The minimum distance
to the upstream cofferdam was established at 30 m. This provides working space for the
construction of the required grouting curtain at the toe of the main dam. In addition to
consolidation grouting beneath the plinth of the CFRD and the heel of the RCC dam
alternatives, a grout curtain cutoff will be constructed to a depth of 40% of the hydraulic
head. The minimum distance to the downstream cofferdam is 40 m.

The CFRD will be constructed of selected rockfill obtained from adjacent or nearby rock
quarries. For the dam type selection, the slopes of both the upstream and downstream
faces are 1.4H:1.0V, reflecting the relatively low seismicity of the location. These slopes
will be optimized during subsequent studies when stability analyses are performed. An
upstream parapet wall extending 2 m above the fill, and a downstream retaining wall of
1 m, will form the dam crest respectively.

The dam will be constructed with a conventional reinforced concrete upstream facing as
an impermeable membrane. It will be designed to have (1) low permeability, (2)
sufficient durability against weathering, and (3) sufficient flexibility to tolerate small
expected embankment settlement. The concrete facing will be constructed of panels with
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intermediate vertical waterstops. A zone of fine gravel and sand will be placed beneath
the concrete face to provide continuous support for the concrete facing. The gravel
prevents movement of the sand bedding material that supports the concrete facing into
the main rockfill. The zone will be about 3 m thick. It is expected that this support zone
will be placed using an upstream-extruded concrete curb to provide confinement during -
compaction and protection against erosion during construction.

A reinforced concrete plinth, or toe slab (also used as the grouting platform), will be
placed upstream and under the toe of the concrete facing. This plinth will be extended
downstream, as needed, to lengthen the seepage path as required by the rock encountered.

The cofferdams will be constructed of random fill that will be obtained from portions of
the required excavation for the main dam, saddle dam and spillway. Placement of the
main dam fill will include construction of a filter drain. The diversion tunnel will be
located in the left abutment. It will be aligned to provide adequate rock cover, to
minimize tunnel length, and to facilitate conversion to a low level outlet for emergency
drawdown. The alignment permits construction of an access shaft in the left abutment
from the dam crest to an outlet control gate chamber in the diversion/low level outlet
tunnel. The access shaft has been located just downstream of the dam crest.

Pertinent data is provided in Table 2:
4.1.1 Ungated Spillway
The ungated spillway will be located in the right abutment. A crest road access bridge

will span the spillway channel over the control structure. The spillway, chute and flip
bucket are described in Section 2.6.1 Ungated Spillway for CFRD Alternative.
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Table 2: CRFD Design Parameters and Pertinent Data

Dam Section
CFRD
Alignment
Crest elevation
Parapet elevation

Maximum reservoir elevation

Crest width

Upstream slope
Downstream slope
Concrete face thickness
Transition fill thickness
Plinth width

Foundation
Plinth
Embankment

Material Volumes, m’
Rockfill
Filter for concrete
Concrete
Foundation excavation

Cofferdams
Upstream cofferdam
Alignment
Crest Elevation
Distance from dam

Downstream cofferdam
Alignment
Crest Elevation
Distance from dam

Crest width
Freeboard
Upstreamslope
Downstream slope
Foundation
Impervious Element
Shells

See Plan
824 m
84.4m
83.4m
8m
14H:1V
14H: 1V
0.3-0.5m,04m,av.
3m
4m

Competent rock
Weathered rock

3.487,000
226,000
49,000
477,000

See Plan
22.5m
25 m (min)

See Plan
3m
25 m (min)

Sm
Im
25H:1V
2H:1V

2m
2m
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4.2 Roller Compacted Concrete Dam

The site plan and profile for a RCC dam is presented in Exhibit 5, and spillway plans and
sections are shown in Exhibit 6. The centerline of the dam is located on the same axis as
the CRED. The cross section has been selected to provide adequate stability under the
prevailing site conditions (low-to-moderate seismicity and moderate foundation strength)
based on experience. The selected cross section will include a vertical upstream slope,
and a downstream slope of 0.75H:1V. The crest will be 8-m-wide at El. 82.4, with a
parapet wall to El. 84.4. An upstream cut-off grout curtain and an under-drainage system
will be constructed.

The current alternative assumes low-paste RCC, utilizing bedding mixes, as required,
particularly at the rock-concrete interface, and at the upstream end of each lift, and an
upstream impervious membrane, and drainage system. The impervious membrane and
drainage system will be connected to a conventional reinforced concrete gallery situated
above tailwater adjacent to the upstream toe. This gallery will be used for construction of
the grout curtain and drainage curtain.

Pertinent data is provided in Table 3:
4.2.1 Ungated Spillway

The ungated spillway will have the same hydraulic capacity as the CFRD ungated
spillway. It will be located on the RCC dam to discharge directly by means of a chute
and flip bucket into the existing Rio Coclé del Norte channel. A crest access bridge will
be provided. The spillway will be constructed of conventional reinforced concrete.
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Table 3: RCC Design Parameters and Pertinent Data

Dam Section

Cofferdams

RCC and gravity
Alignment
Crest elevation
Parapet Elevation
Maximum reservoir elevatior
Crest width
Upstream slope
Downstreamslope

RCC uncompacted section
downstream

Foundation

Material Volumes, m’
RCC
Conventional concrete
Foundation excavation

Upstream cofferdam
Alignment
Crest Elevation
Distance fromdam

Downstream cofferdam
Alignment
Crest Elevation
Distance from dam

Crest width
Freeboard
Upstreamslope
Downstream slope
Foundation
Impervious Element
Shells

See Plan
824 m
2m
83.4m
8m
OH:1V
075H:1V

0.5m

Competent rock

1,020,000
63,000
245,000

See Plan
22.5m
25 m (min)

See Plan
3m
25 m (min)

Sm
1m
25H:1V
2H:1V

2m
2m
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5

EVALUATION OF THE ALTERNATIVE DAM TYPES

The objective of the dam type evaluation is to select the dam type to be included in the
project arrangement. The evaluation process will also be used to identify specific aspects
of the selected dam type that require additional study.

5.1 Factors Considered in Dam Type Selection

The evaluation of the alternative dam types is based on the following factors:

b

Construction cost;

Construction considerations;

Foundation considerations, and;

Operation and Maintenance considerations.

Both dam types have been developed to provide the same level of performance. The dam

types have been developed to:

Minimize the initial construction cost of the project by minimizing the dam
size for the selected design parameters; '
Minimize technical difficulties that might be encountered in project
construction through project configuration;

Account for potential foundation related difficulties that might become
apparent during future investigation programs, and;

Minimize project operation and maintenance costs, or the possibility of
encountering unique and difficult to solve remedial costs.

The alternative that best satisfies the stated objectives, and any other specific owner

requirements, will be the recommended alternative.
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5.1.1 Initial Construction Costs

To develop the initial construction costs for each alternative, preliminary quantities and
costs have been prepared. Only quantities and costs that are Judged to vary by alternative
have been estimated. The following common costs are not included in the cost estimates:

Access Roads;

Construction Facilities;

Trans-basin diversion tunnel;

Reservoir clearing;

Environmental and socio-economical costs, and;

A S o

Contingencies.

Unit costs have been estimated for use at this preliminary cost comparison level.
Attachment 3, Comparative Cost Estimate presents the costs for diversion and care of
water, the dam, the spillway and the low level outlet for selected quantities and unit costs
together with the basis for the unit costs.

Tables 4 below summarizes the resulting cost estimates for the alternatives considered,
including ungated and gated spillway alternatives.

Table 4: Summary of Comparative Costs

CFRD RCC
Component Ungated Ungated

US$ x million, 2002
Diversion and Care of Water 10.6 8.3
Dam 55.5 70.7
Spillway 6.5 1.9
Low Level Outlet 4.2 3.9
Total 76.8 84.8
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The comparative cost estimate shows the RCC alternative to be $8 million higher in cost,
10% higher that the CFRD alternative. The RCC dam type alternative is primarily
dependent on the unit cost of RCC. Historic RCC unit costs for a dam of this volume
range from $45/m’ to $75/m>. A sensitivity analysis showed that the unit cost of RCC
would need to be decreased by 15% (from $54/m’ to $46/m°) for the construction cost of
the RCC alternative to be equal to the construction costs of the CFRD alternative. In
addition, the cost of the RCC dam is more sensitive to changes in its estimated volume
than the CFRD dam as it 1s a larger percentage of the project cost. The volume could
vary as a result of foundation conditions, and result in significantly lower or higher cost
for the RCC dam alternative.

Construction scheduling could show that the RCC alternative is at lower:risk to flooding
than the CFRD alternative because of its shorter construction time. Flood routing studies
have shown that the proposed cofferdam and diversion tunnel arrangements significantly
attenuate the flood peak, and therefore, selection of a more frequent flood with a lower
flood peak does not significantly reduce the cofferdam height. The estimated cost of the
cofferdams for the RCC alternative is $4 million. Therefore, selection of a smaller
diversion flood will not result in the RCC dam type being the low cost alternative.

While the CFRD alternative is lower in cost than the RCC dam, addition of a hydropower
facility will be more costly. The principal difference in additional cost is for an intake
structure and power tunnel. The RCC alternative would have a lower cost intake
structure on its upstream face, and an integral power tunnel. Preliminary estimates for
the cost difference of an intake structure and a tunnel similar in size to the diversion
tunnel are $4-5 million. Therefore, the overall cost of the CFRD alternative with
hydropower facilities is lower than the RCC alternative with hydropower facilities.

The CFRD cost is less sensitive to unit cost or volume changes; for example, a 15%
change in rockfill unit cost or quantity results in a 9% change in alternative cost. Rockfill
unit cost of quantity would need to increase by 20% for the construction cost of the
CFRD alternative to be more that the RCC alternative.

The difference in initial construction cost between the RCC alternative and the CFRD
alternative favor the CFRD alternative. Contingencies have not been included on either
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quantities or unit costs. For the feasibility level estimate, contingency allowances will be
included for the following:

1. Uncertainties attributable to unforeseeable adverse geological conditions;

2. Variations in the cost of permanent equipment and resources for construction
due to changing market conditions;

3. Modifications in design resulting in an increase in construction cost;

4. Minor items not detailed at this time, and;

5. Overlooked and unforeseen items that may not be included in the present pre-
feasibility level quantity estimates.

The application of contingencies to provide reasonable coverage for the first two items
will further favor the CFRD alternative over the RCC alternative.

5.1.2 Construction Considerations
Construction considerations have been evaluated on the basis of the following objectives:

* Minimize the need for off-site materials;

* Minimize the duration of the construction activities;

* Minimize the consequences of flooding due to streamflow in excess of the
diversion dam floods, and;

e Maximize the use of available construction technology, 'specifically in
Panama.

Construction considerations do not clearly favor either of the dam alternatives, as
discussed below.

The CFRD alternative takes more advantage of local materials. Basically all
materials used for construction of the dam are found at relatively close distance to
the site of construction. Construction of the RCC dam requires importation of the
substantially larger quantities of cement from an offsite factory, or even from
outside of the country, and its transportation to the site. This could strain the
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highway system between the factory or the port, and the site, and is more
susceptible to the potential for delay.

In terms of construction planning, the most significant difference between the two
types of dam (CFRD and RCC) is the duration of the construction period. The
overall construction of the RCC dam is anticipated to take approximately 32
months with 14 months for preparation, including, the diversion tunnel,
cofferdams, quarrying aggregate, foundation preparation, etc., 10 months for
construction of the dam, and main components, and 8 months for finishing works.
The construction of the CFRD will require the excavation of nearly 3,900,000 m’
of rock. This is anticipated to take approximately 40 months at 100,000
m’/month. Preparatory and finishing works of 6 to 9 months will result in an
overall construction period of approximately 48 months. However, if the Rio
Coclé del Norte Water Supply Project includes the trans-basin diversion tunnel to
Rio Indio, tunnel construction will determine the overall construction period,
making dam type selection independent of construction time.

The effect of flooding during construction does not clearly favor either of the
alternatives. The RCC dam is resistant to damage by overtopping but its vital
placement equipment, processing plant and material stockpiles may be damaged
during the flood, if they are not adequately protected or located. The CFRD can
be designed and constructed to withstand overtopping almost as effectively as an
RCC dam. Interruption in placement of the CFRD would have less impact.

The CFRD alternative has a definite advantage when previous local experience is
considered. Fortuna dam is a 100-m-high CFRD, and was commissioned a few
years ago, and the Barrigon dam, a 60-m-high CFRD, part of the Esti
Hydroelectric Project, is currently under construction. No RCC dams have been
constructed in Panama.
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5.1.3 Foundation Considerations

Foundation considerations have been evaluated on the basis of the following objectives:

* Minimize impact of potential adverse foundation conditions resulting from
future investigations;

* Minimize concerns relating to the foundation strength characteristics;

e Minimize potential for differential deformation, and;

* Minimize potential for seepage through the foundation.

The foundation is an integral part of any dam, as it provides support to the dam body, and
continuity to the water-tightness element of the dam. To perform these functions, the
foundation material should have certain minimal attributes:

* The foundation should have a strength comparable or superior to the strength
of the material being placed on top, and

® The foundation should be of low permeability, or else, it should be possible to
treat it by grouting or other means to reach a low permeability.

The known characteristics of the site equally favor the selection of either dam alternative.
The rock formation found in outcrop, and assumed to extend throughout the site is basalt,
which is suitable for both dam types. The competency and frequency of observed
outcrops indicate relatively shallow foundation levels. However, should foundation
conditions be less favorable than anticipated, the CFRD would be less impacted. This is
because a CFRD does not need to be completely founded on competent rock; only the
plinth (toe slab) and the upstream end of the fill need to be founded on competent rock.
Recently, appropriately designed CFRD dams have been founded on weathered rock and
low compressibility saprolites. Additionally, in designing fill dams, such as a CFRD, it is
easier to accommodate differential deformations associated with less competent
foundations. Therefore, while it is not anticipated this inherent capability of CFRD will
offer a significant advantage at this damsite, if the proposed site exploration program
reveals poorer rock foundations than currently anticipated, the CFRD dam would be less
impacted.
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In conclusion, the lack of subsurface information at this time tends to favor selection of a
CFRD. Any unexpected subsurface conditions can be handled more easily, and with less
impact on the overall construction, during construction of a CFRD. The competent rock
footprint required for the RCC dam is larger than the competent footprint required for a
CFRD. Thus if excavation to obtain a competent foundation is greater than estimated,
then costs would increase more for the RCC scheme than for the CFRD scheme.
However, dam type selection should be revisited at the conclusion of the site
investigation program if the subsurface conditions are as anticipated, and remain
favorable for an RCC.

5.1.4 Operation and Maintenance Considerations

The operation and maintenance considerations of the project have been evaluated on the
basis of the following:

e Minimize the potential for overtopping and resulting damage due to improper
spillway operation;

e Minimize uncontrolled leakage through the dam or its foundation;

e Minimize the need for maintenance of the dam and the potential for difficult
remedial measures, and;

e Minimize the need for maintenance of the spillway and the potential for
difficult remedial measures.

Minimizing the potential for improper spillway operation, or failure to operate the
spillway (due to gate inoperability or power failure) led to the selection of ungated
spillways for both alternatives. Similarly, operation and maintenance requirements
should be marginally lower for a (large) ungated spillway than a (more complicated)
gated spillway.

Operation and maintenance considerations tend to favor selection of an RCC dam
alternative, although owner’s preferences usually override any reasoning on this issue.
CFRDs and RCC dams are usually both safe and reliable but the upstream grouting and
drainage gallery built-in in the RCC dams allow execution of remedial grouting and
foundation drainage, if required.
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Leakage through either type of dam should be negligible. Although some early RCC
dams experienced leakage problems, more recent designs and construction techniques
have virtually eliminated this problem. CFRD may be subject to cracking of the concrete
facing if poor quality control of concrete placement occurs, or subsidence causes
cracking. ~ The general experience is that appropriate design and specification
requirements coupled with construction inspection has resulted in CFRD that do not leak
any more than other types of dam.

5.2 Recommendation

CFRD and RCC dam types are both technically feasible at this site. The comparative
cost evaluation favors the CFRD alternative over the RCC alternative and, the RCC
alternative cost estimate is more sensitive to a cost increase as a result of higher unit cost
for RCC, or changed foundation conditions leading to increased volume.

Based on the available information, the dam type recommended for the Rio Coclé del
Norte Water Supply Feasibility Studies is the CFRD alternative for the following reasons:

1. Changes to the current available foundation information would have less
impact on this dam type and cost;

There is more experience with this type of dam in Panama;

There is no advantage to the shorter construction time for RCC:

The CFRD cost estimate is less sensitive to variation in unit cost, and;

The total cost of the CFRD alternative with the addition of hydropower
facilities is projected to be lower than the total cost of the RCC alternative
with hydropower.

LA

The selection of the CFRD alternative should be confirmed following the completion of
site investigation programs if the investigations show foundation conditions that are
highly favorable for RCC dams.

Coclé del Norte and Cafio Sucio Water Supply Projects
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VONTGOMERY WATSON HARZA MWH ENERGY & INFRASTRUCTURE. INC.

PRIVATIZATION AND PROJECT DEVELOPMENT

Location  Chicago Office Date September 11, 2002
To  Michael Newbery
From  Paul M. Kanellopoulos

Subject  Cocle del Norte Water Supply Feasibility Study
Hydraulic Analysis for Design of Cofferdam, Closure Dikes, Diversion
Tunnel and Transfer Tunnel

Introduction

This memorandum summarizes the procedures and results of the hydraulic analysis
performed for the design of cofferdam, closure dikes, diversion tunnel, and transfer
tunnel for the Cocle del Norte Project. The analysis included:

. Development of tailwater rating curve.
o Estimation of cofferdam height upstream and downstream of the proposed
dam. The diameters of the modified horseshoe (D-shaped) tunnels
considered were 6, 8, and 10 m with a length of 550.0 m.
J Estimation of closure dike height for low flows (25, 50, 75 m> /s).
. Design of 18 km transfer tunnel.
) Drawdown time to 73, 50, and 25% of full supply level.
Basic data used in the analysis is discussed. Results are provided as tables.
Computer Model
The Full-Equations (FEQ) modeling system of one-dimensional, unsteady, open-channel
flow was used for the hydraulic analysis of the Cocle del Norte Project. FEQ is based on
the full Saint-Venant equations. This modeling system, developed by Delbert Franz of
Linsley, Kraeger Associates, Ltd., Mountain View, CA is widely used by engineers and
hydrologists in county and state agencies and consulting firms, and has been accepted by

the Federal Emergency Management Agency (FEMA) for use in floodplain studies. It is
used in a variety of applications such as flood studies, design studies for dam spillways,



dam break analyses, and legal cases. The program supports a wide variety of structures
including bridges, culverts, dams, level-pool reservoirs, spillways, weirs, sluice gates,
pumps, side weirs, expansions, contractions, drop structures, and flow over roadways.
The hydraulic features of the stream system, such as channel cross-sectional properties,
are incorporated into the model. FEQ is capable of simulating flow conditions in a
network of open channels and storm sewers. The flow conditions are simulated in terms
of water-surface elevation, water velocity, and discharge at any point in the system.

