3.2 POWER DE‘JELOPMEN‘T PROGRAM AND COMMISSIONING YEAR OF THE
PROPOSED COAL-FIRED POWER STATION

3.21 Power Development Program

According to IRHE's “Plan Maestro de Expansion”, power development projects
~for the coming 10 years from 1986 to 1995 are divided into the following

two categories:
(1) Period 1986-1990 (Sanctioned plan)

~ Rehabilitation of No.2, No{S and No.4 units of Bahia Las Minas power
station to improve thermal efficiency and to prolong service life.

The project is scheduled to be completed in 1989.

- Construction of 80.0 MW combined cycle power plant consisting of two
units of each 30.0 MW gas turbine combined with No.l unit (22.0 MW)
“of Bahia Las Minés-power station. The project is planned to be com-

missioned in 1988,

- Fdrtuna Phasg_Il project to increase firm capacity and energy by
raisiqg dam heigh; 40 m. The project is planned to be completed in
1990,

{2) Period 19911995 (Tentative ﬁlén)

— Construction of 150,0 MW coal-fired power station in Colon district
for. the putpose of inter-fuel substitution by resorting to the use
of imported coal instead of oil for power generation from viewpoint

of economy. This project is just objective of this study.

- Developmeﬁf of medium-scale hydro power stations of a total capacity

" of around 114.0 MW at two sites of Esti and Barrigon.

As to priority for executlion of the above projects 1t is said that IRHE has
an intention to commission firstly coal-fired power station because of a

huge amount of investment required for Esti-Barrigon project.



3.2.2 Power Demand and Supply Balance

(N

(2)

(3)

Supply Capability of Hydro Power Stations

The supply capability of hydro power stations to be considered in the

power demand and supply balance must be their integrated firm capacity

cand energy.

According to IRHE's VELEC" data base for system expaﬁsion, the
integrated hydro firm capacity and energy are 209.2 MW and 2,320.4 GWh
respectively until 1989, and with the completion of Fortuna Phase II
project in 1990 these firm capacity and energy are estimated to
increase to 465.2 MW and 2,398.1 GWh respectively as shown in Tables
3.2.2 (1) and 3,2.2 (2),

Cold Reserving of Superannuated Diesel Power Stations

Due to shortage in capacity of the power system caused by shutdown of
one generating unit of Bahia Las minas power station, the superan-
nuated diesel power stations including San Francisco, "GM", Chitre,
Capira and Pto Armuelles will have to be operated umtil 1990 when
Fortuna Phase II project is planned to be completed., However, with
the completion of that project these diesel power stations shall be

kept in cold reserve from viewpoint of economy.
Reliability Criteria (Reserve Capacity)

The criteria of power generation planning must be established as a
result of studies and analysis on actual records of operation perfor-
mance, availability and reliability of power plants for the past
several years. As a practice, the reserve margin must be sufficient
to cope with shutdown of powef plant‘fop scheduled maintenaﬁce and

forced outage,

The reliability of IRHE's power éystem was computed in terﬁs of loss-
of~load probability (LOLP) which is defined as the proportién Qf days
per year or hours per year .when availabie Igehérating capacity 1s
unsufficient to serve all the daily and hourly loads. The reliability
criteria for LOLP as adopted by IRHE is that the LOLP from 1986 to
2005 should not be more than 2 days per year, i.e. 2/365 = 0.00548,
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The relationship of LOLP and percent reserve {excess of installed
capacity over annual peak load expressed in percentage of annual peak
load) was also analized by IRHE from computer studies. on various
generation plans, and by optimization as well as simulation process,
and it is reported that for IRHE's power system 15% reserve is

required to secure LOLP of 2 days per year,

In this connection it is to be noted that the target LOLP is different
by country; in U.S,A. it is one day in 10 years for large intercon-
nected systems, in European countries the corresponding standard
varies from one day in 15 years to one day in 2,5 years. The percent
reserve and LOLP figures are considered as normal practice in the

mixed hydro-thermal systems, and broadly used in the world.

For small power system a formula broadly adopted to define the value

of the reserve margin is as follows:

Reserve margin (R) shall be the larger one of the following two

values:

r = a certain percentage of the value of peak load
(15 to 20% in general)

Gl + G2 = caﬁacity of the largest and the second

largest units

Therefore, when adopting the above criteria, it is possible to cope
with a capacity drop caused by forced outage of the second largest
unit during shutdown period of the largest unit for scheduled main-

tenance, or vice versa.

In the IRHE's power system the largest unit is 100 MW of Fortuna hydro
power station and the second largest unit is 75 MW of Bayano hydro
power station. However, it would not be appropriate to take their sum

of 175 MW as a criteria of reserve margin for the following reasons:

a) For therma1 p0wef'station it is necessary to conduct regularly
inspection and maintenance every year, but for hydro power station
its maintenance cycle is one time per 10 years with shutdown

period of 25 to 30 days for Francis turbine-generator and 30 to 35
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days for Kaplan turbine-genervator.  Therefore, for hydro power
station it is possible to ‘conduct intentionally maintenance

without affecting power demand and supply conditions.

b) Visual and routine inspeqtionsrof hydro power station can be con-
ducted during light load time in the mid-night without affecting

power demand and supply conditions,

c) For hydro power stations the forced outage ratio expressed by the

following formula is very low, namely 0,5%:

Shutdown hours due to forced butage ' = 0.5%

Operation hours + shutdown hours due to forced outage

In general, reserve capacity of hydro power stations is calculated
from their installed Eépacity and forced outage ratio. .For IRHE's
power system the reserve capacity of hydfo power stations is
calculated to be 551.6 MW x 0.5% = 2.8 MW only. This value is

very small and almost negligible.

Therefore, for IRHE's power system it would be appropriate to adopt

the following reserve margin criteria:

Reserve margin (R) shall be the larger one of the following two

values:
r = capacity equivalent to 154 of peak load

¢l + G2 = capacity of the lagest and the second

largest thermal power generating units

Gl + G2 of the IRHE's power system will be the following:

Year ' . Gl + G2
1986 37.5 (BLM) + 22.0 (BLM-1) = 59.5 My
1987 37.5 (BLM) + 18.5 (Mount Hope) = 56.0 MW
1988-1991 37.5 (BLM) + 40,0 (Combined cycle) = 77.5 MW
- 1992- 40.0 (Combined cycle) + 70.5 (Coal-fired) = 110,5 MW

Reserve margin to be used for power'demand.and'suﬁply balance is thus

obtained as follows:
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Year Peak load (P) P x 157 Gl + G2 Adopted value

(M) (MW) (M) (MwW)

. 1986 - 436.0 654 59.5 6544
1987 460.0 69.0 56.0 69.0
1988 487.0 73.1 77.5 77.5
1989 513.0 77.0 77.5 77.5
1990 539.0 80.9 77.5 80.9
1991 571.0 85.7 77.5 85.7
1992 598.0 89.7 110.5 110.5
1993 642.0 96.3 110.5 110.5
1994 676.0 101 .4 110.5 110.5

1995 718.0 107.7 110.5 110.5

3.2.3 Expected Commissioning Year of the Proposed Coal-Fired Power Station

Power demand and supply balance shown in Tables 3.2.3 (1) and 3.2.3 (2),
made on the above conditlons, shows that shortage in power generating capa-
eity will continuwe until 1990 when Fortuna Phase II project is planned to
be completed. And, if all the diesel power stations are kept in cold
reserve with the completion of that project, shortage in capacity will
again appear in 1993 if new power station is not commissioned by that time

as shown below.

Balance in 1993 (MW)

Existing capacity (without new power plant) (A) 712.,2
Maximum power demand 642.0
Reserve margin {(without new power plant) 96.3
Required capacity (B) 738.3
Balance (A) - (B) -26.1

This means that the generating capacity in the power system must be
increased in 1992/1993. To ensure reliability of electricity supply it is
recommended - that the proposed coal-fired power station be commissioned with

the following time-schedule;
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Installed  Effective L S
capacity (ﬂW) capacity (MW) Commissioning

No.l unit. 75.0 . 70.5 October: 1992
No.2 unit 75.0° . 7005 January 1993

Table 3.2.3 (1) and Fig, 3.2.3 show also bliat another new power station

will have to be commissioned in® around 1995/199%6.
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Table 3.2.2 (1) Firm Capacity of Hydro Power Plants

- > (M)
; : Iy Yeguada® ‘La Los Bayano Fortuna ‘System
Power ‘plant Chiriqui Estprella Valles Total
Installed capacity - 11.0 =~ 43.0 - 47.0 150.0 300.0 551.0
1986 - 1989 o
January 3.6 13.0 18,1 148.7 62.1 242.5
February 3.8 15,7 17.0 140.1 138.9 315.5
March 3.3 12.3 15.1° 138.6 84.9 254,2
April 3.2 11.9 13.2 130.8 50.1 209.2
May B.2 19.4 26.8 123.9 140.1 315.4
June 6.9 26.1. 38.9 118.5 112.8 303,2
July 6.7 25.1 38.9 116.7 99.0 286.4
August 5.6 20.9 30.2 114.8 125.7 297.2
September 9.5 35.9 47.0 114.8 167.7  374.9
October 11.0 43,0 47.0 . 122.3 171.6 . 394.9
November 8.2 31.4 43.4 .~ 135.5 181.5 400,0
-Decefiber - 11.0 43.0 47.0 150.0 171.6 422,86
1990 and thereafter
" January 3.6 23.9 24.1 150.0 300.0 501.6
February 3.8 15.7. 14.7 150.0 300.0 484.2
March 3.3 11.4 - 12.4 145.8 - 299.1 472.0
April 3.2 20.7 21.2 . 140.1 294.9 480.1
May 5.2 17.2 19.1 137.1 294.0 472.6
June 6.9 22.3 27.6 - 137.1 289.8 483.7
July 6.7 17.0 19.6 137.1 289.8 470.2
August 5.6 22,1 28.0 134.0 288.0 ~  477.7
' September 9.5 26.1° 30.8  132.3 288.0 - 486.7
October 11.0 29.1 36.9 132.3 288.9 465,2
November 8.2 30.9 35.3 134.0 289.8 498.2
11.0 30.1

December 33.1 135.5 288.9 498.6

Note: Calculated from "Generation Expansion Plan' — 02/0%/86,
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Table 3.2.2 (2) - Firm Energy of Hydro Power Plants

: _ _ (Gwh)
Yeguada La © Los Bayano~ Fortuna - System
Power plant Chiriqui Estrella Valles e Total
1986 ~ 1989
January 2.6 9.7 11.2 80.2 46.2  149.9
February 2.8 10.6 1l.4 30,5 93.3 ©148.6.
March 2.4 9.2. 1.8 67.3 63,1 153.3
April 2.3 8.5 9.5 88.85 36.2. 145.1
May 3.8 i4.4 19.9 94.5 77.4° 210.0
June 5.0 18.8, 28.1 771 81.3 210.3
July 4.9 18.7. 28.5 80.5 73.7 206.3
August 4,1 15.5 22.4 73.6 93.6 209.2
September 6.9 25.9 33.8 20.3  120.7 207.6
' October 8.0 32.0 35.0 13.1 127.7  ©215.8
November 6.0 22.6 31.3 15.5 130.8 -~ 206.2
December 8.0 32.0 35.0 55.4 '127.7 . 258.1
‘Total 56.8. 217.9 277.8. 696.6 1,071.7 2.320.4
1990 and thereafter -
January 2.6 17.8 18.0 63.0 = 103:1 - 2045 -
February 2.8 10.6. 9.8 44.8 130.7 - 198.7
‘March 2.4. 8.5 9,2 48.4 127.6  196.1
April 2.3 14.9 15.2° 44.9 119.4 . 196.7
May 3.8 12.8 "l4,2 44.1  118.9 1193.8
June 5.0 16.1° 19.9 52.3 108.3 201.6
July 4.9 12,6 14.6 . 50.8& 118.4 201.1
August 4.1 16.4 20.8 38,5 1l2.4 192.2
September 6.9. 18.8 22.2. 41.7 112:1 '201.7
October 8.0 21.7 27.5 44,4 102,5°  204.1
November . 6.0 22,2 25.4. 38.3 110.6 . 202.5
December 8.0 22.4 24.7 . 43.8 106.2  205,1
Total 56.8 194.8 221.5 554,0 1,370.2 2,398.1

Source: TRHE~ "Generation Expansion Plan" - 02/05/86.
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" Fig. 3.2.3 Power Demand and. Supply Balance
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3.3 POWER GENERATION. PROGRAM AND EXPECTED PLANT FACTOR OF THE
PROPOSED COAL-FIRED POWER STATION '

3.3.1 Hydrd Power Duration Curve

In the IRHE's power system, hydro power Stationé including Fortuna,.Bagéno;
'Los Valles, La Estrella, Yeguada and Chiriqul play preponderant rdlg'iﬁ
supply of electricity. Thermal bowér'statidns-are operated.to cover sﬁgfr
tage in supply capabilicy of hydro power stations. This situation  will
further be accelerated with the bdmbletibn of Fortuna Phase IT project.
.Therefore; it is necessary to take into account the integrated hydro ﬁbwer
duration curve in order to estimate the plant.factor of thé pfoboéed coal-

fired power station.

Yeguada and thriqui.hydro'power-stations are of run—of-river typé.aﬁd
their supply capability has no relation with operation of other poWér'éta—
tions, but supply capability of Los Valieé and La_Estrella power Sstations
is controlled by the operation rule of Fortuna power station which is

located in their upstream.

Fortuna Phase IT project:toiincrease:firm capacity and energy by raising
dam height 40 m is scheduled to be coﬁple:ed in 1990, Witﬁrthé éoﬁpletion
of this project monthly capacity andzenérgy of Los Valles and La Estreila
power stations will inevitably be changed. 7 According to IRHE's system
expansion plan, operation ruie of Bajano pover station 1s also plannéd to

be changed with the completion of Fortuna Phase II project.

Monthly tapacity and enmergy by hydro power -station reported in tﬁeflRHEfs
“ELEC" data base for system expansion plan are as shown in Tables 3.2.2 (1)
and 3.2.2 (2). Based on these data integrated monthly capacity and its
duration expressed in days for.the years after completion of Fortﬁna Phase

I1 project can be caleulated as shown 1n Tahlé 3.3.1 (1).

Table 3.3.1 (1) shows that operation of hydro power stations is divided

into the following three combined operations:
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Operation -'-'&Poﬁer“plantsroperated ~ -~ Duration/year

A Yeguada,'pﬁiriqui, : o
B " Los Valles, lLa Estrella 166, 3 days
B ' _ 'Aboﬁe_powér stations
' + Bayano or Fortuna 36.0 days
¢ All hydro-power staktions 162.7 days
Total = © 365 days

By rearranging month1y capadi;y:and its duration expressed in days given in
Téble'3.3.1:(1) in  the ‘érder of cépacity size, Table 3.3.1 (2) can be
obtained, and this leads'tO'ihtegfated hydro power duration curve given in
Fig., 3.3.1.

