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8.1

Chapter 8 REMOTE TRANSMISSION SYSTEM

Outline of ENEE Communications System

In the Republic of Honduras, the duty of radio wave assignment rests on

HONDUTEL, which is a venture in charge of public communications.

Since the 150 MHz band and the 400 MHz band are the VHF bands assigned
to ENEE for use in the remote transmission facility which is currently
under planning, the proposal shall be based on the use of the unused

frequencies in these frequency bands.

The communication network of ENEE consists of the power-line carrier
communication sector and the wireless network sector, and the former is
utilized by the telephone for load dispatching and maintenance,
protection relay and the telemetering from the main power stations and

substations to the Central Dispatching Office.

The wireless network sector utilizes the UHF (400 MHz band) and the VHF

(150 MHz band) systems, and is mainly used for telephone and telemeter.

The communications maintenance territory of ENEE is broadly divided

into the northern district and the central south district. The former

includes the power stations and substations at La Ceiba, Tela, Cortés,

‘Berme jo, Progreso, El Caj6én, La Puerta, Rio Lindo, Cafiaveral, ElL

Nispero, and El Mochito, and the latter, those at Piedras Azules, Santa

Fe, Suyapa Le6n and Pavana.

The UHF (400 MHz band) network used in the northern district is mainly

used for the SCADA system and telephone.

The VHF (150 MHz band) is used as the telephone for transmission and

- distribution line maintenance in both districts.

ENEE has a plan of newly installing a 2 GHz band TDM radio

communication network in the central south district in 1993, and is
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8.2

8.2.1

further scheduled to replace the UHF (400 MHz band) network by a 2 GHz

band TDM radic communication network,

The present plan needs to be so advanced as to maintain compatibility

with these scheduled plans.

Outline of Communication System in Ei Cajén

The communication system in El Cajoén includes, besides the power-line

carrier network, a local telephone exchange system consisting of a UHF

(400 MHz band) and cable network.

In addition, the VHF (150 MHz band} is used in the power transmission

and distribution line maintenance telephone.

Hainfall and Water Level Telemetering System -

Quitline of Rainfall and Water Level Telemetering System

(1)

Concept of Rainfall and Water Level Telemetering System

The concépt of the rainfall and water.level telemetering system
that accompanies the proposed expansion of ElICajOn Power Station
covers the entire-system of the existing facilities of the Water
Level Gauging Station and the Rainfall Gauging Station, and is

outlined as follows:

The proposed telemeter network, as shown in Fig. 8-1, consists of

several gauging stations for gauging the hydrologiéal data

-{rainfall and water level) and supervisorylcbhttdl'stations for

controlling the gauging stations and for collecting the data.
The supervisoryfcontrol stations shall be established at the
control building in El Cajoén and the Cehtral-Dispatehing Office
in Suyaﬁa. Basically, the gauging stations sh&il-be controlled

by the Control Building in El Cajén, but new facilities (case 1



and case 2) shall also be controllable by the Central Dispatching
office in Suyapa.

When the exdsting SCADA system is to be used (case 3}, the
pauging stations are to be controlled by the Control Building in
El Cajoén, and the Central Dispatching Office in Suyapa is to

execute the data collection and monitoring only.

The supervisory/control stations shall type out the data received
from the gauging stations and shall display the data on the

graphic panel.

The data transmission between the gauging stations and the
supervisoryfcontrol station in El Cajoén shall be conducted over
radic networks (150 MHz and 400 MHz), and the data transmission
between the El Cajén Supervisory/Control Station and the Central
Dispatching Office in Suyapa shall be executed over unused

channels in the existing power-line carrier network.

For data collection, generally, two systems are available; the
polling system in which the supervisory/control station calls up
all the gauging stations ome by one in sequence or collectively
at. once, requesting the sending of the pgauging data, and the
automatic data transmission system in which the gauging stations
send in the gauging data at a regular interval or whenever
certain changes occur, and in the proposed plan, the former

polling system shall be employed on the following ground.

- ¥ Possibility of increasing the number of gauging station in one

system
8 Possibility of retrieving any data at any time.

@ Possibility of shortening access time



g8.2.2 Design of Rainfall and Water Level Telemetering System

(1)

Radio Repeater Station (New Installation)

A repeater station shali be newly installed at the following
location which is central ambng the éxisting water level gauging
stations and rainfall gauging stations (including weather
stationé) distributed in the El Gajon watershed regions, where
the whole area coverage is secured with the minimum number of

repeater stations:

B W longitude 87° 31*' 47"; N latitude 14° 48' 10"; 8 km west of
La Libertad
Altitude; 1,710 m {estimated)

The design conditions are as follows:

{a} Because of the difficulty in instaliing power supply line,
the solar cell power supply system shall be used in this

system.

(b) in considefation of the bad road conditions to the repeater
station sife, the storage battery 'capacity shall be
sufficient to warrant load operation over one month even

when insolation remains absent contiﬁuously.

{c) Because of the nearly uniform distribution bearing angle of
the gauging stations, the antenna to be used shall be non-

directionsl.

(d) Because of the larger transmission loss of the radio wave
in the 150 MHz and 400 MHz:bands, compared with the 60 to
70 MHz band, a high power radio wave output shall be
secured with high outﬁut transmitters and high gain

antennas.



(2)

(e)

(£)

(g)

The steel tower heights of the repeater station and the
gauging stations shall be such that an unobstructed view is

secured between them,

The station buildings shall be made of the standard type
ENEE building.

Employment of a watcher or installation of a protection
fence shall be considered because of security control of

radio repeater stations.

Existing Repeater Station (Los Picachos)

Two cases, 1) the existing facility (400 MHz radio facility)

between El Caj6émn and Los Picachos is usable, and 2) it is not

usable, shall be taken into consideration.

The design conditions are as follows:

(a)

(b}

{c)

(d)

When the existing facility (400 MHz radio facility) is not

usable, a 2 GHz radio equipment shall be newly installed.

In the design, the use of the power supply facility of the

existing repeater station (Los Picachos) shall be assumed.

In the design of the building space in the existing
repeater station (Loé Picachos), the increase of space

shall be assumed.

A new steel tower shall be installed for the repeater
station (Los Picachos), on the assumption that the existing

tower cannot be used.



(3)

(4)

Existing El Cajon Control Building

The design conditions shall be as follows:

(a}

(b)

(c)

{d)

A supervisory/fcontrol station equipment, an operating
console, a typewriter and a display shall be newly in-

stalled.

A new 2 GHz radio network shall be installed in place of
the existing facility (400 MHz radio facility), when the

latter cannot be used.

Two cases shall be examined; the case of an independent
telemeter system between El Cajén and Suyapa (case 1 and
case 2), and the case of the use of the existing SCADA

system (case 3).

The existing power supplies (48 V DC and 100 V AC) are

assumed to be usable in designing the facilities.

When the existing SCADA system is to be used, the I/0 shall be

connected to the existing RTU, and only the output up to the I/0

of the supervisory/control station equipment shall be planned.

Existing Central Dispatching Office in Suyapa

The design conditions shall be as follows:

(a}

(b}

Only when the El Cajén to Suyaps telemeter system is to be
an independent _éystem {(case 1, ‘case 2y, - a
supervisory/control ‘station equipment, an operating
console, a typewriter and a display shall be'héwly in-

stalled in the Central Dispatching Office in Suyapa.

The existing power supply system (48 V DC, 108 V AC) shall

be assumed to be usable in designing the system.



(3)

(6)

Water Level Telemetering Gauging Station

The existing water level gauging stations (Santa Elena, Maragua,
Guacamaya, El Jicéro, Los Encuentros, Siale and Marale) are
generally'located in the deep valleys of El Caj6n, where no
direct view to the repeater station is available for radio wave
transmission, and for this reason, a radio wave transmission
survey test is required. Especially, Siale is unfavorable in
view condition, and a detailed survey test is required. The

design conditions shall be as follows:

{a) The steel tower shall be sufficient to meet the antenna

height requirement at the respective locations.

(b) The solar cell power supply system shall be adopted in the

design.

{c) Since the existing self-recording-type water level meter
does not allow the adaption to a telemetering system, and
since the ﬁell for water level measuring is narrow, a
telemeter-use water level meter, a well, a station
building, a. power supply system, gauging equipment and

radio equipment shall be newly installed.
Weather (Rainfall Gauging) Station
Because the eiisting weather stations (El Cajoén, Santa Elena,

Marale, San Jeronimo, and Vallecillc) and the existing Rainfall

Gauging Stations (El Palmital, Sulaco, Pueblo Nuevo, Esquias and

-$an Ignacio) are considered to be more favorable in the installa-

tion condition, than the water level gauging stations, the power
supply for them is considered to be dependable on the distribu-

tion .line.

However, the station in Sulaco is located where vision is

. blocked, a detailed radio wave transmission survey test needs to

be executed.



8.3

8.3.1

The design conditions are as follows:

(a) Since the existing self-recording type precipitation meter
is not usable for rainfall telemetering, a tipping-buckst

type rain gauge shall be newly installed.

{b) Since the existing gauging stations are located not
" necessarily at an optimum radio wave transmission point, a
new' station building and a steel tower shall be erected

close to the existing gauping station.

{c) Power supply systems, gauging equipment and radic equipment

shall be newly installed,

Discharge Warning System

Outline of Discharge Warning System

(1)

Concept of Discharge Warning System

The proposed discharge warning system is for warning.the people
in the downstream area before dam water discharging, which
creates a very different artificial state in the river system
through the operaﬁion of the El Cajén dam in such an .emergency
state as flood, in order to prevent personal and other hazards.
The_discharge warniﬁg system shall consist of discharge warning
stations for giving warning in the downstream area of the El
Cajén dam, and a supervisbrylcdntrol station for controlling the

discharge warning statioms.

The discharge warning stations shall be installed, in consider-
ation of the conditions ‘including the areas’ requirements for
warning because of the large water level fluctuation caused by

water discharge, of the sound volume setting and of the sound



insensitive locality, at two locations; one in Santa Rita, and

the other in El Remolino. (Fig. 8-11)

The warning stations shall be designed to ensure restless
transmission of warning and notices through out the object area,
in due consideration of the sound reach range of sirens or

broadcast sound.

Betwéen the two alternatives for supervisory/control and trans-
mission; the wireless system and cable system, the high-reliabil-
ity wireless system shall be employed in the proposed system in
consideration of the absence of various shortcomings which
accompany the cable system: The great cable length involving
breakage and the vulnerability of cables to abnormal weather

conditions such as storm.

The discharge warning network shall be composed of a
supervisory/control station in El Cajén Control Building, a
repeater station in Los Picachos, and two warning stations,
controlled by a 150 MHz radio network, in Santa Rita and El
Remolino. (Fig. 8-i5)

8.3.2 Design of Discharge Warning System

(1)

Existing Radio Repeater Station (Leos Picachos)

Two cases shail be taken into consideration; one case where the
existing facility (400 MHz radio equipment) between El Ca joén and

Los Picachos is used, and the other case where it is not used.
The design conditions are as follows:

(a) When the existing facility (400 MHz radio eguipment) can
not be used, and it is to be replaced by a 2 GHz radio
- equipment. (common use with the rainfall and water level

telemetering system)



(2)

(3)

(b) The power supply facility of the existing repeater station
' {Los Picachos) is assumed to be usable in the design.
{common use with the rainfall and water level telemetering

gsystem)

(c) The station building space in the existing repeater station
(Los Picachos) is assumed to be increased in the design.
{common use with the rainfall and water level telemetering

system)

(d) 'The steel tower of the existing repeater station (Los
Picachos) is considered to be hardly usable, and new tower
shall be erected. (common use with the rainfall and water

level telemetering system)
Existing El Cajon Control Building
The design conditions are as follows:

{a) A supervisory/control station equipment, an operating

congole and a typewriter shall be newly installed.

(b} When the existing facility (400 MHz radio communication
facility) can not be used, it is to be replaced by a 2 GHz
radio communication network. (common use with the rainfall

and water level télemetering system)

{c) The existing power supplies are assumed to be usable in the
designing of the prdposed system. (common use with the

yainfall and water level telemetering system)
Warning Station
Two warning stations shall be dllocated at El Remolino and Santa
Rita, in consideration of the overall situations including the

residence conditions, topography, insensitive zone, etc. in the

downstream area.

8 - 10
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The design conditions are as follows:

(a)

Steel towers shall be newly erected to secure the needed

antenna height at the respective locations.