Tailwater Analysis

The objective of this analysis was to develop a tailwater-rating curve for the proposed
Cocle del Norte site. Ten cross-sections, located between 200 and 13,000 m downstream
of the dam, were used. The station-elevation data for the first nine cross-sections were
obtained from a topographic map of 1:50,000 scale and 10 m contour interval. An echo
sounder was used to determine the thalweg of Section 1. Section 10, located 13,000 m
downstream of the dam, is a wide section representing the estuary. The average channel
slope of the 12,800 m channel reach is 0.004%. The Manning’s roughness coefficients for
the study reach are 0.035 for the channel flow and 0.050 for over-bank flow. The cross-
section data are listed in Exhibit 1.

The resulting tailwater rating curve at the first cross-section is tabulated in Table 1 and
plotted in Figure 1. The boundary condition at the estuary was fixed at 0.0 m. Typical
tidal data for the area was also simulated, but the model runs show that the tide has no
significant effect at the dam, especially at higher flows. This is consistent with field
observations.

Table 1. Tailwater Rating Curve

Flow Tailwater
Elevation
(m’/s) (m)
1.0 0.000
2.0 0.000
5.0 0.001
10.0 0.002
25.0 0.015
50.0 0.058
100.0 0.21
150.0 0.43
200.0 0.67
300.0 1.17
400.0 1.64
500.0 2.07
600.0 2.47
700.0 2.84
800.0 3.19

Table 1. Tailwater Rating Curve (continued)



Flow Tailwater

Elevation
(m’/s) (m)
900.0 3.51
1000.0 3.82
1250.0 4.52
1500.0 5.15
2000.0 6.24
2500.0 7.18
3000.0 8.01
4000.0 9.46

Figure 1. Cocle del Norte Tailwater Rating Curve at Section 1
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Evaluation of Diversion Tunnel Size

Three diversion tunnel sizes were modeled in order to determine the cofferdam height
upstream and downstream of the proposed dam. Tunnel sizes considered are D-shaped
with diameters 6, 8, and 10 m and a length of 550 m. The tunnel invert elevation is 0.0 m
at both ends and the discharge point is at Section 1, 200 m downstream of the dam. A
Manning’s coefficient of 0.013 was used for the concrete-lined tunnel. Entrance and exit
loss coefficients are 0.5 and 1.0, respectively. Bend losses were assumed to be negligible.
The inflow hydrograph routed through the reservoir is the 50-year flow tabulated in Table
2. The storage-elevation data for the reservoir is presented in Table 3.



Table 2. 50-Year Flood Hydrograph at Cocle del Norte

Time (hrs) 0 1 2 3 4 5 6 7
Flow (m’/s) 128 128 135 244 396 532 742 900
Time (hrs) 8 9 10 11 12 13 14 15
Flow (m’/s) 1500 | 2000 | 2600 | 3200 | 3860 | 3700 | 3400 | 3100
Time (hrs) 16 17 18 19 20 21 22 23
Flow (m"/s) 2800 | 2600 | 2500 | 2400 | 2300 | 2200 | 2100 | 2000
Time (hrs) 24 25 26 27 28 29 30 31
Flow (m’/s) 1900 | 1800 | 1700 1600 1500 | 1450 1400 1350
Time (hrs) 32 33 34 35 36 37 38 39
Flow (m"/s) 1300 | 1250 | 1200 | 1150 | 1100 | 1070 | 1040 | 1010
Time (hrs) 40 41 42 43 44 45 46 47
Flow (m’/s) 980 950 920 890 860 830 800 770
Time (hrs) 48

Flow (m"/s) 740

Table 3. Reservoir Capacity Curve at Cocle del Norte

Elevation Area Volume
(m) (km?) (Million m?)
0.0 0.0 0.0
5.0 3.60 4.58
10.0 8.14 28.83
15.0 13.71 72.87
20.0 20.52 136.80
25.0 28.90 265.98
30.0 38.94 438.60
35.0 50.86 661.80

40.0 65.27 952.72

45.0 83.69 1,339.89
50.0 105.97 1,830.35
55.0 132.07 2,426.08
60.0 160.59 3,140.95
65.0 190.21 4,011.29
70.0 220.44 5,039.91

75.0 251.14 6,208.50
80.0 282.41 7,513.97
85.0 314.43 8,986.75
90.0 347.03 10,598.11
95.0 380.83 12,347.23
100.0 413.90 14,435.34




The cofferdam heights and peak discharge for the different tunnel sizes are shown in
Table 4. Simulations include both a fixed water surface elevation of 0.0 at the estuary and
a tide which fluctuates between ~0.22 and + 0.27 m. Cofferdam heights turn out to be the

same in both cases. This information will be used to select the most cost-effective
alternative.

Table 4. Diversion Tunnel Analysis for Cocle del Norte

Tunnel Tunnel Length Peak Upstream Downstream
Diameter Discharge Water Surface | Water Surface
Elevation Elevation
(m) (m) (m’/s) (m) (m)
6 550.0 377.2 23.9 1.6
8 550.0 650.2 22.0 2.7
10 550.0 951.1 20.5 3.7

Analysis of Low Flows

Additional runs were made with constant flows of 25, 50, and 75 m’/s in order to
determine the height of the temporary closure dikes used during the construction of the
cofferdams. Tables 5a-c summarize the peak water surface elevations

for the 3 tunnel
sizes during low flow conditions.

Table 5a. Low Flow Analysis (25 m3/s)

Tunnel Diameter Upstream Water Downstream Water
Surface Elevation Surface
(m) Elevation
(m) (m)
6 2.3 0.02
8 1.9 0.02
10 1.7 0.02

Table 5b. Low Flow Analysis (50 m3/s)

Tunnel Diameter Upstream Water Downstream Water
Surface Elevation Surface
(m) Elevation
(m) (m)
6 3.6 0.06
8 2.9 0.06
10 2.5 0.06




Table 5c. Low Flow Analysis (75 m3/s)

Tunnel Diameter Upstream Downstream Water
Water Surface
Surface Elevation
(m) Elevation (m)
(m)
6 4.6 0.13
8 3.8 0.13
10 3.2 0.13

Design of Transfer Tunnel

The transfer tunnel is an 18000 m long D-Shaped tunnel with an 8 m diameter. It is
concrete-lined with a Manning roughness coefficient of 0.013. The entrance loss
coefficient is 0.5 and includes minor losses due to bends. At the exit, the water surface
elevation is above tailwater and the depth is critical. Intake and outlet invert elevations

are 47.0 and 42.0 m, respectively. Figure 2 shows the transfer tunnel rating curve.

Figure 2. Rating Curve of 8 m Transfer Tunnel
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Figure 3 shows head loss as a function of flow for the Cocle transfer tunnel.

Figure 3. Rating Curve of 8 m Cocle Transfer Tunnel (Head Loss as a Function of
Flow Rate)
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Reservoir Drawdown Analysis

The reservoir drawdown will be designed for a significant hazard, significant risk project
as classified by the U.S. Bureau of Reclamation (USBR) in the ACER Technical Memo
No. 3 dated 1982. This provides the following guidelines to be met.

Drawdown El. Time (days)
75% 30-40

50% 50-60

25% 80-100

Tables 6a-c show the time to empty out the reservoir to 25, 50, and 75 % of the starting
full supply level of 80.0 m with three different tunnel configurations and a constant
inflow of 107.5 m’/s. As noted, the 8m transfer tunnel with 6 m diversion tunnel
configuration does not meet the USBR guidelines.



Table 6a. Time Required to Empty Reservoir with 8 m Transfer Tunnel and 6 m

Diversion Tunnel

Full Reservoir Water Surface Elevation / Full Time to Empty
Elevation Elevation in Reservoir
Reservoir Elevation
(m) (m) (%) (Days)
80.0 60.0 75 60.8
80.0 40.0 50 107.8
80.0 20.0 25 136.4

Table 6b. Time Required to Empty Reservoir with 8 m Transfer Tunnel and 8 m

Diversion Tunnel

Full Reservoir Water Surface Elevation / Full Time to Empty
Elevation Elevation in Reservoir
Reservoir Elevation
(m) (m) (o) (Days)
80.0 60.0 75 35.0
80.0 40.0 50 59.2
80.0 20.0 25 72.7

Table 6¢. Time Required to Empty Reservoir with 8 m Diversion Tunnel

Full Reservoir Water Surface Elevation / Full Time to Empty
Elevation Elevation in Reservoir
Reservoir Elevation
(m) (m) (%) (Days)
80.0 60.0 75 42.2
80.0 40.0 50 68.0
80.0 20.0 25 81.5
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WIONTGOMERY WATSON HARZA MWH ENERGY & INFRASTRUCTURE, INC.

PRIVATIZATION AND PROJECT DEVELOPMENT
Location  Chicago Office Date January 30, 2002
To  Michael Newbery
From  Khalid Jawed

Subject  Cocle del Norte Water Supply Feasibility Study
Evaluation of Spillway Sizes and Estimation of Freeboard for Rio Cocle
Del Norte Project

Introduction

This memorandum summarizes the procedures and results of hydrologic analyses
performed to determine flood surcharge over the normal reservoir pool elevation during
the routing of probable maximum flood (PMF), and to estimate magnitudes of wave run-
up and wind setup. The analyses included:

* Estimation of flood surcharges for an ungated Ogee spillway with crest elevation
at 80 meters. Eight widths of spillway from 25 meters to 346 meters (selected by
the USACE in their Reconnaissance Study) were considered.

® Analysis of wave run-up and wind setup.
Basic data used in the analyses are discussed. The results are provided as tables.
Ungated Spillway

The objective of this analysis was to determine the maximum surcharge over the normal
reservoir pool elevation of 80 and 100 meters, during the routing of the PMF. The HEC-
1 computer program developed by the United States Army, Corps of Engineers
(USACE), was used to route the PMF with a starting elevation at 80 or 100 meters. The
elevation-volume data and spillway rating curves used are given in Table 1. The spillway
discharges were computed using the following relationship.

Q=CL (H"L.5)

where Q is spillway discharge in cubic feet per second, L is width of spillway in feet, H is
head over spillway crest in feet and C is coefficient. A constant value of 3.5 was used.
The spillway width of 346, 300, 250, 200, 150, 100, 50 and 25 meters were used. The
results are summarized in Table 2.



Table 1

ELEVATION-VOLUME AND SPILLWAY DISCHARGE DATA
RIO COCLE DEL NORTE RESERVOIR

Elevation | Volume | Elevation | Discharge | Discharge | Discharge | Discharge | Discharge Discharge | Discharge
(m) (cms) (m) (cms) (cms) (cms) (cms) (cms) (cms) (cms)
L=300m | L=250m | L=200m | L=150m | L=100m L=50m L=25m
80 7158 80.0 0 0 0 0 0 0 0
81 7383 80.5 205 171 137 102 68 34 17
82 7653 81.0 579 483 386 290 193 97 48
33 7930 81.5 1064 887 710 532 355 177 89
84 8213 82.0 1639 1366 1093 819 546 273 137
85 8503 82.5 2290 1909 1527 1145 763 382 191
86 8799 83.0 3011 2509 2007 1505 1004 502 251
87 9103 83.5 3794 3162 2529 1897 1265 632 316
88 9412 84.0 4635 3863 3090 2318 1545 773 386
90 10052 84.5 5531 4609 3687 2765 1844 922 461
85.0 6478 5398 4319 3239 2159 1080 540
100 13669 85.5 7473 6228 4982 3737 2491 1246 623
101 14084 86.0 8515 7096 5677 4258 2838 1420 710
102 14495 86.5 9602 8001 6401 4801 3201 1600 800
103 14915 87.0 10730 8942 7154 5365 3577 1788 894
104 15342 87.5 5950 3967 1983 992
105 15777 88.0 6555 4370 2185 1093
106 16220 88.5 4786 2393 1197
89.0 5215 2607 1304
Table 2
MAXIMUM SURCHARGE DURING PMF
RIO COCLE DEL NORTE RESERVOIR
PMF Peak Initial Pool Width of Maximum Max. Surcharge
Elevation Spillway Outflow Elevation
(cms) (m) (m) (cms) (m)
10459 80 346 2828 82.6
10459 80 300 2566 82.7
10459 80 250 2255 82.8
10459 80 200 1911 82.9
10459 80 150 1528 83.0
10459 80 100 1099 83.2
10459 80 50 602 83.4
10459 80 25 319 83.5




MAXIMUM SURCHARGE DURING PMF
RIO COCLE DEL NORTE RESERVOIR
(Table 2 continued)

PMF Peak Initial Pool Width of Maximum Max. Surcharge
_Elevation Spillway Outflow Elevation
10550 100 346 1755 101.9
10550 100 300 1569 101.9
10550 100 250 1356 102.0
10550 100 200 1132 102.0
10550 100 150 890 102.1
10550 100 100 625 102.2
10550 100 50 333 102.3
10550 100 25 174 102.4
Analysis of Wind Wave
Definitions

The purpose of this analysis was to determine the freeboard for Indio dam. The freeboard
is defined as the difference in elevation between the crest of a dam and normal pool
elevation of the reservoir. A term minimum freeboard is also used which is defined as
the difference in elevation between the crest of the dam and the maximum water surface
elevation reached during the routing of the PMF (or design flood if different from the
PMF) with the spillway and other outlets, if any, functioning as planned.

Freeboard computations generally include the determination of wind setup and wave run-
up on sloping or vertical embankments. A number of empirical relationships are
available. Most of these involve use of wind velocity and fetch length as basic
parameters. While the various relationships yield different results, the variation between
the results is not so great compared to the variation that could be possible in the results
due to assumptions of wind velocity and fetch length. The freeboard estimate is
significantly affected by the magnitude of wind velocity and direction, and fetch length.

Basic Data

Site-specific data for wind velocity and direction were not available. Also, a reasonable
configuration of the reservoir area at normal pool level could not be obtained. The
reservoir shape was approximated from 1:50,000-scale map with 20-meter contour
interval. In the absence of dominant wind direction data, the fetch length was assumed to
be the maximum length of the reservoir for conservative estimates of wave run-up and
wind setup. ACP provided monthly average wind speed and wind gust data for Gatun
station. Wind speed was assumed after the review of this data.




Methodology

The procedures given in the United States Corps of Engineers publication ETL 1110-2-
221 dated November 29, 1976 entitled, “Wave Run-up and Wind Setup on Reservoir
Embankment by Bruce L. McCartney, Department of Army, Office of the Chief of
Engineers, Washington D.C.,” were used. The steps necessary for the computations of
wind setup and wave run-up included:

Estimate maximum wind speed

Plot a wind velocity-duration curve for the site

Compute reservoir effective fetch length

Plot a wind velocity-duration curve for the reservoir effective fetch
Determine magnitude of design wind

Estimate design wind duration

Estimate wave run-up

Estimate wind setup

The step-by-step computations are shown below:

Embankment slope 1:1.5, impervious, smooth

Reservoir normal pool elevation = 80 meters

Depth at toe of embankment = 70 meters (230 feet)

Maximum fetch length = 30 km (18.6 miles)

Effective fetch length = 0.25 * 30 = 22.5 km (18.6 miles), there is a procedure as
per manual ETL 1110-2-211, to compute effective fetch; because reservoir plan is
not available, this procedure could not be applied; an alternative is to assume
effective fetch as 25 percent of maximum fetch length.

Ratios between wind velocity over water and on land (manual ETL 1110-2-211)

Effective Fetch (mi) Ratio
0.5 1.08
1.0 1.13
2.0 1.21
3.0 1.26
4.0 1.28
5.0 & above 1.30

e Assumed wind velocity and duration over land and computed velocity over water

Duration Wind Velocity over Land Wind Velocity over Water

(min) (mph) (mph)
1 55 2

60 30 39

120 28 36



* Wind velocity for an effective fetch of 4.3 miles from Figure 11 of ETL 1110-2-

221.
Duration Wind Velocity over Water
(min) (mph)
40 80
60 36
90 14

e Plotted the above two sets of wind data, the intersection of the two curves
provided a design velocity of 40 mph and a duration of 57 minutes.

e From Figure 11 of ETL 1110-2-221, the significant wave height (Hs) was about
3.6 feet and wave period (Ts) was about 3.8 seconds.

* The following wave run-up relationship (ETL 1110-2-221) was used:

Rs/Hs = 1/(0.4 + (Hs/L0)"0.5) * Cot A))

Rs = wave run-up, feet
Hs = significant wave height, feet
Cot A = 1.5 (slope)
Lo = wave length in feet
= 5.12 (Ts ~ 2), Ts is wave period in seconds
" o Based on the above relationship, Rs = 4.9 feet
® As per recommendation in ETL 11 10-2-221, Rmax = 4.9 * 1.5 = 7.4 feet
* For wind setup, the following relationship given in ETL 1110-2-221 was used.

S=((U~2) * F)/ (1400 D)

S = setup in feet

U = average wind velocity in feet, mph, a velocity of 40 mph was used.

D = average depth along the fetch, a depth of 130 feet was used.

F = fetch distance, twice the effective fetch, a value of 8.6 miles was used.
* Based on the above data, the wind setup was about 0.1 feet.

Summary
The above computations give the following data:

Design wind velocity = 40 mph

Wind duration = 57 minutes

Wave run-up = 7.4 feet (2.3 m)

Wind setup = 0.1 feet (0.1 m)

Allowance for wave action over normal pool =2.3 + 0.1 = 2.4 meters



The above allowance may appear to be conservatively on the high side. However, USBR
publication “Design of Small Dams,” provide recommendation for selection of normal
and minimum freeboard (Table 6.4, page 258, third edition, 1987). For an effective fetch
length of 4.7 miles, the recommended freeboards are about 7.8 and 5.9 feet (about 2.4 and
1.8 meters), respectively. Based on this, the computed value of 2.4 meters is in line with
the USBR’s recommendations.
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Cost Estimates

Unit cost for major items of dam construction were developed. These items include: excavation
(common and rock), fill placement, quarrying, concrete fabrication and placement, formwork,
steel reinforcement and Roller Compacted Concrete. Other unit costs were estimated from
experience on other project of similar nature. The major unit costs were developed using cost of
labor, equipment and material.