3.3.2 Power Generation Program

As described before, it is expected that the proposed coal-fired power sta-
tion be commissioned in October 1992 for No.l unit and Janudry 1993 for

No.2 unit,

As to thermal power stations, the highest performance power station is
operated at the largest load and during the longest time possible, followed
by the second highest performance power station with the similar operation,
then comes opefatibn of the third highest performance power station and so
on, until the portion of load nﬁt fed by hydro power stations is totally

supplied by these thermal power stations,

After commissioning of the proposed coal-fired power station, thermal power
stations will be operated in the following order of priority from viewpoint

of economy:

lst: Coal-fired power station (150.0 M¥)

2nd: Combinedrcycle power station (80,0 MW)

3rd: Bahia.Las Minas No.2, No.3 and No.4 units (112.5 MW)

4th: Gas turbines at Panama substation and Mount Hope {(54.5 MW)

Assuming that the minimum load for steam turbine be 50% of the installed
capacity, the power generation. programs for 1993 and 1995 can be
established as shown in Fig. 3,3.2 (1) and 3.3.3 (2).
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3.3.3 Expected Plant Factor of the Proposed Coal-Fired Power Station

From Fig. 3.3.2 (1) and 3.3.2 (2)»_it i?.égpeétéd that the proposed coal-
fired power station be operated at the plant factor of approximately 63% in
1993 and 68.5% in 1995. S e .

With the growth in demand for- ele¢tricity,*rther above planf factor may
become higher, but it would be reésonable_to estimate a long=run average
plant factor of around 68.5% for this ﬁdwér station, taking account of the
fact that in most countries the plant fédtor of this_typé of'power station
is in general 70% at tﬁe highest; This plant factor represénts an'annual

generation of about 900 GWh for an installed capacity of 150.0 MW,
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Table 3.3.1 (1): Monthly Hydro Firm Capacity and Duration
After Completion of Fortuna Phase Il Project

Month

“Yegiada, 1a Estwella and

. Fdrhma

 Los Valles . _ Bayar © :
(an) () (Days) (Guh) ()  (Days) (Gwh) () (Days)
Firm power and energy-by plant - o o
Jawary . 384 51.6 3l 63,0 1500 - 17.5 08,1 -300.0° 14.3 (1)
February =~ 23.2 342 8. 44.8 ° 150.0 12.4 10.7  300.0 -18.2
March - 20.1 -7 20 W 11 48.4 145.8 13.8 127.6  299.1 - 17.8
April 32.4 45,1 0 44.9 - 1401 13,3 119.4 - 204,9  16.9
May 0.8 41,5 3L 441 1371 13.4 18,9  294.0 16.9
June 4.0 6.8 0 . B2,3 - 137.1 15.9 - 108.3 289.8 15.6
July 21 43,3 3 .~50.6 137.1 15.4 118.4° 289.8  '17.0
August 26.3° 55,7 31 8.5 130 12,0 112.4  288.0 16.3
Septenbar 47.9 66,4 10 41.7 132.3 13.1 12,1 288.0 16.2
October 57,2 77.0 31 44,4 1.3 14.0 02,5 288.9 148
November 53.6 74.4 30 38.3 134.0 11.9 110.6  289.8 15.9
Decerber 55.1 742 - 3 43.8 13,5 13.5 .106,2 288,98 15.3
Total 365 166.2 195.2
Operatlm of Yeguada, " Operation A + Bayano or Operation of the total
Morth Estrella, Valles only - Fortoma - i ' hydro power systen
(Oper‘atio_n A) {Operation B) 5 {Operation C)
() (Days) ()  (Days) (M) (Days)
January 516 13.5 2006 3.2 501.6  14.3 (2)
February .2 9.8 334.2 5.8 4.2 12.4
March 27.1 3.2 6.2 4.0 472.0  13.8
April 45.1 13.1° 340.0 3.6 - 480.1 13.3
May 45,1 14,1 33w/S5 3.5 4726 13.4
June 5.8 . 14.1 193.9 0.3 483.7 15.6
July 43.3 14.0 33,1 1.6 470.2 15.4
August - 85,7 147 343.7 4.3 477.7 12.0
Septenber 66,4 13.8 354.4 3.1 486.7 13,1
October 77.0 6.2 . 365.9 0.8 465.2 14.0
Noverber 74.4  14.1 354.2 4.0 498.2 . 11.9
December 74.2 15.7 363.1 1.8 498.6 13.5
Total 166.3 36.0 162.7

Note:  Method for caloulating load duretion in days is as follows:

Example:

Bayano — January

(1) 63,000 Mih + 150.0 M¢ + 24 hours = 17.5 days

(2) 6.1 W operation ;31 days ~ 17.5 days = 13.5 days
501,6 MW (56.1 + 150.0 + 300.0) operation : 14,3 days.

201:6 M (56,1 + 150.0) operation 3 17.5 days - 14.3 days = 3.2 days

4.3 aogs. |
17.5 days
31 days

00.0 1
150 0 W
561 M

3 - 23



Table.3.3.1 (2) -Hydro Power. Duration After Completion

of Fortuna Phase i Project

Load

Dupation

Load Duration Load. y Dux‘atx_on
No. (MW} Days Hours No, (MW) Days Hours No. (MW) " Days Hours_
1 501.6 14.3 343 13 365.9 0,8 19 25  77.0 16.2 389
2 498.6 13.5 324 14 364.2 4.0 g6 26 '74.4'fl4.l_'-338' -
3 498.2 -11.9 . 286 15 363.1- 1.8 43 27 -74.2 15.7. 377 -
4 486.7 13.1 314 16  354.4 3.1, 74 28 66.4. 13.8 331
5 484.,2 12.4 298 17 343.7 4.3 103 29 56.8 14.1: 338
6 483,7 15.6 374 18 340.0. °3.8 .86 .30, 55,7 14.7 353
7 480.1 13.3 . 319 19. 335.% 3.5 84 31 51.6 13.5 324
8 477.7 - 12.0 288 -20 '334.2 5.8 139 .32 45.1 13.1 - 314
9 472.6 . 13.4 322 21 333.1 1.6 38 =33 43.3 14.0 336
10 472.0 °.13.8. 331 22 326.2. 4.0 . 96 34 - 43.2 9.8 - 235
11 470.2 15.4 370 23 201.6 3.2 77 35 41.5 14.1 338
12 465.2 14.0 336 24 193.9 0.3 7 36 27.1 13.2 320
Total v 365 8,760
Fig. 3.31 Hydro Power Duration Curve After Completion =
of Fortuna Phase Il Project
{w)
.
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Fig. 3.3.2 (1} Power Generation Program for 1993
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Fig. 3.3.2 (2) Power Géneratio’n Program for 1995
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CHAPTER 4 SITE SELECTION OF POWER PLANT SITE

41 SURVEY ON CANDIDATE SITE

JICA Survey Mission spent three months commencing on June 16, 1986 in
Panama to operate the local survey in cooperation with IRHE as to two plant
candidate sites recommended by Pre-feasibility Survey of IRHE, Telfers
island and Bahia Las Minas, and collected data and information by visiting
Panama Foreign Ministry, FEconomy Planning Agency, DEPAT (Departmento
Direccion Effectivo para Asuntos de! Tratedo), PCC (Panama Canal Commi-
ssion), Bahia Las Minas 011 Refinery, existing power plant, sub-station,

load dispateh center, Colon Branch and Water Supply Bureau.

4.2 SITE SELECTION STANDARD

JICA Survey Mission compared two candiate sites cited above, viz. Bahia Las
Minas and Telfers island, to identify the suitability for 75 MW % 2 units

coal-fired power plant on the basis of the following standard:
(1) Soil conditions and configurations
{2) Ease in coal transportation and unloading

(3) Availability of condenser cooling water of good quality without recir-

culation of heated effluent

(4) Availability of coal storage yard and ash disposal area with ample

space
{5) Easy access to the site

{6) Ease in unloading and transportation of construction heavy equipment

and materials

(7) Availability of raw. water of good gquality and ample quantity in the

area adjacent to the site



(8)

(9)
(10)

(11)

(12)

(13

(14)

Fagy availability of electric power for constiucting:the power plant

from adjacent area
Easy avallability of break water material for construction
Avallabllity of extension area for future expansion of the power plant

Short distance to the power consumption territory for transmitting
elecric power ' ' S
Plant construction can be accomplished in a brief time so 'that the

commencement. of commercial operation of the power plant  -may be

achiéved not later than 1992

Panama Canal operation and surrounding environment may not be adver-

sely affected

Economical power generating cost

Survey/investigation included the possibility of procuring theé site, apart

from

4.3

4.31

the comparison cited above.

SITE COMPARISON AND ORIENTATION

Site Comparison

Two candidate sites in the preceding section, 1.e,, Bahia Las Minas and

Telfers island, have been compared and investigated., Table 4.3.1 (1) shows

the comparison/investigation results. Fig. 4.3.1 (3) and 4.3.1 (4) repre-

sent

4.3.2

(H

the candidate site program layout respectively.

Site procurement
Bahia l.as Minas Site

This is a private land which is neither used as a farm nor utilized as
an industrial site but left under a mangrove - bush. It 18 deemed
possible to procure thls site since there are no additional values

except the necessity for procurement discussion with land owners.



(2)

Telfers Island Site

This site is located in a territory calied Panama Canal zone under the
joint cbntrol of PCC (Panama Canal Commission) which is a cooperative
of Panama. Since, however, the Panama Canal is to be returned to
Panama by Dec. 1999 following the agreement between Panama and the

U.S,A,, the use of the PCC land requires the licence uatil the return

of the Canal,

The above-cited situation has led the Panama Government to establish
an office_(representative)_called DEPAT in the Ministry of Foreign
Affairs for the administration of future utilization programs and

licence in the Panama Canal zcne.

Under the above circumstances, JICA Survey Mission was Instructed by
IRHE as follows as to the possibility of construction of a coal-fired

power plaﬁt in the Panama Canal zone:
a) Already IRHE negotiated with DEPAT with respect to this subject.

b) DEPAT explained that, unless the coal-fired power plant affects
the Panama Canal operation and surrounding environment, there
existed no reason to deny the construction of the power plant

cited above.

¢) Already Orilla S.A. has projected a ship dismantling plant in the
area adjacent to the candidate site, with an application filed
with the authorities, and the licence is likely to be authorized
shortly (as of Aug. 1986).

d) Application for the licence for constructing the power plant is
filed by DEPAT from IRHE and authorized by FPCC.

e) In the case of 0Orilla S.A., it took about one year to authorize

the licence.

f) The site may be procured 1f the licence {1s authorized

(authorization expenses are not required).



The above facts imply the ?ossibility of procufement of the site if
the power plant facilities are designed ‘to satisfy the DEPAT con-~
ditions, ' e S S

4.3.3 Site Orientation

Investigation in preceding Item 4.3.2 and’ 4.3.3 have led  JICA Qurvey
Mission to ‘select and recommend Telfer island finally as the power plant

site, by reason of i

a) Possibility of plant operation béing commenced by 1992 in which

the power supply is a pressing need
~b) Good soil and configﬁtatidngl conditions -
.¢) . Economical power generatiﬁg ﬁbsh
d) Advantages in coal transﬁ;fﬁétibp.

) H¥ase in future expansion
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Fig. 4.3.1 (3) Power Layout of Terters Isiand Site
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AN LAS MINAS

Fig. 4.3.1 (4) Power Plant Léyout of Bahia Las Minas Site
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CHAPTER 5 PROJECT SITE CONDITIONS

51 LOCATION

The power plant construction project site 1s located at 9° 20' 10" N.L.
and 79° 54' 35" W,L., or in the Telfers Island on the Limon Bay which 1s an

entrance of the Panama Canal on the Caribbean Sea.

The site is adjacent with its north border to Cristobal Harbour which is
gituated southwest of Colon City. It is about 3 km from the Colon City
heart, and aﬁout 70 km from the Panama City, on the Pacific Coast to the
site. The Bolivar Highway which connects Colon City to the Lake Gatun runs
about 1.5 km east of the slte. A pavement road which is a junction from
this highway runs along the east border of the site, leading to the Pier 16
at the north end of the Telfers island.

5.2 ACCESS

5.21 Road

The site provides an easy access from Panama City, which is the use of the
road to Pier 16 from Colon No. 5 Power Plant, Mount Hope, through the
above—cited Bolivar Highway before Colon City 1s reached by the visitor
from Panama City wvia Boyd—~Roosevelt Highway.

From Colon City, the Bolivar Highway provides a similarly easy access.

5.2.2 Marine Traffic

Heavy-weight equipment can be transported uéing Pier 9, Cristobal Harbour,
or jetty in Coco Solo Harbour. The upland transportation distance repre-—
sents about &4 km from the former to the site, and about 9 km from the

latter to the site,

The depth of waters in front of the site is too shallow to permit the
unloading of construction materials or excavated materials. It is there-
fore suggested to comstruct a temporary pier near the transitional part of

Pier 16.



53 METEOROLOGICAL AND MARINE PHENOMENA - N

The climate 1n the site 1s characterlzed by a dry season which ranges from_
January to April and a ralny season, from May to December.  P.C,C.(Panama
Canal Commission) Cristobal Report, Flg. 5.3.(1), describes thét the
averaged atmospheric temperature is 26,9°C without appreciable fluctuation
through the - year, ' The water . temperature averages at '27.4°C in the dry
season and 28.4°C, ralny season, without significant fluctuatlions except it

rises by 1°C in the rainy season,

There is a remarkable difference between rainy and dry season in precipita-
tions. Averaged precipitations in the dry season and ralny season respec-
tively represent 67 mm and 377 mm, averaged vearly precipitations Beihg
3,268 mm, ' '

Humidity averages in the dry and ralny season respectively 78.5% and 85.0%.

Fig. 5.3.(2) represents the wind direction diagram and averaged wind velo-
city. North wind dominates in the dry season at the averaged veloéity  of
6.2 m/sec. There is no wind predominance in the rainy season and the wind
velacity averages 3.5 m/sec. Flg. 5.3.(2) also shows the tide lével

record, where there is little range of tide more than 30 cm about,

5.4 CONFIGURATIONS

Reportedly the Telfers Island territory where the power plant site exists
was originally an island uander the heavy carpet of mangrove bushes until
connected to the contlnent by being reclaimed when used as excavated

materials disposal area at the time of the Panama Canal construction.

Today the territory is controlled by PCC and used as the dredged materiails

disposal area as well as the garbage disposal area.