(b) The power supply through the distribution line is assumed
to be available, in the design of the system.
(c) A station building, a power supply system, a siren alarm
unit and a radio equipment unit shall be newly installed.
(d) The siren warning station equipment shall be capable of
serving both as & speaker and as a siren.
8.4 Conclusion
8.4.1 Rainfali and Water Level Telemetering System
The following three renewal plans are considered according to renewal
time of 400 MHz radio equipment between Los Picachos and El Cajén.
Case | Renewal time Conskycﬂon - Construciion installation condition
period cost
Us$ The system between
1 1997 - 3 years 4 886,000 El Cajon and Suyapa
! ! shall be independent
The system between El
2 1992 - 1997 3 4,501,000 | Caj6n and Suyapa shall
: be independent
: Fxisting SCADA
3 1992 - 1997 3 3,605,000 System shall be used

(L) For the detailed design of the telemetering system, a detailed

survey of radio wave propagation characteristics must be conduct-

ed, and it is expebted that this survey would take a half year to

one year.
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(2)

(33

(&)

A detailed survey has bsen conducted on ‘the existing 400 MHz
radio equipment between El Cajén and Los Picachos. It is
possible to install additional 24 channels on these facilities.
Therefore, we recommend Case 2 as the economical, optimal system,

if the system is to be constructed within 5 years.

If the system is to be constructed more than 5 years in future,
we recommend Case 1, which is the plan of replacing the existing
400 MHz radio equipment between El Cajén and Los Picachos by
taking into account the possibiiity of increasing the number of

channels in future.

Concerning Case 3, the construction coét estimated in this study
is the lowest, because the existing SCADA System is utilized.
However, the memory capacity of the existing CPU at Suyapa
Central Load Dispatching office is small, and it may be difficult
to expand this system.. Therefore, the syétem of Case 3 would not
turn out to be a convenient system. _

However, this plan is worthwhile for further consideration when

the CPU is replaced in future.

As for construction period:

(1)

(2)

It is recommended to divide the construction schedule into two
stages; allocating 1 year for detailed survey and design, and 2

years for field construction work.

The recommended schedule is ‘to implement the construction work
of the main channel from El dajén, fia_Loé Picachos, to the new
repeater station first, and then impiement the cdnstruction works
of related communication systems of each rainfall gauging sta-
tion, and water level gauging. station. In particular, due
consideration must be given on the construction work of water
level gauging stations, because conditions of their sites are not

favorable for comstruction work.

8 - 12



8.4.2

Discharge Warning System

The following two construction plans are considered according to

renewal time of existing 400 MHz radio equipment between Los Picachos

and El Cajon.

Case Henewal time Construction period Construction cost
' _ Us$ 839,000
1 1997- 1.5 years % (USS 1,362, 000)
2 1992-1997 1.5 Us$ 887,000

* In case of changing radio facilities between Los Picachos and

(1}

(2)

(3)

(1)

El Cajb6n into 2 GHz System.

A separate, detailed survey of radio wave propagation character-
istics and the sound propagation test will be required in
developing the detailed design, and this survey will take around

half a year.’

A detailed survey has been conducted on the existing 400 MHz
radio facilities between El Cajén and Los Picachos. It is
poSsible to install additional 24 channels on these facilities.
Therefore, we recommend Case 2 as the economical, optimal system,

if the system is to be constructed within 5 years.

If the system is to be constructed more than 5 years in future,
we recommend Case 1, which is the plan of replacing the existing
400 MHz radio facilities between El Cajdén and Los Picachos by
taking into account the possibility of increasing the number of

channels in future.

As for construction period:

It is recommended to divide the construction schedule into two
stages; allocating half a year for detailed survey and design,

and 1 year for field construction work.
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8.4.3

(2) First, the construction works of the portions of communication
facilities between El Cajon and Los Picachos which are commonly
used by the rainfallfwater . level telémetering system shall be
meinly implemented. Then, the coristruction works of communi-
cation system.of each dischafge'warning station shall be imple-
mented, and the output of warning equipmént shall be reviewed by
surveying the propagation ranges. of siren sound and warning

voices.

Conclusion

1f the rainfall and water level telemetering system and the discharge
warning system are constructed simultanebusly.. this .would be more
economical because the common facilities® for these systems to be
installed at El Cajén and Los Picachos can be manufactured more
efficiently. And it is recommended to construct both systems after
1997 in case the existing radio facilities are .to be changed.
Construction period will be 3 years including inﬁestigation period.
Total construction cost of the rainfall aﬁd water level telemetering

system and the discharge warning system will be US$§ 5,725,000.

Training must be provided to the maintenance personnel and operating
personnel to ensure operation and maintenance ' of the system and
appropriate consideration must be given on this matter prior to

operation.
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Table 8-1 The Yearly Duration of Sunshine (Tegucigaipa)
TEGUCIGALPA
~ MONTH TOTAL
| Jan. | Feh. { Mar. [ Apr. | May [ Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | [Hour]
THE YEAR
1970 2651 2281 246 2121 2451 160t 232 206 172 | 206¢ 1651 200| 2,526
13890 2221 2501 2781 2381 2354 15211 2261 2061 18B| 178 1721 194 | 2,539
Table 8—2. The Yearly Duration of Sunshine (Choluteca)
CHOLUTECA
MONTH TOTAL
Jan. | Feb. | Mar. | Apr. | May | Jun, | Jul. | Aug. {Sep. | Oct, | Nov. | Dec. | [(Hour]
THE YEAR
1970 2021 2301 295 | 28610 2751 2321 280( 235 202 2201 2361{ 284 | 3,067
1980 3151 2401 2721 2811 2621 206 2521 215 130 231{ 236| 270| 2 910
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Figure 8-14  Discharge Warning System Route Map
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Figure 8-15 Discharge Warning Station of E! Cajon River Basin
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9.1

Chapter @ STUDY ON AMPLIFICATION PROJECT

Policy for the Study

(L)

Commissioning of El Cajon Hydroelectric Power Plant was in 1985
with maximum cutput of 292 MW (73 MW x 4 units), and installation
of addixional units (final capacity: 73 Md x 8 units) has been
schemed since its initial stage. For the purpose of this plant
amplification, advance construction works have been done with

intake, a part of penstock and powerhouse.

Additional powerhouse is laid out underground in the same way as
the existing El Cajén Hydroelectric Power Plant. Since there is
a fault running parallel to the river on the mountain side of
penstock and underground powerhouse, the layout of penstock and
underground powerhouse is limited to a narrow area sandwiched
between this fault and ground surface line. Therefore, by moving
inclined shaft a bit downstream, penstock route is designed to
take the same route as the existing facilities, and extension of
the underground powerhouse is laid out toward the downstream
diréction while its main building is placed parallel to the
river. As showm in Fig.9-1, intake, vertical shaft of intake gate,
and upper horizontal part of penstock have already been completed

in conjunction with major civil structures,

As for -underground powerhouse, access tunnel and generator
assembly room of the existing El Cajon Hydroelectric Power Plant

can be utilized for the amplified facilities too. And a pilot

tunnel has been completed at entire portion of the crown of

underground powerhouse of the amplified facilities. In addition,
sei’vice tunnels which can be used for excavation of tailrace gate
room and the lower part of underground powerhouse are left.
Therefore, upon studying the amplified capacity, priority should
be given to the utilization of such strﬁ.ctures as have bheen
constructed in advanée from economic point of view as well.

However, the cost for the existing structures such as intake and

g -1



(2)

(3)

(4)

a part'of penstock is not included in the cost for the amplifica-

tion project.

There is an altitude difference of 10 m betveen normal high watet
level and the floor level of free-flow-type dam's creSt_spillﬁay,
which creates a'storagercapacity of 820 x 10% m*. Therefore, when
normal high water level is changed upward to an elevation of
295.00 m; low water level necessary to attain the.current storage
capacity is an elevation of 242.00 m which is higher than the
current low water level by 22.00 m. This is equivalent to an
increase of 14.00 m (92) in standard head, and 22.00 m (18%) in
minimum head, which will brihg about a remarkable increase of
energy and output. Adequacy of émplification plan is to be
enhanced by change of high water level as it does not involve any

cost factor.

Therefore, when it is concluded that there is no problem with
flood treatment after haviﬁg examined relationship between design
flood discharge, spillway capacity, and surcharge'capacity of
reServoir,.elevated standard intéke-level is to be adopted as an

optimum plan.

Regulation ratio (Effective storage cabacity[Annﬁal inflow) of
El Caj6n Reservoir exceeds 100%, so El Cajén'Hydroelectric bower
Plant can génerate averaged electricity a1l the year round, and
most of river water is being utilized for power.generétion. In
other words, it means that an increase of energy’generation can
hardly BejexpECted from amplifiéation.éven_thOugh.increase of
maximum discharge and increase of output is’brodght'about as peak
loéd station. Therefore, economy of this.amplification plan
cannot be evaluated propérly'by a criterion of construction cost

per kW.

Optimum amplificétion plan is to be carried out based on a.power
demand projection,_powef facility amplification program, and a
study of generation capacity by existing and gmplified.facilities'
of El Cajén Hydroelectric Power Plant. = -



9.2

Conditions for the Study

Study of optimum amplified capacity is to be carried out based on the

following conditions:

(1)

(2}

{3)

{4)

(3)

(6)

Amplification of El Cajén Hydroelectric Power Plant is to be
designed to supply peak load.

After amplification, El Cajén Hydroelectric Power Plant is to
increase the percentage of installed capacity of the entire
country of Honduras. So, this station has to supply not only
peak load but middle load and/or base load as well, once amplif-

ied.

In order for El Cajén Hydroelectric Power Plant to be amplified
to . supply peak load, an alternative power plant becomes necessary
to supply base load which has been supplied by the former

station.
Stage development program where generators are phased in, should
be considered, with the increase of power demand and commission-

ing program of base load thermal plants taken into consideration.

When studying amplified capacity, 292 MW is to be regarded as

- maximum in view of power demand supply balance, reservoir

operation, and the scale of existing (already constructed) struc-

tures,

Study of the scale of this amplification project should be
carried out to be independent of a hydroelectric project of Agua

de la Reina located downstream of the El Caj6m Dam.



9.3

9.3.1

Reservoir Operation Plan
Water Level for Reservoir Operation

As shown in "9.1 Policy for the Study (2)" it should be discussed whether
normal high water level should be raised to an elevation of 295.00 m in
order to increase energy production of ELl Cajén Hydroelectric Power
Plant. When raisihg normal high water level, it is a major problem
whether flood treatment can be done safely. Therefore, following cases

have to be studied.

Case 1: - When historical largest flood discharge (3,600 m3/sec)

occurs at normal high water level

Case 2: When historical"largest flood discharge (3,600 m?/sec)
occurs at the water level of 288.80 m, theé highest in

operation record

Case 3: . When flood with 100-year return period occurs

(8,800 m*/sec) at normal high water level

" Wave form of the historical largest flood discharge (3,600 m*/sec) used

in this study was obtained by reference to wave form of hurricane

"Fifi" shown in a feasibility report prepared by Lahimeyer International

GmbH .

And the capacity of discharge from outlet facilities installed in dam
(bottom outlet, tunnel spillway. crest spillway) was obtained based on

reservoir operating procedures prepared by ENEE.

According to the reservoir operatiﬁg procedures the top limit of
harmless discharge for downstream area is 950 m*/sec. A total of

950 m*/sec is discharged where a water level is up to 290.20 m from

bottom outlet and tunnel spillways, and 3,400 m*f/sec is to be discharged

where an elevation is higher than that, in accordance with an ascent of

water level.



When water level exceeds a water level of 295.00 m the volume of

discharge increases further because of free overflow from crest

spillway. Relation between reservoir water level and discharge from

hottom outlet and spillway is as shown below.

(E1l. m) ¢
300

295

291.3
290, 2
290 7

285 -

Reservoir Water Level

b
]
H
i
1
1
]

A 4

0 © 950 3,400 3,600 5. 100
Discharge  (pf /gec)

Results of Study;

(1)

(2)

In the event that historical largest flood discharge of
3,600 m*fsec flows into reserveir when its water level is at
normal high water level, the water level of reservoir is raised
to 288.40 m if harmless discharge of 950 m*/sec is to be released
continuously. Since maximum discharge is to be 950 m3/sec
according to the reservoir operating procedures when water level

is up to 290.2 m, it will not cause any damages in the downstream

area.

In the event that historical largest flood discharge of
3,600 m’/sec flbws into reservoir when its water level is at the
highest level of 288.80 m in operation record, the water level is
raised to 290.90 m if discharge is done in accordance with
operation procedures, and volume of discharge then becomes
2,460 m3/sec which causes enormous flood damages in the entire

Sula valley area downstream from dam.