The cost of local labor was estimated based on the “Convencién Colectiva de Trabajo de
Panam4” 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 years from July 1998 to
June 2002. These rate were increased by 30% to reflect the fact they are mandatory minimum
wages. An average across the professions was taken to derived four main categories: unskilled
labor, skilled labor, equipment operator and truck driver. The wages were also increased to
reflect the expected 60-hour work week: an overtime premium of 16.7% was assumed. The costs
of salary were then calculated by adding 50% for social cost. This resulted in the following
hourly cost of salary:

Unskilled labor: $5.50/hr

Skilled labor: $6.60/hr
Equipment operator: $7.90/hr
Truck driver: $6.20/hr

In addition to the local labor a crew leader was generally included at the rate of $10.00/hr. For
specialized activities, an engineer was included at the rate of $60.00 per hour.

Equipment rate were 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. Equipment requirements and production rates were developed based on experience in
similar type of project in tropical countries. :

Materials including explosives, cement, reinforcement steel are anticipated to be imported for the
most part. International unit prices were used.

The build-up of the unit rates include also a margin of 30% to reflect the following items:

Contractor home office charges 5%
Project management and engineering 7%
Maintenance crew 3%
Field office and accommodation 2%
Electric power 1%
Equipment mobilization and demobilization 2%
Margin for risk 2%

Margin for profit 8%



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 appear to be
reasonable estimate for this type of construction.

The principal unit cost used for the dam comparison study at the Cocle del Norte dam site are as
follows:

Overburden Excavation $3.20 per m’

Rock Excavation $8.75 per m’
Concrete ~ $115.00 per m’
Formwork $46.20 per m’

Steel Reinforcement $1,360 per metric ton
Roller Compacted Concrete $54.00 per m’

Rock fill $11.10 per m’
Filters/ Drains $16.20 per m’

These unit costs are based on estimated production rate adjusted for site-specific conditions. In
particular frequent and heavy precipitation at the dam site will significantly affect the RCC
placement, as moisture must be closely controlled: an average production rate of 200 m’ per hour
is estimated to be a reasonable rate under these conditions. Similarly the unit cost for rockfill
takes into account the geological conditions as it is anticipated that only 17% of the rock will be
obtained from required excavation (mainly spillway) and the rest will have to be quarried
between 2 to 4 kilometers from the dam site.

Construction schedule

The rainfall at the dam site limits the construction season for RCC. The total quantity of RCC to
be placed is estimated at 1,060,000 m’ at an average weekly production of 24,000 m’, it
corresponds to slightly over 10 months of construction. It is anticipated that construction of the
RCC dam cannot be completed in one season; the contractor will have to avoid the worst months
in terms of rainfall, November and December with close to 550 mm on average per month. The
overall construction of the RCC dam is anticipated to take approximately 32 months with 14
months for preparation, including, the diversion tunnel, cofferdams, quarrying aggregate,
foundation preparation, etc., 10 months for construction of the dam, and main components, and 8
months for finishing works.

The construction of the CFRD will require the excavation of nearly 3,900,000 m° of rock. This is
anticipated to take approximately 40 months at 100,000 m>’month. Preparatory and finishing
works of 6 to 9 months will result in an overall construction period of approximately 48 months.



Panama Canal Authority
Contract CC-3-536
Task Order §, Norte Water Supply Feasibility Study
Dam Type Altermnative Study

CFRD Ungated $ 76,779,961
Quantity Take-Offs
item  Description Unit Quantity Unit Cost Cost
DIVERSION
1 Site Preparation m? 90,000 § 050 § 45,000
2 Approach/Discharge Channels
2.1 Overburden m’ 17.855 § 320 § 57,136
3 Diversion Tunnel Intake and Outlet Portals
3.1 Rock m® 30400 § 875 § 266,000
3.2 Shotcrete m? 3608 § 43.00 § 155,123
3.3 Rockbolts l.m. 1,804 § 67.00 § 120,851
3.4 Concrete m® 237§ 115.00 § 27.198
3.5 Formwork m? 547 § 4620 § 25.274
3.6 Reinforcement kg 9271 § 136 § 12,609
4 Diversion Tunnel
4.1 Tunnel Ex. m? 35125 § 80.00 $ 2,809,982
4.2 Sholcrete m? 8813 § 4300 § 378,972
4.3 Rockbolts Lm 1929 § 6700 § 129.210

5 Cofterdams

w

5.1 Overburden Excavation m 97600 $ 320 § 312,320
5.2 Fill m’ 497,420 § 1110 8 5,811,960
5.3 Filter/Drain m® 26,180 § 1620 § 424,116
Subtotal s 10,575,751
DAM
1 Site Preparation m? 160,000 § 050 § 80,000
2 Excavation
2.1 Overburden m? 317,768 § 320 § 1,016,857
2.2 Rock m’ 158,884 § 875 § 1,390,234
3 Grouting
3.1 Cut-off m? 25630 $ 88.00 § 2,255,440
3.1 Consolidation m 1850 § 2500 § 46,250
4 Rockfill
4.1 Mass m® 3486744 § 1110 § 38,702,856
4.2 Filter m? 203,258 § 16.20 § 3,292,779
4.3 Drain m’ 22,344 § 1620 § 361,969
5 Concrete
5.1 Plinth m’ 13,280 § 11500 § 1,527,200
5.2 Facing m? 67,753 § 8000 $ 5,420,212
5.3 Parapet -US m? 3218 § 25000 § 804,375
5.4 Parapet -DS m’ 608 $ 25000 § 151,938
5.5 Crest m? 4290 § 11500 § 493,350
Subtotal H 55,643,458
SPILLWAY
1 Site Preparation m? 50,000 $ 050 § 25,000
2 Excavation
2.1 Overburden m? 82,939 § 320 § 265,405
2.2 Rock m? 388,990 § 875 § 3,403 659
3 Headworks
3.1 Concrete m? 3283 § 11500 § 377,581
3.2 Formwork m? 1,961 § 4620 $ 90,609
3.3 Reinforcement kg 155,288 $ 136 § 211,191
4 Chute and Flip Bucket
4.1 Concrete m’ 10,015 § 11500 § 1,151,717
4.2 Formwork m? 4659 § 4620 § 215,247
4.3 Reinforcement kg 431533 § 136 § 586,885
4.4 Drains L.m. 2,750 $ -
4.5 Anchors 1.m. 5,120 $ -
5 Bridge
5.1 Concrete m? 432 § 11500 § 49,680
5.2 Formwork m? 540 § 4620 § 24,948
5.3 Reinforcement kg 67738 § 136 § 92,123
Subtotal $ 6,494,044
LOW LEVEL OUTLET
1 Shaft and Gate Structure
1.1 Excavation, Rock m? 5417 § 150.00 § 812,534
1.2 Shotcrete m? 1,970 § 4300 § 84,700
1.3 Rockbolts Lm. 1,938 § 67.00 § 129,846
1.4 Concrete m’ 3818 § 173.00 § 660,429
1.5 Formwork m? 4738 § 4620 218,874
1.6 Reinforcement kg 149646 § 136 § 203,519
2 Intake Stucture
2.1 Concrete m? 2,304 § 11500 § 264,960
2.2 Formwork m? 2,016 § 4620 $ 93,139
2.3 Reinforcement kg 90,240 § 136 $ 122,726
3 Tunnel Lining
3.1 Concrete m’ 4730 § 173.00 § 818,318
3.2 Formwork m? 10,941 § 4620 § 505,488
3.3 Reinforcement kg 185422 § 136 252,174
Subtotal [ 4,166,708

Total $ 76,779,961



Panama Canal Authority
Contract CC-3-536

Task Order 5, Norte Water Supply Feasibility Study
Dam Type Alternative Study

RCC Ungated $ 84,809,143
Quantity Take-Offs
ftem  Description Unit Quantity Unit Cost Cost
DIVERSION
1 Site Preparation m? 70,000 $ 050 % 35,000
2 Approach/Discharge Channels
2.1 Overburden m? 17.855 $ 320 § 57,136
3 Diversion Tunnel Intake and Outlet Portals
3.1 Rock m? 28,300 $ 875 § 247,625
3.2 Shotcrete m? 3338 § 4300 $ 143,513
3.3 Rockbolts I.m 1669 $ 67.00 $ 111,806
3.4 Concrete m? 237§ 11500 $ 27,198
3.5 Formwork m* 547 § 4620 $ 25274
3.6 Reinforcement kg 9271 § 136 § 12,609
4 Diversion Tunne!
4.1 Tunnel Ex. m? 29117 § 80.00 $ 2,329,328
4.2 Shotcrete m? 7306 $ 4300 $ 314,148
4.3 Rockbolts Lm 1599 § 67.00 $ 107,108
5 Cofferdams
5.1 Overburden Excavation m’ 103,550 $ 320 § 331,360
52 Fil m? 384275 $ 1110 § 4,265,453
5.3 Filter/Drain m® 20225 $ 1620 $ 327,645
Subtotal $ 8,335,202
DAM
1 Site Preparation m’ 40000 $ 050 $ 20,000
2 Foundation Excavation
2.1 Overburden m® 123000 $ 320 $ 393,600
2.2 Rock m? 122412 $ 875 § 1,071,105
3 Grouting
3.1 Cut-off m? 25630 $ 88.00 $ 2,255,440
3.2 Consolidation m 6,800 $ 2500 $ 170,000
4 RCC
4.1 Mass m’ 1,013,000 $ 5400 $ 54,702,000
4.2 Uncompacted m® 11798 § 5400 $ 637,065
4.3 US/DS Facing m’ 24880 $ 28200 $ 7,016,040
4.4 Foundation m’ 34320 § 115.00 $ 3,946,800
4.5 Gallery m’ 4200 $ 115.00 $ 483,000
Subtotal $ 70,675,050
SPILLWAY
1 Headworks
1.1 Concrete m’ 881 $ 11500 § 101,264
1.2 Formwork m? 629 $ 4620 $ 29,051
1.3 Reinforcement kg 35614 $ 136 § 48,435
2 Chute and Flip Bucket
2.1 Concrete m’ 9068 $ 115.00 $ 1,042,774
2.2 Formwork m? 1603 $ 4620 $ 74,049
2.3 Reinforcement kg 314,031 § 136 § 427,082
3 Bridge
3.1 Concrete m’ 464 3 11500 $ 53,360
3.2 Formwork m? 580 § 4620 § 26,796
3.3 Reinforcement kg 72,755 § 136 $ 98,947
Subtotal $ 1,901,759
LOW LEVEL OUTLET
1 Shaft and Gate Structure
1.1 Excavation, Rock m’ 5417 $ 15000 $ 812,534
1.2 Shotcrete m? 1970 § 4300 $ 84,700
1.3 Rockbolts 1.m. 1938 $ 67.00 $ 129,846
1.4 Concrete m? 3818 § 173.00 § 660,429
1.5 Formwork m? 4738 $ 46.20 $ 218,874
1.6 Reinforcement kg 149646 $ 136 § 203,519
2 Intake Stucture
2.1 Concrete m’ 2304 3 11500 $ 264,960
2.2 Formwork m? 2016 $ 4620 $ 93,139
2.3 Reinforcement kg 90,240 $ 136 § 122,726
3 Tunnel Lining
3.1 Concrete m’ 3921 $ 173.00 $ 678,343
3.2 Formwork m? 9070 $ 4620 $ 419,023
3.3 Reinforcement kg 153,705 ¢ 136 §$ 209,039
Subtotal $ 3,897,132

Total $ 84,809,143
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FOREWORD

The studies described in this appendix have been performed in accordance with the scope
of services for Contract CC3-5-536 - Work Order 005, Feasibility Design and Related
Services for the Coclé del Norte and Cafio Sucio Water Supply Projects entered into on
June, 2000. This appendix covers the selection of the type of dam to be further evaluated
in the feasibility studies.

These studies have been performed using the following basic information:

e Panama Canal Reconnaissance Study: Identification, Definition, and
Evaluation of Water Supply Projects, prepared by the U.S. Army Corps of
Engineers, Mobile District, dated August 1999;

* Topographic mapping of areas of the proposed dam site prepared by
Ingenieria Avanzada, S.A. under subcontract to MWH:

* Additional topographic mapping of the dam site developed by digitizing
1:50,000 scale maps obtained from Instituto Geografico Nacional (Tommy
Guardia);

e The results of hydrology and meteorology studies presented in Appendix A,
and;

* Geological and geotechnical information obtained from one dam site
exploration and mapping field program, and a construction materials
investigation program, including both test pit sampling and laboratory testing,
presented in Appendix B.
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1 INTRODUCTION

The dam site selected in the reconnaissance study is located about 25 km inland from the
Atlantic Ocean on the north-flowing Rio Cafio Sucio. A location map is shown on
Exhibit 1. The location was selected by the Corps to maximize impoundment and to be
upstream of a waterfall. It is limited by topography to a reservoir elevation of between
100 m above mean sea level (El. 100) and El. 105.

The dam type adopted in the reconnaissance study was a center core rockfill dam with its
crest at El. 105. For this configuration, the full supply level was at El. 100.0, and the
maximum reservoir flood level at El. 104. An ungated spillway was located on the left
abutment. The spillway would have a crest width of 74 m and a capacity of 1,141 m’/s.
The spillway chute was proposed as a sloped and/or stepped natural rock cut channel.

The project also included a transfer tunnel, associated power facilities, an outlet works
with a capacity of 0.74 m’/s.

Coclé del Norte and Caiio Sucio Water Supply Projects
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2 DAM TYPES AND DEVELOPMENT CRITERIA

This section contains a description of the types of dams that have been considered and the
criteria used in sizing the facilities and appurtenant features. Features common to all dam
types are identified, but not included in subsequent comparison.

2.1 General Criteria
General design criteria have been established for the dam type selection as follows:

¢ The dam will be located at the site identified in the reconnaissance study;
e The reservoir full supply level will be at EL. 100;
® The reservoir minimum supply level will be at El. 90;

* A 25 m wide ungated spillway has been selected to limit flood surcharge
to El. 104.3, and;

¢ The dam crest or upstream parapet wall will be E. 105.3.

As a result of these criteria, the gross storage at full supply level will be 72.8 million
cubic meters (MCM). The live storage between El. 100 and EL 90 is estimated to be 68.5
MCM.

Coclé del Norte and Cafio Sucio Water Supply Projects
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2.2 Alternative Dam Types

The dam types considered for this study are the following:

Alternative Dam Types Abbreviation
1 Concrete Faced Rockfill Dam CFRD
2 Earthfill Dam ED
3 Gravity Dam . GD
4 Roller Compacted Concrete Dam RCC

2.3 Dam Site Location

Based on a site visit and map studies, we concur with the site selection proposed by the
Corps. The dam site is located on the Rio Caiio Sucio, about 2 km downstream of the
village of Las Maravillas. The axis used for this study was selected primarily for
topographical considerations. It is located just upstream of a waterfall and series of
rapids, takes advantage of a relatively narrow section of river valley to reduce the volume
of the dam types, provides adequate space for cofferdam and diversion facilities, and
does not present any access difficulties. The final location of the dam will be confirmed
following the site investigation program for final design.

2.4 Spillway Design Flood

The spillway will be designed for the probable maximum flood (PMF). For a project
whose failure would 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, i.e. the
probable maximum precipitation (PMP) resulting in the PMF. The maximum peak
inflow of the PMF is estimated to be 1,690 m’/s. The PMF has a 3-day volume of about

Coclé del Norte and Cafio Sucio Water Supply Projects
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79.9 MCM. The studies to determine the PMF are presented in Appendix A, Hydrology
and Meteorology.

2.5 Diversion Flood and Diversion Works
For the dam type studies the following approach was taken:

1. Select the diversion flood based on construction at risk period,

2. Determine cofferdam height;

3. Optimize diversion facilities and cofferdam height if required, and;
4. Select diversion works.

Hydraulic analyses for several alternative diversion flood cases and diversion facilities
have been prepared. They are presented in Attachment 1, Hydraulic Analysis for Design
of Diversion Works and Cofferdam. The 25-year and the 50-year return period floods
were used to bracket the flood return period that will likely be selected for the CFRD and
Earthfill dam alternatives. The analysis includes development of a tailwater rating curve,
diversion culvert analysis and reservoir routing of the selected floods for several
diversion culvert sizes.

The length of time at risk and cost of repair to components of the project that could be
impacted by a flood during construction is different for the RCC alternative compared
with the CFRD, Earthfill and conventional concrete dam alternatives. The Earthfill,
conventional concrete and CFRD-type dams will be constructed in one-two years after
the diversion facilities are completed. Therefore, the diversion flood for the three
alternative dam types for this study will be the same. There is less than a 10% probability
that a flood greater in magnitude than the 25-year return period flood will occur in two
years. However, applying a 95% confidence limit to the 25-year return period flood peak
results in a flood peak larger than the 50-year event. Therefore, a 50-year return period
flood is selected for design of the diversion works.

The RCC dam alternative can be constructed to elevations above the cofferdam required
for the 25 or 50-year return period in one dry season. Therefore, the diversion culvert
and cofferdam will be sized to pass the 50-year dry season flood.

Coclé€ del Norte and Cafio Sucio Water Supply Projects
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The diversion structure cost difference for the alternative dam types is a function of
optimizing the cost of the cofferdam by inversely varying its height (and size) against
diversion tunnel or culvert capacity (or size). As the cofferdam is lowered, the diversion
tunnel must be increased in size. Preliminary layouts have been prepared for a diversion
culvert. The dam site has a slightly wider terrace on the left abutment that can be utilized
to construct a culvert. The culvert will be constructed in the rock foundation.

The design flood and diversion facilities selected for the CFRD and Earthfill dam
alternatives are:

1. The design flood is selected as the 50-year event with a peak inflow of 417
m3/s;

2. The diversion conduit for all alternative dam types will consist of a 3 x 3 m
culvert located to the left of the river channel. The conduit will be founded on
competent rock. It varies in length from approximately 130 m (Earthfill) to
140 m (CFRD);

3. The crest of the upstream cofferdam will be at El. 91.

4. Maximum outflow through the conduit is 75 m’/s.

5. There is no requirement for a downstream cofferdam.

The design flood and diversion facilities selected for the RCC alternative is:

1. The design flood is selected as the 50-year dry season event with a peak
inflow of 90 m’/s;

2. The diversion conduit for the RCC dam will consist of a 3 x 3 m culvert
located to the left of the river channel. The conduit will be founded on
competent rock. It will have a length of 40 m;

3. The crest of the upstream cofferdam will be at El. 87;

4. Maximum outflow through the conduit is 47 m’/s, and;

5. There is no requirement for a downstream cofferdam.

Coclé del Norte and Caiio Sucio Water Supply Projects
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There is no requirement for a downstream cofferdam for any of the alternatives,
discharge from the diversion culverts will be directed through a channel to the waterfall.
The culvert size and cofferdam height will be optimized for the selected dam type.

