Outdoor switchyard site (Constructed)

Width : 42,35 m
Length : 148.50 m

11.1.2 Outline of Design

(1)

Penstock

The horizontal and vertical routes for the amplification project
were set out at the time of the first stage construction and the
intake gate shaft joint to the curved pipe part at the start end
of the inclined shaft was already constructed in the first stage
work. TIn designing the amplification, the route, inside diame-
ter, concrete thickness, geology, etc. were studied and the
original design was adopted with no change in consideration of

economy and workability.

That ig, the route D is used as the penstock route in relation to
two amplification turbines to be installed and is the inclined
shaft from the end of the constructed part (from the intake gate
shaft joint to the curved pipe part at the start end of the
inclined shaft) to the lower horizontal shaft (EL. 961.00 m). It
is connectéd tc two turbines by providing the branch pipe in the
horizontal shaft part at the end of the penstock. The inclined
shaft is 38 degrees in relation to the branch pipe and T Lype
branch pipe is used because the penstock and powerhouse shaft are
parallel. As for length of the penstock, one. line part is
254,831 m (74.162 m constructed) and two lines part is 14.26% m
and 27.126 m. As for the inside diameter of the penstotk, the
one line part is 4.20 m and two line part is 3.00 m. The
penstock 1is installed underground and a wvoid space between

penstock and ground is filled with concrete.

The pipe shell material uses SM41l (JIS standards} and pipe

thickness was decided by calculating the water hammer pressure.
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(2)

(3)

The result is shown in ﬁg.fﬁs. The water hammer pressure at the

inlet of the turbine is 37.77 of hydrostatic pressure.

Powerhouse

The intake and part of the penstock were constructed in the first
stage work to make installation of a maximum of four amplifica-
tion turbines possible. Excavation of the joint to the existing

powerhouse (7.50 m) was completed in the first stage work.

The amplification planned now proposes two turbines and genera-
tors and the poéitidn of the turbine axis, shape of the  cavity,
etc. were studied in designing the amplification. As a result,
they will be united with the first stage work (73 MW x &
turbines) as planned originally'aﬁd will be installed in a column
on the downstream side bf the existing powerhouse. The cavern
section dimension (width 29.50 m, height 41.40 m}, turbine center
elevation (EL. 96.00 m) and distance of turbine axis (15.00 m)}
are the same as the first stage work. The length of the amplifi-

cation of cavern is 42,75 m,

Two TFrancis turbines with vertical shaft, generators, main
transformer room, control board room, cable processing room,

overhead crane supports are provided in the cavern.

" Because the amplifiecation powerhouse uses the same cavity as the

first stage work and the assembly room, overhead crane, drain pit

and access tunnel (serving also as cable tunnel) are shared. (See

Fig. 11-6.)

Tailrace tunnel

One tailrace tunnel is constructed for one turbine in the same-
way as the first stage work. The route is at a right angle to

the powerhouse center in the first stage work but amplification

routes (two lines) are set 4°30’ upstream from the normal direc-
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(%)

(5)

tion in consideration of topography of the outlet. The elevation
of the starting point is EL.88.20 m the same as the first stage
work. The gradient of the tunnel rises toward the outlet by
1:7.913. The tunnel length is 88.00 m for two lines respective-
ly. (See Fig. 11-8)

The circular cross section (with inside diameter of 4.20 m,
concrete lined) has been selected for the section of the tailrace
tunnel down to 81.50 m from the powerhouse, similarly to the
first stage work. The 6.50 m length from the outlet has the
cross section of which the upper half is circular and lower half
rectangular, The reasen is that, while it is customary to
construct the tailrace by providing the cofferdam, the tailrace
in this project is planned to be constructed by starting from the
power plant all the way, because the coffering is difficult in
this case, and the operation of the existing power plant will
héve to be shut down for a long period if cofferdam is provided.

{The details are shown in Construction Planning)
Service Gallery

The service gallery is provided for the maintenance work manage-
ment of the tailrace tunnel and gates, and it will be provided by
expanding the existing Santa Barbara Horizontal Shaft (the access
tunnel to the service gallery of the first stage work) for the
45,00 m section from the joint made in the first stage work. The
cross sectional geometry and dimensions are similar to those of
first stage work, and the service gallery will have the cross
section of which the upper part is a circular arch and the lower

part rectangular, being 2.00 m wide and 7.00 m high.