Since the historical largest flood discharge corresponds to flood

with 5 to 10 year return period, it is quite likely that flood
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damage occurs quite often in the downstream avea if operation is

continued with water level at an elevation of 288.80 m.

{3) In the event that 100 year return period flood discharge of
8,800 m¥/sec flows into reservoir when its water level is at
normal High water level (EL. 285.00 m), the water level is raised
even though gates are controlled in accordance with operating
procedures. Discharge in this situation is 3,510 m*/sec which
causes enormous flood damage in the entire Sula valley area in

the same way as the above (2) case.

As a conclusion normal high water level of 285.00m of El1 Cajon
Reservoir is judged to be adequate; Operatién at high water level of
El Cajén Reservoir has an advantage to brihg about an increase of
energy production, but on the other hand, a probability to cause flood
damage in the'downétream area gets larger as it diminishes storage
effect of resérvoir in case of flood. Thereforé,'it is desirable to

operate at a water level that does not exceed normal high water level.

Calcuiation of Energy Generation

According to the operation record of El Cajén Hydroelectric Power Plant
(See Fig. 9-2), only approximately 20 m drawdown (corresponding to
effective storage capacity of 1,675 x 10° m3) Below the high water level
has been utilized, while the available drawdown of the reservoir is

65 m (corresponding to effective storage capacity of 4,170 x 10° m?*).

If reference to the questions of whether the past operation procedure
of the reservoir will also be appropriate in the future, and whether
the increase of energy generation can be expected by the amplification
plan, the relation between therfESErvbir operation plan and the energy

generation has been studied for the following 2 cases.

Case 1: The reservoir is operated by fully utilizing the available
drawdown of 65 m below high water level.
Case 2: The reservoir is operated by utilizing the drawdown of 20 m

below high water level.



The data of river runoff used for the energy generation calculation
were the 50 year flow data which were synthesized from the river flow

record for the period from 1970 to 1982.

Reservoir operation plan is studied te maximize energy generation by

using Dynamic Programming method (DP method).

The result of this calculation is presented in the table below. The
average annual energy generation is 1,237 GWh when the available
drawdown of 65 m is fully utilized (Case 1), and 1,305 GWh when a

drawdown: of upper 20 m is used (Case 2).

Case 1 Case 2
Available Available
drawdown drawdown
65 m 20 m
Annual Energy Generation {GWh) 1,237 1,305
Firm Energy Generation (GWh) - 952 605
Secondary Energy Generation (GWh) 285 700
Averége Reservoir Water Level (m) 266.5 274.5

The firm energy generation is defined as the energy generation which is
obtained by the 952 firm discharge of the river as recorded in 50
years, and the energy generation in excess of the firm energy genera-
tion is defined as the secondary energy generation. The firm energy

generation is 952 GWh in Case 1 and 605 GWh in Case 2.

As the ways of effectively utilizing the secondary energy generation,
the operation of the hydroelectric power plant may be operated in a
coordinated manner with the thermal power plants, or the fuel cost of
the thermal power plant may be réduced by decreasing the operating
hours of the base load thermal power plants. However, the proportion
of the thermal power plants in the power supply sources of the power
- gystem of Honduras is small, and it can not be expected at the present
moment that the El Cajén Hydroelectric Power Plant and thermal power
_plants can be operdted in a coordinated manner so that they supplement

each other.
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For the reason explained above, it will be difficult for some time to

come to effectively utilize the secondary power generation.

Although more annual energy generation can be realized by operating the
reservoir with higher water level (Case-2), the reservolr of EL Cajén
should be operated according to the operation schedule by which more
firm energy generation is realized, and therefore, the availéble

drawdown of the reservoir should be effectively utilized.

The :reservoir water level, energy generation, inflow to the reservoir
and plant discharge, as calculated by the Dynamic Programming (DP)
method for Case 1 and Case 2 are presenﬁed in Fm.943through‘ﬁg.98i
To examine the incremental energy generation realized by the amplifica-
tion project, the reservoir operation has been analyzed by the DP
méthod, and it has been confirmed that the dam overflow almost
disappears in both céses. That is, since the river dischéfge is almost
completely utilized for power generaéion with the existing generation
capacity, no incremental energy generation can be expected by the

amplification project.

Load Characteristics and Scale of Amplification Project
{1) Load Characteristics

The electric power demand in Honduras has the maximum value in a
year in Hovember or December, and the daily load curves can be
broadly categorized into the weekday lbad;cufves and the weekend

load curves.

To examine the daily load curves in April 7 (Tuesday) and -June 21

{(Monday) of 1992..th§ load on weekdays starts to build up at
aroﬁnd 4 o'clock in the 'dawn, reaches the morning peak at 11 to
12 o’clock, then lowers to the level of 9 to 10 o’clock from noon
break to around 18 o’clock, and finally starts .to inc;éase
rapidly ét around 18 o’cidck to form fhe~lighting peak at 18 to
19 o’clock. This general pattern is almost the same fof all

weekdays. Approximately 542 of the daily maximum load continues
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(2)

for 24 hours, and the remaining 46% forms a peak load that
continues for 14 to 15 hours. A daily load curve is presented in
Fig. $-8. A short peaks are observed twice a day, in the morning
and in the evening, and these peaks continue for 3 to 5 hours.
The'daily maximum load (as of April 7, Tuesday, 1992) is 410 MW,
with the daily load factor being approximately 70Z.

Scale of Amplification Project

In examining the scale of amplification project in this study,
required peak supply capability was examined based on the power

demand/supply status.

Fbr the purpose of this study, the required peak supply capabil-
ity was examined based on the power demand projection prepared by
ENEE. The power supply sources of ENEE mainly consist of
hydroelectric power plants, and this situation will continue for

some time to come, owing to the power supply plan of ENEE.

In this study, the required peak supply capability has been

examined by the "difference method".

Study Conditions

In applying the “difference method", the following premises have

" been set down.

(a) The Amplification Project of El Cajén Hydroelectric Power
Plant consists of the commissioning of one unit (73 MW) in
2002, and the commissioning of another unit (73 MW) in
2006. Based on this premise, the study has been conducted

on the time cross section to 2006.

(b) The daiiy load curve, which has been established in
reference to the load on April 7, Tuesday, 1992, has heen
converted to the daily load curve of 2006 in which the

whole amplification units of El Cajén are commissioned.
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(c)

(d)

(e)

(£)

(e)

(h)

Thermal power plans are assumed to be operated for 24 hours
to supply the base load {with the exception of gas turbine

plants,which are operated to supply the peak load).

Existing and newly built hydroelectric power plants supply
the middle load. '

Short peak loads are supplied by gas turbine plants.

El Caj6én Hydroelectric Power Plant supplements the deficit
of power supply capability which can not be met by the
supplies of Items (c) through {e)}, and - El Cajén also

supplies the peak load when required.

The electric power imported from other natiens is not taken

into account in this study.

The Amplification Project of El Cajén Hydroelectric Power
Plant consists of the additional 73 MW x 2 units = 143 MW.
The total capacity of El Cajén including the existing units
shall be 438 MW.

Fig. -16 shows a daily load curve of 2009 when 5th and 6th
units (total 143 MW} sre commissioned. The curve is

elaborated considering the result of above item (1).

As a result as shown in Fig. 9-10, it is_thoughﬁ that power
supply of El Cajén Hydroelectric Power Plant including
Amplification Project (i43 MW) is dharacterized as that of

peak and middle load station,

Study of Scale of Amp!ificﬁtion Project

Since El Cajén Hydroelectric Power :Plant is a reservoir type power

plant, the scale of its amplification project must be studied from two

different aspects.,

9 - 10
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That is, one aspect is the optimal scale of amplification as a power
plant (the supply capability) which is determined by the inflow to the
reservdir and the repulating capability of the reservoir, and another
aspect is the supply capacity of the additional units which is required

by the daily load curve on the demand side.

As the scale of amplification project, it is most desirable if the
values of supply capacity as determined by these two aspects are

identical.

Generally, the economic evaluation of a hydroelectric power project is
evaluated in reference to the cost of electric power and energy which
are supplied by an alternative generating facility, which is regarded
as the "benefit® of the project in guestion. This benefit is compared
with the cost of the project, which is the comstruction cost of the

hydroelectric project under study.
Cost
As mentioned earlier, it is common to take construction cost of

hydroelectric power plant as the cost factor in economic comparison (of

hydroelectric power plant).

.However, in the case of this amplification project there is a special

condition that increase of generated energy cannot be expected from
amplification of generation facilities. Therefore, the following items

have to be considered as cost factors of this amplification project:

(1) Direct expenses of amplification such as the cost of civil works,

costs of electrical and hydro mechanical equipment

(2) ::Fuél cost of baée‘ioad thermal plants which corresponds to energy

generation at peak hours in amplified facilities

(3) Construction cost of base load thermal power plant
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To increase output of EL Cajon Hydroelectric Power Plant is to change
a method of water utilization while amount of water resources is

invariable,

In other words, it is an idea to store a part_of firm discharge of El
Cajon Reservoir and to utilize them for amplified capacity to supply

peak load.

This concept is expressed by the following formula:

86,400 sec X g, = 3,600 sec x T x g,

where, gq; : discharge stored for amplified capacity 11 (m*[sec)
q; : discharge by amplified capacity 53 (md/sec)
T : - peak generation hours : ' 5 (hours)

q, and q, are determined by peak generation time and amplified

capacity

Mean net head of El Cajén Hydroelectri¢ Power Plant being 160 m,
necessary discharge is to be 53 m3fsec provided that amplified capacity

is 73,000 kW.

When the above formula is substituted with these figures assuming that
peak generation time is 5 hours, discharge stored for amplified
capacity {q,} is to be 11 mdfsec. MNamely, amplification of El.Cﬁjén
Hydroelectric Power Plant means to allocate 11 m?/sec out of 102_m3Iséc
of annual firm discharge for amplified capacity, and to supplement
deficiency caused by this change with base load thermal power

generation.

Therefofe, fuel cost of base load thermal power plant is to be the fuel
cost which can produce energy eqdi#alent to energy produced by
discharge q; (11 m*/sec). 'In this case, it is suitable to use coal
which is the most'inexpensive fuel among any fuels for thermal power
generation, and this thermal power plant has ‘to have an éxpected
capability to supplement more than 15,000 kW which can be: produced by
discharge of 11 m?f/sec at EL Caj6én Hydro Power Plant,
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9.5.3

Benefit

When studying amplified capacity of this amplification project a method
is adopted which is to take, as ’'benefit’ of the relevant project, cost
and expenses of a thermal power plant which is to be constructed as an
alternative generation facility in the event that this project is not

carried out.

Since this project is designed as peak load generation facility, gas
turbine power plant of 73,000 kW facility is to be taken up in making
assessment of benefit. The total of construction cost of gas turbine
power plant, operation and maintenance cost, and fuel cost for 50 years

(service life of this project) is to be regarded as ’'bhenefit’,

Assumptions used for calculating 'benefit’ are shown below:

Item : Specification

_Facility Output 73,000 kW

_Construction Cost Uss 720/kwW

Period of Construction Z? years {lst year - 70Z, Znd year -
30%)

Service Life 15 years

Fuel GCost US$ 0.0422/kWh

Annual.Maintenance Cost Construction cost x &.56%

Operation Hours 5 hours/day

Determinaiion of Amplification Capacity

Study of amplification capacity is to be conducted three cases from two

alternatives; an alternative to develop simultaneously "C route” and "D

‘route® of intake and penstock which were constructed in advance in 1985

'(maximum 292 MW), and other alternatives to develop them in different

stages (maximum 146:MW).
(1) As for simultaneocus deveidpment of *C route" and "D route", cases

with amplification capacity of 73 MW, 146 MW, 219 MW, and 292 MW

éach are studied.
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(2) As for the plan to develop "D route" only, cases with amplifica-

tion capacity of 73 MW and 146 MW are studied.

(3) When "C Route" .is developed after "D Route" is developed, this
study shall be conducted for the capacity of 73 MW and 146 MW.

Ag far as a development method is concerned, phased development method
is adopted for both plans, where power generators are to be commis-

sioned in accordance with load growth.

By examining daily load curve projected for the time when amplified
capacity is expected to be commissioned, 5 hours is adopted as peak
generation time which is an important factor to determine amplification

capacity.

Table -2 through Qdishow'cash flow projection for construction cost of
this amplification project, construction and fuel cost of base load
thermal power plant, construction cost of an alternative thermal power
plant, operation and maintenance cost, renovation cost, and fuel cost
for energy production which is equivalent to that of this amplification

project.

Energy production is calculated for each amplification capacity

assuming that generation time at its maximum output is 5 hours.