For this dam type selection study, the following criteria and assumptions were adopted
for the emergency drawdown:

l. The drawdown period from full supply level at El. 100 to one-third of the
reservoir storage elevation, E. 96, shall be 30 days or less (MWH precedent,
U.S.B.R. ACER Technical Memorandum No. 3, 1982); and

2. The average annual inflow is assumed to be 7.6 m*/s.

Emergency drawdown will be effected through control at either the Rio Toabré or Rio
Coclé del Norte dams and no facilities are specifically included for this purpose at Rio
Cafio Sucio.

2.6 Spillways

In the reconnaissance study, the USACE selected an ungated spillway located on the left
abutment. It was proposed with crest width of 120 m and a capacity of 920 m’/s. The
spillway chute was proposed as a stepped, natural rock-cut channel about 1,100 m long.
Review of the supporting cost information showed this to be a relatively costly solution.
In addition, the foundation rock is not suited to use as a service spillway without lining.

ACP has indicated a preference for an ungated spillway because of its lower operation
and maintenance costs. For the dam type selection, an ungated spillway has been
considered for all dam type alternatives. The crest of the ungated spillway was set at
El.100, and flood routing was performed for several widths from 100 m to 25 m. The
results of these routings are presented in Attachment 2, Evaluation of Spillway Sizes and
Estimation of Freeboard for Rio Cafio Sucio Project. For the dam type selection study,
the smallest ungated crest width with an acceptable unit flow value was selected. The
adopted configuration has a crest width of 25 m, with a corresponding maximum water
surface at E1.104.3.

Coclé€ del Norte and Cafio Sucio Water Supply Projects
@ mwH / TENS

D2-7



Appendix D — Part 2 Dam Type Selection ~ Cafio Sucio

2.6.1 Ungated Spillway for CFRD and Earthfill Alternatives

Layouts for an ungated spillway adjacent to the CFRD showed the right abutment to have
preferable topographical characteristics. A conventional spillway was selected consisting
of an approach channel, an ogee-shaped control structure, a tapering channel chute, a flip
bucket, and a channel to direct the discharge back to the river. A spillway located on the
left abutment would result in a longer spillway chute.

The approach channel would be excavated to El. 96. The crest of the control structure
would be at El. 100, the reservoir full supply level. The control structure will have two
bays, each 12.5 m wide. The maximum discharge under PMF conditions will be 434
m’/s. A spillway bridge, requiring one pier, will span the chute from the crest to the right
abutment. The spillway chute will taper from 26 m at its crest to 12 m at the flip bucket.
The chute will have an overall length of about 70 m, and a drop of approximately 15 m.
A smooth concrete chute will be provided with training walls about 4 m high. The flip
bucket will have its lip at El. 84, which is above the expected maximum tailwater
elevation under PMF conditions. All spillway structures will be constructed of
conventional mass or reinforced concrete founded on rock. The spillway will discharge
directly back into the Rio Caiio Sucio.

2.6.2 Ungated Spillway for RCC Alternative

The ungated spillway for the RCC alternative will be located on the dam and aligned to
discharge directly into the Rio Cafio Sucio. It will include a control structure with its
crest at EL. 100.0 and effective hydraulic width of 25 m. A smooth chute of
conventional concrete will be provided with training walls. The spillway chute will
terminate at a concrete apron and end sill at El. 85.
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2.7 Other Features

In addition to the dam and spillway, there are a number of other features that comprise or
are required for construction of the Rio Cafio Sucio Project, including:

e Cofferdams;

e Multi-level Intake Structure;

e Access, and;

* Construction Area (laydown and around dam).

These are described below together with how they are addressed in the dam type
selection study.

2.7.1 Cofferdams

A cofferdam will be constructed upstream of the project works and will be of sufficient
height to protect the working area against flooding during the selected diversion flood.
The cofferdam will be constructed along an alignment parallel to the main dam at a
location far enough upstream to avoid conflicts between construction of the main dam
and the cofferdam. For the dam type selection study, a minimum distance of 15 m will
be provided between the toe of the cofferdam and the foundation excavation limits for the
CFRD and RCC alternatives. For the ED alternative, the cofferdam will be incorporated
into the embankment. The upstream and downstream slopes of the cofferdams will be
2.5H:1V. The cofferdams will be constructed of compacted and dumped random fill on
the in-situ alluvium. Less pervious material will be placed on the water retaining face.
The crest width will be 5 m. Crest elevations, which are the same for all dam types, are
given in Section 2.5 Diversion Flood.

2.7.2 Multi-level Intake Structure
If a multi-level intake structure is required to provide water quality control for

downstream releases, the intake structure will be sized to provide 10% of the mean
annual release at each intake level.
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The relatively small multi-level intake structure will be connected to a low-level outlet,
which will consist of a 0.8-m pipe installed in the existing diversion conduit. For the GD
or RCC dam alternatives, an intake control gate will be located at the upstream face of
the dam. For the CFRD and ED, the control gate will be located on the upstream side of
the dam. Slide gates or valves will be housed in the intake tower structure. Operation of
valves at selected elevations will provide withdrawal at the required level. If required,
increasing the penstock diameter to 1.0 m will double capacity. The penstock will
terminate at control valve and flume for measurement and validation of the required
minimum releases. Differences in complexity and cost are too small to be captured in
this dam type comparison study. Therefore, the multi-level intake structure is not
included in the dam selection cost comparison.

2.7.3 Access

New access roads to the dam site and to quarries will be required. Access roads are not
specifically included in the dam type selection study as cost differences are small and
have not been defined.

2.7.4 Construction

Construction camps and facilities will be required prior to commencement of the main
Rio Cafio Sucio dam and facilities construction contract. For the dam type selection
study, they have been estimated to be similar and have not been included in comparative
cost estimates. The RCC dam will require specific installations for material storage and
handling and the costs of these installations are included in the general costs of the RCC.
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3 GEOLOGIC AND GEOTECHNICAL CHARACTERISTICS

Geologic and geotechnical information used as the basis for input to the dam type
selection process were obtained during two visits to the proposed Cafio Sucio dam site,
one in September 1999 and another in December 2001 Investigations were limited to
general reconnaissance of the project area, and descriptions of site geology provided here
are taken from observations made during the reconnaissance site visits and literature
studies conducted by the USACE for development of the August 1999 Reconnaissance
Report.  Although further geologic mapping activities and investigations to evaluate
subsurface conditions by geophysical surveys have been planned, the results of these
additional investigations were not available for use in the dam type selection study.

Only those geologic and geotechnical characteristics pertinent to the dam selection
studies are addressed in this section, i.e. bedrock type, excavation depths, excavation
slopes, and construction materials. A more detailed description of the local geology and
geotechnical characteristics is contained in Appendix B, Geology and Seismicity, of the
main report.

3.1 Site Geology

The Cafio Sucio dam site has been well-selected from a topographic viewpoint and it
appears to be the most suitable site in the area. The dam site is located at the top of an
approximately 250 m long waterfalls section in the river. The main drop at the falls is
about 7-m-high, but several smaller falls and cataracts exist downstream over a horizontal
distance of about 200 m. At the proposed dam site, the river is at about El. 85 m.
Upstream of the upper section of the falls, the river flows very gently with a low gradient.

Bedrock units in the Cafio Sucio project area consist of Tertiary sedimentary rocks. A
medium to coarse-grained sandstone occurs at the proposed dam site, cropping out at the
waterfalls and in the riverbed. Abutments at the damsite are covered by residual soils and
weathered sandstone float. In outcrop, the sandstone is locally strong, moderately hard,
and erosionally resistant, as evidenced by the formation of the waterfalls. At the top of
the falls, strata strike about N32°E and dip about 10° to the southeast. Examination of
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outcrops on the left abutment indicates that the units are thin to medium-bedded (5 - 80
cm) and are intersected by joints. The sandstone is locally calcareous and probably
tuffaceous. Interbeds of shaley (or tuffaceous) materials are also present. A similar rock
sequence exists on the right side as observed on the left.

The waterfall itself is presumably formed by the offsetting of bedding layers along nearly
vertical joints perpendicular to the bedding planes. The steep, stair-stepped pattern of the
waterfall suggests that these joints, at least in the vicinity of the waterfall, have a
predominate spacing of 1 to more than 2 m. Thus, the combination of bedding layers and
perpendicular joints break the rock mass into blocks or slabs at this location.
Investigation of bedrock conditions away from the riverbed and waterfall was not
performed in either of the two reconnaissance visits to the site.

At the damsite, the Cafio Sucio flows to the northwest, cutting into a relatively flat lying
flood plain that is about 50 m in width at the dam site, but considerably widens upstream.
The sides of the river valley at the dam site rise up at a slope of approximately 3H:1V on
either side of the river, creating a trapezoidal shape to the valley. There is approximately
60 m of vertical relief between the valley floor and the tops of the abutments on either
side of the river.

Although bedrock is well exposed in the river bottom at the dam site and at the waterfall,
few other bedrock exposures were observed in the vicinity of the dam site. The shape of
the river valley and absence of rock exposure above the valley floor suggest that the
slopes forming either side of the river valley consist of residual overburden to some
depth. It assumed that the wider flood plain upstream of the dam site is covered by
alluvial deposits; however, their extent and composition is not known at this time.
Further investigation of these areas is required in the near future.

3.2 Materials Available for Construction
Various construction material sources were examined during field reconnaissance and

study of topographic maps and later tested in a local laboratory. These are discussed
below and their locations are indicated on Exhibit 2.
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3.2.1 Construction Material Sources

Alluvial deposits. Deposits of alluvial materials that could be used for construction
are not found in the project area. The nearest significant sources of natural sands and
gravel materials are located outside of the drainage basin.

Residual soils. It is assumed that most of the bedrock along the sides of the river
valley in the project area is covered by well-developed horizons of residual soils. No
test pits or close inspection of these soils were conducted in either of the two
reconnaissance visits. However, the sedimentary bedrock found in this area is similar
to the tuffaceous sandstone and siltstone bedrock found at the Rio Indio dam site.
The overlying residual soils are also thought to bear strong similarities. Residual
soils in a test pit excavated at the Rio Indio dam site were found to consist of clayey
silt. It is interpreted that most of the overburden in the project area is clay-rich due to
the calcareous and tuffaceous nature of the bedrock. Samples of this material from
the Rio Indio investigations were tested in the laboratory and found to be suitable for
use as impervious fill. Sufficient quantities of residual soil are available at or near the
dam site for use as impervious fill material for the earthfill dam types being
considered for the Cafio Sucio site.

Sandstone. Tuffaceous sandstones and siltstones form the uppermost bedrock units
at the site and are thought to be widespread throughout the project area. As stated
earlier, bedrock is covered by overburden to some thickness throughout the project
area, except where it is exposed at the river channel and the waterfall. Sandstone and
siltstone can be obtained from required excavations in rock at the dam site; however,
no other potential quarry sites containing significant quantities of these materials
were confirmed during the reconnaissance visits. Furthermore, the results of
laboratory testing conducted on tuffaceous sandstones and siltstones for the Rio Indio
project indicate that the material may be of sufficient strength to be used as random
rockfill; however, its durability is such that it most likely would not be suitable for
use as concrete aggregate or for select processed fills (i.e. filters, drains, riprap).

Andesite and basalt. Andesite and basalt rock units suitable for development as
construction material sources are found in the area around Cerro Miguel. A potential
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quarry site for obtaining these materials was identified near Cerro Loma Alta, located
approximately 5-6 km to the southeast of the site. Samples from this site were
compared with samples collected and tested for Rio Indio and were found to be
petrologically similar. Results indicate that the material would be suitable for use as
rockfill, processed select fills, and concrete aggregate.

3.2.2 Recommended Sources of Available Construction Materials.

Impervious Fill. Residual soils, located at or near the damsite can be used for
impervious fill.

Course and Fine Aggregate, Filters, Drain Material, and Riprap. All aggregates
(including coarse and fine aggregates for concrete, filters, drains, and riprap) need to be
manufactured from quarried sources of andesite and basalt located about six kilometers
away from the damsite. To decrease the cement requirements for RCC, some mixing
with imported sands and silts will be necessary, impacting the cost of production.

Sands and Gravel. The nearest significant sources on natural sands and gravel material
are located outside of the drainage basin

Random Rockfill. Sandstone from required excavation, provided it is not entirely
decomposed, could be used as random rockfill material in shells of fill dam types. It is
expected, however, that handling, placement, and compaction of the relatively weak
sandstone will result in production of fines. This can be handled through appropriate
design of the zoning of the dam and construction specifications for material handling.

Residual soils and weathered sandstone bedrock can be used for random fill with
relatively impervious characteristics for cofferdams and earthfill dam types and for
backfill.

Random Fill. Required excavation can be used for random fill in, for example, the
cofferdams.

Coclé del Norte and Cafio Sucio Water Supply Projects
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3.3 Geotechnical and Geologic Design Considerations

Generally, the geologic and geotechnical factors that most influence selection of dam type
fall into the following categories:

* General foundation bedrock acceptability, including sliding resistance and
deformation characteristics of foundation;

* Required excavation depths to achieve acceptable foundation materials;

® Measures required to treat the foundation to improve physical properties and
control leakage;

* Long-term performance of the foundation under normal operatton conditions and
extreme events, especially earthquake; and

* Availability of suitable construction materials.

Such geological and geotechnical factors can have direct influence on the development of
comparative construction costs and were taken into consideration during the study of dam
type alternatives. In addition to the factors listed above, the proximity of the 7-m-high
waterfall downstream of the proposed dam axis must also be considered. In the absence
of geologic mapping or subsurface investigation data for the Cafio Sucio dam site,
assessing the impact of each one of these factors on dam type selection had to be based
on qualitative evaluations involving engineering judgment and previous experience in
similar geological environments.

* Proximity of Waterfall to Dam. The most prominent geologic feature at the
Cafio Sucio dam site is the waterfall located downstream of the proposed location
of the dam. The height of this is estimated to be about 7 m; the exact height has
yet to be determined through precise surveying during a low flow period.
Because stability at the toe of the dam could be compromised when the waterfall
rock ledge is exposed to elevated secpage pressures from the Cafio Sucio
reservoir, studies were performed to examine the stability of foundation rock
blocks and their influence on stability at the toe of the dam. Basic assumptions
were made for the geometry and joint strengths for potentially unstable rock
blocks, and a simplified stability analysis was conducted. The results of this
analysis indicate that for Earthfill or CFRD dam types the waterfall ledge can be
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buried within the downstream fill of the dam. However, the downstream extent of
drain and filter zones for an Earthfill dam type should be located at least 15 m
upstream from the edge of the waterfall. For concrete gravity dam types, the
downstream toe of the dam should be located approximately 15 m upstream from
the edge of the waterfall as well.

e Foundation Bedrock Characteristics. In general, the foundation bedrock at the
site is not expected to present any significant constraints on project development.
This is in contrast to some sedimentary rock units and geotechnical conditions
known from the Canal Zone (e.g. Cucaracha Formation), where sliding and
foundation failures have been common and presented serious problems.

o Bearing Capacity. The tuffaceous siltstones and sandstones are relatively
soft rocks (say in comparison to basalt) but are expected to present
adequate bearing capacity to support any of the structures being
considered.

o Resistance to Sliding. The sandstone should provide adequate resistance to
sliding along bedding planes or other planes of weakness provided
excavation depths are sufficient to achieve fresh sound bedrock.

e Excavation Depths. Based upon the general observations made at the site, the
excavation depth to sound bedrock is assumed to vary from approximately 2 m at
the bottom of the river to approximately 6 m under the dam crest on each
abutment. These assumptions were used in the development of preliminary
layouts and in the computation of quantity takeoffs for cost estimates. Actual
depths and characteristics of weathering need to be properly investigated by
drilling and geophysical exploration.

o No test pits have been conducted at the site to date, but a fully developed
weathering profile several meters thick is expected under the slopes on
either side of the river valley.
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o Variations in foundation quality over short distances could have a more
serious impact for rigid structures (gravity dam alternatives) than for fill
dam alternatives. For example, the foundation excavation footprint for the
RCC alternative is larger than for the CFRD plinth excavation. If
excavation to obtain a competent foundation were greater than assumed,
then costs would increase more for the RCC scheme than for the CFRD
scheme.

¢ Foundation Improvement, Treatment, and Long-Term Performance. No
special foundation improvement or treatment measures are expected for the Cafio
Sucio site that would influence selection of one dam type over another. Similarly,
the sandstone bedrock is expected to perform satisfactorily over the lifetime of the
project without adverse deterioration. During subsequent investigations, the
potential for internal erosion of the sandstone under high seepage pressures and
flows should be studied to determine appropriate design and construction details.

No large mass movements are expected to affect the reservoir, but the effect of
saturation, say after intense rainfall, on the stability of residual soils and saprolites
needs to be properly evaluated during the design stage.

Geotechnical design criteria used for developing preliminary layouts and cost estimates
for dam type selection are presented in Table 1 below:
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Table 1: Summary of Geotechnical Design Parameters

Geotechnical Design Parameters

Parameter

Selected Design Criteria

Location of Dam

Earthfill Dam

Min. 15m between downstream
toe of filter and drain zones and
edge of waterfall.

Add Stability berm if
downstream face of Earthfill
intersects face of waterfall.

CFRD

Min. 15m between dam axis and
edge of waterfall.

Add Stability berm if
downstream face of rockfill
intersects face of waterfall.

RCC Dam

Min. 15m between downstream
toe of dam and edge of waterfall.

Overburden Thickness

Varies from valley floor to dam
crest at abutments.

Excavation Depths

Depth to Competent
Rock

Varies from 2 meters at valley
floor to 6 meters at abutments
under dam crest.

Rock

1H:5V

Excavation Slopes

Permanent in

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

Overburden
rock contact
T ) 1.5H:1V, 3m wide benches every
emporary i 10m vertically. Bench at soil-
Overburden

rock contact
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4 ALTERNATIVE DAM TYPE LAYOUTS AND COSTS

This section gives a brief description of both of the alternative dam type development
concepts and describes the pertinent differences between them.

4.1 Concrete Faced Rockfill Dam

A site plan, profiles, and sections of the concrete faced rockfill dam (CFRD) are
presented in Exhibit 3. The general arrangement shows the dam, cofferdams, and
diversion culvert alignment. The centerline of the alignment was selected to minimize
dam volume while providing sufficient distance from the waterfalls for toe stability and
construction access. The alignment will be confirmed during subsequent studies of the
selected dam type to include any additional information from planned geotechnical
explorations. The cofferdam was located to provide adequate construction and laydown
areas while minimizing the length of diversion culvert. The minimum distance to the
upstream cofferdam was established at 15 m. This provides working space for the
construction of the required grout curtain at the toe of the main dam. A grout curtain
cutoff will be constructed to a depth of 40% of the hydraulic head, 10 m, or to a depth
that eliminates any adverse impacts from or to the waterfall.