There exist at present no pavements except a road to the Pier 16 in this

territory where high grasses dominate exzcept some woods.
The teffitory demonstrates an almost flat éonfiguration.in-which éhehpoﬁef
plant site altitude represents about 2.5'— 5.5 m above the sea level while

the ash disposal area under fhe'Prbjeét,.3.D - 5,0 M
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MONTHLY WIND ROSES
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X Length of arrow from circumference of circles represents the average véloci_fy from the indicated direction in mefer per secound.
The figure in the center circle ‘indicates the percentage frequency of calms.:

Fig. 5.3 (2) Monthly Wind Roses and Tidal Level
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There exists gtill at present some pit near the power plant site, used by
PCC for collecting corals from dredged materials, It is a pit whose width
and léngth approximate respectively to 120 m and 350 m, with its four sides
filled up with soil, and used as a disposal pit in which dredged materials

are pumped,

As for the details of counfigurations, the recent local survey has revealed
that already PCC had surveyed the Telfers Island territory, preparing
1/1000 topographic maps. It is therefore decided that the topegraphic maps

from PCC should be checked by comparing with the configurations.

While originally the survey date not known, the PCC topographic maps indi-
cate the operation of corrective survey on the territories including the
power plant site in January 1986, though partially. Comparison in August
1986 between the corrective survey results and configurations disclosed
some discrepancies, revealing that the coanfigurations had partially changed
recently, which were conceivably due to the construction of the pit cited

above for collecting corals.

Nontheless the discrepancies cited above are not significant, and, because
the PCC topographic maps suffice in the feasibility study and there is the
possibility of ground surface configurations altering due to the dredged
materials disposed, it has been decided that no topographic survey will be
operated- anew at the phase of adopting the PCC 1/1000 topographic maps as
the current topographic map. 1In the stage of detail design, therefore, it
is necessary to operate the detail topographical survey on the power plant

site and ash disposal area after the delivery of the site.

Meanwhile the fact that the marine chart No. 26068 (Puerto Cristobal) which
has already been published in useful in identifying the sea bottom
topography and the PCC 1/4000 sounding survey map (January 1986) is useful
as the information of the depth of water near the coal ship jetty under the
Project has led to the conclusion that there is no necessity of carrying

out anew a sounding survey,

These survey reports indicé;e the boundary line for dredging the Panama
Canal which runs about 500 w off and almost parallel with the coastline of
the power plant site; the sea bottom slopes gently from the land at about

1/90 - 1/100 gradient to the boundary line until the -12 m crevass near the



boundary. which was a result of the <¢anal dredging (gradiéht: abt, 1/10 -
1/15); beyond the crevass, the water depth ranges from =12 m to ~14 m
constantly. ‘The waters surveyéd are at present used as anchorage area for

small-sized ships.

There is a creek, called the French Canal, in the east of Project site.
Reportedly it is a part of ruins of waterway projected by French party at

the time of the Panama Canal construction.

The hydrographic chart and local recounaissance have revealed the water
depth in the creek accounts for about ~1,5 m nearby the power plant water
outlet under the Project, and about -~13 m near Pier No.l6, suggesting some

deposits of soft sludge on the bottom of the sea.

5.5 GEOLOGY
5.5.1 General Geology

The Republic of Panama lays between 7°9' N.L. and 9°37' N.L., and between
77°9' W.L. and 85°1' W.L., in an irvegular S-shape contour, with the
longest distance of approximately 630 km in the east-andwest direction, and

approximately 270 km in the north-andsouth direction, -

The republic. is geopolitically divided into Western Panama, Central Panama,
and Eastern Panama. The subject area of the project is in Colon State in
Central Panama, Colon State is situated in the region where the width of
the land is narrowest even in the Isthmus of Panama. The Panama Canal,
connecting the Pacifiec Ocean with the Caribbean Sea, crosses the central
part of the fegion; so the region and its vicinity are called the canal
zone, - The area of the project is located near the inlet of the Panama

Canal in the Caribbean Sea, behind which the Gatun Lake expands,

Geologically, the basement rock of Panama district is lava or velcanic
clastic rocks, of basalt or consesite of the Cretaceous or . the . older
period, The about half of the ground surface in Panama is held by the
above stated basement rocks and igneous rocks mainly composed of basic
extrusive rocks of the Tertiary period. The remaining half is ﬁainly com-
posed of sedimentary rocks of the Tertiary period, distributed with a ‘small
quantity of alluvium of the Quaternary period and coral reefs alongfthe

seashore,



In the canal zone where the area of the project locates, the basement rock
of the anterior Tertlary period, consisting of igneous rocks of basalt and
cOnsésite,'afe'Widely‘diS£rihuted in the north-eastern slde of the Gatun
Lake. In the area extending from the Gatun Lake to the Pacific coast,
igneous rocks, mainly composed of basalt and andesite of the Miocene of the
Teftiary périod, are generally distributed. In the region towards the
Caribbean Sea fme therlake, sedimentary rocks, such as the Camito layer of
the laﬁe Olngcené, the Gatun layer of the middle Miocene, Toro Limestone
and Chagres Sandstone of the late Miocene or the early Pleistocene, etc.,

are distributed in a gentle slope.

The structure of the area extending from Eastern Panama to_Central Panama
_is indicative of the arcuate structure, expanding towards the Caribbean
Sea. At the northernmost part of the structural areas, a continental
divide is formed from the Colombian border to several miles east of the
canal zone. The core of the continental divide is composed of the basement

complex.

There exist the transisthmian fault 2zones radially crossing the arcuate
structure, and one of the significant fault zones exists in the vicinity of
the canal zone also. It has been concluded that the existence of this
fault zone was the fundamental reason why the canal was digged in the vici-

nity of the canal zone.

5.5.2 Geology of the Area of the Project

The geology near the area of the projected power plant has its bedrock of
Gatun layer of the middle Miocene of the Tertiary period. This layer is

mainly composed of mudstone near the area of the project.

Covering Gatun layer, the alluvium, consisting of silt, clay and sand, and
the deposit of the Recent Epoch, consisting of coral reefs, are distributed

along ﬁhe seashofé.

Further, in the whole nelghborhood ‘of the area of the project, a con-
siderable quantity of dredged soil from the Panama Canal has been dumped on

the aforesaid existing ground.



5.5.3 Geological Survey Results

A geological survey was carried out locally in the period between_July 29,
1986 and September 2, 1986,

The survey involved seven inland borings and thrée offshore bdﬁ{ngs as well
as selsmic prospecting over 5,300 m:of total sthey line distahcé'with nine
survey lines. Fig. 5.5.3 (1) shows the boring points and survéy_line posl-
tions. ‘The boring also involved dtandardr penétration tests which wére
operated at every 1.5 m, sampling and lahoratory tests, Table 5.5.3

describes the contents of the survey and tests,

The object of the recent geologiéal surégy s to collect the basic data for
preliminary design by identifying the characteristics of the ground and bed
rock from the information of the geology in the optimuﬁ'caﬁdidate site.
Using those data we can improve accuracy. with respect to the prelimiﬁary
design of civil engineering construction foundation structures, projéct

budget calculation and F/8 report,

The above-cited geological survey has resulted in a geological profile .as
represented by Fig. 5.5.3 (2), which indicates a deposit of drédgéd
materials of the thickness ranging from 0.9 m to 4.4 m as the surface layér
of such softness as N value 2 except in Bbr; tf2 where N value 9 - 16 in
the upland part power plant project site. Beneath the de#osit clted above,
there exist clay or silt, clayey sand, or sand with coral fragmenté for—-

mations.

The clay or siit and clayey sand formation are soft with N value ranging
from 2 to 6. Sand with coral fragments formations are loose in Bor. L-2
and L-3 where N value 1. — 9, whereas compact 1n Bor.. L-4 through L-6 where
N wvalue 12 - 50, Beneath these formations there exists Gatun Formation
which is the bedrock. The surface of Catun Formation ié a weathered rock
layer of the thickness of 0 - 3 m, which is followed by layers whose N
value exceeds 50. The recent survey has confirmed the continuity of the
layers by probing in L-5 a 30 m drilliﬁg which 1s the longest of borings

operated on Gatun Formation,

This bedrock called Gatun Formation consists of soft rockﬂ(ﬁudston)-whose
unconfined compression strength 1s as low as 46,0 kg/cm? {n average (Min.

20.8 kg/emZ. Max. 186.4 kg/em?) according to boring core test. The

5~10



bedrocks nontheless provide strength enough to serve as a plle foundation
bearing ground for thermal power plant structures, which has led to the
conclusion in the present Project that in the upland they may be designated
as the pile bearing layer.

The recent survey has revealed remarkable undulations over the Gatun
Formation, shallow around Bor., L~4 and L-5 with EL-7.0 - -9.,0 m depth and
deep around Bor. L-6 and L-7 with EL~17.0 - ~-29,0 m in the upland area.

The above fact indicates that the ground near L-4& and L-5 where pile length
becomes less will be acceptable for supporting structures such as maln
buildings, stack, cooling water path, etc. which are in general applying

their weight coucentratively and require piles.

Meanwhile the offshore boring operated in Bor. S-1 ~ 5-3 has revealed the
depth of the Gatun Formation increasing as it extends to the sea with a

very compact granular coral layer on it,.

The granular coral layer demonstrates N value over 50 and appears to be
rigid enough to bear the piles for jetty and marine belt conveyor. It has
been found meanwhile that in the jetty area normal pile driving system may
fail to ensure any acceptable pile penetration. There exists a clay or
silt layer whose N value is about 15 above the granulér coral layer which
igs covered by a very soft loam deposit of the thickness ranging from 2 m to
7 m forming the sea bottom. The loam deposit underwent several tests by
sampling undisturbed specimens to identify d4ts properties whiech have

revealed its unconfined compressive strength.
qu = 0.86 - 1,04 kg/cm?

The ground is characterized by two formations, i.e. the soft deposit and
the bedrock which is present in a short distance beneath the deposit and
called Gatun Formation. In selecting a bearing layer for structures, there
is no problem in recommending Gatun Formation as the vertical bearing layer

(in the jetty area, the coral fragment layer becomes bearing layer).

In the case of such a construction as coal storage yard where coal is piled
up to a certain degree of height, however, it 1is obviously uneconomical to
designr the whole construction on piles when considering the space.
Meanwhile, the existing grounds as they are may possibly develop the

settlement or slide. It will be necessary to investigate these problems,

5 =11









Fig. 5.5.3 (1) Location of Boreholes and Seismic Refraction Survey Lines
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SECTION A - A Fig. 5.5.3 (2) Geological Profile
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CHAPTER 6 COAL PROCUREMENT PROGRAM

6.1 DOMESTIC COAL IN PANAMA

We understand that no coal mine is In operation in Panama, though we can
not jump at conclusions, judging from the material on the domestic coal in
Panama dating back 10 years with limited amount of information, As far as
the results of analysis of coal samples (TEXACO INC.) are concerned, the
quality of coal in the Rio-Indio district shown in Table 6.1 is considered
best, though 1t 4is hardly a match for high quality bituminous coal, and
firing of the designed boller exclusively with the above coal seems dif-
ficult., Besides, many values Iin the analysls are unclear, and we can not
make a definite decislon before obtainlng the results of boring in the

future,

If economical domestic coal of good quality 1is found in Panama in the
future, its utilization is desirable from the standpoint of the national
economy , In planning the use of domestic coal at Telfers island, the

following items must be studied fully:

6.2 COAL PRCCUREMENT MIX

For the above reasons, the best mix of coal procurement for Panama
coal fired power station should be considered on the assumption cthat

imported coal will be used.

6.2.1 Coal Procurement

In coal procurement, the following are important points of consideration;

a) To secufe long-term stable supply... (explained in 6.2.2)
b) To secure supply malntaining economic efficlency... (explalned in 6.2.3)

¢) To use coal fitted to the design of plant.



Table 6.1 - Coal Specification

Ttem

Grevsa No,l

Designeﬁ.Coal Rio Indio
Calorific value (kcal/kg} 6,600 (AD) 5,273.(Aﬁ)
Total moigture o 9;0 (AR) _-1?,59‘(AR)
Surface moisture (Z) 5.2 (AR) -
Proximate analysis
Iqherent_moiStuFe (%) :Ajb -
~ Asgh 13.0 . 8.96 (AR)
- Volatile matter 35.0° 33.05 (AR)
- Fixed carbon 48.0 40.40 (AR)
Total sulfur (%) 1.0 1.15 (AR)
VTotai_nitrdgen 7. . (i) 1.5 o
.G.1, 45 - 55 -
Fuslon temperature (°C) 1,300 = 1,400 -
(ID)
Composition of ash
510, 58,3 -
A2504 26.4 -
 Fey04y 6.5 -
Ca0 1.6 -
Mg0 1.6 -
Na,0 0.8 -
K90 2.2 -
Py05 0.3 -
504 1.3 -
110, 0.8 -
Others 0.2 -
Note: AR: As received AD: Adr dry ID: Initial deformatioﬁ



6.2.2 Long-term Stable Supply of Coal
Generally speaking, to secure long—term stable supply-df coal;

a) VCo@bination:of sﬁpply_ﬁatterns 1s necessary, hamely procurement mix of

'Iohgftepm éonfract, spot deal and equity partiéipation.

b) Diversification of supply sources by countries and .by loading ports is

necessary, and at the same time.

¢) It is important to build up channels for establishing mutual trust
relationships with suppliers.,

First, the supply patterns in a) above are explained in the followlng table.

T Stabllity, . Loans &
Price Rigidiey, Involvement | investments
Fluctuation | Sales obligation,| of buyer in{ and returns
' Purchasing coal mine to buyer
obligation
Spot Large Short/small None None
Jong-term . Small Medium Little None
Contract
Equity Small Long Yes - Yes
Participation

Therefore, a balanced view of supply patterns should be taken 1n securing
long-term supply of coal in a large quantity. In the case of this project,
however, the annual consumption of coal is only 300 thousand tons, and
equity participation (development import) is unpractical. Procurement mix

of long—term contract and spot deal will be enough.

Second, tﬁe_meaning of diversifiCation of supply sourcés Iin b) 1s not to
depend on the sole source for the wholé supply. In the course of long-term
transactions,.unexpected accidents or strikes may occur at coal mines, on
railrbadé'and_at ports,.aﬁd it 1s advisable to have more than one supply
sources, Lastly, concerning the establishment of mutual trust rela-
tionships with suppliers in ¢), the supply/demand and market prices of coal
'soﬁetimes become unstable ‘and fluctuate as other primary products, so,

efforts should be made usuaily to build up mutual understanding.



6.2.3 Maintaining Economic Efficiency

a)

b)

It is essential to grasp thé-movements of supply/demand and prices of
coal through collection and analysis of coal-related information. For
this purpose, invesrigations should be made widely ou the coal reserves
of respective countries,' production volume, exportable quantity,
quality, transaction statistics, . infrastructure conditions such as
railroads and ports, natural resources policy and economic trends as

well as spot market movements,

1t is a matter of course that studies on the combination of supply pat-.

terns in 6,2.2 (a) and b) are useful in comparing economics.