Based on the above-mentioned assumptions current cost and benefit are
calculated for each case in order to examine their economy. Its result

is shown in Fig. 9-11.
Result of Analyses
(L) Simultaneous Development Plan of "C Route" and "D Route"
(a) The'vaiues of (B~ C) and B/C are maximum for the amplifica-
tion plan of 292 MW. However, the difference of these
values for amplification plans of'lﬁﬁ'MW'and 219 MW is so

small that this can not be the decisive factor in determi-

nation of the amplification éapacity.
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{b) For amplification plans of 219 MW and 292 MW, the addition-
al generating facility becomes fully effective only at a
time around 2020. Therefore, the validity of this analysis
is deemed uncertain, because the power development plan of

Honduras for the period after 2010 has not been formulated,

In other words, it is possible that the order of superiori-
ty in the economic comparison of amplification plans is
reversed depending on whether priority is placed on
hydroelectric power or thermal power in the power

development plan of Honduras after 2010.
(2) Plan to Develop "D Route® Only
(a) (B-C) and B/C become maximum in the case of 146 MW

(b) B/C in the case of 73 MW also exceeds 1.0, but it is far

less economical in comparison with the case of 146 MW
(3) Plan of Developing "C Route" after Developing "D Route"

(a) The economy of both 146 MW Plan and 73 MW Plan is inferior.
This is because the economic benefit of this amplification
plan is "eaten”™ by the development of *D Route" which

precedes "C Route."

(L) This "eating" of the benefit implies that the benefit of
converting El Cajén Hydroelectric Power Plant from a base
load supply source to a peak load supply source is far
greater than the bhenefit of converting this Power Plant
from a middle load supply source to a peak load supply

source.

Based on synthetical evaluation df the above-mentioned points, it is
concluded that the case of 146 MJ of "D route” development plan is to
be the optimum development capacity where both (B-C) and B/C become

maximuam.
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The case of 146 MW of simultaneous development scheme of "C route" and
"D route" is déemed_very economical even though it has to bear cost of
an advance investment portion of civil'wdrks ofh"C route" and others,
but necessary fund of comstruction including interest during construc-
tion is US§138.5 x 108 which is more than the "C route” development
scheme by about US$30 x 10° This is not a good plan because an advance
investment of US$§30 x 10° is to deprive Honduras government of an
opportunity to effectively invest in other projects. Therefofe, 146 MW
case of "D route" development plan is to be adopted as optimum

development scheme.

Study of Number of Main Units and Unit Capscity

Though optimum development capacity is 146 MW of "D routé" development
plan, following comparisons are to be dome in order to study optimum

number of units and unit capacity.

(1) 48.7 MW x 3 units
(2) 73 MW x 2 units

" Assumptions used in economic comparison are the same items as those of

"9,5.3 Determination of Amplification Capacity". '

Table 9-6 to 9-10 show parameters such as cash flow projection for each

case together with results of comparison.

It is generally said that a plan which prodﬁcés maximum investment
effect (B-C) is the optimun1 develbpment scheme. _Theréfore, stage-
developmeht plah which is to devélbp 73 MW x 2 unité in accordance with
power demand supply balance is adopted as the amplification plan of El.

Cajén Hydroelectric Power Plant.

. .
Alternative Plan Construction (B-C). B/C
) - Cost o - )
48.7 MW x 3 units US$112.0 x 10°  US$15.6 x 105 1.10
73.0 MW x 2 units US$95.7 x 108 ©$$30.2 x 10 1.21

* Construction cost does not include interest during construction.
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Table 9-1 Stage Development Plan

"C & D Routes 0" Route "C" Route

Year Developrent Plan | Development Plan | Development Plan Note
2002 73 MW 73 MW %1
3
4
3
6 73 MW 73 MW *2
7
8
9
2010
11
12
13
14
15
16 73 MW 73 MW
17
18
19
2020 73 MW ' 73 MW
21
22
23
24
25
#17) + As the condition of calculation, it is assumed that El Cajon
Hydroelectric Power Plant functions as the generating facility to
supply the base load and middle load until 2005.
+» The output capacity of the thermal power plant, which supplements
the energy deficit created by shifting the base portion of water
discharge of El Cajén to the peak supply (73 MW), is assumed to be
15 MW.
*2) ¢ -After year 2006, El Cajon Hydroelectric Power Plant functions as the

supply source for middle and peak loads.

Under this situation, the output capacity of the supplementary

thermal power plant is assumed to be 30 MW.

Characteristics of Thermal Power Plant

Unit constructibn cost; USS1, 350/ kY

Construction period i 2 years (60% in the first year)
_ (402 in the second year)
Service life i 25 years

Fuel cost ; US$0.0205/kWh
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Table 9-2 Economic Comparison (“C&" Routes Plan; Installed Capacity T3W)

{unit: 1000 USS)

Bl CAJON PROJECT (1-1)

. CosT o BENEFILT
No. | THVEST CIVIL ORM IE/M O8M T FUBL @ TOTAL(C) t INVEST i 0 &M FUEL i ToTAL(B} | B - ¢C
-] 13,070 : S © 18,070 : i 0] -13,070
-3 | 21,895 21,895 : : 0| -21,895
~21 47,2854 47,285 1 36,792 6,792 [ -10.493
~1] 30,250 ; : ©30,250 | 15,768 i 15,768 | -14,482
1 : 346 5577  2,731%1 8,684 §2,897F  S5.622%1 8,019 4, 385
2 346 58TI 2,731: 3,634 2,397 56221 8,019 4,385
3 346 5571 2,781% 3,684 2,397 . 5,622: 8,019 4, 385
4 846 : 557! 2,731 8,684 2,397} 56221 8,019 4,385
5 . 346 ¢ 5570 2,731  3.634 25,3971 5,622 8,018 4,385
6 346 §57F 2,731 3,634 2,397: 5,622 8,019 4, 385
7 346 ! 557: - 2,731:  3.634 2,397 5,622 8,019 4,385
8 346 | 5571 27317 - 3,634 2,3911 5,622 8,019 4,385
9 346 § 557F  2,781: 3,634 Po2,8971 56221 8,019 4,385
10 346 557 27311 8,634 {0 2,397) 5,622} . 8,019 4, 385
11 346 557F 2,731  3.634 i 2,897¢ 5,622 8,018 4,385
12 346 557: 2,731  3,6% 2897 5,622: 8,019 4,385
13 846 | 557: 2,731%  3.634 Po2,89T1  5.6221 8,019 4,385
4 346 ; 5571 2,131% 3,634 36,792:  2,397: 5,622 44,81F| 41,177
15 346 557: 2,731:  3.634| 157683  2,397% - 5,622: 23,787 20,153
18 346 | 557: 2,731 3,634 P2,897¢  5.622F 8,019 4,385
17 346 i 557:  2,781% 3,834 2,397¢  5.622: 8,019 4,385
i8 346 BT 2,781 %634 2,397%  5,622: 8,019 1,385
19 346 5570 2,131%F 3,634 2,897 5,622% 8,019 4,385
20 346 557¢  2,731: 3,634 2,891  5.622: 8.019 4, 385
21 346 35T 2,731 5,8%4 2,397%  5.822: 8,019 4,385
22 8460 - B8TE 2,731% 3,634 2397 5.622% 8,019 4,385
23 i 346t . 8571  2,131: 3,634 o 2,897F  5,622% 8,019 | 4,385
28] 34,425 346 58TF 2,731 33,080 G 2,3%7% 0 5,622 8,019} -30,041
25| 22,951 346 § 5571 2,731% 26,585 P839T¢  5,822% 8,019} -18,566
26 i 346 | 557¢  2,731% 3,634 Poo2,397¢  5.622%  8,019| 4,385
21 345 : 557 4,731F 3,634 2,397 5,622% 8,019 4,385
28 346 557¢  2,7811 3,634 Poo2,897F  5,622% 8,019 4,385
29 346 ! 557F 2,781 3,684 36,7927 2,397  5,622: d4, 8L} 41 1TT
30 365 ¢ 567F  2,731% 5,634 0 15,7681  2,397%  5,622: 23,7871 720,153
31 346 557¢ 2,731} 3,634 Po2,397F 5,622  8,019| 4,385
32 346 5571 2,131% 3,634 2397 5,622: 8,019 4,385
33 346 ¢ 557 L7313 3,834 2,%97¢ 5,623 8,018 4,385
34 346 5571  2,731; 8,634 i 02,8978 5,622: 8,019 4,385
35 346 5571 2,731 - 3,634 Poo2,8971 5,622: 8,019 4,385
36 346 85731  2,731: 3,6 Poo2,897 0 5,622% 8,019 4,385
37 346 557  2,781% 3,634 {2,997 .5,622:  B.018 4,385
38 346 | 557: 2,731: 3,634 P2,897F  5,622: . 8,019 4,385
39 346 8871 . 2,73L: 3,834 i 2,397F  5,622%  &,019 4,388
40 346 ! 557F 2,731  5.834 P2,3971 5,622 8,019 4,385
4l 346 : 557¢1 2.731% 3,634 2,897 5.6221 8,019 4,385
42 344 5571  2,731: 3,684 2,397 5,622: 8,019 4,385
43 346 557 2,731; 3,634 - Yo 2,397 5,622%  B.019]  4.385
44 346 5571 2,731 3,634 | 36,792% 397 56220 T44,811) 4L
45 346 5671 2,73b:. 3,8344 15,768  2,387: 5,622: 28,787 20,183
46 346 §57§ 2,731% 3,634 Cbooas8i o b622 0 0 8,019 4,385
47 345 : §57¢  2,731; 3,634 2,397 - 56221 8,019 4,385
48 346 : 5671 2,931 3,634 2,397 . 5.622: 8,019 4,385
49 346 557:  2,731% 3,634 Po2,397; 5,622  8,018{ 4,385
50 ; 46 ; 557 27311 3.634) P 2397+  5.622: "B 0E9) 4385
TOTAL] 169,877 : 17,300 : 27,850 136,556: 351,683 210,240 : 1i9,837: 281,105: 611,132} 259,599
(NPV] : 5 : : 114,608 : : T104,639 [ ~9.79639
B/C 0. 9}
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Table 9-3  Economic Comparison (“C&8" Routes Plan, installed Capacity T3M§¥ X2units)

EL_CAJON PROJECT {4-2) l ' {unit: 1000 US$)