Service Shaft

The service shaft is a vertical shaft used for opening and
closing of the tailrace gate, and it is directly connected to the

service gallery. The position of the service shaft was selected

at a point which is 53.24 m from the starting point of the
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1.2

tailrace tunnel, in view of the relative position of the service
gallery. The cross sectional geometry is an ellipse (3.00 m x
7.00 m), similar to the first stage work and the height is 24.28

m.
(6} Outdoor Switchyard Site

" The amplificatidn'site (for two turbines) was arranged in the
first stage work. The size of the site is 42.35 m wide and

148.50 m long. (See Fig. 11-9.)

Electrical Equipment

Electrical equipment for the amplification will have the same specifi-
cations as the existing equipment, because of advantage for economy,
operation and maintenance., The salient features of the main'equipment

are shown below.

(1) Turbine

Number of unit : : lor 2
Type : Vertical shaft Francis type
Sutput : 93 MW at maximum head 180 m

75 MW at rated head 157 m
Speed : :+ 300 rpm

(2) Generator

Number of unit- : lor 2

Type :  Vertical shaft, 3 phases, rotating
field

Rated output : 91,250 kVA

Rated power factor ~ : 0.8 lag. to O lead

Rated voltage ' . 13.8 kV

overload output . 100,000 kVA

Overload power factor :  0.91 lag. to 0.65 lead

1l - 6



(3)

(4)

Speed : 300 rpm
Frequency : 60 Hz

Main Transformer

Rated capacity + 100,000 kVA
Rated voltage : 13.8 kv/230 kV
Frequency H 60 Hz

Outdeoor Switchyard

The generator voltage is stepped up te 230 kV by the main trans-
former in the underground transformer cavern and the power is
connected to the outdoor switchyard 230 kV bus-line with OF cable
by 1-1/2 CB scheme.

Necessity of amplification of transmission line will be deter-

mined by the result of the system analysis.
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12.1.1

(1)

(2)

(3)

Chapter 12 Consiruction Schedule and Construction Cost
Construction Planning and Construction Schedule

Basic Conditions

The basic conditions of the studies conducted in formulating the
construction planning and construction schedule of the Amplification

Project are described below.
Meteoroclogy

The meteorological conditions of this Project Site have been described
in Chapter 6. The construction schedule has been formulated based on
the assumption that the construction works can be implemented

throughout a year.
Trénspo;tation Route

The ma jor materials/equipment, hydraulic equipment and
electromechanical equipment that were used for the construction of the
existing El Cajén Hydroelectric Power Plant were landed at Puerto
Cortes Port, facing the Caribbean Sea, and transported by land to the

Project Site.
In this Amplification Project, the same route is deemed to be most
appropriate, based on the evaluation of the unloading facilities of the
harbor and the transportation road, and because the unit capacity of
the generator units has not been changed from that of existing units.
The transportation route is shown in Fig.12-1.
Construction Materials and Equipment
(a) Cement
In Honduras, cement is.being produced in factories near San Pedro
_Sulé and Comayagua. As the amount of the cement required for

this Amplification Project is estimated to be approximately 4,800
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tons, it is deemed that there will be no problem in the cement

supply.
(D) Concrete Aggregate
For the supply of the concrete aggregate, there exist appropriate

natural aggregates in the basin of Humuya River, and it is

planned to purchase these aggreépates.

12.1.2 Construction Planning

(1)

(23

General

The excavation works must be conducted with sufficient care so that the
existing structures are not affected. For this reason, the excavation
works are mainly implemented by the con;folled blasiing; For certain
locations which are near the existing structures, the low speed

explosives will be used for excavation works.

Since the blasting operations will be generally conducted near the
powerhouse which is being operated, the induction by the léakage
current from the powerhouse may pose a problem;. To deal with this
problem, it is required to adopt the system which is designed to

prevent the explosion induced by the leakage current.
Work adits

Santa Barbara Tunnel is one of the work adits that have been
constructed for the first stage construction work. This adit has a
cross section of 4.50 m in width and 4.25 m in height. The adit
approaches the powerhouse from the downstream site,.éﬁd it branches to

two directions inside the adit.

One branch reaches the service gallery which was used in the first

stage construction work, and this branch will be used : for = the

construction of. the ‘service gallery and" work shaft for the

Amplification Project. Another branch reaches -to the arch of the

powerhouse cavern, and this adit will be used for ‘the construction work
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of the arch of the Amplification Project.