6.2.4 Reference to Coal Procurement

In connection with coal procurement, the foiloﬁiﬂg éuggestidu was given by

JICA Team:

a)

b)

c)

Method of contract

It is not necessary for IRHE to contract directly with the coal mine
cémpanies in Colombila and . in U,S.A. Instead, it will be-aﬁpropriaté'tb
contract with a trading company in Panama to import coal from these

countries,

Co-purchase with cement cémpany

At present, coal is imported by a cement company in Panama, Therefore,

a co~purchase of codal by IRHE and cement company will be conceivable,
Start in negociation fot_the contract

The initial firing of'.boilei Kis Scheduled for -Maf,ﬂ.1992. H:It ié
suggestéd that the negoclation for contract withka'Prading company hg
started in around May, 1989, i.e. about 3 years prior - to the1ini;ial
Firing. | o



6.3 OCEAN TRANSPORTATION

“"Securlity of long—term stability” and "economlcs" are also important in the
ocean transportation of coal. To actualize these factors, studies on the

best mix of spot charter and GOA (contract of affreightment) are necessary.

6.4 RECOMMENDATION

The ocean freight of coal per ton becomes cheaper as the size of carrier
gets larger, in principle, but in turn, the equipment cost of coal
unldadérs'and the berth accommodating larger carriers will increase with
the'loﬁer utilization ratio of'facilities.. Besides, the coal yard must be
enlarged to provide against changes in storage, and operating costs
including interests on coal stock will increase, requiring adequate admi-
nistfation of coal stdck such as measures for spontaneous ignition in case

of receiving large coal carriers.

When planning brocurément of fuel for a large scale coal-fired thermal
pOWer' station with the power output- of 0.7-1.0 million kW, berth, un-
loaders and other facilities must be upgraded and the design of boiller
should enable burning of various kinds of coal at the sacrifice of a con-
siderable increase in equipment expenses, However, Panama coal fired power
station.is of a small scale of 75 MW x 2 units with no concrete expansion
plan in the future.' It is considered realistic and reasonable that the

berth has been designed for 10,000 D.W.T. carriers as stated in Chapter 7.

The ocean freight for transportation of coal from South Africa or Australia
cost as high as_aBout 50 US$/MT and about 30 US$/MT, respectively, and such
procurement plan is unrealistic. A reasonable idea is to procure coal from
the coal exﬁoriing céuntries near Panama. Procurement of coal from neigh-
‘boring countries is the same as having coal stock yards of Telfers island
power station close by, contributing much to the stable supply of coal.
South African coal and Australian coal génerally have high fuel ratio
"(%g),'causing an.increase in equipment cost of boiler of suitable design.
Therefore, it is reasonable to eliminate these kinds of coal from studies
in-ﬁiew of quality. The ocean transportation distance for Canadian coal
and U.S. West Coast coal is'sﬁorter than that for South African coal and
Australian coél, bﬁt'it is not.so easy to find out coal which is fitted to

the design of boiler,



6.41 Coal

As -stated above, it is judged reasonable to procure coal from the U,.5. and
Colombia., The following table shows the actudl results of export of U.5,

steam coal.



Table 6.4.1 (1)

Quantity {1,000 S/T)

Destination
- 1982 1983 1984
Ganada 13,304 9,838 12,438
France = 4,785 1,676 645
United Kingdom 203 266 55
Netherland 2,883 1,911 1,975
Denmark _ 2,749 1,602 614
Belgium/Luxemboug 1,234 © 703 648
Spain 2,688 1,495 757
‘Japan - 3,402 1,741 825
Italy 3,641 3,086 1,825
F.R. Germany 1,338 704 85
Taiwan ' 1,719 1,535 2,405
Chile 1 58 -
Romania 147 - -
Norway 238 40 -
Finland 652 518 -
Ireland 176 138 237
Brazil - - 105
Mexco hé 3 16
Korea. 158 44 27
Portuguese 148 40 4ty
Swizerland - 1 -
Yugoslavia - - 61
Hellenic 344 532 315
Sweden - 437 492 255
Hong Kong 91 203 -
Peru 27 - -
Turkey 124 155 244
Pakistan 60 28 -
Others 66 97 240
TotalfAverage 40,659 26,905 23,816
(M/T Rate) (36,886) (24,408) (21,606)




New Orleans 1s the port from which- the coal most fitted to the design. of
boiler for Telfers island power station is shipped in the largest Quantity;
The kinds of coal produced in the said areas, generally called "Gulf", are

as follows:






Tahle 6.4.1 {2) Proposed Coal for Panama P/S

Brand _ ' - Ashland : - - Noranda Drummond
Company name ' Peabody - ~ Ashland . Westmoreland : NERCO _ Noranda ~ Drummond
Location of coal name . Kentucky 5?5:?2128azge;e§izzky Wesée::zgig}a East Kentuckyi Kentucky Alabama
Loading port New Orleans New Orleans ‘New Orleans New Orleans . "New (Orleans Mobile
Standard of quality
Moisture (Z) | 8 Max (A.R.) 10 (A.R.) 9 (A.R.) 11 (A.R.) 10 Max (A.R.) 8.0 (A.R.)
Fixed moisture ()| 2.5 - (A.D.) o 1.5 (A,D,) o > 3.0 (A.D.)
Ash - (%)) 11 =13 (AR.) | 15 ¢ ") 10 (AR.) 14 ¢ ") l4 Max (") 12.0 ¢ ")
Volatile ()| 34 ) 32 ¢ " 35 (") | 3 ¢ ") 32 Min (") 31,0 ¢ ")
Fixed carbon ()| 45 -47- ( ™) R 46 - (") 48 Max (") : s . 48,0 ")
Calorific value ()| 6,390 ¢ ") | 8,280 ¢ " 6,666 ( ") 6,500 ( ") 6,375 Min ( ") 6,390 (A.R.)
Sulfur. (Z)1 1 Max ¢ ") 1.0 (A.D.) 1 Max ( ") 1 Max ( ") 1.0 Max- (0 ") 1.0 ")
H.G.I1 ' o 45 Min ' 45 - 52 46 | 47 50 - ‘ 45
Ash fusion Temp. (°cy| 1,409 (I.p.) | 1,399 (I.D.) 1,397  (1.D.) | 1,482 (x.p.) | 1,280 (1.D.)
Ash composition _ . : : '
analysis ‘ (%) _ _ _ ' S :
: 8109 54 - 56 55.0 54,23 ' 57.64 . : 40.4
Al503 2% - 33 33.2 28.57 | | 26.23 29.5
Fe,03 6 - 13 4,7 6.49 7.13 13.5
é:? Cal 1-3 0.8 2.37 1.59 4.7
MgO 1 -2 1.3 0.78 1,14 1.5
Na0 0.2 - 0.4 0.7 1,15 | | 0.23. 0.5
K0 1.2 - 2,5 2.2 1,94 . 2,93 2.1
P20s5 g ' 0.1 - 0,2 0.2 0.40 ' 0.28 0.4
$03 0.5 - 1.5 0.4 0.72 1.09 4.9
TiOg 1.0 -1,5 0.7 1.82 ' ' .90 1.3
Blend coal | 0O/C . | Bland coal ‘| Blend coal 0/C (Mountain Top | 0/C
. _ o oo . Removal)’
Reabody Inc. - Total production of | Westmoreland Inc.: | NERCO Mine production brummond Inc.
Production - 64.5 |mine lot S Production -~ 12,51 | Production ~ '8l - 0,61 mil, Production -
million tons ('84) ] '81 - 4.74 mil. tons [ mil. tons ('84) . | 16,34 mil. tons tons - 11.22 wil.tons ('82)
¥No,l in the U,S.A. | '82 - 4.60 mil. toms | No.17 in the USA ('84) . '82 - about 0.3 | Sales -
Remarks ‘Sales - 94% of ' ' Sales — 17.51 mil.'| No, 10 in the USA | mil, tons -1 1.23 mil.tous ('82;
production is for : tons ('84) . ' _ ' including exports
domestic electric ' including exports - o : of about 0.3 mil,
power : of 3,0 mil, tons. : : _ : _ o tons,
' (The difference - '
‘with own produc-
tion is purchased
coal) '







Table 6.4.1 (3) Average Coal Quality

%gi‘ _ ' ' Cerrejon Coal-Total North Block Area
i _ Initial 5 Years of Mining

TYPE: High Volatile B. Bituminous

Proximate Analysis ' '~ Ultimate Analysis
"As Received" (2} Dry Dry Ash Free S "As Recelved” Dry
' % Moisture 9.0. . - - % Moisture 9.0 -
% Ash 9.6 10.5 - % Carbon 66.5 73.1
% Volatile 33.2 36.5 40.8 Z Hydrogen 4.5 49
% Fixed Carbom 48.2 53.0 59.2 % Nitrogen 1.2 " 1.3
' 100.0 T100.0 100.0 % Chlorine 0.07 0.08
# Sulphur 0.7 0.8
S o - % Ash 9.6, 105
% Sulphur 0.7 : 0.8 - ' % Oxygen (diff) - -§.43 - 9,32
o ' ' ' 100.00 1006.00
Calorific Value " (gross)
MI/kg 27.50 30.22 33.77
kcal/kg 6560 7210 8055 - :
_BTU/1b 11810 12980 14500 ' Mineral Analysis of Ash
' : {% Weight Ignited Basis)
MJI/kg ' 26,30 29.21 32.64 Silica, Si09 ' 61.6
keal/kg 6280 6970 7800 Alumina, Aly04 19.5
BTIU/1b 11300 _ 12550 14020 Titania, TiOy - 0.9
o : : _ . Ferric Oxide, Fey0y 8.3
Lime, Cal 2.2
o : o : Magnesia, MgO 1.8
Fusion Temperatures of Ash © Potassium Oxide, Ko0 2.1
Reducing COxddizing : Sodium Oxide, Nag0 0.9
°F o - °F °c ' Sulphur Trioxide, S03 2.1
: C : ' Phos Pentoxide, P,0g 0.3
Initial Deformation 2270 1240 2370 1300 ' Undetermined . 0.3
Softening (H=W) 2410 1320 2520 1380 | - 106.0
Softening (H=1/2W) 2480 - 1360 . 2570 1410
Fluid 2590 1420 2610 1430
Other Qualities
Hardgrove Grindability Index 48
Equilibrated Moisture, welght 7% 8.0 _ T _ S : .
‘Air Dried Moisture (approx.) 4.0 ' . Note: 1) Analyses by ASTM Standards
Base Acid Ratio 0.18 - . R ' _ 2) As Received Basis"” as defined
Free Swelling Index , 3.0 ' in ASTM D-3180 '
'T250 . : -2800°F _1540°C - S '
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Colombia 1is an emerglng exporlt nation, starting export in 1985 and
increasing exports by 3 million t/y. Colombia is a neighboring country of
Panama, and procurement from sald country is most desirable. Explanation
on the nation'a Cerrejon Project will be omitted, The natlion ash another
development project called LA Loma, which plans to export 3 miilion t/y in
1988 and 6 million t/y thereafter, The property of Cerrejon coal is indi-
cated in 6.4.1 (3).

The estimated C&F prices of U,5. Gulf coal and Colombia Cerrejon coal as of

Nov., '86 are assumed as follows.

(Calorie: 6,600 Kcal/kg, Freight for 10,000 D.W.T. carrier, Unit: US$/MT)

FOB Freight C&F
U.8,., Guif coal 31 - 33 9.0 - 10.0 40 = 43
Colombia Cerrejon coal 29 - 31 6.0 - 7.0 35 - 38

L/C opening.charge, usance 1nterests and other charges are added to the
above price for P/S arrival price. Further, coal yard delivery price addi-
tionally includes coal unloading expense. In the procurement of U.5. coal
and Colombla coal, economies are not the only factor of judgement as stated

in 6.2.1.

The FOB and freight mentioned in the above table are based on the current
spot rates, and it 1s difficult to get these rates om a long-term contract
basis. Both the coal and freight markels are currently bearish, and the
long-term contract rate of ¥OB and the COA rate of freight are respectively
higher than those on the spot market, but once the market conditions
recover, the spot rates of FOB and freight suddenly rise, remarkably
exceeding Jloong-term contract rate and COA rate. Some measures become
necessary to minimize such effects. Our recommendable procurement mix,

considering the points in Chapter 6.2, is stated hereunder:

The U.S.A. occuples a very high place in the world as regards production
and exports of coal, playing the role of the swing producer in the world
coal market. On the other hand, Colombia is an emerging nation regarding
coal production and exports, developing coal projects under.fixed plans.
In view of the above circumstances, the following combination of coal pro-

curement for Panama is generally most desirable:
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170,000 t/y = Colombla ... The WHnie'quantityfon'é long-

- (50%) _ term contract basis
340,000 /Y sead ‘ 100,000 t/y (30%) - Long-term
contract
| 170,000 t/y ~ UuSeAs 4un o
(50%) - 70,000 t/y (20%) - spot

contract

{Remarks)

1., New Orleans functions as coal center. .
2. Spot procurement quantity fluctuates according to P/S capacity fac-~
tor and burnlng ratio,

The above is an ideal procurement mix, but practically, procurement of U.S,
coal at FOB 31-33 US$/t on a long-term contract basis is difficult. Actual
measures may be to purchase U,S. coal when its price declines, procﬁring ic
on a spot basis In the main, Shifting to the procurement on a iong—term
contract hasis should he considered when the world coking coal market turns
upward to the level which is high enough to cover the cost of U.S. coal,
An aiternative is to shift the share of U.S. coai to Colombia.coal but
procurement of approximately 3OA of total quantity (about - 100,000 t/y)
from the U,5.,A. should be planned in view of the diversification of supply

sources as explained in Chapter 6.2.2.

6.4.2 Transportation

As stated previously, Panama coal fired plant has a 10,000-D.W,T. berth.
New Orleans functions as coal center and entry into and departure from sald
port has no problem for 10,000 B,W.T. vessels. As for Puerto Boliver, the
port of shipment of Cerrejon coal, we have inquired of the port authority
through a shipping company 1if the port can accommodate a I0,000-D.W.T.
vessel, We could not obtain a definite replay, but were informed that. the
port can recelve some of the vessels of the above.class depending on thelr
designs, Therefore, 1t 1s necessary to confirm the foilowing 1tems before -

deciding the scale of berth of Panama coal fired power plant.
(1) . Availability of 10,000 D.W.T. bulk carriers

(2) The Colombian government 8 intention of handling 10, 000 D.W.T. vessels

at Puerto Boliver
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(3) The possibility of transportation from Cerrejon to another port of
shipment (availability of amother port).