.COST BENEFIT

No | TRVEST CI¥iL 0K L E/W O&M_: FUEL _:TOTAL(C) | INVEST : O &M G FUBL :TOTAL(B) | B - C
-4 13,070 : ! 13,070 : : : 0 -13.070
-3 | 21,895 g : § 21,895 : : : 01 -21,89%
-2 47,285 : : : i 47,285 36,792 L P36,792 -10,493
& “1- 30,250 i : o1 30,250 15,788 : P15, 768 [ -14, 482
1 : 346 ¢ 557:  2,731% 3,634 Poo2,8%71 5.622¢  8.019: 4,385
2 : 346 ¢ 5571 2,781% 3,634 Poo2,99T1 56220 B9 4,385
3| 42,006 846: 557  2,731% 45,640 36,7921 2,897 5,622% 44,81l -829
4| 28,004 346 | 557:  L,731% 31,638 | 15,7681 2,397! 56221 23,787 -7,85
5 : 348 8221 2,131: 4,001 Poo,8970 5,622:  8,019| 4,018
B : 348 ¢ 922  5.462% 5,732 PoO4,798% 45,2440 16,038 9,305
1 H 348 922 54621 6,732 Po4,798% 11,2441 16,038 9, 305
8 5 348 9221  5.4621 5,732 {4793 11244 16,038} 4,305
9 : 848 ; 922:  5.482; 6,732 Poo47930 1L,244: 16,038 §.305
10 g 348 | 9221 54621 6,732 Po4,793% 11,2441 16,038] 9,305
11 : 348 9221 5.462% 6,732 Poo4,793 0 11,2441 16,038 9,308
127 . : 348 ; 9221  5,462% 6,732 P4,7930 11,2443 16,038 9,305
13 : 348 | 9221 54621 6,732 P 4,7930 11,2440 16,038 9,305
14 ; 348 §22: 54625 6,732 35,792% 4,793 1), 244 52,830 46,097
151 : 848 922:  5,462:  6,732| 15 768; 47931 11,244: 31,806| 25073
18 : 348 : 9221  5,462% 6,732 Po4,7930 11,2445 16,038 9. 305
17 : 348 § 922 54621 6,782 Po4,798% 11,2440 16,038 9,309
18 : 348 § 9221 54621  6,732| 36,792) 4, 798% 11,244 52,830 | 46,097
19 : : 348! 9223  5,462:  6,732{ 15, 768: 4,793! 11,244} 31,806 25,013
20 : 348: §221 5,462: 6,732 P47930 11,2441 16,038 | 9,305
: 21 : 348:  922% 5, 4621 5,732 PoO4,7935 11,244 15,038 g. 305
%% 22 ' 348} 922;  5,462¢ 6,732 D478 112440 16,038 9,305
23 Lo 348 922¢  5,462:  §.732 Po4,793: 11,2440 16,038 9,305
24| 34,426 348 922: 5, 4621 41,158 Poo4,7930 11,244% 16,038 | 25,121
25 22,981} 348 : 922  5.462 29,683 PoO4,7935 0 11,2447 16,038 | 13,646
26 : 348 ¢ 9221  5,462: 6,732 Poo4,793 0 01,2441 16,038 9,305
P L 348 922 5, 482: 6,782 PooA4798F 11,2440 16,038 9,305
28| 38,916 348 922  5,4621 45,648 Cob 4793 11,2440 16,038 -29,51)
29 25,944} 348} 9221 5462 32,8761 36,7921 4,793 11,244 52,830| 20,153
30 : 348 ; 922:  5,462: 6,732 15, 768: 4,793 I1,244: 31,806 25,073
31 ; 348 9221 54621 5,732 Do 47930 01,2440 16,038 9,305
32| ; 348 922  5.462% 6,782 Poo4793 0 11,2441 16,088 8,305
33 g 348 9221 5,462  6,732| 36,792 4,793 1244 62,830 46,097
34 : 348 | 922F 5. 462¢ 6,732 157681 4,793 1, 2440 31,306 25073
35 : 348 §. 922¢ 5, 462: 6,732 S 4T 1n 2440 16,038 9. 305
36 - 348 922: 5, 4bB2: 6,732 Po4793% 11,2440 16,038 9, 305
37 i 348 922¢  5.462: 6,132 b7 1,244 16,038 9,305
38 ; 348F  922%  5,462: . 6,732 P 47930 11,244 16,038 9. 305
39 : 348 922; 5, 4627 6,732 P4, 793 % 11,244 16,038 9, 305
40 . 348 | g22%  5,462% 6,732 PO4193 0 11,2441 16,038 9, 305
41 o 348 922:  5,462: 6,732 Poo4,7930 11,244 16,038 9,305
42 5 348 9227 54621 6,732 o AT930 112440 16,038 9. 305
- 48 ; 348 | 922¢ 54621 5,732 P4,7930 11,244 16,038 9,305
44 ; 348 | 9221 54621 6,732) . 86,792: 4,793 11,244: 52,830 46,007
g% 45 : 348 ; 92z  5.462¢  6.7321 15,768: 4,793 ! 11,244: 31,806| 125,073
46 : 348 ; 822¢ 54621 5,732 P4,793% 11,2440 16,038 9. 305
- 17 T 922:  5,462: 6,732 P 4,793% 11,2440 16,038 9, 305
L N 348 9221  5,462: 6,732 .o 4793 11,2445 16,038 9,305
49 g 348 | 921  5,462% 6,732 P4,793% 11,244% 16,038 9,305
50 | - e 348 922}  5,462: 6,132 i 47930 14,244 16,038 9,305
TOTAL " 04, T4T5"717,392 44,640 259,456} 6267351 367,920 227.690; 534.099 11, 129.709] 303,47
(NPYV] : : N : 165, 302 : i g 172, 201 £, 898
: ; : : : ] B/C i. 04
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Table 9~4 Economic Comparison (“C&D" Routes Plan, installed Capacity T3MW X3units)

EL_CAJON PROJECT (4-3) : {unit: 1000 USS)
COST : _ __BENEFIT |

o | TNVEST CI¥IL_ 06 E/M o&m { _FUBL_ TOTAL(C) | INVEST T 0 & M PUEL TTOTAL(B) | B ~ €
AT 13,970 ; s 13,070 : : : 0 -13,070
~3 | 21,895 i : g 21,895 ; : : 0| -21.895
-2 '4?,2855 { : P47, 285 | 36,7921 ; i36,792| -10,49%
-1 | 80,250 : : : 1 30,2500 15,768 : : 15,7687 -14,482
1 i 348 | 5571 - L78Li 3,634 Poo2,897:  5,622:  8,019( 4,385
2 ; 346 | 88T 2,781% 3,634 {2391 5.622% 8,019 4,385
31 42,006 346 5571 2,731 45,640 | 86,7927 2,397 5,622 4481l 829
4] 28,004 3486 | (5574 - 2,731 31,638 [ 15,768: 23971 5622} 28,787T| -7,851

5 i 348 | 922 54621 6,782 Po4,7931 11,2441 16,088 2,305 |

§ : 348 928 5,462 6,732 Poo4,7930 11,2441 16,088 8, 305
7 348 9221 5. 4621 6,732 P4.798% 11,2441 16,088 9,306
8 i 348 | 9221  5.462: 6,732 : PoO4,793% 10,2440 16,088 9,305
9 : 348 922 5,462 6,732 . P 4,793 1k, 244% 16,038 ) . 8305
10 § 348 9221 54621 6,732 P4, 798 1L, 2441 16,038 9,305
11 : 343 822: 5,462 6,732 P 4,793% 11,244 15,038 9,305
12 ; 348 922 5,462F 6,732 b4, 7930 11,244 16,088 8. 305
18] 42,006 348 221  5,462F 48,798 | 36,7921 4,793} I, 244} 52,8301 4,000
14 28,004 348 922 5,462 34,786 52,5601 4,793 11, 244: 68,598 ) 33,861
15 : 350 i  1,287: 8,193: - 9,830.| 15768: 7,190% 18,866 39,824| 29,9%4
16 : 350: 1,287 8,193} 98,830 i L1901 16,8661 24,006 | 14,226
17 : 350 1,287: 8,193: 9,830 f7,190% 16,866 24,056 | 14226
18 : 350 %  1,287: 8,193: 9,830 86,792: 7,190 16,866 60,848) 51,018
19 : 350 1,287 8,193% 9,830 15,7681  7.100: 16,866 39,824 29, 994
20 |- : 3501 - 1,287i 81931 9,830 i1, 190% 16,8661 24,056 | 14,226
21 : 350  1,287: 8,193: 4,830 : 7,190 16,866 24,056 | 14,226
22 : 350  1,287; 8,193  .830 i1, 1900 16,866: 24,056 14,226
23 : 3501 1,287%  4,183: 9,830 Po7,190% 16,866 . 24,056 | 14,226
241 34,426 3503 1, 287: 8,193 44,258 ;o 7,190% 16,866 24,085 | -20,200
25| 22,951 350: - 1,287 83,1931 32,781 So7,190% 16,886 24,056 | -8,725
26 : 350  1,2870 8,193: 4,830 i T 190% 16,866 24,006 14,226
21 : $50:  1,287: 3,198% 4,830 Soo1,190% 16,866 24,086 | 14,226
28 38,916 ; 350¢  1,2870 8,193 ¢ 48,746| 36,792 7.190% 16,866 (60,8481 12,102
20| 25,044 350 1,287% 8,193% 35 774| 52,560 7,190; 16,866: 76,616 40,842
30 : 3505 1,287% ,193% 9,830 | 15768 7,190 16,866 39,824 29,094
3L} : 8507 1,287: 8,193% 9,830 § 7,180 16,8663 24,086( 14,226
32 : 3501 1,287 8,193% 9,830 i 7,800 16,866 24,056 | 14,226
33 I 850 ¢ 1, 2871  §,193: 9,830 | 86,792%  7,190: 16,866 60,848 51,018
34 : 3501 1,287 81931 9,830 | 15768  7,190% 18,866 39,824) 29,004
35 o 350 11,2871 08,1931 9,830 boom,1900 16,866 1 24,086 1 14,226
36 : 350+  1,287: 8,193 9,830 PoT,180: 16,866 24,0561 - 14,226
87 : 350  1,287% 8,193: 9,830 i 7,180% 15,8861 24,056 | 14,226
38| 38,916 350 1,287 8,198 48,746 P T,190: 16,866 24,056 f -24,690
381 25,944 350 5, 287% 8,193 35,7 PoT.190% 16,866 24,0861 -11,718
40 £ 850 L, 287%  8,193:% 4,830 Poon190] 16,866 24,056 14,226
41 i 350 1,287: 8,193:% 9,830 Ci 701805 16,868 % 24,0661 14,226
42 : 850 ¢ 1, 287% 8,18%:F 9,830 . i 7,180: 16,866: 24,056 14,226
43 : 3500 1,287%  8,193% 9,830 ) 36,7021  T.190% 16,866: 60,848) 51,018
14 i 350 1,287% 8,198:% 9,830 52,5600  7.190% 16,866 76,816 66,786
45 : 350%  E, 287  8,198% . 9,830 15768 7,180 16,866 39,824 29,994
46 : 8500  1,287: 8,193¢ 0,830 {0 7,190% 16,866 24,056 [ 14,226
47 : 390 L2873 8.193:F 9,830 Cho 1,190 15,8661 24,0560 14,226
18 : 350: - 1,287: 8,193 9,830 | 36,792: 7,190: 16,866 60,848 51,018
49 ; 390 1,287 8,193: 9,830 15,768: T.180: 16,866 39,824) 29,904
50 : 350} 1,287 8,193i 9,830 - 7,180 16,866 24,066 | . 14, 226
fOTAL 439.017: 17,454 : 51,780 360,507: 875,368} 678, 150- 316, 369 ; 742,116 1, 636, 646 WO
[NPV] § : g 188,341 | : : ~ 1 203,084 16, 692
: : : : : P - : B/Cl - 1,09
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Table 9-5 Economic Comparison (“C&" Routes Plan, Installed Capacity T3M¥ X4units)

(unit: 1000 USS)

EL CAJON PROJECT (4-4)