The CFRD will be constructed of selected rockfill obtained from nearby rock quarries
developed in the same sandstone unit found at the dam axis. Material for concrete
aggregate, filters and drains will be obtained from a quarry in basalt near Cerro Miguel.
For the dam type selection, the slopes of both the upstream and downstream faces are
1.4H:1.0V, reflecting the relatively low seismicity of the location. These slopes will be
optimized during subsequent studies when stability analyses are performed. The dam
crest will be formed by an upstream parapet wall and a downstream retaining wall to
reduce dam volume. The upstream parapet wall will extend an additional 2 m above the
crest of the fill to provide freeboard.

The dam will be constructed with a reinforced concrete upstream facing as an
impermeable membrane. It will be designed to have (1) low permeability, (2) sufficient
durability against weathering, and (3) sufficient flexibility to tolerate small expected
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Earthfill settlement. The concrete facing will be constructed with (vertically placed)
slabs with intermediate waterstops. A zone of fine gravel and sand will be placed
beneath the concrete face to provide continuous support for the concrete facing. It will
prevent movement of material into the main rockfill and will be about 3 m thick. It is
expected that this support zone will be placed using an upstream extruded concrete curb
to provide confinement during compaction and protection against erosion during
construction.

A reinforced concrete plinth, or toe slab, also used as a grouting platform, will be placed
along the upstream toe. This plinth will be extended downstream, as needed, to lengthen
the seepage path as required by the rock encountered. The plinth will be founded on
unweathered rock that is assumed to be 2 m below ground level at the river channel,
increasing to 4 m below ground level in the abutments.

The cofferdams will be constructed of random fill that will be obtained from portions of
the required excavations for the main dam and spillway. The construction sequence of
the main fill will include construction of a preferential fill or internal cofferdam, which
will help protect the dam construction during flood events of unexpected scale. The
diversion culvert will be located to the left of the river channel.

Pertinent data is provided in Table 2.

4.1.1 Ungated Spillway

The ungated spillway plan and sections are presented in Exhibit 4. The spillway will be
an ogee spillway located on the right abutment. A crest road access bridge will span the

spillway channel over the ogee. " The spillway, chute and flip bucket are described in
Section 2.6.1 Ungated Spillway for CFRD and Earthfill Alternative.

4.2 Earthfill Dam
The site plan, profile and section for an earthfill dam is presented in Exhibit 5. The

Earthfill dam centerline is located just upstream of the CFRD centerline. This location
provides adequate access for construction on both sides of the dam. The earthfill dam
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Table 2: CFRD Design Parameters and Pertinent Data

Dam Section

Spillway

Cofferdam

CFRD
Alignment
Crest elevation
Parapet elevation
Maximum reservoir elevation
Crest width
Upstream slope
Downstream slope
Concrete face thickness
Transition fill thickness
Plinth width

Foundation
Plinth
Embankment

Material Volumes, m :
Rockfill
Filter and drain
Concrete
Foundation excavation

Material Volumes, m3
Excavation
Concrete

Alignment
Distance from dam
Crest Elevation
Crest width
Freeboard
Upstream slope
Downstream slope
Volume, m3
Foundation
Impervious Element
Shells

See Plan
1033 m
1053 m
104.3 m
8m
14H: 1V
14H: 1V
0.3-0.5m, 0.4 m, av.
3m
4m

Competent rock
Weathered rock

73,500
14,600
8,000
28,500

65,000
3,800

See Plan
15 m (min)
91.0 m
Sm
1 m
25H:1V
25H: 1V
16,300

Weathered Rock
Stripped Overburden
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crest will be at El. 105.3 providing one meter of freeboard for the selected design flood.
The crest will be 8 m wide. Slopes of the Earthfill will be 2.5H:1V. The upstream slope
will be protected with riprap down to El. 88.0, 2 m below the minimum reservoir level.
The cofferdam will be incorporated into the dam. Excavation to a suitable founding
grade is assumed at two meters over the entire foundation. Foundation treatment will
consist of a grout curtain. A crest road access bridge will span the spillway across the
headworks. An ungated spillway, chute and flip bucket are described in Section 2.6.1
Ungated Spillway for CFRD and Earthfill Alternatives.

Pertinent data is provided in Table 3.
4.3 Concrete Gravity Dam

The site plan, profile and sections for a conventional concrete or RCC gravity dam is
presented in Exhibit 6. The centerline of the dam is located on the same axis as the
CRFD to minimize dam volume and provide adequate space for construction. The cross
section has been selected to provide adequate stability under the prevailing site conditions
(low seismicity and moderate foundation strength) based on experience. The selected
cross section will include a vertical upstream slope, and a downstream slope of
0.75H:1V. The 8 m wide crest will be at El. 103.3, with a parapet wall to El. 105.3. A
grout curtain and a drainage system will be included.

The current alternative assumes either a low-cement content conventional concrete
gravity dam, or a low-paste RCC gravity dam. The RCC dam would utilize bedding
mixes, as required, particularly at the rock-concrete interface, at the upstream end of each
lift, with an upstream impervious facing and drainage system.

The concrete gravity dam will include an ungated ogee spillway as shown on Exhibit 6.
The 26 m-wide spillway will discharge onto a concrete apron with end sill. Access

across the spillway will be provided by a 26 m-wide bridge.

Pertinent data is provided in Table 4.
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Table 3: Earthfill Dam Design Parameters and Pertinent Data

Dam Section

Spillway

Cofferdam

Earthfill
Alignment
Crest elevation

Maximum reservoir elevation

Crest width
Upstream slope
Downstream slope
Riprap Protection
Filter

Drain

Foundation
Excavation
Seepage

Material Volumes, m }
Fill
Filter for concrete
Concrete
Foundation excavation

Material Volumes, m3
Excavation
Concrete

Alignment
Distance from dam
Crest Elevation
Crest width
Upstream slope
Downstream slope
Volume, m
Foundation
Impervious Element
Shells

See Plan
105.3 m
104.3 m
8m
25H:1V
25H: 1V
2m
3m

2m
Grout Curtain

167,200
17,300
1,400
42,100

65,000
3,800

See Plan
I5 m (min)
91.0 m
Sm
25H:1V
25H: 1V
16,300

Weathered Rock
Stripped Overburden
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Appendix D — Part 2 Dam Type Selection — Cafio Sucio

Table 4: Gravity Dam Design Parameters and Pertinent Data

Dam Section

Gravity
Alignment See Plan
Crest 103.3 m
Parapet 2m
Parapet elevation 105.3 m
Maximum reservoir elevation 1043 m
Crest width 8m
Upstream slope OH:1V
Downstream slope 075H:1V

(RCC uncompacted section 0.5m
downstream)

Foundation Competent rock

Material Volumes, m3

Mass Concrete (RCC) 28,400
Additional concrete 5,500
Total concrete 33,900
Foundation excavation 16,300
Spillway
Concrete, m? 1,900
Cofferdam
See Plan
Alignment 15 m (min)
Distance from dam
Crest Elevation 87.0m
Crest width Sm
Freeboard 1m
Upstream slope 25H:1V
Downstream slope 25H: 1V
Foundation
Impervious Element Weathered Rock
Shells Stripped Overburden
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Appendix D — Part 2 Dam Type Selection — Cafio Sucio

5

EVALUATION OF THE ALTERNATIVE DAM TYPES

The objective of the dam type evaluation is to select the dam type and corresponding

spillway type to be carried forward to the next phase of the study. The evaluation process
will also be used to identify specific aspects of the selected dam type that require

additional study and to make recommendations for additional data collection.

3.1 Factors Considered in Dam Type Selection

The evaluation of the alternative dam types is based on the following factors:

il

Construction cost;

Construction considerations and schedule;
Foundation considerations, and;

Operation and Maintenance considerations.

All of the alternative dam types have been developed to provide the same level of

performance. The dam types have been developed to:

Minimize the initial construction cost of the project by minimizing the dam
size for the selected design parameters;

Minimize technical difficulties that might be encountered in project
construction through project configuration:

Account for potential foundation related difficulties that might become
apparent during future investigation programs, and;

Minimize project operation and maintenance costs, or the possibility of
encountering unique and difficult to solve remedial costs.

The alternative that best satisfies the stated objectives, and any other specific owner

requirements, is the recommended alternative.
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Appendix D — Part 2 Dam Type Selection — Cafio Sucio

5.1.1 Initial Construction Costs

To develop the initial construction costs for each alternative, preliminary quantities and
costs have been estimated. Only quantities and costs that are judged to vary by
alternative have been included. The following common costs are not included in the cost

estimates:
1. Access Roads;
2. Construction Facilities;
3. Trans-basin diversion tunnel;
4. Reservoir clearing;
5. Environmental and socio-economical costs, and;
6. Contingencies.

Unit costs have been estimated for use at this preliminary cost comparison level.
Attachment 3, Comparative Cost Estimate presents the costs for diversion and care of
water, the dam, the spillway and the low level outlet for selected quantities and unit costs.

Table 5 below summarizes the resulting cost estimates for the alternatives considered.

Table 5: Summary of Comparative Costs

Component CFRD  Earthfill rcc  Conventional
Concrete
$US million, 2002 price level
Diversion and Care of Water 0.69 0.66 0.17 0.17
Dam 2.22 1.92 343 3.60
Spillway 1.13 1.13 0.44 0.44
Low Level Outlet 0.29 0.29 0.17 0.17
Total 43 4.0 4.2 44
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Appendix D - Part 2 Dam Type Selection — Cafio Sucio

The comparative cost estimate shows the earthfill dam alternative to be the low cost
alternative at $4.0 million, more than 5% lower that the RCC or CFRD dam alternatives
at $4.2 and $4.3 million respectively. The earthfill dam cost of $1.92 million reflects the
use of local available mass fill material at low cost. The cost estimate includes the cost
for a freestanding intake control tower for the culvert at the upstream toe of the dam.

The RCC dam alternative is estimated to cost $4.2 million, of which $3.43 million is the
cost of the dam itself. The relatively small volume of RCC results in a unit cost at the
higher end of the usual experience range. In addition, the high ratio of facing adds
substantially to the cost of this alternative. The intake control tower will be located on
the upstream face of the dam resulting in a lower cost than for the Earthfill and CFRD
alternatives.

The CFRD cost is higher than the Earthfill despite its smaller volume because of the
higher unit cost of rockfill, as well as the cost of providing the concrete facing. Other
alternative components are essentially the same cost as for the Earthfill dam alternative.

The conventional concrete gravity dam cost estimate is higher than the RCC dam
alternative because of the unit cost of concrete. While a lower cementitious mix has been
selected, the slower placement rate and additional internal formwork required result in
the higher unit cost.

The differences in initial construction cost between the Earthfill, RCC, conventional
concrete and the CFRD alternatives are not sufficient to make an evaluation on cost
alone. It should be noted that contingencies have not been included on either quantities
or unit costs. For the feasibility level estimate, contingency allowances will be included
for the following:

1. Uncertainties attributable to unforeseeable adverse geological conditions;

2. Variations in the cost of permanent equipment and resources for
construction due to changing market conditions;

3. Modifications in design resulting in an increase in construction;

4. Minor items not detailed at this time, and:
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5. Overlooked and unforeseen items that may not be included in the present
pre-feasibility level quantity estimates.

The application of contingencies to provide reasonable coverage for the first two items
will favor the Earthfill dam over the CFRD, RCC and conventional concrete alternatives.
However, the cost difference between the ED and the RCC alternatives, and likely
between the ED and all other alternatives considered, will remain within estimating
accuracy.

5.1.2 Construction Considerations
Construction considerations have been evaluated on the basis of the following objectives:

e Minimize the need for off-site materials;

e Minimize the duration of the construction activities;

e Minimize the consequences of flooding due to streamflow in excess of the
diversion dam floods, and;

e Maximize the use of available construction technology, specifically in
Panama.

Although each parameter favors a particular dam type, taken as a whole, construction
considerations do not clearly favor any of the dam type alternatives, as discussed below.

° The earthfill dam alternative takes most advantage of local materials. Basically
all materials used for construction of the dam are found at relatively close
distance to the site of construction. Construction of the CFRD requires some
transportation of rockfill from the selected quarry. The conventional concrete and
RCC dams requires importation of large quantities of cement from an offsite
factory, or even from outside of the country, and its transportation to the site.

. In terms of construction planning, the most significant differences between the
types of dam are the durations of the construction periods. The RCC dam,
excluding preparatory works and construction of ancillary structures, can be built
in approximately 3 months. The conventional concrete gravity dam could be

Coclé del Norte and Cafio Sucio Water Supply Projects
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constructed in 4 to 8 months plus preparatory and ancillary works. depending on
the construction forces mobilized. The CFRD will require the excavation of
nearly 75,000 m® of rock, either for necessary excavation or from quarry. It is
anticipated that this volume will take at least 6 months. Completion will take
approximately six more months. The Earthfill dam will require at least two dry
seasons to place the 167,000 m® of fill. The overall construction period is
estimated at 15-18 months. However, if the schedule for the Coclé del Norte and
Cafio Sucio Water Supply Projects includes the trans-basin diversion tunnel,
tunnel construction will determine the overall construction period, making dam
type selection independent of construction time.

o The effect of flooding during construction favors the conventional concrete
gravity and RCC dams. Both are resistant to damage by overtopping but vital
placement equipment, processing plant and material stockpiles may be damaged
during the flood, if not adequately protected or located. The CFRD can be
designed and constructed to withstand overtopping almost as effectively as an
RCC dam. Interruption in placement of the CFRD would have less impact. The
earthfill dam would be most adversely affected by flooding during construction.

. The CFRD alternative has a definite advantage when previous local experience is
considered. Fortuna dam is a 100-m-high CFRD, and was commissioned a few
years ago, and the Barrigon dam, a 60-m-high CFRD, part of the Esti
Hydroelectric Project, is currently under construction. No RCC dams- have been
constructed in Panama. Small Earthfill dams and conventional concrete dams
(Bayano) have been constructed in Panama.

5.1.3 Foundation Considerations
Foundation considerations have been evaluated on the basis of the following objectives:
* Minimize impact of potential adverse foundation conditions resulting from
future investigations;

* Minimize concerns relating to the foundation strength characteristics;
* Minimize potential for differential deformation, and;
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e Minimize potential for seepage through the foundation.

The foundation is an integral part of any dam, as it provides support to the dam body, and
continuity to the water-tightness element of the dam. To perform these functions, the
foundation material should have certain minimal attributes:

e The material should have a strength comparable or superior to the strength
of the material being placed on top, and

e The foundation should be of low permeability, or else, it should be
possible to treat it by grouting or other means to reach a low permeability.

The known characteristics of the site tend to favor the selection of an earthfill dam
alternative, which does not need to be founded on competent rock. The rock formations
found in the river channel and abutment outcrop, and assumed to extend throughout the
site (tuffaceous siltstones and sandstones) present a well developed weathering profile
and are naturally soft and of relatively low modulus of deformation. Minimal foundation
excavation or improvement is required for the earthfill dam. Additionally fill dams are
more capable of accommodating the differential deformations associated with a low
modulus of deformation.

The lack of subsurface information at this time does not favor selection of any of the
alternative dam types considered. Any unexpected subsurface conditions can be handled
easily, and with lesser impact on the overall construction, during construction of an
Earthfill dam than during construction of a CFRD, conventional concrete or RCC dam.
However, the conventional concrete dam or RCC dam type costs have been estimated
assuming lower abutment foundation levels than the earthfill dam, and in addition, their
footprint on the abutments is much smaller than the earthfill dam. Therefore the risk of
unexpected foundation conditions impacting these alternatives more adversely than the
earthfill alternative is considered comparable on this relatively small dam.

5.1.4 Operating and Maintenance Considerations

The operation and maintenance considerations of the project have been evaluated on the
basis of the following:
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* Minimize the potential for overtopping and resulting damage due to
improper spillway operation;

* Minimize leakage through the dam or its foundation;

® Minimize the need for maintenance of the dam and the potential for
difficult remedial measures, and:

® Minimize the need for maintenance of the spillway and the potential for
difficult remedial measures.

Operation and maintenance considerations tend to favor selection of a concrete
(conventional or RCC) dam alternative.

Leakage through all types of dam should be negligible. There may be marginally greater
seepage through the earthfill dam, though it will be less than the anticipated minimum
release requirements. Although some early RCC dams experienced leakage problems,
more recent designs and construction techniques have virtually eliminated this problem.
The concrete face of a CFRD may be subject to cracking if poor quality control of
concrete placement occurs, or subsidence causes cracking. The general experience is that
appropriate design and specification requirements coupled with construction inspection
has resulted in CFRD that minimize leaks.

Maintenance requirements will be relatively small for all of the dam types under
consideration. However, they will be higher for the earthfill dam than for the other dam
alternatives. The dam will require mowing or tree/shrub removal several times a year
over the life of the project.
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5.2 Recommendations

Based on the available information, an RCC dam is recommended for the Rio Cafio Sucio
Water Supply Project.

Earthfill, CFRD, and Concrete Gravity Dam types are all technically feasible at this site.
However, while the comparative cost evaluation slightly favors the Earthfill dam
alternative, the RCC is, within the accuracy of estimating, about the same cost. The
Earthfill dam and the RCC dam have comparable foundation condition risks. On the other
hand, the Earthfill dam has a greater flooding risk during its longer construction period,
and projected higher maintenance costs. While the selection of the RCC alternative
should be confirmed following site investigation studies, it is recommended for
Feasibility level study.
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Attachment 1 - Hydraulic Analysis for Design of Diversion Tunnel and Cofferdam
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MWH

MONTGOMERY WATSON HARZA MWH ENERGY & INFRASTRUCTURE, INC.

HYDROPOWER
Location  Chicago Office Date March 5, 2002
To  Michael Newbery
From Monica Cheng and Khalid Jawed
Subject  Hydraulic Analyses for Design of Diversion Works and Cofferdam
Rio Cano Sucio Project
Introduction

This memo summarizes the procedures and results of the hydraulic analyses performed
for design of cofferdam and diversion works of Rio Cano Sucio Project.

The analysis included:
Tailwater analysis
Diversion Works analysis
Reservoir routing
Basic data used in the analysis is discussed. Results are provided as tables and exhibits.

Tailwater Analysis

The objective of this analysis was to develop a tailwater rating curve for the proposed Rio
Cano Sucio Dam site.

Computer Model

The water surface profiles computer model, HEC-2, developed by the U.S. Army Corps
of Engineers, was used in this study to determine the tailwater rating curve. Key input
data to the model include flows, river cross-sections and river reach characteristics.