In addition, there is & work adit which branches from the access tunnel
and was used for the construction of powerhouse, tailrace and penstock

in the first stage construction work.

This work adit will also be used in Amplification Project. The adit
will be extended to the points at EL 106.30 m, EL 93.50 m and EL 85.50
m on the middle stage of the powerhouse, and used for construction of
the powerhouse, tailrace and penstock. The existing access tunnel will
be used for the excavation of the main powerhouse and transportation of
construction materials and equipment including the coencrete, The
inside cross section of this access tunnel is currently 8.70 m in width
and 9.2 m in height. Howevér. as this access tunnel is currently being
used as the cablé’tunnel, the cross section which can be utilized as a
transportation tunnel has a width of 6.70 m (including the side-walk,

1.70 m wide), and the traffic of both directions is impossible.

Therefore, it is required to expand the width of the access tunnel at
several locations to provide the turnouts, to enable the traffic of

both directions.

In addition, in order to use the tunnels branching out of the access
tunnel as work adits, the tunnel width must be expanded at the
branching points, and the existing low voltage cables must be moved

during the construction work.

To let in the penstock segments and other materials/equipment, a work
shaft, having a 5.20 m in diameter, will be constructed from the ground
at EL 310.00 m on the left bank of the dam to the point near EL 185.00
m on the inclined shaft. In addition, a horizontal work shaft will be
constructed from a point near EL 200.00 m on this vertical shaft to the

terminal of the inclined shaft.

The vertical work shaft for construction of the penstock is shown in
Fig.12-2, and the layout of the work shafts for construction of the

powerhouse and tailrace is shown in Fig.12-3.
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(3)

Penstock

(a)

Excavation

The total length of the inclined shaft is 230.00 m, and the

average excavation diameter of the shaft is 5.45 m.

For the excavation work, the pilot shaft will be completed by
excavating it from the bottom, and this pilet shaft will be
expanded to the specified diameter from the upper end, by using

the pilot shaft as the muck chute,

For excavation of the pilot shaft, the lower work shaft that
branches from the accéés tunnel is used, and the pilot shaft will
be excavated by using an Alimak raise climber from the lower end
of the inclined shaft, The.pilot shaft will be a bottom heading

type, with its cross section being a 2.00 m x 2.00 m square.

When the excavation of the pilot shaft by Alimak climber is
completed, the vertical work shaft for transportation of penstock
comﬁonents will be excavated from the middle of the ihclined
shaft by usiﬁg Alimak climber. - Then, the 'expansion of the
vertical work shaft from the ground-at EL 310.00 m on the left
bank of the dam will be started, and next the inclined shaft will

be expénded by excavation.

For the expansion work of the inclined shaft, the pilot shaft
which is already completed will be used as the muck chute, and
the excavation work will be performed from the upper end by using
the machine drill mounted on & drill jﬁmbo. After the muck is
treated, steel meshes will be placed on the necessary parts of
the rock beds, shotctete will be shot, rock bholt holes will be
drilled and rock bolts will be inserted. Steel supports:ﬁiil be
used in iocations where the rock bed quality is particulafly

poor.

The transportation of construction materials/equipment from the

ground surface will be'performed through the vertical shaft which

is excavated from the ground at EL 310.00 m for the purpose of
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(b)

(c)

taking in the penstock segments. The muck will be disposed of
from the lower end of the inclined shaft via the existing access
turmel by a combined use of tractor shovels and 4-ton class dump

trucks.
The excavation method of the penstock shaft is shown in Fig.12-4.
Concrete

The f£filling concrete will be filled to the paps between the
penstock and natural ground, starting from the lower end of the
inclined shaft, step by stép in synchronism with the installation
of the penstock. The section to be filled in a single concrete
placement operation will be for 2 segments of the penstock

(12.00 m in length) as the standard procedure.

For concrete placement operation, a hopper will be installed at
the mouth of the vertical shaft at EL 310.00 m, and the concrete
will be supplied by the pipe chute connected to the hopper. That
is, the concrete transported by truck mixers are first charged
into the.hopper; and then dropped tc the work shaft via the pipe
chute. In this concrete placement operation, a special
consideration is required .to prevent the segregation of the

concrete. .