: COST : BENBEFPIT

No. | INVEST CIVIL ORM:E/M O%M i FUEL :TOTAL{C) | INVEST : O &M I FUEL :TOTAL(B) | B - ¢
-4 18,070 i i 18,070 : : ! o] -13,070
~3| 21,8951 i : Po21,895 : : 0 -21,8%5
-2 | 47,285 : i PO47,285| 36,792 : 36,792 | -10,493
-t | 80,250 i : 30,250 | 15,768 15,768 | 14,482
i : E 346 557 L.731%1 3,634 P2 5,622 8,019 4,385
2 o 346 ! 557! 2,731 3,634 I2,397TF  5,6220  8.019| 4,385
8| 42,006 346 ¢ 557: 2,731 456401 36,792 2,397 5.622: 44,811 -§29
4| 28,004 346 ¢ 557  2,7310 31,638 15,768  2,387: 5,622} 23,787| ~-1.85l
5 : 348 9221  5,462: 6,732 P4 7941 11,2440 16,038 8. 306
6 348 9221 54620 6,732 P4, 794 11,2440 16,038 9,306
1 348 922 5,462% 6,732 47941 11,2440 16,038 9,306
8 348 922:  5,462: 6,732 4,794 11,2441 16,038] 9,306
9 : 348 922 5,462 5,712 4,784 ¢ 11,244 16,038{ 9,306
10 : 348 | 8221  5,462% 6,132 4,794% 11,2441 15,038 9, 306
1 : 348 | 922:  5,462: 6,732 4,794 11,244¢ 16,038 | 9,306
12 co 348 922  5.462: 6,732 o 47945 11,2440 15,033 |  9.306
18] 42,006 348 ¢ 922 5,462 48,738{ 36,792 4. 794i 11,244 52,830 4,092
14| 28,004 348 922 5,462 34,736 52,5601 4, 794% 11,244 68,598 | 33,862
15 5 350 1,287: 8,193:  9.830) 15.768: 7,181 16.866: 39,825| 29,995
16 : 350 1,287} 8,193} 9,830 PO 19E: 16,866 24,057 | 14,227
17] 42,006 3501 1,287  8,193% 51,836 86,792  T.19b: 16,866: 60.849] 9,013
18| 28,004 350 1,267:  8,193: 37, 834) 52,560: 7,190 16,886 76,617| 38,783
19 ; 352! 1,652 10,9241 12,928 15,768: 9,588 ! 22,488% 47, 844| 34,916
20 ; 3527  1,652: 10,924: 12,828 o 9,588: 22,4881 32,076] 19.143
2t : 8520  L652% 10,924 12,928 P 9.588: 22,488 32,076 | 19,148
22 : 3521  1.652%1 10,9241 12,928 {9,588 22,4881 32,076| 19,148
23 5 352¢ 1,652 10,924} 12,928 {9,888 22,488% 32,076 | 19,143
24| 34,426 3527  1,652: 10.924: 47,354 o 9,588: 22,488: 32,076 -15,278
25 22.951 352  1,652% 10,924% 35,879 9,588 ; 22,488: 32.076| 3,803
26 : 352 1,652: 10,924: 12,928 P 9588 22,4881 32,076| 19,148
27 - 352  1,652: 10,924 12,028 C 1 9,588% 22,488 32,076| 19,148
28| 38,916 352% 1,652} 10,924} 51,8441 36,792}  9.588: 22,488: 68,868 | 17,024
28| 25,944 3520 L,652% 10,9241 38,872 52,560 0,588 22,488 64,835 45,764
30 : 3527  1,652: 10,9241 12,928 | 15,768  9.588: 22,488 47,844 34,916
31 : 3521  1,652: 10,924 12,028 } 9,588 22,4881 32,076 19.148
32 : 852: 1,652% 10,924} 12,928 | 36,792 9,588 22,488: 68,868 | 55 940
33 : 3521 1,652 10,824 12,828 52,560: 9,588 22,488 % 84,636 71708
34 : 352 1,652 10,924} 12,9281 15,768  9.588 % 22,488% d47.844) 34,916
35 : 352: 1,652: 10,924% 12,928 9,588 22,488: 32,076 | 19,143
36 i 352  1,652: 10,924 12,928 9,588 22,488 32,076| 19, 148
. : 3521 1,652 10,924} 12,928 9,588 ) 22,4881 32,076| 19,148
33| 38,916 352: 1,652 10,924 51.844 i 9,588 22,488% 32,076 -15,768
89| 25,944 ¢ 352%  1,652% 10,924: 38,872 9,588 22,488 32,076| -6,796
40 ; 352 1,652} 10,9241 12,928 9,588 1 22,488 32,076 19,148
i : 32 . 1,652 10,924 12,928 P 9,588: 22,488: 32,076 | 19,148
42| 38,916 352:  1,652: 10,924; 51,844 i 9,588 22,488 32,076 | -19,768
43| 25,9441 352%  1,652% 10,924% 38,872 36,792: 9,588 22,488 63.868| 29,996
44 5 3520 1,652 10,924 12,828| 52,560 9,588 22.488: 84,636 71,708
45 : 3520 1,852 10,824 12,9281 15,7681 90,588 22,488 : 47.844| 34,916
46 : 352:  1,652: 10,924% 12,928 {9,588 22,488 ¢ 32,076 19,148
47 ; 3520 1,6%2% 10,9241 12,928 86,792% 9,588 22,488 68,868 | 55, 940
.48 : 352 1,652: 10,924 12,928} 52,560: 9,588 22,488 84,636 71,708
49 g 3527  1,652: 10,924% 12,928 15763; 9,588 22,488 47,844| 34,916
50 o 3520 1,652% 10,924: 12,928} i 9.588% 22,488 32,076} 19,148
TOTAL] 574,487: 17,528 69,460 447,884 1,100,359 [ 735 840 % 393,108 i 427 008 :2. 050,956 | 941,597
[NPV] ; : ; i 195,861 [ : : T 221,319 [ 21517
: : : : : : B/C 111
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Table 9-6 Economic Comparison (‘D" Route Plan, Installed Capacity T3HW)

L CAJON:PROJECT (2-1) (unit: 1000 US$)

BFIT

. COST . BEN

Ro. | INVEST CIVIL OBM:E/M OWM ¢ FUBL  (TOTAL(C) { IRVEST | O &M @ FUEl i TOTAL(B) | B - C
-4 | 15,147 : ; NCRTY ; : : 0 -15,T47
-3 19,034 : S P19,034 : : : 0| ~19,034
=3 . 31,829 : v iosL828 86,792 : 86,792 4,963
-] 19,792 : Do Do19,792 | 15,768 C Coi 15,768 [ ~4,024
1 : 208 452F 2, 731: 3,391 P2,397F  5,622% B.019 4,628
2 } 208 4521 2,731F 3,391 P30T 56220 8,019 4,628
3 : 208 . 452% 2,73L: 5,391 Po2,397F  5,622F 8,019 4,628
4 : 208 ; 4527 2.781F 3,301 i 2,397 58227 8,019 | 4.628
5 ! 208 ¢ 452% 2,131 3,381 {23071 5,B22i 8,019 4,628
6 : 208 ; 452%  2,731: 3,891 Do2,397:  5,622F  8,019] - 4,628
7 208 452F  2,131% 8,391 i 2,397 5.622F 8,019 4,628
8 : 208 521 47310 3,301 P39t 56221 6,019 4,628
9 : 208 4525 2,7131: 3,391 ©2,397: 5,622 8,019 4,628
10 ; 208 | 4527 2,7311 8,391 Po2,897F  5.622% 8,019 4,628
1 : 208: 452% 2, 731% 5,391 Po2,3971 5,622%  B.019 4,628
12 : 208 452 2,7181% 3,391 Poo2,397: 5,622 8,019 4,628
13 i 208 4527 2, 71311 3391 ©b 2,397F 5,622F 8,019 4,628
14 ' 208 3 4527 2,731 3,390) 36,792 L3971 5,622%F A4 811} 41,420
15 ; 208 - 4521 2, 731: 8,391} 15768: 2,387:  5,622; 23,787 20,396
16 : 208 4521 2,781 3,391 P2,397F  5,622% 8,019 4,628
1 ; 2081 521  2,731% 3,39 Eo2,9971 5,622:  8,019) 4,628
18 ; 208 4527 2,731 3391 Po2,397: 5,622 8.018|. 4,628
19 P 208 452 2, 781F 3,391 io897: 5,822F 8,019 4,628
20 : 208 452: 2, 731% 3,391 Poo2,991 5,622% 3,019 1,528
21 : 208 ; 4527 2,731 8,391 P2,397: 5,622 8,019 1,628
22 : 208 452 2,731 3,391 ©2,397: 5,622 8,019 1,628
23 P 208 4521 2,131% 3,891 o3t 5,622 8,019 4,628
24{ 30,241% 208 4525 2,731% 33,632 Poo2,997¢ 5,622  8,019| -25.613
251 20,166 208 ; 452 2,731} 23,561 P 2.397%  5.622F 8,019 -15,532
26 : 208 452 4,731F 3,804 SboLayrt o 5,622% 8,019 1,628
21 : 208 i 452; 2,731% 3,39 2,397 5.622: 8,019 4,628
28 ¥ 208 | 4520 2,781% 3,391 {0 2,897: 56220  8,01¢ 4,628
29 o 208 4527 02,7817 - 3,391) 36,792: 2,397 5,622 44.811| 41,420
30 : 208 - 4521 2,731% 5,391 15, 768: 2,387 5,622% 23,787T| 20,396
31 oo 208 4527 2, 7131% 3,391, D 2,397%  5,622F  8.01% 4,628
32| P 208 4521 2,731 3,341 P 2,897 56221 8,019 4,628
33 : 208 | 4525 2,73t 3,391 Po2,897TF 5,622% 8,019 1,628
34 : 208 | 4521 2,310 8,391 Sb 2,391 56223 8,019 4,628
35 : 208 4527 2,731F 3,391 t2,397T%  5,622: 8019} 4,628
36 | : 208 ; 452 2,781 3,391 Po2,89T%  5,622% 8,019 1,628
31 3 208 | 4528 2,131 3,881 P89 56221 8,019 4,528
38 ; 208 4527  2.731%  §, 381} Lo2,397F  5,822: 8,019 4,628
39 P 208 4521 2,781 8,891 Ci2,397¢  5,822: 8,019 4,628
40 g 208 : 452 2,731; 8381 - P28 5,622% - 8,019 4,628
41 ; 208 : 4521 2,731% 3,301 i 02,3971 5,622  B.019| 4.628
42 : 208 ; 4527 2,731 3,381 Po2,897¢  5,622: 8,019 4,628
43 : 208 4521 2,731%  3.3%1 Poo2,397%  5,6220 8,019 4,628
44 i 208 | 4521 2,7131%. 3,391| 36,792:  2,397:  5,622% 44,811} 41,420
15 : 208 452% 2.731; 3,891 15,7683  2,397: . 5,622: 23,787 20,396
46 : 208 452 2,731 3,381 Do 2,89T:  5,622: 8,019 1,628
47 ; 208 ; 452F 2, 7317  8.39L Poo2,997F 5,622 8,019] 4,628
48 : 208 § 4523 2,781 3,390 Po2,0397; 5.6220 8,019 4,628
49 : 208§ 4527 %,18L% 8,481 f2,39T% 05,6221 4,019 4,628
50 ! 208 4521  2,731% 3 39l Pooo2301  b.622¢ 8,019 4,628

TGTAT| 136,803 ;10,400 _ 22,600 ; 136,556 | 306,353 700,240 | 119,897 781,105 . §il,182 | 504,823

vl 93, 810 104, 839 10,429
B/C 1.12
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Table 9-1 Economic Comparison (“D" Route Plan, Installed Capacity T3MWX2units)

(unit; 1000 USS)

EL _CAJON PROJECT {2-2)

COST BENEFRIT

No. | INVEST CIVI], O&M: E/M ORM ' TUEL . TOTAL(C) { [NVEST : O & M_ i FUEL :TOTAL(B) | B - C
- 16747 : P b 15, T47 : : : a{ -18%, 747
-3 19,0844 : : : 18,084 f § 0] -19.034
-2 | 81,892 { i bo31,892| 36,792 g 36, 792 4,906
-1 19,792 : i D19,792| 15,768 ; P15, 768 [ -4,024
i : 208 ; 4527 2,780% 8,381 D2,897F  8.622: 8,019 1,628
2 : 208 4527 . 181i 3,391 ¢ 2,397T% 5,622 5,019 4,628
3| 42,021 208 4520 4, T31: 45,442 86,792%  2,39T:  5,622% 44,81l -60t
4| 28,014 208 4521 2,731% 31,405) 15,768} 2,397 5,622% 23,787| -7,618
5 i 210 81T}  5,462F 6,489 Po4,793: 11,2441 15,038 9, 548
§ : 210 817:  5,462: 6,489 P4,798%F 11,2443 16,038 9,548
1 ' 210 817: 54621 5,489 P4,793%F 11,2440 16,038 9,548
8 ; 210 B17:  5,462% 6,489 i 4.793F 11,2441 16,038 9,548
9 : 210 817:  5,462: 6,489 P 4,793% 11,2443 16,038 9,548
10 : 210 ¢ 8171 54621 6,489 Po4,793 % 11,2447 16,038 9,548
i}l : 210 817F 5,462: 6,488 Po4,793% 11,244 16,038 9,548
12 : 210 § 817 5,462 6,489 Poo4,793 % 11,244% 16,038 9,548
13 : 210 ; 817: 5,462 6,489 PoO4,7931 1L 244% 16,038 9,548
14 : 210 817 5,462 6,489 | 36,792% 4,793: 11,244: 52,830 46,340
15 : 210 8171 5482 6,489 15,768  4,793: 11,244: 31,806 25315
16 : 210 8177 5.462% 6,489 P 4,793 11,2441 16,038 9,548
17 : 210 ; 817 5,462 6,489 Cb 0 A T93 L1,244:% 16,038 5,548
18 : 210} 817 5,462 % 6,489 | 36,792 . 4,793 11,244 52,830 | 45,340
19 : 210 817 5,462 6,489 15,7681 4,793 % 11,244% 31,806| 25.318
20 : 210 8171 54621 6,489 PO4,7930 I1,244% 16,038 9, 548
21 : 219 817 5,462 6,489 4,793 11,244 16,038 9,548
22 b 210 ; 817: 5. 462: 6,489 4,793 11,244: 16,038 9,548
3 ! 210 ; 8171 5,462: 6,489 4,793 11,244 16,038 9,548
24| 30,241 210 817  5.462: 36,730 4,793: 11,244 16,038 | -20,693
25 20,160 210 8171 5,462 26,649 PoO4.783% 11,2440 16,0381 -10.612
26 : 210 : 8171  5,462: 6,489 P4, 793: 11,244: 16,038 9,548
21 i 210 817 5,482: 6,488 D 4,793 11,244 16,038 9,548
28] 38,916 210 : 817 54620 45,405 P4,783%1 0L 2447 16,038 -29,368
29 25,944 210 ; 8171 5, 462% 32,4330 36,7921 4,793 11,244: 52,830 20,396
30 : 210 8171 5, 4621 6,489 15768:  4,793: 11,244 31,806 | 25,316
£ : 710} 817 5,462 6.489] t4,7930 11,2440 16,038 9,548
32 : 210 8171  5,462: 6,489 P 4,793% 11,244 16,038 9, 548
33 : 210 817 5,462 6,489 36,792 4,793 11,244} 52,830 | 45,340
34 : 210! 8171 5,462 6,489 15,768: 4,793 11,244} 31,806 | 25,316
35 : 710 8177 54821 6,489 P4, 7930 H1,2440 16,038 9,543
36 : 210 8171 5, 462: 6,489 4,793 ¢ I1,244; 16,038 9.548
37 : 210} 817: 5,462 6,489 D 4,793: 11,2440 16,038 9, 548
38 : 210! 8171 5.462: 6,489 P4,793% 11,244 16,038 §.548
39 : 210 817 5,462 6,489 P4 T93: BL 2440 15,038 9,548
40 i 210 ; 817 5,462 6,489 PO47981 11,2440 16,038 9,548
41 : 210! 817!  5462% 6,489 ¢ 04,7930 M1, 2440 16,038 9,548
42 : 210 8171  5,462: 6,489 Po4,793 0 t1,2440 16,038 9,548
43 : 210} 817 5,462 6,489 PO4,793% 1L, 2440 16,038 9,548
44 i 210 § 8171 5,462 6,489 36,792: 4, 793: 11,244: 52,830 45,340
5] : 210 817% 54621 6,489 | 15,768: 4,793 11,244% 31,806 | 25 316
48 i 210! 817: 5,462 6,489 P4, 7931 11,2441 16,038 9,548
A1 : 210 8111 54621 6,489 i 4,793: 11.244: 16,038 9.548
48 : 210 | 8177 5,462 5,489 36,792%  4,793% 11, 244: 52,830 46,340
49 218 817  5.462: 6. 489| 15, 768%  4,793: 11,244: 31,806| 25316
.50 Lk 210F . 8171 5. 462 6,489 P 4T3 1l 244t 16,038 9,548
TOTAL] 271,761+ 10,492 39,300 : 267, 1871 : 583,830 | 420,480 i 230,087 : 539,721, 190,288 | 606,458
[NPV] B i : i 145,728 ; : FU175, 861 30,739
i : : : B/C 1.21
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Table 9-8 Economic Comparison (“C” Route Plan, Installsd Capacity T3WY)