Concerning the transportation ratio between COA and spot, 1t may be a

- patural idea to form the transportation plan as follows:

(1) Transportation under COA for the quantity of coal to be procured

on a long-term basis

{11) Transportation using spot chartered carrlers for the quantity to

bé procured on a pot basis,
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CHAPTER 7 DESIGN CONCEPTS OF THE COAL FIRED
- POWER STATION









CHAPTER 7 DESIGN CONCEPTS OF THE COAL-FIRED POWER
STATION

7.1 BASIC DESIGN CONCEPTS
7.11 Scale and Unit Size of the Power Station

Using reference materials and infarmation gathered by the JICA, studies
were conducted on the Power demand forecast and power development plans,
As a result, it was found out that it should be commissioned the coal-fired

power station with an installed capaclty of 150MW in 1992,

Furthermore, after performing stability tests of the electric power system
based on the collected materials and iInformation, we have found out that

the appropriate unit size for the power generating facilities 1s 75MW.

7.1.2 Design Standards

Japanese standards, that are equal to or more stringent than the following
internationally recognized standards, shall be applied to materials, desiga

standards and tests to be ehployed when designing equipment and structures.
Some of these major standards are listed below:

(1) The American Society of Mechanical Engineer (ASME)

(2) The American Society for Testing Materials (ASTM)

(3) American National Standard Institute (ANSI)

(4) International Electrotechnical Commission (IEC)

{5) National Fire Protection Association International (NFPAI)

(6) Japanese Industrial Standard (JIS)

(7) Standard of the Japanese Electrotechnical Commitee (JEC)

(8) The Japan Electric Machine Industry Assoclation Standard (JEM)

(9) Japan Society of Civil Engineers Standards

{10) Technical Standard for Port and Harbour Facility in Japan



(11) ~ Architectural: Instltute of Japan Standard

7.1.3 Design condition for Equipment and Structure
The design condition for eQuipment“aﬁd‘structures'in~ﬁfé1iminéfj'désign,
will be determlned based on results of . analy51s of field 1nvest1gatlon,

con31der1ng the characterlstlcs of Panama.

(1) Atmbspheric Temperature

Maximum - . 35°¢C
Average ' Lo C.27°%C
- Minimum - : : - 19°¢

(2) Electrical Equipment
design temperature 40°C
(3) Wind Velocity -

Maximum velocity . _ . .20 w/sec

Design velocity - : 30 m/sec

(4) Humidity

Average 83%
Mechanical, electrical design . 90%.
(5) sSeismic Coefficient S - 0.1¢

{(6) Sea Water Temperature

Maximum temperature = - - . 31.7°%C
Monthly average temperature. 27°C to 29°C
Minimum temperature S 23.3°Cc"

Condenser cooling water design temp, 29°C



714 Items to be Especially Considered in Basic Design -

_('1')' "

(2}

Although the thermal power statxon shall be de51gned as cual fired
power statlon, 1ts desxgn shall also 1ncorporate the capablllty to

maintain 50 percent of the total boiler load by heavy oil f1r1ng in

consideration of various factors such as the start-up of the, power

generating plant and the repair of the:coal pulverizer,

Since the thermal power plant will be operated as a base-load thermal

power stationm, reliable equipwent and systems shall be adopted for its

- designs.

(3

(4)

(5)

Coal produced in Cerrejon; Colombia and in the eastern states of the

U.5.A, shall be used as main fuel for the coal-fired power statiom. °

..As for the specifications:of the coal to be used on the design of the

. coaiinred'-power station, shall be designed .to combustion. an ade-

quatély broad variety of ‘coal ‘in terms of quality- although a -50-50
mixture of Colombian coal and East American coal shall be adopted as

design coal.

Heavy oil and light dil-éhéil'ﬁe'ﬁsed_és au#iliaty_fﬁeif

As steam conditions, the following two types of conditions are con-
sidered: 102 kg/cng at 538°C and 127 kg/cmlg at 538°C. Considering

ease of operatlon and maintenance as well as actual past ‘operation

' experlences in Panama, the follow1ng COHdlthﬂS have been planned to

:be adopted

_ Main steam pressure - : 102 kg/cmlg
(at the main stop valve inlet)

‘Main steam temperatufe ' : 538°C
(at the main stop valve lnlet)

Adoptlon of the Central Control System

'ance the coal flled power statlon ‘18 de51gned to combustlon coal, a
”greater var1ety and 1arger number of auxxllary equ1pment must be

71n3talled and more compllcated control systems are used when compared

w1th a heavy-011 f1red _power statlon. ~For this reason, the control

room shall be 1nstalled_at the center of the powerhouse. Major moni-



(6)

toring instruments, the control switches of major equlipment, etec.
shall be installed in this room so that operators can perform various
control operations such as equipment startup/stop, ‘emérgeﬁcy, and
adjustment operation while checking readings on the monitoring instru-

ments to eliminate operational nistakes.

For this purpese, major control systems shall be equipped with automa—

tic sequence control systems.

However, control panels shall be installed for those equipment that

‘must be started, stopped or tested by operators on site while observ-—

ing their operating conditions.
Prevention of Slagging, Fouling and Erosion

In the case of coal-fired boilers, slagging, fouling and ercosion are
caused by  burnt ash. The extent of slagging, fouling and erosion

varies with the properties of coal used.
a) Slagpging

The deposit and accumulation of solid or molten ash particles on
furnace wall and other heating surface that are exposed to radiant

heat, is referred to as slagging.

Although coal to be adopted for the design of the boller in this
project 1is considered to be low*Iin slagging characteristies,
measures to further reduce slagging shall be devised by studying
the furnace volume, the size of burners, gas temperature at the

outlet of the furnace, etc.
b) Fouling

The deposit of ash particles on heating surfaces that are not

directly exposed to radiant heat is referred to as fouling.

Although the coal to be used features low fouling characteristics,
measures to further decrease fouling shall be devised by studying
gas temperature at the outlet of heating surfaces, the spacing of

tubes, the number of soot blowers, ete.,



c)

Erosion

Erosion is a phenomenon in which tube surfaces wear out due to the
abrasion of ash particles contained in flue gas. Erosion Is asso-
ciaﬁed with ﬁhe pyopertiés of ash, the concentration of ash con-
tained In flue gas, the diameter of ash particles, the flow
velocity of ash, etc.  Measures to reduce erosion shall be devised
by studying the flow veloclty of flue gas, the spacing of tubes,

the design of tube protectors, etc.

(7) Unit Capabilitles

a)

b)

c)

Condenser cooling water temperature

i) Operation at the continuous rated output (75MW) should be

possible at a cooling water temperature of 29°C,

i) A 5. percent overload operation should be possible at a

cooling water temperature of 28°C,

The boller steam temperature control should be possible over a

range from 40% to 100Z of the boiler rated load.

The minimum load of 40 percent boller rated load should be
possible when coal firing. '



7.2 OUTLINE OF POWER PLANT FACILITIES

7.2.1 Basic Factorrof Power Plant Facilities .

Basic factor'of_powér plant facilitigs'is showed at Table 7.2.l. '

Table 7.2.1 Basic Factor of Designing for Generating Facilitie_s

(6)
(7)
(8)

coal (Air dried base)
Capacity of coﬁl vessel
Capaclty of coal storage yard
Utility

1) Raw water

2) Electricity for construction'
(maximum)

Items 1DEScfipE10h¥;:ﬁqh
(1) Installed capacity - ISO;OTMW ' :
: ' (75.0 MW x 2)
(2 Annual Capacity'factor 68.5%
‘(3) Therinal efficiency
1) Net thermal efficiency 36.0%
~at 100% load .
2) - ditto - 35.0%
Annual average g '
(4) Station service loss factor
1) At kW . 6.0% -
2) At kWh 7.1%
(5) Gross éélorific valﬁé of 6,600'Kéallkg'

10,000 D.W.T.
1.5 month of 2 units _
63,600 t (as received base)

500 t/day
500 kva




7.2.2 Outline of Power Plant Facilities

 0ut11ne of civil strﬁétufeé,_afcﬁitectural facilities, medﬁanicél.fééili-
ties, electric facilities and transmission and substation facilities are
éhown at Table'7.?.2‘(1) - 742.2 (5), '

‘Table 7.2;2.(1) Civil Structures.

Itenms L DBascription

(1) Land Reclamation

a) Site area Total ' 620 x103n?
. Power statlon 81  x103y2
Coal yard 26 x103n2
Ash disposal area 230 x103p2
L | _ Others | 283 x103m2
b) Site formation level ) Power station +4.,0m
i Coal yard +4,0 m

'(2) Poft‘Facilities

I0,0CO_D;W.T. coal unloading

jetty
a) Type 7 Steel piped pier
b) Dimension Length 150 m
: Width i7m
Depth 9 m
Mooring dolphiﬁ
© a) Type - Steel piped piler
.b) Number L 2
{3) Condenser Cooling Water
Facilities
Intake & pump pit
a) Type _ ' Reinforced concrete structure
.b) Dimension Width 10.0 m
' : Helght 9.0 - 1l.2 m
Length 24.0m
Intake Pipe line
a) Type ' Embedded steel. pipe
b) Dimension .| Inner Diameter 1.20 m
: ' Length-mean 130 m x 2 lines




Items

:bééériﬁtioﬁ .

(4)

Outiét pipe line

a) Type
b) Dimension

Discharge pit

a) Type
b). Dimension

Discharge channel

a) Type
b) Dimension

Qutlet

a) Type
b) Dimension

Coal Storage Yard
Coal storage yard

a) Dimension
Coal draw-out culvert

a) Type

{5) Ash Disposai Area

a) Area
b) Capacity

.| . Embedded steel_pibe.-

Inner Diameter 1,20 m
Length-mean . 166 m x 2 lines

Reinforced concrete.structure

Width 6-40\]1
Height 8.40 m
Length 13,40 m

Reinforced concrete structure
Inner width 2.00 m

Ihner height 2.00 m

Length 120.0 m x 2 lineg

Reinforced concrete structure

Width 6.40 ~ 12,40 m
Height 6,00 m
Length 18.60m

160 m x 160 m
Reinforced concrete structure

230 x 103m2

1,280 x 103m3 25 yéars .




Tabte 7.2.2 {(2) Architectural Works

Item

Description

(1) Powerhouse
(a) Stfpctg;e
. Foundation
Frame =
Exterior wall
~Roof
(b) Size
Ground floor area
Building volume
Height .

(c¢) Appurtenant facilities

(2) Foundation of Equipment

.(a) Foundation of Boiler

(b) FQundation of
Transformer

{c) Foundation of Erectro-
static Precipitator

(d)'FOuﬁdatigp of
" Induced Draft Fan
(3) Administration Building

-(a)'Structure
Foundation

Frame

Pracast reinforced concrete piles

Reinforced concrete footing

Steel structure

Corrugated asbestos cement sheet

| .3,020 n?
67,700 m3
Turbine room 24 m
Bunker room 29 m

Air.conditioning and ventilation

‘system

Plumbing and sanitary system
Extinguishment facilities

Fire alarm apparatus

Lighting system

Precast reinforced cdncrete pile
Reinforced concrete footing
Precast reinforced coﬁcrete pile
Reinforced concrete footing
Precast reinforced concrete pile

Reinforced concrete footing

Precast reinforced concrete pile

Reinforced concrete footing

Precast reinforced concrete pile

Reinforced concrete footing

Reinforced concrete construction




Item

'Déééription

{(h) Size
Total.érea
(c) Rooms Accommodated

lst floor
nd floor

(d) Appurtenant facilities

(4) Other Buildings
{(a) Workshop

(b) Warehouse

(e¢) Coal Handling Control

Building

(d) DPemineralization House

{e) 0il Drum and Cyllnder
Storage

(f) Worker's Room

(g) Garage

(h) Guardhouse

(5) Stack

(a) Foundation

{b) Outer Tube
Diameter Top

Bottom
Hedight

1,510 m2

Chemical laboratory, Dining room,
Rest room .

Air conditioner room, Storage
Office, Conference room, Plant
manager voom, Locker rdom, Library

Alr conditioning and ventilation
system

.Plumbing and sanitary system

Extinguishment facilities
Fire alarm apparatus
Lighting system

Reinforced concrete construction

1 floor 800 m
1 floor 1,000 m2
2 floors 270 m?
1 floor 250 m2
1 floor 200 m? |
Reinforced concrete conSétuétion

' 1 floor 300 m?
1 floor_ 150 m
1 fioor 50 m

Pre¢ast reinforced cdncrete pile-

Reinforced concrete construction

5m
8m

%4 m

=10




Item ' 1 Deséfiption

(c) Inner ¥Flue : Steel structure
Diameter 2m
Heilght . 7 95 m
Lining Acid resistant cementitious coating
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Table 7.2.2 (3) Mechanical Equipment

Ttems

Description

(1) Boiler system
a) Boller
Type
Evaporation
Maximum continuwous rating
- (MCR)
Economical continuous
_ rating (ECR)
Steam pressure

Steam temperature (SH/RH)
Number

b) Economizer

Type
Number

‘¢) Air preheater

Type
Number

d} Steam alr preheater

Type
Number

e) Soot blower
Type
Number .
Boiler long retractable
short retractable
Air preheater Swing

{(2) Draft system

a) Induced draft fan

Type
Capacity
Number

Single drum, natural clrcu-
lation, outdoor type

240 t/h
228 t/h

105 kg/em?Zg
541/541°C
1 set / 1 boiler

Horlizontal multi-loop type
1 set '

Rotally regenerative type
1 set

Cu~fined steel pipe type
1 set

Steam blowing type with
electric motor drive

8 sets
6 sets
1 set

Centrifugal type
8,300 m3/min.
1 set '

712




Items -

Degeription

b) Forced draft fan

c)

(3)

Type
Capacity
Number

Gas recirculation fan

Type
Capacity
Number

Fuel unloading.system

a) Coal unloader

b)

c)

Type
Capacity
Number
Unloading

Capacity
Number

Heavy oil

- Type

Number

(4) Fuel storage

.a)

Coal yard

- Capacity

b}

¢)

Number

Coal yard

Type

Capacity

Number

;Bulldozer

Capacity
Number .

berth belt cbﬁﬁeycr
{BC-1)

unloading system

and handling system

supply convéyor—l
- (8C-2)

supply convéyor-2
{BC-3)

Centrifugal type
5,400 m3/min.
1 set

Centrifugal type
3,300 m3/min,
1 set

Level lufting type
250 t/h
2 sets

600 t/h
1 set

icading arm type with
transporting piping
1 set

600 t/h
1 set [/ 2 units

Stationary stacker type
with tripper

600 t/h

1 set / 2 units

5 ¢
2 sets / 2 units
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-items

Description

(5)

d)

e)

£)

g)

h)

i)

3

Coal yard draw—out hopper
Number

Ceoal yard draw-out conveyor
{BC-4)
Capacity '

Number

Powerhouse supply conveyor
’ (BC-5, 6)

Capacity

Number

Coal bunker supply conveyor
- (BC-7A, 7B)

Capacity

Number

Coal bunker

Type
Capacity
Number

Heavy oil tank

Type .
Capacity
Number

Diesel oil tank

Type
Capacity
Number

Fuel firing system

a)

b)