River Cross Sections

Seven cross sections downstream from the Cano Sucio dam were used. The most
upstream and downstream cross sections are located about 100 m and 8,300 m
downstream of the dam, respectively. Initially, the seven cross sections were derived
from 1:50,000 scale topographic map with 20-m contour interval. Later, the most



upstream cross section was replaced by a section derived from 1:2,000 scale topographic
map with 1-m contour interval. The cross section data used are listed on Exhibit 1.

Manning’s Roughness Coefficients

The roughness coefficients selected for the study reach are 0.035 for channel flow and
0.050 for over-bank flows.

Flows

A total of eight flows varying in the range of 5 to 400 cms were used to develop tailwater
rating curve.

Results

Table 1 summarizes the computed tailwater elevations at a distance of 100 meters from
the dam site for the selected flows. Exhibit 2 shows the plot of tailwater rating curve.

Table 1
Tailwater Rating Curve
Flow cms 5 10 20 50 100 200 300 400
Tailwater
Elevation m 79.2 79.4 79.5 79.9 80.3 80.8 81.1 814

Diversion Works Analysis

The objective of this analysis was to develop a relationship between headwater and
diversion works outflow for routing floods of selected return periods through cofferdam —
diversion works scheme. The routing results would be used for determining height of
cofferdam.

Methodology

Flow in diversion works generally is non-uniform with regions of gradually and rapidly
varying flows. An exact theoretical analysis of flow in diversion works is very complex
which could involve backwater and drawdown calculations, energy and momentum
balance, and applications of hydraulic model studies. This exact analysis was not
performed in the current study. Instead, a simplified analysis was made and its results
were used in the reservoir routing for preliminary design of height of cofferdam.




Procedures

A Microsoft “EXCEL” spreadsheet was used for the computation. The following
components were computed in the spreadsheet.

* Calculate the velocity by dividing the flow rate by the cross sectional area of diversion
works. Determine the corresponding velocity head.

* Determine the entrance, exit, friction and any other losses. The entrance and exit loss
coefficient was assumed to be 0.3 and 1.0, respectively. The friction loss was computed
using Darcy-Weisbach equation. The Darcy-Weisbach friction loss coefficient was
computed based on the Manning’s coefficient of 0.013 for lined-concrete diversion
works.

- Calculate the required headwater elevation by adding the invert elevation at outlet (EL
80) with depth of diversion works and the total loss.

* Select other flow rates and repeat the above computations to develop the relationship of
the required headwater elevation and the selected flow rates.

The computation was made for various sizes and lengths of diversion works. The sizes
considered are one 3 m x 3 m and 4 m x 4 m square box of length 100, 150, and 200 m.
Exhibit 3 shows the headwater elevation versus discharge curves. The computed
headwater and the corresponding flow values were applied to the reservoir routing,.

Routing Analysis

The objective of this analysis was to provide information of maximum headwater
elevations under various sizes and length of diversion works.

Methodology

An in-house computer program ROUTE was used for the reservoir routing. The 25-year
and 50-year all season floods and 50-year dry season flood were routed for various size
and length conditions. The key input to the program included the headwater vs. outflow
relationship developed in the diversion works analysis, reservoir capacity curve, and the
flood hydrograph. A brief description of these data is given below.

Reservoir Capacity

The reservoir volume data listed in Table 2 were used for the storage routing. These
reservoir volume data was originally provided by the ACP/USACE and adjusted by
MWH to reflect a zero volume at El. 85. The volumes at El. 90 and El. 100 were
obtained from topographic map of scale 1:50,000. The volume at EL. 95 was interpolated
graphically.



Table 2
Reservoir Capacity Curve

Elevation m 85 90 95 100
Volume mcm 0 4.2 37.0 72.8
Flood Hydrograph

The 25-year and 50-year all season and 50-year dry season flood hydrographs computed
for the Cano Sucio dam as shown in Tables 3, 4 and 5 were used as the inflow
hydrograph for the reservoir routing.

Starting Reservoir Elevation
Reservoir routing was made using a starting reservoir elevation at initial flow of the

flood. The starting elevation was estimated based on the relationship of headwater vs.
outflow computed in the diversion works analysis.

Table 3
25-Year All Season Flood Hydrograph

Time hr 0 1 2 3 4 5 6 7

Flow cms 15 20 31 71 102 153 204 255
Time hr 8 9 10 11 12 13 14 15
Flow cms 305 361 392 372 326 285 244 204
Time hr 16 17 18 19 20 21 22 23
Flow cms 173 143 122 102 92 81 71 61

Time hr 24 25 26 27 28 29 30

Flow cms 56 51 46 41 36 31 25

Table 4
50-Year All Season Flood Hydrograph

Time hr 0 1 2 3 4 5 6 7

Flow cms 16 21 33 76 109 163 217 271
Time hr 8 9 10 11 12 13 14 15
Flow cms 324 384 417 396 347 303 260 217
Time hr 16 17 18 19 20 21 22 23
Flow cms 184 152 130 109 98 86 76 65
Time hr 24 25 26 27 28 29 30

Flow cms 60 54 49 44 38 33 27




Table 5

50-Year Dry Season Flood Hydrograph

Time hr 0 1 2 3 4 5 6 7
Flow cms 3 5 7 16 23 35 47 59
Time hr 8 9 10 11 12 13 14 15
Flow cms 70 83 90 85 75 65 56 47
Time hr 16 17 18 19 20 21 22 23
Flow cms 40 33 28 23 21 19 16 14
Time hr 24 25 26 27 28 29 30

Flow cms 13 12 11 9 8 7 6

Results

Table 6 summarizes the maximum water surface elevation reached for various size and

length conditions routed.

cofferdam.

These results will be used for the design of height of

Table 6
Maximum Headwater Surface Elevation
25-year 50-year 50-year
Maximum Headwater Surface Elevation, m | All Season | All Season | Dry Season
Flood Flood Flood
One 3 m x 3 m square-100 m 90.9 91.0 86.1
One 3 m x 3 m square-150 m 90.9 91.0 --
Diversion | One 3 m x 3 m square-200 m 90.9 91.1 --
Works | One 4 m x 4 m square-100 m 90.5 90.6 -~
One 4 m x 4 m square-150 m 90.5 90.6 --
90.5 90.7 --

One 4 m x 4 m square-200 m




Exhibit 1

River Cross Sections Downstream from Rio Cano Sucio Dam

C.S. No. in HEC-2 7 6 5 4
Distt m Elev.m Dist.m Elev.m Distt m Elev,m Dist. m Elev,m
0 120 0 120 0 120 0 120
120 100 50 100 250 100 100 100
150 90 550 80 500 80 550 80
161 85 590 72.3 590 68.8 690 67.3
169 80 610 723 610 68.8 710 67.3
176 75 650 80 700 80 850 80
179 74 1150 100 950 100 1300 100
192 73 1200 120 1200 120 1400 120
254 74
260 75
269 76
289 80
299 81
306 83
315 85
338 90
380 100
500 120
C.S. No. in HEC-2 3 2 1

Dist. m Elev.m Dist.m Elev.m Dist.m Elev.m

0 120 0 120 0 120
75 100 80 100 50 100
235 80 520 80 110 80
315 64.9 560 61.7 135 60
335 64.9 580 61.7 205 60
415 80 620 80 230 80

575 100 1060 100 300 100
650 120 1150 120 350 120
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Tailwater Rating Curve

Rio Cano Sucio Dam (C.S. No.1)
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Attachment 2 - Evaluation of Spillway Sizes and Estimation of Freeboard

Coclé del Norte and Cafio Sucio Water Supply Projects
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Date: January 30, 2002
To: Michael J. Newbery
From: Khalid Jawed

Subject: Evaluation of Spillway Sizes and Estimation of Freeboard for Rio Cano Sucio
Project

Introduction

This memorandum summarizes the procedures and results of hydrologic analyses
performed to determine flood surcharge over the normal reservoir pool elevation during
the routing of probable maximum flood (PMF), and to estimate magnitudes of wave run-
up and wind setup. The analyses included:

e Estimation of flood surcharges for an ungated Ogee spillway with crest elevation
at 100 meters. Four lengths of spillway, 25, 50, 75, and 100 meters were
considered.

¢ Analysis of wave run-up and wind setup.
Basic data used in the analyses are discussed. The results are provided as tables.
Ungated Spillway

The objective of this analysis was to determine the maximum surcharge over the normal
reservoir pool elevation of 100 meters, during the routing of the PMF. The HEC-1
computer program developed by the United States Army, Corps of Engineers, was used
to route the PMF with a starting elevation at 100 meters. The elevation-volume data and
spillway rating curves used are given in Table 1. The spillway discharges were computed
using the following relationship.

Q=CL (H"1.5)

where Q is spillway discharge in cubic feet per second, L is length of spillway in feet, H
is head over spillway crest in feet and C is coefficient. A constant value of 3.5 was used.
A spillway length of 150 meters was originally used by ACP. Spillway lengths of 100,
75, 50 and 25 were investigated. The results are summarized in Table 2.



Table 1

ELEVATION-VOLUME AND SPILLWAY DISCHARGE DATA

RIO SUCIO RESERVOIR
Elevation | Volume | Elevation | Discharge | Discharge | Discharge | Discharge
(m) (mcm) (m) (cms) (cms) (cms) (cms)
L=100m L=75m L=50m L=25m
80 0.0 100 0 0 0 0
85 4.07 100.5 68 51 34 17
90 8.14 101.0 193 144 96 48
95 36.35 101.5 354 266 177 89
100 80.62 102.0 546 409 273 136
101 91.39 102.5 762 572 381 191
102 102.81 103.0 1002 752 501 251
103 114.88 103.5 1263 947 631 316
104 127.58 104.0 1543 1157 771 386
105 140.93 104.5 1841 1381 921 460
107 169.43 105.0 2156 1617 1078 539
105.5 2488 1866 1244 622
Table 2
MAXIMUM SURCHARGE DURING PMF
RIO SUCIO RESERVOIR
PMF Peak Initial Pool Width of Maximum Maximum
Inflow Elevation Spillway Outflow Surcharge
Elevation
(cms) (meters) (meters) (cms) (meters)
1687 100 100 921 102.8
1687 100 75 812 103.2
1687 100 50 661 103.6
1687 100 25 434 104.3
Analysis of Wind Wave
Definitions

The purpose of this analysis was to determine the freeboard for Indio dam. The freeboard
is defined as the difference in elevation between the crest of a dam and normal pool
elevation of the reservoir. A term minimum freeboard is also used which is defined as



the difference in elevation between the crest of the dam and the maximum water surface
elevation reached during the routing of the PMF (or design flood if different from the
PMF) with the spillway and other outlets, if any, functioning as planned.

Freeboard computations generally include the determination of wind setup and wave run-
up on sloping or vertical embankments. A number of empirical relationships are
available. Most of these involve use of wind velocity and fetch length as basic
parameters. While the various relationships yield different results, the variation between
the results is not so great compared to the variation that could be possible in the results
due to assumptions of wind velocity and fetch length. The freeboard estimate is
significantly affected by the magnitude of wind velocity and direction, and fetch length.

Basic Data

Site-specific data for wind velocity and direction were not available. Also, a reasonable
configuration of the reservoir area at normal pool level could not be obtained. The
reservoir shape was approximated from 1:50,000-scale map with 20-meter contour
interval. In the absence of dominant wind direction data, the fetch length was assumed to
be the maximum length of the reservoir for conservative estimates of wave run-up and
wind setup. ACP provided monthly average wind speed and wind gust data for Gatun
station. Wind speed was assumed after the review of this data.

Methodology

The procedures given in the United States Corps of Engineers publication ETL 1110-2-
221 dated November 29, 1976 entitled, “Wave Run-up and Wind Setup on Reservoir
Embankment by Bruce L. McCartney, Department of Army, Office of the Chief of
Engineers, Washington D.C.,” were used. The steps necessary for the computations of
wind setup and wave run-up included:

Estimate maximum wind speed

Plot a wind velocity-duration curve for the site

Compute reservoir effective fetch length

Plot a wind velocity-duration curve for the reservoir effective fetch
Determine magnitude of design wind

Estimate design wind duration

Estimate wave run-up

Estimate wind setup

The step-by-step computations are shown below:

Embankment slope 1:1.5, impervious, smooth
Reservoir normal pool elevation = 100 meters
Depth at toe of embankment = 70 meters (230 feet)
Maximum fetch length = 7 km (4.5 miles)



Effective fetch length = 0.25 * 7 = 1.8 km (1.2 miles), there is a procedure as per
manual ETL 1110-2-211, to compute effective fetch; because reservoir plan is not
available, this procedure could not be applied; an alternative is to assume
effective fetch as 25 percent of maximum fetch length.

Ratios between wind velocity over water and on land (manual ETL 1110-2-211)

Effective Fetch (mi) Ratio
0.5 1.08
1.0 _ 1.13
2.0 1.21
3.0 1.26
4.0 1.28
5.0 & above 1.30
Assumed wind velocity and duration over land and computed velocity over water
Duration Wind Velocity over Land Wind Velocity over Water
(min) (mph) (mph)
1 55 62
60 30 34
120 28 32

Wind velocity for an effective fetch of 1.2 miles from Figure 11 of ETL 1110-2-
221.

Duration Wind Velocity over Water
(min) (mph)
15 82
25 28
30 19

Plotted the above two sets of wind data, the intersection of the two curves
provided a design velocity of 53 mph and a duration of 20 minutes.

From Figure 11 of ETL 1110-2-221, the significant wave height (Hs) was about
2.5 feet and wave period (Ts) was about 2.9 seconds.

The following wave run-up relationship (ETL 1110-2-221) was used:

Rs/Hs = 1/(0.4 + ((Hs/Lo)"0.5) * Cot A))

Rs = wave run-up, feet
Hs = significant wave height, feet
Cot A = 1.5 (slope)
Lo = wave length in feet
= 5.12 (Ts * 2), Ts is wave period in seconds
Based on the above relationship, Rs = 3.3 feet
As per recommendation in ETL 1110-2-221, Rmax = 3.3 * 1.5 = 4.9 feet



e For wind setup, the following relationship given in ETL 1110-2-221 was used.

S =((U"2) * F)/ (1400 D)

S = setup in feet

U = average wind velocity in feet, mph, a velocity of 53 mph was used.

D = average depth along the fetch, a depth of 130 feet was used.

F = fetch distance, twice the effective fetch, a value of 2.4 miles was used.

* Based on the above data, the wind setup was about 0.1 feet.
Summary
The above computations give the following data:

Design wind velocity = 53 mph

Wind duration = 20 minutes

Wave run-up = 4.9 feet (1.5 m)

Wind setup = 0.1 feet (0.1 m)

Allowance for wave action over normal pool = 1.5 + 0.1 = 1.6 meters

The above allowance may appear to be conservatively on a high side. However, USBR
publication “Design of Small Dams,” provide recommendation for selection of normal
and minimum freeboard (Table 6.4, page 258, third edition, 1987). For an effective fetch
length of 1.2 miles, the recommended freeboards are about 5.0 and 4.0 feet (about 1.5 and
1.2 meters), respectively. Based on this, the computed value of 1.6 meters is in line with
the USBR’s recommendations.
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Cost Estimates

Unit cost for major items of dam construction were developed. These items include: excavation
(common and rock), fill placement, quarrying, concrete fabrication and placement, formwork,
steel reinforcement and Roller Compacted Concrete. Other unit cost were estimated from
experience on other project of similar nature. The major unit costs were developed using cost of
labor, equipment and material.

The cost of local labor was estimated based on the “Convencién Colectiva de Trabajo de
Panam4” 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 years from July 1998 to
June 2002. These rate were increased by 30% to reflect the fact they are mandatory minimum
wages. An average across the professions was taken to derived four main categories: unskilled
labor, skilled labor, equipment operator and truck driver. The wages were also increased to
reflect the expected 60-hour work week: an overtime premium of 16.7% was assumed. The costs
of salary were then calculated by adding 50% for social cost. This resulted in the following

hourly cost of salary:
Unskilled labor: $5.50/hr
Skilled labor: $6.60/hr
Equipment operator: $7.90/hr
Truck driver: $6.20/hr

In addition to the local labor a crew leader was generally included at the rate of $10.00/hr. For
specialized activities, an engineer was included at the rate of $60.00 per hour.

Equipment rate were 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. Equipment requirements and production rates were developed based on experience in
similar type of project in tropical countries.

Materials including explosives, cement, reinforcement steel are anticipated to be imported for the
most part. International unit prices were used.

The build-up of the unit rates include also a margin of 30% to reflect the following items:

Contractor home office charges 5%
Project management and engineering 7%
Maintenance crew 3%
- Field office and accommodation 2%
Electric power 1%
Equipment mobilization and demobilization 2%
Margin for risk 2%

Margin for profit 8%



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 appear to be
reasonable estimate for this type of construction.