EL _CAJON PROJECT (2-1) Revised

(enit: 1000 US$)

EFIT

COST B 2N
No. | _INVEST CIVIL O%ME/M O&M i FUBL__iTOTAL(C) | INVEST : 0 &M & PUEL :TOTAL(B) | B -C |
-4 : 5 i i : i :
-3 ; ;
-2 : i
- : !
1 z |
2 : :
8 : i
4 é E
9 : :
] : :
V i i
-4 : i {
9 : : :
10 : :
11 ; : : :
121 18, 14T : : 15,747 ¢{ -15,7417
13| 18,034 ; : 19,084 : 0] -19,084
14] 43,979 : : 43,979 | 36,792 26,792 1,187
15| 27,892 : o ¢ 27,892| 15,768 : {15,768 | -12,124
18 ! 208 ¢ 4521 2,711 -3,381 bo2,307 §,6221  8,01¢ 4,628
17 ; 208 4521 2,731% 3,391 2,391 5,622 8,019 4,628
18 208 : 452% 27817 3,301 2,391 5,622 8,019 4,628
18 208 ; 4525 2,731: 3,391 2,397;  §.622% 8,019| 4,628
20 208 ¢ 4523 2.781% 3,391 2,397 65,6227 8,018 4,628
21 208 : 452: 2,781 3,301 2.391:  5,622: 8,019 4,628
22 2081 452)  2,78L; 3,801 2.397; 5,622% 8,019 4,628
23 208 : 452: 2, 7315 3,31 2,391 5,622 8,019 4,628
24 208 £52% 2731 3,300 2,391 5622 8,019 4,628
25 208 452: 2,781 3,391 28871  6.822% 8,019 4,628
2% 208 ! 452 2781 4,391 2.397F 5.622% 8.019| 4.528
21 208 452  2,731: 3,391 2,397: 5.622: 8,018 4,628
28 208 2 2,731 3,391 b w9t 5822 3019 4,628
29 208% 4520 2,131% 3,890 86,792 2,399: 5,622; 44,811 41,420
30 208 452:  2,731% 8,890 15 768:  2,897:  5,822: 23,787| 20,396
31 208 : 4521  2,131; 3,891 P 2,30T;  5,622: 8,019 4,628
32 208 4527 27317 3,30 !n,897%  5,522: 8,019 - 4,628
.33 208 § 452%  2,73L: . 3,391 :2,897; 5622 8,019 4,628
34 208 452%  2,931% 3,301 P2,897%  5,622% 8,019 4,628
35 208 i 452:  2,731% 8,301 Poo2,397% 5,622 8,019 4,628
36 208 4528 2,130 3,381 D 2,397 56220 8,019 4,628
37 208 | 4521 2,731 3,381 2.397: 5,6221 8,019 - 4,628
38 o 208 4527 2,731 5,34 2,397 5,622: 8,019 4,628
391 42,391 208 452F  2,731: 45,1782 2.397: 5,622 8,019 37,763
40| 28,261 208 452 2,731 31,652 2,897! 56221 8,019 -23,633
41 ; 208 § 452% 2,731 3,380 2,897 5,622 8,019 4,628
42 208 452: 2, 731% 3,381 P 2,397i 5622 8,019 4,628
43 208 ; 4527 L, 781% 3391 P2,397% 65,6220 8,019 - 4,678
44 2081 - 452F  2,731i 85,3910 36,792% 2,397 5,622: 44,811 41,420
45 208 | 452% 2,788 : 8,391 15768: 2,397 5,622 23,78T| 20,396
46 208 : 4521 2,780% 3,301 b 3,89 5.622: 8,019 4,628
AT 208 4520 2,181 3,301 2,391 56221 8,019 4,528
48 208 i 452: 27310 3,34 2,397% . 5,622: 8,019 4,628
48 208 ; 4524 731 3,341 2,397: - 5.622: 8,019 4,528
50 ; 208 ! 452 % 2 731 .. 3,391 i 2,897 "5 622: - 8,019 4,628 |
TOTAL 177,804 1 7,280 (5,820: 45,580 295993 | (57,680: 83,886: 196,773: 438,3391 142, 3461
[KPY] : : e i26, 141 : S I24,569F  -1,572
B/C 0..94
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Table 9-9

EL CAION PROJBCT (2-2) Revised

Fconomic Comparison (“C" Route Plan, Installed Capacity T3WWX2units)

(unit: 1000 US§)

COST BENEFIT
No. | INVEST CIVIL ORMiE/M O%M : FURL :TOTAL(C) | INVEST : O & M i FUEL :TOTAL(B}| B - €
-1 : : : s a s a
-l ; ; : : i i
-l : i : : ; i
1 z | i i f |
2 i ; ! : { '
3 ; i i : : :
3 : ! i : E '
6 ; : : : i
7 § i i 5 :
8 ; : ; i ;
g i ; i ;
10 : : : :
11 S : P s
12| 15,147 P15, 741 i 0 -15.747
13| 18,034} P18,034 : 0f -18,034
M| 43,979 i 43,979 36,792 35,792 -7,187
15| 27,892 : : P27,892| 15,768 ; 15,768 | 12,124
16 ; 208 4521 LT3 5,391 Po2,387T1 58221 8,019 1,628
17 ; 208 452% 2,731 8,391 i 2,397 56225  8.019 4,628
18| 42,021 208 : 4525 2,781 45412 36,7921  2,397¢  5.622% 44,81l -601
191 28,014 208 | 452: 2.731: 31,405} 15,7681  2,397i 5622 23,787| -7.618
20 i 210 BLT:  5.462: 6,489 Po4.783 11,2445 16,038 9.548
3 210 ; 817:  5,462: 6,489 D4,7930 11,244: 16,038 9,548
22 : 210 B17:  5,462:F 6,489 P 4,793 11.244: 16,038 9. 548
- 23 i 210 B17: 5, 462: 5,489 PO4,7931 11,244 % 16,038 9,548
24 3 210 ; 817: 5,462: 6,489 P 4,793 11,244  16.038 9. 548
25 : 210 § 8i75 5,462} 6,489 S4,793% 11,2440 15,038 8,548
26 ' 210 8171  5,462% 6,489 i 4,793 11,2441 16,038 9, 548
21 : 210 817; 5,462 6,489 Po4,793F 11,244} 16,038 9, 548
28 : 21037 817; 54621 6,488 Poo4798F 11,2447 16,038 9,548
28 ; 210 817% 5,462 6,488 36,792: 4, 793: 11, 244: 52,830 | 46,340
30 : 210 ; 8171 5,462 6,489 15768: 4,793 11,244 31.806] 25316
3 : 210 817: 54627 6,489 P 4.793% 11,2440 16,038 9,548
32 i 210 8171 54621 6,489 P 4,793% 11,244 16,038 8,548
33 : 210 ; 817  5.4623% 6,489 35,792 4,793 11,244: 52,830 | 46,340
34 : 210 % 817  5,462% 6,489 15.768% 4,793 11.244% 31,806| 25.316
85 : 2101 817! 54621 6,489 Poo4,798: Hl.244% 16,038 9,548
36 : 210 817: 54821 6,489 P 4,793 11,244 16,038 9,548
37 : 210 817: §,462% 6,489 Poo4,798F b1, 2447 16,038 9,548
38 : 210 817% 5,462 6,489 EO4,783 % 11, 744% 16,038 9,548
3] 42,391 210 817: 5,462 48,880 Po4,798% 11,2447 16,038 -32,843
407 28,261 210 817: 5,462 34,750 PoO4,793 0 11,2440 16,038 -18.7I3
41 { 210 8177 54621 6,489 P4, 798 RL, 2441 16,038 9,548
214 - i 210 817: 5,462 6,489 Poo4,793: 1b,244% 16,038 9.548
43 38,816 210 817%  §,4621 45.405| D4, 7930 11,244% 16,0381 -29, 368
44 25,444 210 8171 54621 32,433 36,792: 4,793 11,244 52,830 | 20,395
45 I 817 5,462 6,489 15.768:  4,798: 11,244 31,806| 25918
46 : 210 817  5,462:  6.489 PooATI3E B, 24470 16,038 9, 548
47 : 210 | 817:  5.462! 6,489 Po4793: 0L 244 16,038 9,548
48 : 210 817 5,462 6,489 36,792: 4,793 1, 244: 52,830 | 46,340
Kt : 210} 817: . 5,462; 6,489 15,768%  4,793% 11, 244: 31,806[ 25, 316
50 : 210 8171 __5462: _ 6.489 P 4.793% 11,244% 16,038 9.548
{fOTAL] 312,199 ~ 7.842: 27.135: 180,253 i 526,929 | 315,360 : 158,185 371 058 : 844,603 | 317,673
[NPV] N : P 88,420 : : P41, 202 2,182
: : B/C 1. 07

g -~ 25




Table 9-10 FEconomic Comparison (‘D" Route Plan, Installed Capacity 48.TMWX3units)

{unit: 1000 US$)

Ef, CAJON_PROJECT (3-3)
: L LOST - BENDFIT . '