Installation of Penstock

The 'penstock.-segments are transported to the mouth of the
vertical shaft at EL 310.00 m on trailer trucks, hung by a 30-ton
class gantry crane here, lowered through the vertical shaft, and
then lowered through the inclined shaft by means of an incline.
The standard length of a single penstock segment is 6.00 m. The

transportation and installation procedure are shown as below.

Shﬁp assembly _
Transportation (by trailer truck)
Hanging on the vertical shaft {by crane)

Lowering through inclined shaft (by incline)

Installation
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The installation procedure of the penstock is shown in Fig.12-5.

Powerhouse

(a)

Excavation

The excavation of the powerhouse cavern is performed in 3 phases.
Excavation phase-1 is the excavation down to EL 119.00 m which is
performed by utilizing Santa Barbara Tunnel, and - excavation
phase-2 is the excavation down to EL 106.30 m which is performed
by utiliziﬁg the horizontal shaft, for the purpose of excluding
the muck, and which is to be constructed by branching out from
the existing access tunnel. Excavation phase-3 is the excavation
below EL 106.30 m, which is also to be perfdrmed by utilizing the
horizontal shaft, for the purpose of excluding the muck, and
which is to be constructed by branching out from the existing

access tunnel.

Although the natural ground around the powerhouse cavern consists
of hard rock, a collapse accident was experienced when the arch
was being éxdavated in the fifst:stage construction work, and it
will be required to carefully study the excavation method in

implementing this construction work.

The arch excavation will be performed down to EL 119.00 m by
utilizing the existing Santa Barbara Tunnel. The excavation will
be performed by means of the 2-boom, hydraulic crawler jumbo.

The muck will be disposed of by means of the combination of

tractor shovels and 4-ton class dump trucks by utilizing the

existing Santa Barbara Tunnel.

The supporting work of the rock in arch will be iﬁplemented
without using steel supports but by means of roc¢k bolts and

shotcrete.

Excavation phase-2 for the eibavation of the main section of the
powerhouse cavern wilil be-proceeded_by the’ construction of the
horizontal sheft, for muck disposal, which.will_be constructed at

EL 106.30 m by branching out from the existing access tunnel, and
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a glory hole (3.00 m x 3,00 m) will be constructed upward by
means of the crater cut method. This method is an excavation
method which is described below. First, the long-reaching
drilling machine (such as a crawler drill) is set to drill the
required blast holes, until the hole reaches the bottom of the
horizontal shaft. When the hole is pierced, the first stage from
the lower end (approximately 3 m) is blasted by securing a
sufficient hole length. . The securing of hole length and the
charging of the explosive are performed from the upper end. As
soon as the blasting of the first stage is completed, another
hole length is secured to perform the second stage blasting.
_ Repeatiﬁg this procedure, excavation is performed from the lower

end to the upper end of the hole.

The excavation muck is pushed into the muck disposal horizontal
shaft by a bulldozer by utilizing this glory hole. The muck is
then tfansported out via muck disposal horizontal shaft and
access tunnel by means of the combination of tractor shovels and

8-ton class dump trucks.

The excavation of the powerhouse cavern is performed by the bench
cut method, with the standard bench height of 3.00 m. The 2-boom

hydraulic crawler jumbo will be used for this operation.

After excavation and muck disposal are completed, steel meshes
will be placed on necessary parts, shotcrete will be shot on it,
rock bolt holes will be drilled, and rock bolts will be

inserted.

The standard procedure of this excavation operation is described

by the following steps.. .

§ Drilling and blasting

E Muck disposal

§ Shotcreting

l.Rock bolt hole.drilling
B Mortar injection

i

Rock bolt insertion
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{b)

The excavation procedure of the main part of the powerhouse

cavern is shown in Fig. i2.6.

In performing excavation phase-3 for the main part of the
powerhouse cavern, a muck disposal horizontal tunnel will be
constructed by branching the existing access tunnel at EL 93.50 m
prior to.the excavation. (Tﬁié tunnel is also used to dispose of
the excavation muck from the penstock inclined shaft.) Similarly
to the excavation phase-2, the glory hole (3.00 m x 3.00 m) that
is excavated by the crater cut method is utilized to dump the
excavation muck to this muck disposal horizontal shaft, and the
muck is transported 'out. from here wvia the- muck disposal
horizontal shaft and the access tunnel by means of tractor

shovels and 8-ton class dump trucks.

After the excavation muck is disposed of, steel meshes will be
placed on necessary parts, shotcrete will be shot on it,  rock

bolt holes will be drilled, and rock bolts will be inserted.