Coal feeder

Type
Capacity
Nunber

Coal pulverizer

Type

Capacity

Number

3 gets

250 t/h
1 set / 2 units

250 t/h
2 sets / 2 units

250 t/h
1 set

Steel'piate type
300 m3 .
3 sets

~ Steel plate, cone roof type

2,000 kf
1 set / 2 units

.Steel plate;.cone.roof type

200 k{
1 get / 2 units

Gravemetric'type
16 t/h
3 sets

Vertical, halls and race
type e :
16 t/h
-3 sets
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Items’

Degcription

c)

d)

e)

£)

g)

h)

1)

)

k)

Primary alr fan

Type
Number
Sealing air fan

Type
Number

Coal burner
Type

Capacity
Number

Heavy oil pump
Type
Capacity

Number

Heavy oil heater

Type
Capaclty
Numbet

Heavy oll burner

Type

Capaclty

. Number

Diesel oil pump

Type

- Capacity

Number:

Diesel oil light-up burner

Type

Number

Diesel oil.stértfup burner

Type

Ruaber

Centrifugal type
2 setg

Turbo-blower type
2 sets

Circular burner type
(with flame detector)
5.0 t/h
9 sets

Rotally screw type
10.6 £/h
2 sets / 2 units

Horizontal u-tube type
21.0 t/h
1 set / 2 units

Steam atomizing type
2.4 t/h
9 sets

Screw type
10 t/h
2 sets / 2 units

Electric oil 1ighter type
(with flame detector)
9 gets

Alr atomizing type
2 sets
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" Items

Description

(6) Ash handlihg system

a)

b)

c)

d)

e)

£)

Chain conveyor

Capacity
Number

Crinketr crusher

Capacity
Number

Boiler bottom seal water pump

Capacity
Number

Bottom ash carrying conveyor-}

Capacity
Number

Bottom ash carrying convejor-J

Capacity
Number

Fly ash silo

1.5 t/h

-1 set -

2 t/h
1 set

20 t/h
2 sets /°2 units

2-t/h

5 t/h
1 set [/ 2 units

Type ‘Steel ‘plate type

(with cyclone separator,
S : bag filter and fluidizer

Capacity 100 ¢ o

Number 1 set / 2 units

g) Vacuum blower

Type - _ Rotally blower type.
Number - _ 2 sets / 2 units

h) Dustless unloader

Capacity : 10 t/h
Number : 1 set / 2 units

i) Fluidizer blower

Type o RN ¢ Rofaily blower type
Number ' _ 2 sets [ 2‘qnits
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Items Description
j) Fly ash carrying conveyor
Capacity 15 t/h
Number

(7) Turbine system

a)

b)

c)

d)

e).

Turbine

Typé

Rated output _

(at generator end)

Steam pressure.

Steam temperature -
At main stop valve inlet
At reheat stop valve inlet

Number of.extraction

Exhaust vacuum

Rotating speed

Governor

Type.

Number

Protective device
Nﬁmber.

Hydraulic control systeﬁ
Humber

Lubricating oil system

Auxiiiary oil pump

~ Type.
Number

Emergency oil pump
Number :

Main oil- tank
Number

01l cooler
" Number

5 sets /. 2 units

Tandem compound, impulse
type, two-cylinder, single
flow, exhaust reheat
condensing turbine type

75 MW

102 kg/cm?g

538°C

538°C

5 stages

700 mmHg
3,600 rpm

Mechanical hydraulic.type
1 set

1 set

1 set

Vertical centrifugal type
1 set

1 set

-1 set

1 set
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Ttems. . ' Description

Vapour extractor _
Number 1 set

0il purifier _
Number ' _ : 1 set

0il storage tank S _
Number ' 1 set / 2 units

£) Turning gear device
. Number 1 set
g) Grand sealing system
Grand steam seal
regulator .
Numbar ' o -1 set

Grand stéeam condenser
Number : o 1. set

{8) Condenser cooling water éystem
a) Bar screen

Number _ . . 1 set

b) Chlorine injection equipment

Humber B 1. set [/ 2 units

c).Rotary screeﬁ

Number ' _ 1 set

d) Screen washing pump

Number 1 se£ /.2.units

e) Mesh screen | |

Number | . : 1 set

f) Intake crane

Type ‘Gantry -type
Capacity 15 ¢ :

Number ' _ 1 set / 2 units
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..Itéms_,M

Degeription

(9) Condensate system

10

c)

a)

b)

Condenser
Type

Cooling seawater inlet
temperature (Design)

Cooling seawater guantity

Cooling seawater discharge
temperature (Design)

Material of condenser-tubes

‘Number

Condenser cooling water pump

Type

- Capacity

c)

Number
Main air ejector

Type

" Number

d)

Condensate pump

Type -
Capacity
Number

Boiler feed water

a)

b)

T.0w pressure feed water

heater

Type
Number

Deaerator

Type

" Number

Boiler feed water pump

Type

Double pass, divided water
box type, surface condenser
29°C

14,200 m3/h
36°C

Aluminum brass

1 set

Vertical diagonal flow type
4 m3/s
1 set

Single-stage steam jet type
1 set

Vertical type
H’_10{)‘1'./}1
2 sets

U-tube type

2 sets

Horizontal,
1 set

tray type

Motor driven, horizontal

, shaff, barrel, multi~stage f

|
l

turbine pump

|
|
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(11)

Items ~ Description
Capacity 120 t/h
Number 2 sets

d) High pressure feed water
heater
Type U~tube type
Number 2 sets

e) Make-up water pump

Type
Number

Miscellaneous facilities
a) Raw water tank
Gapacity
Number
b) Raw water pump
Number
c) Drinking water head tank

Capacity
Number

d) Miscellaneous water
head tank

Number

e) Auxiliary cooling water
cooler

Type ) .
. Inner of tube
Quter of tube
Capacity
Number

f) Cooling water pump
Type

~ Capacity
Number

Cénﬁrifﬁgal fype
1 set

600 m3
2 sets [/ 2 units

2 sets / 2 units

5t
1 set

1 set / 2 units’

Seavater _
Demineralized water
600 t/h
2 sets / 2 units

Vertical, volute type
600 t/h
2 gets / 2 units

7 - 20




-Items.

Description

g)

h)-

i)

k)

i§)

m)

Demineralization plant

Type
Number

Demineralized water tank

Type
Capacity.
Number

Neutralization tank
Type
Capacity

Number

Boiler chemicai_injedtion
equipment

Kind of chemicals
Number

Fire protection equipment

Air foam type fire
extinguishing equipment
water type fire extinguisher

Fire extinguishing pump
Powerhouse crane

Type
Capacity
Number

House service beoiler

Type o
Steam condition

~ Capacity
- Fuel

Number

2 bed 3 tower type
1 set / 2 units

Cone roof type
600 m3
2 sets / 2 units

Concrete type
150 m3
1 set / 2 units

Phosphate, ammonia, hydrazine

1 set

1l set

1 set / 2 units

Overhead travelling crane
40/15 t
1 set / 2 units

Package Lype

10 kg/cng

10 t/n

-Diesel oil

1 set / 2 units
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‘Items

Description

(12) Environmental protection
facilities *)

a) Electrostatic precipitator

b)

c)

d)

Type
Number -
Treated Flue gas capacity

Inlet temperature
Qutlet dust concentration

Dust removal efficiency

Number éf section
Waste water treatment
Type

Number

Treatment caﬁacity
Outlet water quality

Coal yard water treatment

Type
Number
Treatment capacity

Waste water treatment
for ash deposit area

Type
Number
Treatment capaicty

‘Dry type:eélectrostatic

precipitator
2 units
282 x 103 Nn3/h

140°C
O.l_g/Nm3_or less

99.25% or more

4 sections/unit

Sedimentation, filter,
neutralization method
1 unit
210 m3/day
PH 5-29
Suspended solid (88)
200 mg/{ or less
0i1 5 mg/{ or less

Gravity sedimentation method

1 unit .

140 m3/day

Gravity sedimentation method

1 unit
800 m3/day

*) For the environmental protection measurement for coal fired
thermal power station, and only the installation of each _
environmental equipment (i.e. ESP, sound proofing ‘wall, etc.),
but also the consideration of the basic design and layout of
pover station's major equipment including boiler, turbine and
so on must be taking into account upon the economlcal reason.

Following table (supplement table) shows the measurement list
of enviroomental protection measurement of this power station
devided into each item.
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Table 7.2.2 (4)

Electric Facilities

Items

Description

(1) Generator

a) Type

b) Rating

~ Generator output
Voltage
Current
Power factor
Short circuit ratio

¢) Exciter

d) Number

{2) Main transformer

a) Type

b) Rétihg

_Capacity
Voltage

¢) Connection method

d) Number

{(3) House transformer

a) Tyﬁe

b} Rating.

Capacity
Voltage

¢) Comnection method

Indoor type, horizontal
shaft, 3 phase, totally
enclosed, hidrogen-cooled
turbine generator

75,000 kW, 88,250 MVA
13,800 V

3,692 A

§85%

0.58 (Minimum)

Thyristor direct excite type
with AVR

2 units

Outdoor type, 3 phase, oil
circulating, air-cooled
transformer

85,600 kVA
13.8/230 kv

Y-A connection, neutral
point direct earthing

2 units

Outdoor type, 3 phase, oil
circulating self-cooled
transformer

7,500 kVA
13.8/4.,16 kv

A=A counnection
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Description

Ltems
d} Number 2 units
(4) Starting transformer
a) Type Outdoor type, 3 phase, oil
¢irculating air-cooled
transformer
b) Rating
Capacity 7,500 kVA
Voltage 230/4.16 kV

(5)

(6)

c¢) Connection wethod

d) Number
Switchyard

a) Method

b) Circuit breaker

Type
Rating

Number

¢} Disconnecting switch
Type

Rating
Number

d} Others

4 kV house switchgéaf

a) Cubicle type

Y-A connection, neutral
point direct earthing

1 unit

Outdoor double bus bar
me thod

Porcelain-clad type, air
or vacuum type circuit
breaker

242 KV, 1,200 A

31.5 kV (Interrupting
current)

6 units

Porcelain-clad type single

or double breaking switch

242 kVA, 1,200 A

14 units

° Steel structure

Bus bar

® Instrument transformer

° Instrument current
transformer

° Arvester

Compressor

Q

‘Indoor, single bus,

enclose type power board

IR
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f.Items

Description

b) Circuit breaker
Type.

Rating

¢) Number of group
(7) 210 V Power center

a) Cubicle type

b) Circuit breaker
Type
Rating
¢) Number of group
(8) 210 V Control center

a) Cubicle type

b) Circuir breaker

Type
Rating

¢) Number of grﬁup-

(9) Power center transformer
a) Type
b) Rating

Capacity
Voltage -

¢) Connection method:

d) Number

(10) Emergency power source
a) Type .

- b) Rating

l
I
|
I

Vacuum type circuit

braaker :

4,76 kV 1,200 A

20 kA (Interrupting current)

4 groups

Indoor, single bus, enclosed
type power board

Air blast circuit breaker
600 V 1,200 A
20 kA (Iaterrupting current)

3 groups

Indoor, single bus, enclosed
type power board

Magnetic-blast breaker
600 v

11 groups

indoor, 3 phase, dry type

1,500 kvA
4,160/208 v

A—f connection

3 units

Diesel-engine generator




- Ttems Description
Output 250 kW, 315 kVA
Voltage 208 v
Current _ 875 A
Power factor 80%
¢) Fuel Light oil
d) Number 1 unit .

(11) Control and instrumentation

a) Boiler, Turbine, Generator
control board" B

Type

Kind of. automatic control

Enclosed, selfstanding bench
type board

° Automatie start up-and shut]

down control equipment

° Automatic boiler control
equipment - (ABC)

— Boiler master control
Fuel flow control
Combustion air flow
control '
Furnace pressure control

1

® Feed water control
equipment (FWC) .
- Drum water level control
— Deairator water -level
control o

° Steam temperature control
- Superheater steam
temperature control.
~ Reheater steam tempera-
ture control

° Automatic load regulator
° Turbine automatic starting
speed control - ‘

Generator automatic
synchronizer

° Other local coﬁttol systém#-

° Qperatiom supervisory and -
alarm announciator’ systems
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Items

Desceription

b)

Number
Electronic computer

Type

- Memory method

c)

d)

e)

f)

g)

h)

Number
Auxiliary operation board

Type
Number

Auxiliary relay board

Type
Number

Coal unloading and
handling coutrol board

Type
Number -

Ash treatment control board

Number

Water treatment control board

Type .
Number

Generator hydrozen .
hermetically-sealed system
control board

- Type

i)

Number
Supervisory television

Type
Purpose, Number

2 sets

Digital type. computer
Magnetic disk method
2 sets

Enclosed, selfstanding type
2 sets

Enclosed, self standing type
2 sets

Enclosed, self standing
bench type
i set

Enclosed, self standing
bench type :

1 set

Enclosed, selfstanding type
1 set

Enclosed, selfstanding type
1 set

Industrial color television

for drum level 2 sets
for furnace 2 sets
for stack 1 set
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Items

Description .

{12) Miscellaneous equipment °

a)
b)
c)
d)
e)
£)

DC power source

Compressor for control a1r'
House ~lighting system
Paging system - . .

Private telephone system
Private telecommunication
system for coal vessel
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Table-7.2.2 (5) Transmission Line and Substation Facilities

Item

Description

(1) Transmission Facilities

~ Section’

 Length

(2)

Voltage
Electrical system

‘Conductor
‘Overhead ground-wire

Insulator
Supporting structure

Substation Facilities
a) Circuit breaker

Type
Rate
Quantity

b) Disconnecting switch

Type -

Rate
Quantity

c) Protection equipment for
transmission line
230 kV transmission

line protection equipment

Tower line carrier directional
comparison system with single
phase reclosing

d) Other facilities
Bbﬁential_device
Current transformer
Lighting arrester

Telfers island - Panama II S/S

72 km

230 kv _

3 phase 3 line, 60 Hz
ACAR 750 MCM

7 x No.8 AWG, 2 liune
250 mm standard disc
suspension insulator
strings _
2 circuits, vertical arrangement
angle steel tower

type
l4—unit

Gas.circuit bfeékef
242 kv, 1600 A, 31.5 kA
9

Insulator type, horizontal one
or two breaking disconnecting
switch
242 kv,
24

1200 A

2 circuits
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Item

Description

(3) Telecommunication Facilities

_ Central | 7
Specification | Dispatching Panama} Telfers
Office II s/s| island

Power line carrier 4eh' Type, 200 2 sets 3 sets| 1 set
equipment : S
Power line carrier relay | Earth return 2 sets 2 sets
equipment ' coupling system .