No. | INVEST TCIVIL OXM . E/M OWM [ FUBL _: TOTAL(C) | INYEST : 0 & M FUEL _: TOTAL(B) | B - €
-4 IR, B2 : 18,812 ' 5 0} -18,812
~3 1 20,863 : {20,868 .; - 0| -20.863
-2 | 26,9671 i i 26,967 24,545 24,5451 -2,422
-b| 14,340 ; : : 14,3407 10,819 i io10,519 ) -3,821
1} 25,815 ! 268 ¢ 39t L822% 28,2790 24,5451 L8890 3, 78L0 29,8841 1,615
2| 17,209 268 ; $79¢  1,822% 19,673 10,519%  1,599% 3, 751% 15,8690 -3/804
3| 20,945 265 : 6551  2.644: 34,510 24,545% 8,198  7.501: 385,244 734
4] 19,9831 265 655 5,644 % 24,5270 10,519% 3,188% 7,500 i 1,218} -3,309
5 i 267 | 931 54661 6,664 P4,797T1 11,2521 16,049 9,385
6 : 267 930.;  5466F 6,664 Poo4,797: 11,252 16,049 9, 385
1 : 267 9311 b.46b31 6,664 E41971 11,2521 16,0400 9,385
8 ; 267 931 ¢ 54661 6,664 P4, 791 11,252 16,049 9, 385
9 : 267 ! 93f;  5,466: 6,654 Poo4,797% 11,252% 16,049} - 9,385
10 : 267 | 9317 54661 5, 6B4 Poo4,091: 11,2521 16,049 9,385
il 287 ! 431 5,486 6,684 Po4,79TE 11,252% 16,049 g, 385
12 267 ; 931F 5,466 : 6,654 P4, 78T 11,2527 16,049 9,385
13 267§ 931F 5,486 6,864 P4,797TF 11,2521 16,049 9,385
i 267 ! 931F 5,465 6,664 | 24,545: 4, 797: 11,252: 40,593 33,829
15 267 931: 5,466 6,664 10,5193 4, 797% . 11,252 26,568 19,904
16 267 ; 931F 5,466 6,664 | 24,5451 4, 797: 11,2521 40,593 33,929
17 267 931% 5,486 6,664 | 10,519% 4,797 -11,252: 26,5681 . 18,904
18 267 9813 5,466 1 6,664 | 24, 545%  4.797% 11,2821 40,5931 33,929
19 2671 931! 5, 466: - 6,664 [ 10,519; 4, 797! 11,282 26,568 | 19,904
20 267 § 931 5,466 6,664 | - {4,797 11,252% 16,049 9,385
n 267 9311 5,488 6,664 Po4,797T% 11,2528 16,049 g, 385
22 267 931 5,466 6,664 P4797%F 11,2521 16,049 9,385
23 i 267 | §31F 5,486 6, 664 §4,7970 11,252: 16,049 9,385
24| 23,4281 267 4 §31% 5,466 . 30,002 Poo4791% 11,2520 16,049 | 14,043
25| 15,618 267 ¢ 831¢  5.465 22,282 PoO4,797%F 11,2521 16,049 ) -6,233
26| 19,3021 267 : 931: 5,466 25 966 47971 11,252: . 16,049) -9 9117
21 12,888} 267 8317 5,486 19,532 4,797% 11,252: 16.043) -3,483
28| 27,564 267 931: 5,466 94,228 P4 797 10,2527 16,0431 18,119
20| 18,376 267 | 9311 5,466 25,040 24.545¢  4.787: 11,252: 40,593 15553
30 i 287 '831% 5,468 6,684 | 10,519% - 4,797F 11,252: 26,568 19,904
31 ; 267 | 931: 5,486 5,664 ] 24545:F 4,797% 11,252: 40,583 33,929
32 i 267 | 931i 5,466 6,664 | 10,519¢  4,797: 11,252% 26,568 19,304
33 : 267 | 931% 5,466 6,664 | 24,545} 47971 11,252 40,593 33,929
34 ; 267 ; 9311 5486 6,664 1 10,519: 4,797 11,2521 26,568 19,904
35 : 267 1 931i 5,466 6,664 Poo4,79T 11,2525 16,049 5. 385
36 i 267 ¢ 831: 5,466 6,664 ©o 4,797 1,252 16,049 9, 385
37 ; 267 981F 5,466 6,664 D4, 79T1 0 11,252:0 16,049 9, 385
38 : 267 ¢ 931 5,466 6,664 | P4, 79T 11,252% 16,049 9, 385
39 : 267 981: 5,466 6,864 Po4,79T0 15,282% 16,049 9,385
40 ; 267 ! 931} 5,466 6,664 P49 11,2621 0 16,049 9, 385
41 : 267 9311 5,466 1 . 6,664 Poo4,79TF 11,252% 16,049 $,385
12 : 267 931: 54663 5,664 P4 7975 15,2525 16,049 9, 385
43 ; 287 | 931 5,466 6,664 SO4T978 11,2523 16,049 9.385
44 : 267 ¢ 931F 5,466 6,664 24,5451 4,797 11,252% 40,5930 33,929
45 : 267 | 931 5,466 6,664 | 10,519: 4,797 11,252% 26,588 ) 19,904
46 : 267 : 931 5,466 6,664 ] 24,545:  4,797: 11,2527 40,593 ) 33,929
y] 267 ! 931F 5, 4661 6,664 ) 10,5191 4,797} 11,252 26,588 19,904
48 267 ; 931 5466 6,664 | 24,545: 4,797: 11,2520 40,5937 33,929
49 267 ¢ 981! 5,466  6.664 | 10,5193 4,797 11,252% 26,568 ) 19,904
50 : 267 931 64661 b 664 ot A781G 11,2820 16,049 .9, 385
[TOTAU” 791,071 19,338 44,894 262,366 611 669 [ 420,768 : 230,244 : 540,091:1, 191,103 | 579,434
{NPY] - i S 159,397 - : E © i iTs, 028 1 15,679
B/C 1.10

9 - 26
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10.1

Chapter 10 POWER TRANSMISSION PLAN AND POWER SYSTEM ANALYSIS

Ouiline of Power Transmission Systems

The power transmission systems of Honduras are composed of 230 kV,
138 kV and 69 kV power transmission lines., The total length of these

power transmission lines were 2,569 km as of 1988,

The 230 kV power transmission system is interxconnected to the neighbor-
ing nation of Nicarapua, and this interconnection extends to Panama via
Costé_Rica. The surplus power of El Cajén Hydroelectric Power Plant
has been exported to Costa Rica and Panama by means of this

interconnection.

An interconnection to another neighboring nation, El Salvador, is being

planned. The national power transmission systems of Honduras as of the

time cross section of 1992 is presented in Fig. 10-1.

The output electric.power of E1 Cajon Hydroelectric Power Plant is
supplied to the north tc San Pedro Sula City, which is an industrial
city in the northern part of Honduras on the coast of Caribbean Sea, by
a double circuit of 230 kV power transmission line, and to the south to
Tegucigalpa, the capital city also by a double circuit of 230 kV power

transmission line.

The total power transmission capacity of these lines is approximately
700 MW. oOther 230 kV power transmission lines in the nation are single
circuit lines, and these lines are not satisfactory in terms of supply

reliability.

The supply of power to other areas is transmitted by 138 kV and 69 kV

lines.

10 -1



10.2

10.3

Power Transimission Plan

The power generated by El Cajén Hydroelectric Power Plant is transmit-
ted to San Pedro Sula City in the north, which is the major industrial
city of this nation by a double circuit 230 kV power transmission line
that reaches Progreso Substation, and to Tegucigalpa City in the south
by a double circuit 230 kv power transmission line that reaches Suyapa

Substation.

The power transmission capacity of each circuit of these power
transmission lines ranges from 170 MW to 190 MW. Since El Caj6n
Amplification Project is implemented with 73_MW x 2 units, the scale of"
émplification is less than the total power transmission line capacity,
However, it is anticipated that shortage in power transmission line
capacity éould occur depending on the proportion of transmission power
allotted to the north-bound line and south-bound line. The power flow
gimulation study has been conducted for the time cross sections of
1992, and 2006 in which year the Amplification Pfoject will be
completed. ' The study indicaﬁed that the.powef can be satisfactorily
transmitted by the exiéting.twd power transmiséion lines. Therefore,
there is no need to provide additional power transmission linés or to

reinforce the existing power transmission lines.

The projected power flows in 1992 is presented in Fig. 10-2, and in 2006
in Fig. 10-3.

Power Sysiem Analysis
The thermal capacity of lines, voltage regulation, short circuit
capacity and stability of the existing power ‘systems of Honduias were

analyzed.

These studies have been conducted on the time cross sections of 1982,

and 2006 when the Amplification Project is completed.
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10.3.1 Power Flow Cealculation

(1)

(2)

Study Conditions

B Total power demand 7; 410.6 MW (as of 1992), 764.1
of ENEE power system . MW (as of 2006)

B Voltage regulation ; postulated as Fig. 10-3
facilities .

4 Additional transmission ; postulated as Fig. 10-3

lines and transformer

banks
§ Locations of new power ; postulated as Fig. 10-3
‘plants

§ Load power factor ; 957 lagpging at substation
bus.

E Generator output ; All generators except those
of El Cajén were assumed to
supply full output. The
load is regulated by El
Cajon.

§ Voltage regulation : Voltage is kept within 95 -

target ' 1057 at each power plant and
. substation.

Study Result

The power flow diagram are presented in Fig. 10-2 and Fig. 10-3.

The study results indicate that there are slight voltage dips in
the time cross section of 1992, but they do not pose a particular
problem. In the time section of 2006, additional power transmis-
éion linés; traﬁformer banks and wvoltage regulating facilities
are requifed as illustrated in Fig. 10-3, and the target voltage
values cﬁn not be reaiized, being only a little too low or too
high .at some subétations. However, there is no particular
problem, with the transmission line power flows kept within the

capacity limits.
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10.3.2 Short Circuit Capacity

(L)

(2)

Study Conditions
f Generator; All generators were synchronized to the power

system, and calculation was performed by using the

subtransient reactance, X"d.
Study Result
The calculation indicates that the short circuit capacity at El
Cajén is within 31.5 kA'which_is:in accordance with IEC Standard,

and there is no particular problem.

Therefore, there is no need to replace the circuit breskers,

10.3.3 System Stability

(1)

(2)

Study conditions

B Fault condition; The fault condition is assumed as a single
circuit, 3-phase to ground .short circuit
(3LG) occurring at the bus of .El Cajén
switchyard, which is cleared in 6 cycleés (100

ms}.
Study Result
An example of the simulation study results is presented in Fig. 10-
4~6, and the result of the stability calculations for 1992 and

2006 in the table below. Thé‘power sjstem:is-stable in all study

cases, and there is no particular problem.
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10.4

Stability Calculation Resuit

Year
Fault Point 1992 2006

El Cajén Stable Stable

Conclusion

In 1992, there was no need to modify the current transmission line
facilities connected to¢ El Cajon Hydroelectric Power Plant, and they

can be operated satisfactorily.

In 2006, when 2 additional units (73 MW x 3) are commissioned at
El Caj6én, there will be no problem concerning the sound operation of
the power system if the reinforcement program of transmis-
sion/substation facilities (including installation of reactive power
compensation facilities in substations), illustrated in Fm.1qe, is

implemented.

Therefore, the existing power transmission lines connected to El Cajén
Hydroelectric Power Plant can be operated without difficulty even after
the two additional units are commissioned, and there is no need to add

or improve the existing power transmission lines.

If the locations of new power plants and additional construction of
power transmission lines are modified in future from the current plan,
the power system analysis must be conducted every time such modifica-
tion is made, to confirm that there is no problem in power system

operation.
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Chapter 11 FEASIBILITY DESIGN

The El GCajén Hydroelectric Power Plant started operation in 1985 with the
maximum output of 292 MW (73 MW x 4 units) as the first stage of the project.
Considering the future amplification (292 MW : 73 MW x 4 units), the water
§ intake, ground for the sivifchyard, part of the penstock and powerhouse were

- arranged in advance at the time of the first stage construction.
Fig. i1-1 shows general layout of structures in the project area.
The present amplification project is made for 146 MW (73 MW x 2 units) and the

penstock, powerhouse and tailrace were designed using the channel route D out

of routes C and D in the original amplifica'tion plan. (See Fig. 11-2 and 11-3.)

11.1 Civil Structures
11.1.1 Outiine of Civil Structures

The outline - of civil structures related to the amplification is
described below. Drawings for each structure are shown in Fig. 11-4 to

11-9.

Intake (constructed)

Type : Inclined type with gate shaft
Maximum capacity 1. 107.20 m¥/sec
Inside diameter : 4.20 m {Tunnel section)

Penstock (Partly constructed})
Type : :+ Underground type

Number of lines :  One

Two after branch
Maximum capacity : 107.20 m®/sec,
53.60 m?/sec after branch

Diameter i 4.20 to 3.00 m
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Length .

Plate thickness

Branch type

Powerhouse (Connected to the
Type - :
Width '
Height

.-

Length

Tailrace
Type
Number of lines :

Inside diameter

Length

Gradient

Maximum capacity

Tailrace (Service gallery)
Type :
Height ' :
Width
Length

Tailrace (Gate shaft)
Type
Sectional dimension :

Height

One line part 254.831 m

{74.612 m constructed)

Two lines part 27.126 m and 14.262 m
24 to 34 mm

T type branch

existing powerhouse)
Underground type
29.50 m

41.40'm

42.75

Circular and semi-circular pressure tunnel
2
4.20 m (circular section)
(Height) 5.10 - 6.35 m x (Width) 5.10 m
(semi-circular section) :
88.00 m (circular section: 81.50 m,
semi-circular sectidﬁ: 6.50 m

_ “"without Lining")
1: 7.913
53,60 m*/sec

Semi~circular
72.00 m
3.00 m
47.00 m

Elliptic (vertical shaft)
3.70 x 6.00 m
23.57 m

11 - 2
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