The excavation at level below EL 93.50 m will be performed by
cutting down the floor toward the horizontal work shaft (EL
85.50 m) which is constructed for excavation of the tailrace

tunnel.
Concrete

At the stage where the excavation of the arch has ﬁroceeded half
way, the placement of arch’concréte wili be started by using a
26.50 m wide, 5.00 m long slide form. The concrete will be
brought  in by 2 m®-class truck mixers via Santa Barbara Tunnel,

supplied to the concrete pump and placéd.'

When the arch concrete'placement is completed, mortar grouting
will be implemented to prevent the expansion of the loose rock

zone in the arch and the weathering of the rock bed.
The concrete of foundations, slabs, piers, casings and barrels

will be placed by concrete pumps. The concrete will be delivered

by 3 ml-class truck mixers via the access tunnel and the work

12 - 8

-y

2



adits constructed toward EL 106.30 m or EL 93.50 m, supplied to
concrete pumps and placed. As for the forms, the slide forms and

assemble forms are used as appropriate.

The concrete is placed up to the level of EL 94.00 m after the
draft tubes will be installed. At this stage, however, it will
not be possible to use the overhead crane, and it will be
required to use a mobile crane or so for installation of draft

tubes.

Then,.the concrete of side walls, piers, slabs, etc. will be
placed'up to EL 107.50 m. Following this stage, the crane post
concrete and the crane beam concrete will be placed, and the
crane rails will be installed in order to make the overhead crane
available, At this stage, it will become possible to use the

overhead crane.

After installing the casing by using the overhead traveling

crane, the barrel concrete will be placed.

Then, the concrete of side walls and slabs will be placed in

sequence.

(4) Tailrace Tunnel and Tailrace Outlet

(a)

Excavation

The tailrace tunnel extends for 88.00 m and its inside diameter
is 4.20 m. The excavation will be performed in two stages. The
first stage is the excavation of the tailrace tunnel up to the
point which is several meters inside from the tailrace outlet.
The second stage is the excavation of the tailrace outlet section

which remains after the tailrace gates are installed.

In the excavation of the tailrace tunnel in the first stage, the

excavation work will be'performed by the full face cutting method
by utilizing the muck dispogal horizontal tunnel which branches
out frdm the existing access tunnel toward EL 85.50 m. The

tunnel support will be provided by rock belts and shotcrete, but
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(b}

steel supports may be used where the rock bed quality is poor.
The first stage excavation will be implemented'for the whole
tailrace tunnel except the plug rock which will be excavated in
the second stage (by one blasting operation}. Since a maximum
water pressure of around 8.00 m will be applied to this plug rock
while the power plant is operating, the last excavation operatibn
in the first stage must be. performed with sufficient care.
Although the - thinner the plug rock the better, the actual
thickness must be decided with due consideration on the rock bed

conditions.

The method of excavating the plug rock of the tailrace outlet is

shown in Flg. 12-7,

The excavation will be implemented by a 2Z-beam hydraulic crawler
jumbo, and the muck disposal will be implemented by tractor

shovels and 8-ton class dump trucks. -

The second stage excavation will be implemented by almost one
blasting operation at the stage where the concrete lining of the
tailracé tunnel and the installation of the tailréce gates are
completed.  In this blasting operation, the'impact.of explosion
must be suppressed to the minimum by employing the low speed
explosive or other appfopriaté meéns. The excaﬁﬁtion muck will
be dumped into the river. For this blastingIOperation, the
existing power plant operaiion will have to be shut dovn to lower
the tailwater level. As it may' be necessary to shape the
tailrace outlet section and its upstream section, it will.have to
be necessary to shut down power generation for this operation,

too.

Concrete

The concrete lining will be started when the first stage
excavation is completed and the excavation of the service shaft

is finished.

The concrete is delivered by means of 2 m® clasé truck mixers via
y

'the access tunnel and the lower work shaft, and the concrete will
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be placed by concrete pumps around the whole cross section of the

tailrace by means of the 5-meter length slide form.

(6) Service Gallery and Service Shaft

{a)

(b)

Excavation

The service gallery will be constructed by expanding the existing

Santa Barbara Tunnel,

The muck disposal will be implemented by the combination of
rocker shovels or tractor shovels and 4-ton class dump trucks,

through the existing Santa Barbara Tunnel.