Panama Canal Authority
Contract CC-3-536

Task Order 5, Cocle del Norte and Cano Sucio Water Supply Feasibility Study
Dam Type Alternative Study - Cano Sucio

CFRD Ungated $ 4,328,670
Quantity Take-Offs
Item  Description Unit Quantity Unit Price Price

DIVERSION, LOW LEVEL OUTLET

1 Site Preparation m? 10,000 $ 050 $ 5,000
2 Diversion
2.1 Overburden m? -8 320 $ -
2.2 Rock m® 3,400 § 875 § 29,750
2.3 Cofferdams m? 16,300 $ 6.40 $ 104,320
2.4 Concrete m? 2,500 $ 11500 $ 287,500
2.5 Formwork m? 2,900 $ 4620 $ 133,980
2.6 Reinforcement kg 96,589 § 136 $ 131,361
Subtotal $ 691,911
DAM
1 Excavation
1.1 Overburden m’ 22,762 $ 320 § 72,837
1.2 Rock* m® 5690 $ 875 $ 49,791
2 Grouting :
2.1 Cutoff LS. 13 150,000.00 § 150,000
3 Rockfill
3.1 Mass* m® 73,490 $ 1070 § 786,338
3.2 Filter m® 13,300 $ 16.20 § 215,460
3.3 Drain m? 1,330 § 1620 $ 21,546
4 Concrete
4.1 Plinth m? 1,150 § 115.00 $ 132,250
4.2 Facing m? 4400 $ 80.00 $ 352,000
4.3 Parapet -US m® 1,000 $ 250.00 $ 250,000
4.4 Parapet -DS m? 200 $ 25000 $ 50,000
4.5 Crest m? 1,200 $ 11500 $ 138,000
Subtotal 3$ 2,218,222
SPILLWAY
1 Site Preparation m? 30,500 § 050 § 15,250
2 Excavation
2.1 Overburden m’ 44632 $ 320 § 142,821
2.2 Rock* m? 20,347 $ 875 § 178,036
3 Headworks
3.1 Concrete m® 1580 § 11500 $ 181,700
3.2 Formwork m? 1105 § 4620 $ 51,056
3.3 Reinforcement kg 65425 $ 1.36 $ 88,978
4 Chute and Flip Bucket
4.1 Concrete m? 1,997 § 115.00 $ 229,658
4.2 Formwork m? 822 §- 4620 $ 37,967
4.3 Reinforcement kg 86,428 $ 136 $ 117,543
5 Bridge
5.1 Concrete m® 224 $ 115.00 $ 25,760
5.2 Formwork m? 280 $ 4620 $ 12,936
5.3 Reinforcement kg 35,123 $ 136 $ 47,768
6 Tailrace Channel
6.1 Overburden m? -8 320 § -
6.2 Rock” m -3 875 $ -
Subtotal $ 1,129,472
LOW LEVEL INTAKE TOWER
1 Tower
1.1 Concrete m® 1,075 $ 11500 $ 123,625
1.2 Formwork m? 1,100 § 4620 $ 50,820
1.3 Reinforcement kg 84,280 $ 136 $ 114,621

Subtotal $ 289,066




Panama Canal Authority
Contract CC-3-536
Task Order 5, Cocle del Norte and Cano Sucio Water Supply Feasibility Study
Dam Type Alternative Study - Cano Sucio

Earthfill Ungated H 4,000,595
Quantity Take-Offs
Item  Description Unit  Quantity Unit Price Price

DIVERSION, LOW LEVEL OUTLET

1 Site Preparation m? 32,000 $ 050 § 16,000
2 Diversion
2.1 Overburden m® - $ 320 % -
2.2 Rock m? 3200 $ 875 $ 28,000
2.3 Cofferdams m? 16,300 $ 640 $ 104,320
2.4 Concrete m 2300 § 115.00 $ 264,500
2.5 Formwork m? 2,700 § 4620 § 124,740
2.6 Reinforcement kg 89,690 $ 136 $ 121,978
Subtotal $ 659,538
DAM
1 Excavation
1.1 Overburden m® 37,890 § 320 $ 121,248
1.2 Rock m? 4210 § 875 % 36,838
2 Grouting
2.1 Cutoff L.S. 18 150,000.00 $ 150,000
3 Fill
3.1 Random m? 157,220 $ 640 § 1,006,208
3.2 Filter m? 8650 $ 16.20 $ 140,130
3.3 Drain m® 8650 $ 16.20 % 140,130
3.4 Riprap m? 9,980 § 1620 § 161,676
4 Concrete
4.1 Crest Road m® 1,446 § 11500 $ 166,290
Subtotal $ 1,922,520
SPILLWAY
1 Site Preparation m? 30,500 $ 0.50 $ 15,250
2 Excavation
2.1 Overburden m* 44632 $ 320 § 142,821
2.2 Rock m* 20,347 § 875 § 178,036
3 Headworks
3.1 Concrete m? 1,580 $ 115.00 $ 181,700
3.2 Formwork m? 1,105 $ 4620 $ 51,056
3.3 Reinforcement kg 65425 $ 136 § 88,978
4 Chute and Flip Bucket
4.1 Concrete m* 1,997 § 115.00 $ 229,658
4.2 Formwork m? 822 $ 4620 § 37,967
4.3 Reinforcement kg 86,428 $ 136 $ 117,543
5 Bridge
5.1 Concrete m® 224§ 11500 $ 25,760
5.2 Formwork m? 280 $ 4620 § 12,936
5.3 Reinforcement kg 35,123 § 136 § 47,768
6 Tailrace Channel!
6.1 Overburden m? - $ 320 $ -
6.2 Rock m* - s 875 $ -
Subtotal $ 1,129,472
LOW LEVEL INTAKE TOWER
1 Tower
1.1 Concrete m* 1,075 $ 11500 $ 123,625
1.2 Formwork m? 1,100 $ 4620 $ 50,820
1.3 Reinforcement kg 84280 $ 136 $ 114,621

Subtotal $ 289,066



Panama Canal Authority
Contract CC-3-536

Task Order 5, Cocle del Norte and Cano Sucio Water Supply Feasibility Study
Dam Type Alternative Study - Cano Sucio

RCC Ungated H 4,198,252
Quantity Take-Offs
Item  Description Unit  Quantity Unit Price Price

DIVERSION, LOW LEVEL OUTLET

1 Site Preparation m? 5000 $ 050 $ 2,500
2 Diversion
2.1 Overburden m? -8 320 § -
2.2 Rock m 1,300 $ 875 $ 11,375
2.3 Cofferdams m? - 3 6.40 § -
2.4 Concrete m® 700 § 115.00 $ 80,500
2.5 Formwork m? 800 $ 4620 § 36,960
2.6 Reinforcement kg 27,597 $ 136 $ 37,532
Subtotal $ 168,867
DAM
3 Foundation Excavation
3.1 Overburden m’ 8,150 § 320 § 26,080
3.2 Rock m® 8,150 $ 875 $ 71,313
4 Grouting
4.1 Cutoff L.S. 18 150,000.00 $ 150,000
5 RCC
5.1 Mass m® 27,900 $ 7200 $ 2,008,800
5.2 Uncompacted m® 500 $ 7200 $ 36,000
5.3 USIDS Facing m°® 3000 $ 28200 $ 846,000
5.4 Foundation m* 1,600 § 11500 $ 184,000
5.5 Gallery m® 900 $ 115.00 $ 103,500
Subtotal $ 3,425,693
SPILLWAY
1 Headworks
1.1 Concrete m® 47 3 115.00 $ 5,405
1.2 Formwork m? 94 § 4620 § 4,343
1.3 Reinforcement kg 3685 § 136 § 5,011
2 Chute and Flip Bucket
2.1 Concrete m® 1,581 § 11500 $ 181,838
2.2 Formwork m? 1234 § 4620 § 57,011
2.3 Reinforcement kg 71,940 § 136 $ 97,838
3 Bridge
3.1 Concrete m 224§ 115.00 $ 25,760
3.2 Formwork m? 280 $ 4620 § 12,936
3.3 Reinforcement kg 35123 § 136 §$ 47,768
Subtotal $ 437,910
LOW LEVEL INTAKE TOWER
1 Tower
1.1 Concrete m’ 550 $ 115.00 $ 63,250
1.2 Formwork m? 950 $ 4620 § 43,890
1.3 Reinforcement kg 43,120 $ 136 § 58,643

Subtotal $ 165,783



Part 3
Dam Height Selection
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SUBJECT Cocle del NorteEarthquake Severity Index PROJECT NAME Cocle del Norte
COMPUTED R.Green  ; , ~a/ DATE 20-Oct-03 PROJECT NUMBER 1001217
CHECKED AAYH DATE Ol--o7

BACKCHECKED DATE Page 1 of 1

O: \ProjectNumber\15000-15999\15593\Task Order 5 Norte_Sucio Water Supply\Geology-Geotech\ [Norte CFRD Seismic deformation_Oct03.xls]Sheetl

PURPOSE Estimate the deformation of the rockfill due to the Maximum Design Earthquake (MDE)

REFERENCES Bureau G. et. al. 1985. Seismic Analysis of Concrete Face Rockfill Dams, in Cooke, J.B. and
Sherard, J.L. Concrete Face Rockfill Dams - Design, construction and performance.
ASCE New York.

RESULTS
Calculations of the Earthquake Severity Index (ESI) and resulting deformation calculated following the procedure presented
by Bureau et al 1985, indicate that the estimated vertical deformation of the proposed CFRD at the Rio Cocle del Norte

site is about 0.2 m The freeboard prvided in the design is larger than this value, so the current dam design would
allow safe operation after occurrence of the MDE.

CALCULATIONS

pga = 0.27 peak ground acceleration
Mag= 7.5 magnitude of earthquake for the MDE
ESI = pga (Mag-4.5)°

ESI= 7.29

relative vertical deformation (Figure 1 of Bureau et al 1985)

Vdef = 0.0015

Vdef = Hdam * Vdam

For Cocle del Norte FSL 100 For Cocle del Norte FSL 71
Hdam = 111 m Hdam = 84 m

Vdef = 017 m Vdef = 0.13 m




sign, Construction,
and Performance

Edited by J. Barry Cooke and James L. Sherard




488 CONCRETE FACE ROCKFILL DAMS

finite-element model of the dam. The earthquake forces that
induce the permanent deformations are, therefore, represented

@y equivalent increases in the static stresses; the dam deforms
n response to this new load.

The Fbove procedures decouple the estimation of dam response and
deformations. Additional simplifying assumptions are frequently used:
(a) treat the dam foundation as a rigid base (rather than an energy-
absorbing boundary); (b) consider horizontal earthquake Toading only;
(c) disregard hydrodynamic effects of the reservoir water upon the
concrete face. Assumption (a) seems reasonable, considering that most
concrete face rockfill dams are founded on hard erosion-resistant foun-
dation.  Assumptions (b) and (c) (generally acceptable for earthfill
dams) need to be substantiated for concrete face rockfill dams, because
of their steep slopes, and because water pressures apply directly to the
concrete facing, concentrating the loads in that area.

Variances of the above evaluation procedures are possible. For dams

which are narrow relative to their height, two-dimensional analyses may
overestimate the fundamental period of these structures. The shear
modulus can be adjusted so that the two-dimensional model duplicates the
response expected from the three-dimensional dam more closely (Vrymoed,
1981). Three-dimensional and probabilistic finite element equivalent-
linear response analyses of rockfill dams have also been used
(Yanagisawa, Fukui, 1980; Kagawa et al., 1981).

Overall, the Newmark method, combined with detailed dynamic response
analyses, applies reasonably well to the seismic evaluation of rockfill
dams. The Lee and Serff methods are more difficult to implement because
they were originally intended for earthfill dams, where the stress-
strain relationships can be established through the dynamic testing of
the embankment materials. Cyclic tests on rockfill materials are
impractical, Furthermore, the "deformed" embankment shapes determined

in the decoupled analyses using the Lee or Serff methods are sometimes
questionable.

It should be noted that because of their stiffness characteristics,
rockfill dams respond to earthquake motion at shorter periods than
earthfill dams:" first mode frequencies between 2 and 5 Hertz were de-
rived from measured response to earthquake- and vibrator-induced motions
for ten Japanese rockfill dams with heights ranging from 213 to 445 ft
(65 to 135 m) (Takahashi et al., 1977). Although fundamental frequen-
cies would decrease under severe earthquake loading, one can expect that
relatively high frequency components would contribute to a significant
part of the dam response, which emphasizes the need for determining the
acceleration response of the dam accurately.

Since maintenance of gross stability and sufficient freeboard
remain the primary requirements in evaluating the seismic performance of
rockfill dams, limited emphasis has presently been placed on the analy-
sis of the concrete slab itself, especially since cracking of the slab
is not expected to result in excessive leakage problems. The simplify-
ing assumptions and limitations of the dam analysis procedures normally
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preclude direct inclusion of the concrete face in the dam finite g]ement
model. The concrete face is either analyzed separately by apply1ng the
computed dam deformations as boundary conditions to a mathematical model
of the slab, or is designed based on previous experience and profes-
sional judgment, taking into account the amount of shear and moment
deformations that the concrete, joints, and steel reinforcement can
withstand without losing their effectiveness.

Earthquake Severity Index (ESI)

Since earthquake accelerations are random in nature, the number'of
pulses above the yield acceleration that contribute to the cumulative
total displacement in the Newmark method can be assumed to be propor-
tional to the duration D of the strong phase of shaking (for a gzven
intensity of motion, measured by the peak grounq acceleration A in g's),
Hence, we propose to relate estimated deformations and the product AD
(as accelerations are integrated twice with respect to time to obtgin
displacements). Based on a review of earthquake durations as a function
of magnitude (Chang, Krinitzsky, 1977), we have formulated an average
relationship between earthquake duration D in seconds and magnitude M:

D=7(M-4,51.5 (H

Using the above assumption and relationship between D and M, e
introduce the product A(M - 4.5)3, which we call Earthquake Severity
Index (ESI), and attempt to correlate ESI with earthquake-induced defor-
mations in rockfill dams. Table 2 and Figure 1 compare relative ver-
tical settlements and ESI's for the seven examples of Table 1 where.the
magnitude is known, and for eight rockfill dams analyzed by various
organizations, including the example discussed further.

Based on the data presented on Figure 1, the following observations
can be made:

[ A wide range of sites, material properties, conditions of
placement, methods of design and analysis aqd ground motions is
represented. Nevertheless, a relationship between ESI and
relative settlement seems apparent.

. For ESI's greater than 10 (large magnitudes), the settlements
predicted by dam designers agree well with those extrapolated
from actual observations.

. For ESI's less than 5 (low to moderate magnitudes), predicted
settlements are significantly larger than the average observed
trend.

. For a given location and dam height, Figure 1 provides a con-
venient way to obtain a preliminary estimate of crest settle-

ments, or to compare the relative damage potential of severa]

design earthquakes.
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Table 2. Relative Settlement and ESI Data
RELATIVE
DAM NAME H A SETTLEMENT PGA M £S1 REFERENCE
(location) (m) {mm) (9/00) (9)
COGOT1 (Chile) 84 381(0) 4.54 0.20 8.3 11.0 (41)
MIBORO (Japan) 131 30(0) 0.23 0.20 7.0 3.1 1 (29),(4D)
MINASE (Japan) 67 7(e) 0.10 0.02 6.9 0.3 (27)
61(0) 0.9i 0.08 1.5 2.2
OROVILLE (Calif.)| 235 9(0) 0.04 0.10 5.7 0.2 (46)
EL INFIERNILLO 148 130(0) 0.88 0.12 7.6 3.6 (35)
(Mex.)
LA VILLITA (Mex.)| 60 45(0) 0.75 0.10 7.6 3.0 (35)
LEROY ANDERSON 72 15(0) 0.21 0.41 6.2 2.0 (44)
(Calif.)
TERROR LAKE (AK) 50 600(e) 12.00 0.35 8.5 22.4 (18)
TERROR LAKE (AK) 50 300(e) 4.00 0.50 6.5 4.0 (18)
CIRRATA 125 300(e) 2.40 0.35 6.5 2.8 (18)
(Indonesia) »
PUEBLO VIEJO 133.5] 4450(e) 33.33 0.65 8.25 34.3 (4
(Guatemata)
CHICOASEN (Mexico} 240 | 1000(e) 4.17 0.85 7.0 13.3 (13)
FORTUNA (Panama) | 104 800(e) 7.69 0.40 7.5 10.8 (16)
(raised)
USBR 213 700(e) 2.72 0.43 6.5 3.5 (45)
(Example Dam)
Dames & Moore 100 487(e) 4.87 0.70 7.1 12.3 DSAGE
(Example Dam) (This paper)
(0) observed
(e) estimated
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SEISMIC ANALYSIS OF CONCRETE FACE ROCKFILL DAMS

Gilles Bureaul, M. ASCE
Richard L. VolpeZ, F, ASCE
Wolfgang H. Roth3, M. ASCE
Takekazu Udaka4, M. ASCE

Abstract

In this article, the observed behavior of existing rockfill dams
during earthquakes is compared with published data regarding the esti-
mated seismic performance of several recently designed embankments. An
empirical factor related to peak ground acceleration and magnitude of
the causative earthquake, the Earthquake Severity Index (ESI), is pro-
posed to estimate earthquake-induced crest settlements for concrete face
and other types of rockfill dams. New methods are proposed to include
the effects of the reservoir-embankment interaction in the computed
response and obtain the non-recoverable earthquake-induced deformations
of the dam directly. These new procedures are illustrated by evaluating
the response of a 328 ft (100 m) high example concrete face rockfill
dam, subjected to strong earthquake shaking. The results of these ana-
lyses confirm the acceptability of the empirical relationship
established between crest settlement and ESI.

Introduction

Many engineers assume that well-compacted concrete face rockfill
dams have a high resistance to seismic loading. Justifications for this
assumption are based on several factors, inciuding acceptable past per-
formance of similar dams, a recognition that the entire embankment is
unsaturated, and the fact that compacted rockfill develops high fric-
tional resistance. Because of these observations, tlittle emphasis has
been placed to-date on the seismic design of such dams. Simplified ana-
lysis procedures are frequently used, and only recently more elaborate
techniques, such as the finite element method of analysis, have been
introduced to evaluate the dynamic performance of such dams. Even when
detailed analyses are contemplated, these often include many simplifying
assumptions, such as the separate evaluation of dam response and earth-
quake-induced deformations. This article reviews the state-of-the art
and proposes new advanced numerical analysis techniques for the seismic
design of concrete face rockfill dams.

1. Project Manager, Dames & Moore, 500 Sansome, San Francisco,
California 94111.

2. Principal, R.L. Volpe & Associates, Los Gatos, California.

3. Associate, Dames & Moore, Los Angeles, California.

. President, Earthquake Engineering Technology, Inc., San Ramon,
California.
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Location  Chicago Office Date October 22. 2003
To  Michael Newbery
From  Wade P. Moore
Subject  Cocle del Norte Water Supply F easibility Study

Hydraulic Analysis for Design of Cofferdam and Drawdown Times
Reservoir FSL 71.0m

This memorandum summarizes the procedures and results of the hydraulic analysis
performed for the design of cofferdam, closure dikes, and diversion tunnel for the Cocle
del Norte Project. The analysis included:

- Estimation of cofferdam height upstream and downstream of the proposed dam.
The diameters of the modified horseshoe (D-shaped) tunnels considered were 6,
8, and 10 m with a length of 550.0 m.

« Estimation of closure dike height for low flows (25, 50 and 75 m*/s)
+ Drawdown time to 75, 50, and 25% of full supply level.
Basic data used in the analysis is discussed. Results are provided as tables.
Computer Model

The Full-Equations (FEQ) modeling system of one-dimensional, unsteady, open-channel
flow was used for the hydraulic analysis of the Cocle del Norte project. FEQ is based on
the full Saint-Venant equations, and was developed by Delbert Franz of Linsley, Kraeger
Associates, Ltd., Mountain View, CA. It is widely used by engineers and hydrologists in
county and state agencies and consulting firms, and has been accepted by the Federal
Emergency Management Agency (FEMA) for use in floodplain studies. The program is
used in a variety of applications such as flood studies, design studies for dam spillways,
and dam break analyses. The program supports a wide variety of control structures
including bridges, culverts, spillways, weirs, sluice gates, pumps, side weirs, expansions,
contractions, and drop structures. FEQ is capable of simulating flow conditions in
complicated networks of open channels and closed conduits.
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Introduction

The main purpose of this study is to determine the size of the diversion tunnel to pass the
50-yr flow as well as the resulting cofferdam heights upstream and downstream of the
dam. The main components of the model include the 50-yr hydrograph, the reservoir’
capacity curve, and the cross sectional data, shown in Tables 1 and 2, and Appendix I,
respectively.