Power line carrier equipment 4 ch par 1

Dispatching and maintenance 1 ch

telephone circuit

TM circuit of CDT system. 1l ch

Data circuit 2 ch
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Fig. 7.2.2 Detailed Plant Layout
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7.3

7.3.1

(1)

{ Load )

STUDY OF POWER GENERATING FACILITIES
Basic Specifications of the Power Station

Annual Power YFactor of Power Station, Generating-end Thermal

Efficiency and Station Service Power Ratio

The annual power factor, the generating-end yearly average , average
thermal efficiency and station service power ratioc of the power-

generating facilities are to be determined as follows:
a} Annual power factor of the power-generating facilities

The annual power factor can be calculated using the following

equation:

P

Fe = Pe x Hy

Fe ¢ Annual power factor of power
generation facilities (%)

P; : Installed capacity of the

power statiomn 75 (M)
Hy : Number of yearly hours 8,760 (h)
P : Yearly geueration (MWh )

Fig. 7.3.1 {1} Duration Curve

q:'36.026

ﬂjOeQ ““hﬁ\\\\\\\
\ - 33'80/
50 %[ z Y
Daytime \\\\

Night - time

O %L
pe—e————— 4,200h | 3,600h ———2] 960h fw-
8,760h : -
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b)

From the duration
during which the
50%~load capacity

And the number of

Hs = hs + ht
‘hs

ht

curve,: it is wuinderstood that' the number of hours
facilities operate at 100%Z-load capacity and

is 4,200 hours and 3,600 hours, respectively,

shutdown hours are:

: Number of_shutdown:hours _ (h)

Number of scheduled
shutdown hours
= 24 h x 30 days = 720 h.

: Number of accidental shutdown

hours
= (5 -~ hs) x 0.03 = 240 h

The annual power factor of power generating facilities can, there-

fore be obtained as follows:

_ (75 x 4,200 b) + (37,5MW x 3,600 h) _

100

Fc

450,000 Mwh
57,000 MWn

= 68.5

75MW ¥ 8,760 h

x 100

Generating-end Yearly Average Thermal Efficiency

Partial load efficiency curve of 75MW coal-fired power plant is

shown as follows:

7 - 34



326.0%)
- 35.0010 \
E .
O -
o b
@
k3] , o _ \\\\\
w 34 Oofo : : \
'_ 33. Oofo

‘Fig'. 7.3.1-'(2) Partial Load Efficiency curve
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The geﬂerating"end yearly average thermal efficiency is obtained

using the equation as follows:

ne

nG

_ €0.36 x 4,200 h) + (0.338 x 3,600 h) _

. (100 x hd) + (150 x hn)

“Hyo 100
nG : Generatihg*eﬁd yearly average thermal
efficiency

nioo : Generafing—end effiéiency at iOOZ load
‘hd : Numbef ﬁf:operating hours at daytime
ﬂSOI : Generating-end efficiency at 50% load
hn .: Number of operating hours at nighttime

Hyo : Number of yearly operation hours

7,800 100

2,728,800

7,800 h
34.98%

35.0%
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¢) Station Service Power iRatio. «ui. '

Fig. 7.3.1(3) Duration curve -
(Include Station Service Power Ratio)-

Y . 1nEor L - . . o | %
Yo . .
100 - 100 Load 7 ‘ i 80
_ 6.0% SSPR. \ | . SRR P
| ' " 47% ssPR. | §
3%0r 50% Load 14 3
. : 7 2 E
06% SSPR: |«
4200 - : .. 23800 L 3960
' 8760 B :
5.5.P.R : Station Service Power Ratio

Station service power ratio yearly average is calculated using the

following equation:

- (Rd x hd) + (Rn x hn) + (Rs + hé)

Ry Hy x Fe¢ '
Ry ; Statiqn sérvice power ratio. o : (%)
Rd : SBtation service.ﬁowér réfiﬁrétidéyfime ' 6.0 (%)
hd :.Number.of operé£iﬁg hbﬁrs:{n éaytimé | 4,200 (h)
Rn : Stétion sefviee péwer rﬁtio at ﬁighttime 4T (%)
hn : Nuﬁber of opefating hours in;nighttime 3,600 (h),
Rs : Staéion servi&é po%ﬁf.:aéipidﬁfing.powér _ _
generating plapt.%s out of ope;ation 0.6 (%)
he : Number of shutdown hbui.:‘s'"."-, o 960 (h)
Hy : Number of yeérly hours : S 8,760 (h)
Fc : Annual power factor of power statié% o | 68.5 (%)
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(2)

(0. 06 x 4,200 h) + {0.047 x 3,600 h) + (0,006 x 960 h)
B,760 h x 0,685

109

= 7.1%

Capacity of Coal Vessel

For' the power plant, it- ia planned to use-imported coal from Colombia

and the eastern states of the United States,

Ocean freight (transportation costs) for the coal varies with the size

of vessels to be employed. 1In other words, the larger vessels are,

the less"eXpensive per—ton coal transportation costs become.

However, if excessively large vessels are employed, the cost of coal
does not necessarily come down. This is because Ehey not 0n1y'make it
difficult to select an approprmate sxte in the port for berthing them,‘

but also give rise to increased civil constructlgn costs that stem

from the execution of dredging work, the construction of a large-sized

jetty and large-scale coal storages. 1In addition, they also result in
increased equipment costs that. arise from the installation of large-
scale coal unloader, large-capacity land-transportation facilities,

etc.

'For above reasons, we have studied how the construction costs of the

power station change by varying the size of vessels over a range from

10,000 D,W.T to 60,000 D.W.T and conducted comparisons in order to

determine which. vessel size 'is most economical in terms of the

following.
equation: Freight + Construction costs = Coal handling costs

As a result, we found out that vessels of 10,000 D.W.T are most econo-

mical in the case of this project.
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" Fig 7.3.1(4) Capacity of Coal Vessel
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7.3.2 Layout.of the Power. Station

_'The ﬁOWef staﬁiﬁﬁ iéfbléhned po”béuconstrucfed adjacént to a site owned by
Orilla S.A;,'where its Shipbreaking Factory is planned to be erecﬁed, or
apprdximatély 1 km sduthﬁest.of the No. 16 pler of Cristobal Harvour, the
eite'fof'the,powér sEaticn'éxtendS‘from the northeast to the southwest
aldﬁg':the 'Panama’ Canél" Zone and IitS' facilities are lald out in the
following order:'the switchyard, the condénser'cooiing—watef waterway, the

turbine room, the boiler, the coal storage yard, and the ash disposal area.

The' jetty capable of berthing 10,000~D.W.T coal vessels is planned to be
constructed approximately 500 meters northwest of the coal storage yard,

adjacent to the canal's dredging limit line.
(1) Required Space of the Power Station

The_areas;réquifed'for the construction of the power station are as
follows -:apprbximately 81,000 n? as a plant area for 2 units,
approximately 26,000 m? for .the coal storagé yard, approximately
230,000 n? for the ash disposal area, in a combiﬁed total area of
337,000 m?, TFor information, when the No. 3 and No; 4 units will be
added in théf £uture,‘ the = total area increases to approximately
620,000 m? inciuding spaces for an extension plant area, coal storage

yard, and a switchyard.
. A2) '_Switchyard

.The.switchyérd_shéll.be constructed at the northeastern extremity of

the power station site.
(3) Water Intake and Discharge

.To prevent warm discharged water from entéfing the water intake, the
water intake‘for taking in condenser cooling water shall be installed
at the'. n_ort'he_x.‘n extremity of the power station site, or on the
Cristobal:”ﬁafﬁbur'hside;_ and the' diséhéfged water outlet shall be

"1n§talled-at.thé FrénéhﬂCanal'which'ié located at thé northern extre-—
mity of;the site, '

However, various water—intake equipment such as rotary screens and

"-'mesh"scfeeﬁs 5sha11 “be ‘iﬁstalled- at ‘the ‘intake ‘pump pit which is

7~ 39



(4)

(5

(6)

(1

(8)

located in close proximity to the powerhoﬂse to ‘facilitate -the moni=-

toring and removal of refuse, driftwood, sea weed, etc,
Powerhouse

The powerhouse shall be constructed in the northéas;ern section of the
power station area. A space for future plant expansion shall be

planned to be secured on the east side of this section.

Principally, the turbine facilities and the cehtral'control room, etc;
shall be installed inside the powerhouse and the coal buhker, boiler,
dust collector, etc. shall be installed outdoors on the southwestern

side of the powerhouse, adjacent to the powerhouse,
Administration Building

The administration building shall be iInstalled midway between the

front'gate and the. powerhouse, or on the southeastern side of the

. switchyard extension space,

Water Facilities

‘A1l water facllities such as water tanks, demineralization house,

demineralized tanks, and waste water treatment facility are collec—

tively installed on the western side of the power generating plant.
Coal Handling Control Building

The building shall be constructed in a location which is close to both
the coal unloading jetty and the coal storage yard to facllitate the

recelving, storage, discharge and ash handling.
Fuel Storage Facilities
a) Coal

Coal shall be unloaded using a coal unloader installed at.the coal
.unloading jetty, and then transported to.the coal storage yard by

a belt conveyor.

An area of approximately 26,000 m2 must be acquired .for the

construction of the coal,storage_yard_with-a capacity of 63,000
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9)

tons on the assumption that 1t 18 necessary to store 45 days'

amount of coal consumption,
b) Heavy oll

Heavy oil shall be tfansﬁorted from Panama Refinery using oil
tankers, and then stored in the heavy oil tank via the oil
unloading facility installed at the coal jetty.

Ash Disposal Area

All of bo;h_clinker aqh and fly ash ghall be humidifying and then

transported to the ash disposal area using belt conveyors.,

An area of approximately 230,000 m2 pust be acqulred for the No. 1 and
No, 2 units on the southwestern side of the heavy oll~tank vard and

the coal storage yard.,

7.3.3 Powerhouse Layout

(1)

(2)

(3

)

(5

The turbines, generators and of their equipment. shall be of indoor

types while the bunkers, puiverizers, and burners shall be of semi-

‘outdoor types. The boilers shall be of an outdoor type.

Thé turbines and generators shall be installed in a T-type positional
relationship with respect to the boller.

The coal bunker. shall be of a front bunker type.

The layout of each individual équipmént should be decided with easy

assembling, disassembling and transportation in mind.

For the carryihg—in and taking-out of large-sized equipment, an
entrance common to both No. 1 and No. 2 units shall be conetructed on

the sidé-of the No, ‘1 unit, Iﬁ addition, the overhead traveling crane

N shall be installed in such a way that it can be travelled for both No,

(6)

1 and'No. 2 units,

The steam condenser shall be installed at a right angle to the shaft
of the turbine, In addition, a tube-drawing door shall be installed

in the wall of the powerhouse so that its condenser tubas can be easily
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(7
®

(9)
(10)

(11)

(12)

(13)

(14)

extracted and replaced with a new one in the event of a leak in the

tube,

The deaerator shall be installed on the fifth floor in order to secure
a sufficlent net effective suction head for the boiler feed water
pump ' o o
Tnstrument, general-service compressors, and emergency diesel engines,

as well as boiler feed-water pumps shall be installed inside the main

building in order to reduce noise.

Other equipment to be installed on the first £loor includes condensate

pumps, cooling water pumps , cooling water coolers, ‘turbine oil tanks,

:etc.

'Major;equipment'to be instalied on the second floor includes alr ejec~
tors, gland steam condensers, high-pressure feed-water heaters, low-

pressure feed-water heaters, switchgears, batteries, etc.

On the third floor, the steam turbines, generators, control room,

‘relay room, locker rooms, shower room, etc. shall be installed.

A turbime oil storage tank, main transformers, station-service trans-
formers and starting transformers shall be installed on the northern

outer wall of the powerhouse.

Since the bunker shall be of a front bunker type, a set of pulverized
coal firlang equipment consisting-of'the coal pulverizer, coal feeder,
coal blowers, etc. can be 1nstalled in close proximity to the boller.
This equipment layout minimizes the need for fuel transport pipes and
thereby contributes to decreased equipment and facilitywinstallation

costs,
A roof shall be installed above the bunkef cﬁémﬁér in otdef-to prevent
the bunker and coal feeding pipes from getting clogged ‘up by excessi—

vely molst coal,
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7.3.4 - Civil and Architectural Structures

(1) Condenser Cooiing'wéter'Eacilities

a) Locatiom

b)

It has been°50 decided'thgt”the intake will be located in the west

of the bowér-plant in such a_pbsitibh that i3 the nearest to the
powgf plant. It has been so dicided that the outlet will be
lqcatéd ohﬂtheQFfénch éanal'in the=éast of the power plant so that
it may.be free froﬁ the iafluence of fecirculation of discharged
warm cooling wéter. ‘1t 1is exbected that the above.location will
be. useful for water quality’ improvement in the French Canal which

is a closed water area.
Intake and pump pit

The intake has been designed in a surface water taking system

under the following conditions;:

1) The intake fronts Limon Bay where waves are comparatively

moderate.

2) . There is no bossibility of recirculation of discharged warm

_cooling water. (Refer to Appendix 1I),

The intake, screen pit and pump pit have been designed to form a

'single system from the viewpoint of power plant layout, elevation

of - the site, spéée for.cooling water system and economics, in a
reinforced concrete structure of 10.0 m (W) x 9,00 -~ 11,20 m (H) x
24,00 m (L) with fouhdafidn sﬁpported by concrete pile, as shown
in Fig, 7.3.4(1) ~ 7.3.4(2).

. The front of the -intake is a coast with moderate slope and
‘therefore it is_qeceésary to excavate the front and to dredge
aﬁ open waterway for.ensurihg the stabilized supply of cooling
“water (Q ='8.0 m3/sec) which is necessary for this Project. It
has been 'so decided :that"t‘:ne_'_bpéning'of the intake will be
equipﬁed'wifh'a'wing wall of steel pile type sheet pile for

protecting the slope of the open waterway.
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c)

d)

+ The front wall of the opening has been designed to minimize the
waves iunvading inside from the opening, by lowering the wall

‘height about 1 m below the low water level.

. The screen pit has been provided with 2 berth screens with rake
and rotary screens, as well as water drains for drying the

screen pit in reparing the screens,

Flow rate of water in approaching the screen has been designed
to 0.3 m/sec, taking into consideration the filtering capacity

of the screen.

.- The hydrodynamic calculation with.reSpect'to the pit and pump

pit considers a 10 c¢m buildup of marine growth,
Condenser cooling water pipes

. Condenser cooling water pipes have been designed as underground
pipes on a reinforced concrete foundation supported by concrete
pile at a 6.0 m interval, with steel pipes across the road

strengthened by reinforced concrete.

. The thickness of condenser cooling water pipe has been decided,
tazking into investigation such factors as buckling, tensile
stress due to inside water pressure, maximum deflection, maxi-

mun stress due to external Ioad, etc,

. The hydro-dynamic calculation considers mno marine growth

buildup inside the pipe.