The excavation of the service shaft will be implemented after the
tunnel expansion for the service gallery is completed by the
crater cut method, excavating the shaft from this géllery toward
the lower tailrace tunnel. The excavation muck will be dumped to

the tailrace tunnel, and disposed of to the outside of the tunnel

via tailrace tunnel, lower work shaft and access tunnel.

Concrete

The concrete will be delivered via Santa Barbara Tunmel by means

of 2 m* class truck mixers, and placed by concrete pumps.

The slide form will be used for the service shaft, and concrete

will be placed from bottom toward ceiling.

(7) Temporary Facilities

(a)

Construction Roéd

It is not required to particularly construct a new construction

road for this Project. Basically, the roads constructed for the

first stage work can be used as such, and improvement works will

. be conducted if there are places that have to be implemented.
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(b)

(c)

(d)

(e)

(f)

Electric Power for Construction

The electric power needed for the construction works will be
received from El Cajoén Substation, and delivered to the project

site by a 13.8 kV power line.
Concrete Facilities

The total volume of the concrete needed will be approximately

15,000 m®. The concrete aggregates will be purchased.

The concrete plant will be installed on the site located
downstream from the dam, on the right bank of Humuya River, where

the concrete plant for the first stage work was once installed.
The capacity of the concrete plant will be a 50 m’/hour class.
Compressed Air Supply Facility

The compressed air needed for the construction work will be
supplied by fixed type facilities in principle, which will be
installed at the entranées of Santa Barbara Tunnel, access tunnel

and the inclined shaft,
Water Supply Facility

To provide the utility water for the construction work, the water
of Humuya River will be conducted and stored in a storage tank.
The stored water will be supplied to the work sites and the

concrete plant,
Camp Facilities

The camp facilities required will be, in addition to the
construction office_bdilding of ENEE,:the conffactors’ office
buildings, material warehouses, repair shbps, the temporary shop
for the penstock, etc. The lands and buildings tha£ were used in
the first stage construction work will be basically utilized (as

much as possible).

12 - 12



12.1.3 Construction Schedule
The construction period required for this Amplification Project is
approximately 4 years for Stage I (for Unit-5, commissioned in 2002),
and approximately 2 years for Stage II (for Unit-6, commissioned in

2006).

The major amounts of civil work and the construction schedule are

presented in Table 12-1 and Fig. 12-8.

12.2  Construction Cost

12.2.1 Cost Estimation ltems
(1) Preparation Works

E Construction office, lodging facilities, etc.
{(2) Eﬁvironmental Mitigation

§ Measures against effect of power plant discharge to the downstream

regionsg
(3) Civil Works

. Work adit

Penstock

Powerhouse

Tailrace and tailrace outlet

Service gallery and service shaft

Temporary facilities {(concrete plant, etc:.)
(4) Hydraulic Equipment

§ Penstock

B. Tailrace gate
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(3

(6)

(7)

(8)

(9)

12.2.2

(1)

Electrical Equipment

8 Water turbines, generators and auxiliary'equipment

g Outdoor switchyard equipment

Transmission Power Line

@ All costs incurred by the construction of the transmission power line

Administration and Engineering Service

#§ Project management fee

B Engineering fee

Contingency

Interest during Construction

Cost Estimation Criteria

Basic Conditions

(a)

{b)

(c)

Time Point of Cost Estimation and Currency Exchange Rate

The time point for cost estimation is October, 1992. The
currency exchange rate is US51 = 5.8 Lempira. The construction
costs are given in terms of US dollars.

Labor Cost and Material Unit Price

The domestic unit prices in Honduras are adopted in determining
the labor costs and material unit prices. . Major labor/material
unit prices are shown in Table 12-2 and Table 12-3.

Construction Machinery

All major construction machines, such as Alimak climbers, crawler

drills, dump trucks, large truck cranes, batcher plant, and
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(2)

(3)

(4)

(3

(6)

boring machines are imported. The ptices of these construction
machines are estimated based on their market prices in Japan and

converted to the CIF prices at Puerto Cortes harbor.
Preparation Works

The cost of the preparation works is calculated as 15 of the total

civil work cost.
Environmental Mitigation

The environmental mitigation cost is not taken inte account, because,
as discusged in Chapter 13, no serious environmental impact is produced

by the Amplification Project.
Civil Works

The cost of civil works is estimated based on the labor costs and
material equipment costs as of October, 1992, and then comparing these
calculated costs with the construction costs of projects in Honduras
which are being studied or under construction, and which are similar to
this Amplification Project, and at the same time by referring to the

construction costs of similar projects in Japan.