Table 1. 50-year flood hydrograph at Cocle del Norte

Time Flow Time Flow Time Flow

(hours)| (m’s) |(hours)| (m%s) |(hours)| (m’ls)
1 128 18 2500 35 1150
2 135 19 2400 36 1100
3 244 20 2300 37 1070
4 396 21 2200 38 1040
5 532 22 2100 39 1010
6 742 23 2000 40 980
7 900 24 1900 41 950
8 1500 25 1800 42 920
9 2000 26 1700 43 890
10 2600 27 1600 44 860
11 3200 28 1500 45 830
12 3860 29 1450 46 800
13 3700 30 1400 47 770
14 3400 31 1350 48 740
15 3100 32 1300 68 140
16 2800 33 1250 72 128
17 2600 34 1200
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Table 2. Reservoir capacity curve at Cocle del Norte

Elevation Area Volume
(m) (km?) (Million m®)
0.0 0.0 0.0
5.0 3.60 458
10.0 8.14 28.83
15.0 13.71 72.87
20.0 20.52 136.80
25.0 28.90 265.98
30.0 38.94 438.60
35.0 50.86 661.80
40.0 65.27 952.72
45.0 83.69 1,339.89
50.0 105.97 1,830.35
55.0 132.07 2,426.08
60.0 160.59 3,140.95
65.0 190.21 4,011.29
70.0 220.44 5,039.91
75.0 251.14 6,208.50
80.0 282.41 7,513.97
85.0 314.43 8,986.75
90.0 347.03 10,598.11
95.0 380.83 12,347.23
100.0 413.90 14,435.34
105.0 448.12 16,948.64
110.0 482.34 19,461.94

Tailwater Analysis

The objective of the tailwater analysis was to develop a tailwater-rating curve for the
proposed Cocle del Norte site. Ten cross-sections, located between 200 and 13,000 m
downstream of the dam, were used. The station-elevation data for the first nine cross-
sections were obtained from a topographic map of 1:50,000-scale and 10 m contour
interval. An echo sounder was used to determine the thalweg for Section 1. Section 10,
located 13,000 m downstream of the dam, is a wide section representing the estuary. The
average channel slope of the 12,800 m channel reach is 0.004%. The Manning’s
roughness coefficients for the study reach are 0.035 for the channel flow and 0.050 for
over-bank flow. As mentioned earlier, the cross-section data are listed in Appendix 1.
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The resulting tailwater rating curve at the first cross-section is tabulated in Table 3 and
plotted in Figure 1. The boundary condition at the estuary was fixed at 0.0 m. Typical
tidal data for the area was also simulated, but the model runs show that the tide has no
significant effect at the dam, especially at higher flows. This is consistent with field
observations.

Table 3. Tailwater rating curve (200 m d/s of dam)

Flow Tailwater
(mls) Elevation(m)
1 0.00
2 0.00
5 0.00
10 0.01
25 0.03
50 0.12
100 0.40
150 0.75
200 1.1
300 1.79
400 2.39
500 2.93
600 3.41
700 3.85
800 4.26
900 4.64
1000 5.00
1250 5.81
1500 6.53
2000 7.78
2500 8.86
3000 9.81
4000 11.44
5000 12.78
6000 13.95
7000 15.00
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Figure 1. Cocle del Norte tailwater rating curve at Section 1
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Evaluation of Diversion Tunnel Size

Three diversion tunnel sizes were modeled in order to determine the cofferdam height
upstream and downstream of the proposed dam. Tunnel sizes considered are D-shaped
with diameters 6, 8, and 10 m and a length of 550 m. The tunnel invert elevation is 0.0m
at both ends and the discharge point is at Section 1, 200 m downstream of the dam. A
Manning’s coefficient of 0.014 was used for the concrete-lined tunnel. Entrance and exit
loss coefficients are 0.5 and 1.0, respectively. Bend losses were assumed to be negligible.
The inflow routed through the reservoir is the 50-yr hydrograph.

The cofferdam heights and peak discharge for the different tunnel sizes are shown in
Table 4a. Simulations include both a fixed water surface elevation of 0.0 m at the estuary
and a tide which fluctuates between —0.22 and + 0.27 m. Cofferdam heights turn out to be
the same in both cases. This information was used to select the most cost-effective
alternative.
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Table 4a. Diversion tunnel analysis for Cocle del Norte (D-shaped, 50-yr flow)

Tunnel Upstream Water Downstream
Di Tunnel Length Peak Outflow Surface Water Surface
iameter 3 . .
(m) (m) (m’/s) Elevation Elevation
(m) (m)
6 550.0 367 240 22
8 550.0 636 221 3.5
10 550.0 933 20.6 4.8

Another set of runs involved the routing of hydrographs with peaks of 300, 500, 1000,
and 2000 m’/s through the reservoir with the 8 m tunnel configuration. These
hydrographs were obtained by scaling down the ordinates of the 50-yr hydrograph by the
ratio of peaks. The results of this analysis are summarized in Table 4b.

Table 4b. Diversion tunnel analysis (D-shaped, varied flow)

Tunnel Upstream Water Downstream
Peak inflow Configuration Peak Outflow Surface Water Surface
(m°ls) Diameter- (m®ls) Elevation Elevation

Length (m-m) (m) (m)
» 300 8-550 137 5.6 0.7
500 8-550 192 7.0 1.1
1000 8-550 315 10.5 1.9
2000 8-550 484 156 2.8

An analysis of the results shows that it is more economical to use a single concrete-lined,
8 m diameter, 550 m long diversion tunnel. The rating curve for this tunnel, which

applies to free flow conditions, is shown in Figure 2.
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Figure 2. Rating curve for 8m diameter, 550m long concrete-lined D-shaped tunnel
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Analysis of Low Flows

Additional runs were made with constant flows of 25, 50, and 75 m%/s in order to
determine the height of the temporary closure dikes used during the construction of the
cofferdams. Tables 5a-c summarize the peak water surface elevations for the 3 tunnel
sizes during low flow conditions.

Table 5a. Low flow analysis (25 m¥/s)

Downstream Water
Tunnel Diameter Upstream Wat_er Surface Surface

Elevation .

(m) Elevation

(m)

(m)
6 2.3 0.03
8 1.9 0.03
10 1.7 0.03
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Table 5b. Low flow analysis (50 m®/s)

Downstream Water
Tunnel Diameter Upstream Wat.er Surface Surface

Elevation h

(m) (m) Elevation
(m)
6 36 0.12
8 29 0.12
10 2.5 0.12

Table 5c. Low flow analysis (75 m’/s)

Downstream Water
Tunnel Diameter Upstream Wager Surface Surface

Elevation .

(m) (m) Elevation
(m)
6 4.6 0.3
8 3.8 0.3
10 3.2 0.3

Reservoir Drawdown Analysis

The reservoir drawdown is designed for a significant hazard, significant risk project as
classified by the U.S. Bureau of Reclamation (USBR) in the ACER Technical Memo No.
3 dated 1982. This provides the following guidelines to be met.

Drawdown El. Time (days)
75% 30-40

50% 50-60

25% 80-100

Table 6 shows the time to empty out the reservoir to 25, 50, and 75 % of the starting full
supply level of 71 m with a constant inflow of 107.5 m’/s.

Table 6. Time required to empty reservoir with 8 m diversion tunnel

Water Surface Elevation / Full Time to
Elevation in Reservoir Discharge Velocity Empty
Reservoir Elevation (m"‘ls) (m/s) (Daps)

(m) (%) y

71.0 100 1139 20.0 -

53.3 75 1113 19.6 342

355 50 862 15.2 53.8

17.8 25 509 9.0 64.6
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Location:  Chicago October 17, 2003
To: Michael Newbery

From: Rori Green

Subject: Cafio Sucio RCC Dam Stability and Bearing Capacity Analysis

Preliminary sliding stability and bearing capacity analyses were performed for the proposed RCC
gravity dam on the Rio Cafio Sucio. The results indicate that the dam is stable based on the
assumed loading and foundation conditions.

I. SLIDING STABILITY ANALYSIS
Section Description and Loading Conditions
The dam section selected for analysis is the highest section through the river channel.

Dam Section Description:

Crest El.: 105 m
Upstream Slope: Vertical
Downstream Slope: 0.75H:1V
Foundation El.: 84 m
Loading Assumptions:
Reservoir FSL: 100 m
PMF El.: 103.6 m
Normal Tailwater El.: 84 m
PMF Tailwater El.: 84 m
Drainage Efficiency: 67%
Silt El.: 88 m
Seismic Acceleration: 0.14 g (use 2/3 of MDE acceleration, 0.21 g,

for pseudo-static analysis)

The loading cases considered in the analysis together with the required factors of safety are listed
in the table below. The loading cases and factors of safety are based on a combination of
recommendations taken from the U.S. Army Corps of Engineers Engineering and Design Manual
for Gravity Dam Design (USACE, 1995), and the FERC Engineering Guidelines for the
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Evaluation of Hydropower Projects (FERC, 2002). The required factors of safety are based on
the FERC guidelines for an analysis performed assuming the foundation material has no
cohesion (i.e. friction only).

Loading Reservoir | Tailwater Silt EL Seismic Required
Case El. (m) El. (m) (m) Acceleration (g) | Factor of Safety
Usual 100 84 88 0 1.5

Unusual 103.6 84 88 0 1.3

Extreme 100 84 88 0.14 1.3

Foundation Material Strength Parameters

The foundation at the dam site is composed of sandstone. No material testing has been
performed on the sandstones found at the dam site, therefore material parameters had to be
estimated from published literature and from previous experience with similar materials. The
upper layers of sandstone are assumed to be weathered and somewhat weaker than the fresher
sandstone that is expected to be encountered at depth. The rock mass strength parameters
estimated for the Cafio Sucio dam site are listed in the table below.

Friction Angle | Cohesion
Rock Type (deg) (MPa)
Sandstone, fresh 45 0
Sandstone, weathered 30 0

It is anticipated that the upper layers of weathered sandstone will be removed during foundation
excavation for the dam, and therefore the dam will be founded on the unweathered, or fresh,
sandstone. Based on this assumption, the material strength parameters used in the stability
analysis are those listed for the fresh sandstone.

Method of Analysis

Factors of safety against sliding were computed using the following expression:

R'cr ) tan¢
F,

hor

Factor of Safety =

Vertical forces considered in the analysis are due to the weight of the dam and to hydrostatic
uplift at the base of the dam. Horizontal forces considered are due to the reservoir, tailwater, silt
load, and where applicable, seismic acceleration.
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Results of Stability Analysis
The computed factors of safety for each of the three loading conditions are listed in the table

below. The results of the preliminary stability analysis indicate that the dam meets the required
factors of safety and will be stable under the assumed loading conditions.

Case Computed Required Criteria
Factor of Safety | Factor of Safety Satisfied?
Usual — Normal Pool 3.0 1.5 Yes
Unusual — Flood Pool 1.9 1.3 Yes
Extreme — Earthquake 1.8 1.3 Yes

II. BEARING CAPACITY ANALYSIS

The foundation bearing capacity was analyzed using the method described in Goodman (1989)
for estimating the bearing capacity of rock foundations. The equation for estimating the bearing
capacity are given by the following:

where

N, = tan2(45+gj
2

¢« = uniaxial compressive strength
gr = ultimate bearing capacity
¢ = friction angle

The allowable bearing capacity is computed using a factor of safety of 5, such that:

qs

qallawable =
5

Bearing capacities estimated for the sandstone at the damsite are presented in the table below.
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Friction Angle Unconfined Allowable
Rock Type (deg) Compressive Strength | Bearing Capacity
(MPa) (MPa)
Sandstone, fresh 45 100 137
Sandstone, weathered 30 20 16

Stresses, or bearing pressures, at the foundation were computed as part of the sliding stability
analyses described in Section I. The maximum bearing pressures for each of the three cases are
listed in the table below. The minimum allowable bearing capacity is taken as that computed for
the weathered sandstone. It is anticipated, however, that the weathered sandstone will be
removed during foundation excavation and that the dam will be founded in fresh sandstone,
which has a higher allowable bearing capacity.

Maximum Minimum Allowable Criteria
Case Bearing Pressure Bearing Capacity Satisfied?
(MPa) (MPa) )
Usual — Normal Pool 0.32 16 Yes
Unusual - Flood Pool 0.33 16 Yes
Extreme — Earthquake 0.35 16 Yes

The results indicate that the foundation has sufficient bearing capacity for the proposed dam on
the Rio Cafio Sucio.
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Sample Stability Calculations



STABILITY ANALYSIS

Rios Cocle del Norte and Cano Sucio Water Supply Projects
Cano Sucio RCC Dam Stability Analysis

PROGRAM DESCRIPTION SECTION

Stabil-1.mcd is a Mathcad file which calculates factors of safety against sliding and overturning for
any shaped structure.

Features

- metric or imperial units

- ice, anchor, hydrostatic and gravity loads

- crack analysis (with modified uplift for load cases other than seismic)
- calculates percentage of effective base

- bearing pressures

- volume and position of center of gravity of structure (including voids)
- summary of forces and moments (including resultant and eccentricity)
- additional point loads (eg. backfill, vertical hydrostatic, etc.)

- hydrodynamic forces by Westergaard

- equivalent horizontal and vertical inertia forces on structure during earthquake
- results in any units (including user defined)

Assumptions and Limitations

- 2-dimensional

- horizontal base only

- vertical hydrostatic and backfill loads must be input as point loads

- lowest point on structure is level of base

- all vertical point loads are referenced to most upstream point of structure

Loaods Diagrom

st to FA ——
Pist to \“FA V-1 v-2

Dist to lce Lood ﬂ A l ‘
/ Ice/f Bt R




INPUT SECTION

Unit System

1 - metric
2 - imperial

Select unit system

¥ units := 1

unL := if (units = 1

<... select unit system

,1-m, 1-ft)

unM := if (units = 1, 1-kN, 1-1b)

Geometry of Structure defined by perimeter coordinates

There is no need to "close"

0
0
0.5
¥ X:= unL
0.5
8
8
152 )
Y Length Base:= 15.2
4 Structure_ Width := 1
maxyY := M + 10
unL
X
maxX ;= -nﬁ(u + 10
unL

Xjength(X)+1°= X1

the perimeter ,i.e, so that last point equal to first point

84
103.3
105.3
105.3
Y:= unL <..input X & Y coordinaytes
103.3
103.3

93.6

<... length of the base of the structure

<... width of structure

miny ;= QD 0 i
unL

min(X)
unL

1.. length(X)

minX := 10

1.. length(X) + 1

Yiength(vy+1= Y3



Graphical Representation of Structure defined by X & Y Coordinates
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10X ﬁ —
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Densities of Water and Concrete, Water Level, Width of Structure, of Structure defined by perimeter coordinates

lb
b Y yw:= lf(umts =1,9. 81 —_ 62 4 — \ <... water density
3’
m ft )
v c:= 1f(umts =1,23 -lg-\l— ,150-— b \\ <... concrete density
3’
&)
b 4 US_Water Level:= 100.0 <... upstream water level
b4 Tailwater_Level := 84 <... tailwater level
v ¢ 1= 45-deg

<... angle of internal friction for foundation materiaf

EHorizontal & Vertical Components of the Earth Quake Intensity and Coefficient of Hydrodynamic Pressure
Distribution

<... horizontal component of earth quake intensity =

v lhor = 0.14 ratio of earth quake acceleration to accelaration due to
gravity
b Avert:= 0.0 <... vertical component of earth quake intensity

_ <... from fig 8-6, page 325 of "Design of Small Dams", for
v Cp:i=074 a structure with vertical face



Uplift, Ice load & Point of Application, Anchor Force & Point of A

pplication, & Other Vertical

and Horizontal Forces

b4

Uplift:= 46

If imperial units selected, Ice Load will be in Ib/t of
Structure. Otherwise, i.e., metric units, lce Load will be in
kN/m

Ice_Load:= 0

Dist_ WL_to_Ice Load:= 0.0

If imperial units selected, Anchor Force will be in
Ib.Otherwise, i.e., metric units, Anchor Force will be in kN

Anchor_Force:= 0

Dist_to_Anc Force:= 0

<... percent of uplift pressure acting at the upstream
point of the structure foundation

<... ice load acting per unit width of the structure

<... distance from water level to point of
application of ice load

<... anchor force acting per unit width of the structure

<... distance from most upstream point of structure to
point of application of anchor force

Additional Horizontal Forces Acting in the Downstream and Upstream Directions

b4

US_Hor_Force:= 27

85.3

EL_US Hor F:

DS_Hor Force:

]
[}

EL_DS Hor F:= 0

Additional Vertical Forces (Stabilizing Forces)

If imperial units selected, Vertical Forces will be in

<... Horizontal Force acting in the Downstream Direction.
For instance, this force can be used to input effect of
soil pressure on the upstream side of Structure

<...Elevation at which the Upstream Horizontal Force is
applied to the Structure

<... Horizontal Force acting in the Upstream Direction.
For instance, this force can be used to input effect of soil
pressure on the downstream side of Structure

<...Elevation at which the Downstream Horizontal Force
is applied to the Structure

1b.Otherwise, i.e., metric units, Vertical Forces will be in kN

Vert_Force 1:= 0

Dist_to F1:= 0

1]
o

Vert_Force_2:

Dist_to F2:= 0

<... Vertical Force acting on the Downward Direction. Itis

a stabilizing force

<... distance from most upstream point of structure to point
of application of vertical force

<... Vertical Force acting on the Downward Direction. Itis

a stabilizing force

<... distance from most upstream point of structure to point
of application of vertical force



00000000000 00000000000000000000000000000000000000O0000000000000000000000

FINAL RESULTS

initial point of inflection initial point of inflection as % of the base
P
PI=0m T 0%
CALCULATED CRACK LENGTH % OF EFFECTIVE BASE

(portion not cracked)

Cr=0m EFF_BASE = 100%

STRESSES AT FOUNDATION

fmin = 151.14031 kPa fmax = 351.53704 kPa

SAFETY FACTOR AGAINST SLIDING SAFETY FACTOR AGAINST OVERTURNING

FSS = 1.8338 FSO = 2.3423



1) Vertical Forces

We = 4369.08 kN
Fa = 0kN

V1 =0kN

V2 = 0kN

Fecy = 0kN

U = 548.73kN
Fyer U = 4369.08 kN

Fyer = 3820.35 kN

2) Horizontal Forces

Fhu = 1255.68 kN

Fhd = 0kN
Fi = 0kN
Fe = 188.89kN

Fecp = 611.67kN
USHF = 27kN
DSHF = 0 kN

Fhor = 2.083 x 10°kN

3) Stabilizing, Overturnin

Ms = 43932.71 kN-m
Mot = 18756.38 kN-m

Mr = 25176.34kN-m

Summary of Forces and Moments

and Resultant Moments

<... weight of concrete in structure

<... anchor Force
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