. Lining of steel pipe is tar-epoxy coating on interior surface
and coal tar and enamel  glass cloth. (double) on exterior

surfaces,
Discharge channel and outlet

. The discharge channel which is a.waterway'frcm the discharge
pit to the French Canal'_thro@gh the dischargé _channel and

outlet has been designed as a reinforced concrete-strudture.

. As for the construction, the discharge ‘channel has been

designed to form a reinforced concrete culvert which is advan~
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e)

£)

g)

. tageous in economics over the underground pipe system, with

foundations supported by concrete pile.

The water flow in the discharge channel has been designed as an

open waterway flow from hydrodynamic consideration.

- The. hydrodynamic calculation considers ne marine growth

* buildup.
Temporéfy coffering

The temporary coffering which comprises such supports as steel
sheet piles, wales, - struts, intermediate stays, etc. shall be
constructed inm the intaké, discharge pit, discharge channel and
outlet where excavated‘ﬁottom is so deep that undérgroﬁnd water

must be drained when constructing the above-cited structures.

In the case of the condenser cooling water pipeline which will be
installed in an open cut, the ground water level shall be lowered
by constructing well points for stabilizimg the excavated slope

face.
Protection against corrosion

Steel pipe type sheet piles in front of intake and sheet piles in
front of outlet shall bé protected against corrosiom in such a way
that their heads + 0.0 m above the sea level are covered with
concrete while submerged parts are applied with aluminium alloy

anodes against corrosion.
Summary of the condenser cooling water facilities

The outlines of the above-cited design are shown in Fig.

7.3.4.(4), (5) and Table 7.3.4.(1).
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Table 7.3.4 (1)' Summary of the Condenser Cooling Water Facilities

 Ttems Desgriptidn‘
Intake & pump pit
a) Type Reinforced cohcrété structufe
b) Dimension width 10,0 m
Height 9,0 - 11l.2 m
Length - 24,0'm
intake plpe line
4) Type Embedded steed pipe
.=b) Diménsionr Inner ﬁiaméter-'l.ZO "
. _ Length-mean - 130 m ¥ 2 lines
Output”éiﬁe.iihe
a) Type Enbedded steel pipe
b) Dimension Length 166 m x 2 lines

Discharge pit

a)

b)

Type

Pimension

Discharge channel

a)

b)

Dimension

Cutlet

a)

b)

Type

Dimension

Reinforced concrete structure

Width 6.40 m

Height .~ 8.40 m
Length 13,40 m

Reinforced concrete structure

Inner width 2,00 m
Inner height 2.00m
Length ©120 m 'x 2 lines

Reinforced concrefe structure

Width 6.40 ~ 12,40 m
Height 6,00 m

Length 18,60 m
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(2) -Coal-Unloading Jetty

a) Jetty location and direction

.Foilowing cbnditiohs are taken into consideration for deciding the

jetty loéation plan.:

i).AVgilability_ of a straight course of ample length from the

hﬁrbct entrange to the:jetty.

ii) FeasiBility of securing a water area with ample depth for
operating a 10,000 B.W.T. coal vessel in the front of the
jetty, -

111) The location. should be such that permits a free operation of

the Panama Canal,
iv) The location should be the nearest to the power plant.

The'iocatibn'whfch.satisfies the above requirements is as shown in
Fig. l.l.near_the bhorder of the dregded area (-12 m - ~14 m) in
‘Cristobal nghouf, with the jetty direction parallel to the
drgdingilimit.line,.

This location Tepresents a water area in the recesses of the Limon

Bay _ﬁith ;the harbour entrance protected by the west and east

__breakwater from the open-sea waves behind the gquay of Cristobal

b}

Harbour.

-1t is desirable 1if the jetty direction is parallel to the pre-

vai}ing_,wind_ direction in this territory, viz., north and/or

north-west,

The direction is a _.matter of comparatively 1little importance,
hdﬁevet;'since in this territory the wind data indicates a relati-

vely'1ow'ﬁind_velo¢ity'and meanwhile the prevailing wind tends to

“push eoal vessel ‘to ‘the jetty.

-Geolbgic”coﬂditibns-

The sea-bottom gedlogy beneath the jetty is a Gatun layer or a

" bedrock on which lie a very compact Granular Coral.layer of about
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c)

18 m thickness (N value 50 or more), hard Clay layer of 3 - 8 m
thickness (N value 15 -~ 22) and soft Loam layer of 2 - 4 m thick-

ness, Iin this order from bhottom to top.
Design

« The jetty has.been designed to berth a 10,000 D.W.T coal vessel
and a 1,000 D.W,T oil tanker with a space to permit two coal
unloading machines to fun and operate and with a capacity to

gupport thelr load.
-~ The length and type of the coal unloading jetty '~

The length and type of the coal unloading jetty have been

designed 1in accordance with the fbllbwing requirementsi

i1} Length of the jetty is required to approkimately eqﬁal the
length of the ship, from the viewpoint'of coal ship hatch

position, unloader wheel position and dimensions.

11) Since the bow and stern ropes serve to prevent the ship from
moving either forward or rearward and to retain her in posi-
tion, it is necessary to run them at the.anglé upto 30° with
respect to the jetty longitudinal direction,

The above-cited requiréments have chosen the type in which a
jetty whose length approximately equals that of the ship (150
m) 1s equipped with two units of dolphin.

. The mooring position of the 1,000 D.W.T oil tanker has been

designed in accordance with the following requirements:

1) The tanker should be moored nearby the coal unloading belt
conveyer so that the length of the oil pipe 1line is

shortened.,
ii) Bow and stern ropes should-be_run at the angle upto 30°,

iii) The Bollards for the 10,000 D,W,T coal vessel double the

mooring poat for the tanker,
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iv) Fender should be arranmged .s0 that it is set on the point of
about i/4_of the ship length,

The above-cited requiréments led to the selection of the oll
tanker mooring polnt as shown in Fig. 7.3.4(6), thereby Blocks
No, 2 through No. 6 are provided respectively with a fender te
the oil tanker. '

Since the 1,000 D.W.T oil tanker has less upperworks than a
coal vessel, the jett? fender attaching mark must be marked so
that 1ts lower frame is about 1 m lower than normal, and the

fender length increased by 1 m.

Since the belt conveyer connects the jetty with onshore facili-
ties, the personnel for daily inspection can approach to the
jetty by walking on. the walkway along the belt conveyetr, It
1s, however necessary to arrange a boat to carry the materials
and products between the jetty and the onshore facilities and
the crew for boarding and leaving. The boat landing point has
been preparéd by extending a part of the rear of Block No. 10.
The boat landing point on the shore side will use the existing

harbour fécilities which are not included in the Project.
- Jatty structure -

The jetty structure is reqhired to - safely support the super-
structures under the surcharge, e.g., 200 dead-weight-tons
unloaders and belt-conveyers, etc,, without differential

settiement.

To satisfy the above-cited structural requirements, the jetty
has been designed as a pile-structure jetty with reinforeced

concrete, cross beam upper structures.

- Selection of pile matérial -

The steel piles which ensure the construction of long pile at
the sea, good installation of piles into rigid bearing strata

" and high durabllity of piles have been selected. The selected

steel piles are characterized by fillowlng factors:
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i) High support strength permits the plle installation into

rigid bearing strata,'promising-great'beariﬁg'force.

i1) High sectional rigidity and resistance against bending

moment promlse ample lateral resistance.

ii1) Easge in pile iength ad justment by weldihg_im the case of
bearing ground undulations requiring to adjust pile length.

iv) Base in connecting the pile with upper structure By welding
iron reinforcing bars to the top of the pile,

v) Meanwhlle steel pipes suffer a demerit, which is corrosion.

Therefdte'50cﬁ péfté.beSteel piles that are'sﬁbjécted to the
maximum rate'éf'corrosion due to seé—ﬁaﬁer splash and exposure
to the tide should be protected by mortar, whilelthe other

‘parts of the piles under the séa‘sufface protected by applying

aluminium alloy anode against corrosion;
-~ Jetty design -

" Table 7.3.4.(2) shows the coal_unioading jetty désign con—
ditions and Table 7.3.4.(3) the sequence of design,

As for the superstructures,'taking temperature vdriations and
englneéring into consideration, 10-block construction is
adopted (each block size : 15 m-L x 17 m W). Superstructure
beam section has been examined in ‘such a way that-'section force
is computed with respect to unloader beam, crossheam, stringer
and each train of piles so that sectlonal configurations are

détermined,

As for foundation piles, pile diameter and. pile material
thickness, etc. have bheen determined on the basis of examlna-.

tion results on crossbeam line,
It is necessary to drive piles into rigid bearing strata to the
prescribed depth of penetration for the‘éaké of séébility of

upper structures,
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“Table 7.3.4 (2) Design Condition

Ttem

Design Condition

Sea level

‘Wind velocity

Design horizontal
selsmic coefficient

Depth of berth

Size of ship

Surcharge

H.W.L. + 0,34 m, L,W,L. - 0.03 m

'Ofdinary 6 m/sec

Storm. " 20 mfsec
001 g
9,00 m

10,000 D.W.T. Coal vessel
1,000 D,W.T. ©O1l tanker

° Coal unloading machine (250 T/H)
Dead weight 200 T/unit x 2 units

% Belt conveyér (600 T/H)

' Berthing veloclty of ship

10,000 D.W.T. Coal vessel : 15 cm/sec
1,000 D.W.T. 0il tanker : 30 cm/sec
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Table 7.3.4 (3) Sequence of Design

Design Conditions

Assumption of the Size of One Block and

the Section and Arrangemeat of Piles

Assumption of Dimension. of

Superstructure

Stability Calculation of ‘Retaining

Part
Arrangement of Mooring Calculation of Dead Weight
Posts and Fenders of Superstructrue

Calculation of besign External Forces

Surcharge. ' Seismic Force
Vertical 1Live Load Horizontal Wind Load (for crane, etc.)
Force - {truck, crane, Force Berthing Force

etc.) _ Tractive Force

Assumption concerning Sea Bottom Ground
(Virtual Ground Surface XK. Value)

Calculation of Vertical Force, Horizontal Force and Bending
Moment Acting on Each Pile

Examination of the
Stress of Pile Section

[Calculation of the Embedded Length
of Piles, Bearing GCapacity
Horizontal Force

Examination of the

| Displacement of the Jetty

Examination of the Stability against the Uplift of

the Superstructure and Access Bridge

Detailed Design
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While in the jetty territory well compact granular coral strata
of N value > 50 provide ample rigidity as the pile bearing
gtrata, they are too hard for normal pile.driviﬁg ﬁrocedures
to drive a pile to the'specified depth of penetration. Tt is
.ﬁherefére so'deéigned as to drive piles in this area by exca-

vating the_ground in the steel pile,

The outline the results of above examinations are shown in
Table 7.3.4.(5) and Fig. 7.3.4.(7)=(8).

As for the surcharge which is an element of design conditions,
“since unloader load may possibly vary with various manufac~
tdrers,_ it will be necessary to do an examination of the
detailé& dééigﬁ on the basis of load specifications after the

manufacturer nomination,
d) Pier 16

About 1 km north from the site, there exists a 1910s—constructed
jetty (Pier 16) which is a reinforced concrete structure on

concrete piles.

Since the use of this jetty as a coal unloading pier for the power
plant will contribute much to economics, the durability study was
carried out during the loecal investigation, chiefly by visual
observation. The study has revealed the inadequacy of the use of
Pier 16 as the coal unloading pler for the power plant due to the

following reasons @

-~ A great number of cracks has developed on the superstructuré
concrete beam due to the corrosion of reinforclng steel bars
and steel skeletons in the concrete, leading partly to the
flake—off of the concrete, with. considerable structural
deterioration, 1t is deemed difficult to use Piler 16 in such a

'féonditidn ‘for coming several decades under "heavy loads of

Luﬁlbading machines and 6ther.équipment.
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(3) Coal Storage Yard and Coal Drawout Culverts

d)

b)

_Geological_conditioas

The geology of thé grbund under the coal stofﬁge yard is.a Gatun
layér or a bedrock on which lie a hard clay layer of about 4 m
thickness (N value 7:~'22), very compact Sand with Coral Fragments
layer (N value 27 - 82) of about 5 m thickness and Fill layer (N
véiuewZ - 4) of about 7 n thickﬁésé in this_order from bottom to

tope.

Design

The outlines of the coal storage yard are shown in Fig, 7.3.4(9).

The coal storage'yafd geologic conditions consist-of a soft layer
of about 7 m thickness from the ground surface, as cited above,
The slide destruction investigation was conducté& -assuming the
coal pile height of 5 m and using the original ground parameters,
which has revéaled that the_slide_takeé place when the safety fac-
tor decreases below the design condition (Ta51e~7.3,4(5)). To
cope with the -situation, investigation was éohducted from the
viewpoint of coal storage yard constructionydﬁration and econo—
mics, which has decided to construct the undergroun& belt conveyer
culvert using the sand compaction method while thé coal . storage
yard, sand drain method from the consideration of the three-month .

pre—~loading term.

The sand drain methed is one which increases the ground strength
by . producing the compaction settlement in a brief time under the
surcharging soil by constructing sand piles in the soft ground

while excavating drains for compaction seepage. '

The Saﬁd éqmpaction method 1is one ‘which serves to increase the
gfqund_bgaring force and to bfévent phe‘slide from_taking place,
by eﬁhancing thé whole ground-shéaring‘registance'by_driving sand
into the soft grouﬁd by aﬁplying eithéf vibration or impact load
to form large~diameter, compact sand piles so that they may com-

bine with clay to form a composite ground.
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(4)

(5}

Table 7.3.4 (5) Design Conditions

Ltems

Load condition Coal pile height t H= 5.0 m
Coal pile width : 160 m x 160 m

Weight per unit measurement : vt = 0.8 t/m3

Design condition | Safety factor with respect to slide
destruction

Normal condition : Fs = 1,20 or more

Farthquake condition : Fs = 1.00 or more

Land Reclamation

On the basis of P.C.C. topographical map (scale 1/1000) and the result
of field investigation, the ground height has been determined to +4.0
m, taking into consideration the earth materials equilibrium between
excavation and land-fill in the power plant site. It may be nonethe-
less necessary to make further investigation by conducting a
topographic survey around the site in the detailed design stage; since

thig Project has chosen the power plant site on the PCC coral pit.
Ash Disposal Area-

An onshore ash disposal area has been planned from the consideration

of ecological and economic advantages.

An embankment, about 1.5 m Height x 4.0 m Top Width, will be built

around the ash disposal area to prevent ash from leaching.

Rainwater in the ash disposal area will be discharged out of the ash
dispoéal .area after solid suspensions 1in the rainwater have been

removed in a sedimentation basin.
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Fig. 7.3.4 (2) Section of C.W. Intake and Pump Pit
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Fig. 7.3.4 (3) C.W. Pipe Layout
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