Hydraulic Equipment

All hydraulic equipment including the tailrace gates and penstock is
assumed to be imported. The unit costs of this hydraulic equipment are
estimated by referring to the costs in similar projects under
construction in Honduras, and the actual costs incurred in similar
projects in Japan.

Electromechanical Equipment

All electromechanical equipment is assumed to be imported. The unit

costs were estimated by referring to the actual international costs.
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(7)

(8)

(9}

(10)

12.2.3

(1)

(2)

Transmission Power Line

The transmission power line cost is not counted, because, as discussed
in Chapter 10, the capacity of the existing transmission power line is
sufficient even after this Amplification Project is implemented.

Administration and Engineering Service

The administration and engineering fees are estimated as 10Z of the

direct construction cost.

Contingency
157 of the preparation work costs and civil work costs, and 10Z of the
costs of hydraulic equipment and electromechanical equipment are
estimated as the contingency,

Interest During Construction

The interests during construction are set at 12.02Z for domestic

currency portion and 8.0Z for foreign currency portion.

Classification of Domestic and 'Foreign Currency Portions

Civil Works

Only cement, timber and fuels such as gasoline are procured_in the
domestic market, and costs of these items are estimated by the domestic
currency. All other items are imported, which are estimated by foreign
currencies.

Hydraulic Equipment

All hydraulic equipment is paid:'by foreign currencies, but the

transportation costs from the landing poft to the construction site,

and the installation costs are paid by the domestic currency.

12 - 16



(3) Electromechanical Equipment and Transmission Power Line
Electromechanical equipment costs are paid by foreign currvency. Their
inland transportation costs and installation costs are paid by the
domestic currency.

{4) Administration and Engineering Service
The administration and engineering fees are paid by the domestic
currency for the 357 portion and by the foreign currency for the
remaining 65% portion.

12.2.4 Construction Cost

The construction costs, and their domestic currency and foreign

currency are shown in Table 12-4.
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Table 12-1 Principal Civil Works (1/2)

ltern Unit | Quantity
1. Civil Works
{1) Work adit
Excavation in tunnel m3 9,500
Excavation in shaft m? 2,600
(2) Pressure shaft
Excavation in inc¢lined tunnel (normal blasting) m? 1,210
‘Excavation in inclined tuanel {controlled blasting) m? 2,580
Excavation in horizontal tunnel (controlled blasting) m? 980
Concrete in filling m? 1,840
Concrete in base o3 180
Mortar grouting m? 20
(3) Powerhouse
Excavation in arch m? 7;560
Excavation in main body m® 29,130
Concrete in arch- m’ 830
Concrete in wall m 2,900
GConcrete in casing and barrel m’ 2,930
Concrete in pier and slab m 3,310
Concrete in base e 1,190
Mortar grouting ‘m? 80
Shotcrete in wall (t=15cm) m? 1,560
Shotcrete in arch (t=15cm) m? 1,390
Rockbolt in wall (¢=4m) PC 320
Rockbolt in wall (¢=6m) PC 40
Rockbolt in wall (0=8m) PC 70
Rockbolt in arch (f=4m) PC 1,390
Reinforcement bar t o f 1,010
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Table 12-1 Principa! Civil Works (2/2)

ltem Unit ; Quantity

(4) Tailrace tunnel

Excavation in tunnel m3 4,150

Excavation in outlet m? 180

Concrete in lining m’ 1,380

Concrete in base m’ 100

Mortar grouting m? 50

Reinforcement bar t 70
(5) Service galiery shaft

Excavation in shaft m’ 850

Concrete in lining m’ 470

Reinforcement bar t 10
(65 Service gallery

Excavation in tunnel - m? 1,010

Concrete-ih lining m? 240

Reinforcement bar t 10
2. Hydraulic eguipment

Penstock t 900

Tailrace gate t 14
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Table 12-2 Labor Cost

Unit: Lempira/day

Ilezﬁ Labor Cost
Driver 80 %
) Garﬁenter 60
Mason 50
Plumber . _ 70

Table i2-3 Material Unit Frice

Unit: Lempira

Item Unit - Price
Cement : ton 252
Shape Steel . ton 17,400
Reinfo