Fig. 7.3.4 (4) C.W. Outlet
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. | Fig. 7.3.4 (5) Section of C.W. Outtet
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~ Fig.7.3.4 (7} Plan and Front of Coal Unloading Jetty
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- Fig. 7.3.4 (8) Typical Section of Coal Unloading Jetty
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Fig. 7.3.4 (9) Coal Storage Yard and Coal Handling Facilties
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7.3.5 Water for Power Plant

In addition to condensor cooling water, the power plant needs boller feed
water, bearing cooling water, drinking water, miscellaneous water and fire
extingulshing water. Fortunately, Telfers Island site has the Mount Hope
Water Treating Plant in its adjacent area, which has about 500 tons of
water avallable for the power plant, ensuring water supply by installing

pipelines.

Water produced from Mount Hope Water Treating Plant is drinkable and
requires no particular treatment before using as plant water except 1n the

case of boller feed water.
Water requirements for power plant are classed by quantities as follows:
(1) Water Requlrements
a) Boiler makeup water (demineralized water)
Qb =.Z X Bm x

Qb : Boiler makeup water (t/day)

Z : Boiler evaporation from 2 boilers per day (t/day)
= 240 t/h x 24 h x 2 units

Rm : Makeup ratio 0.8 ()

: Allowance 2

240 t/h x 24 h x 2 unlts x 0,008 x 2
184 t/day

1

b

b) Cooling water for bottom ash hopper and makeup water for seal

water (Fresh Water)

Qh = Qc x Rm

.

Qh : Cooling water and makeup water for seal water (t/day)
Qc : Circulation water quantity for two boilers per day
(tfday) = 20 t/h x 24 b x 2 units

Rm : Makeup water ratlo 10 (%)

7-175



c)

d)

£)

]

20 ¢/h x 24 h o x 2 units x 0.1
96 t/day

Oh

1

Humidifying water for fly ash (Fresh Water)

Fly ash 1is humidified to 2072 of wuolsture conten;  by using a -

dustless unloader.

Quantity of humidifying water is:

Qw = Qf = W
Quw : Quantity of humidifying water C (e/h)
Qf : Treatment quantity of fly ash (t/day)
= 10 t/h'x 10h o s
W : Necessary moisture conteunt _ 20 (%)

Qw : 100 tfday x 0.2 = 20 t/day
Living water (Fresh Water)
QL = Np x C

QL : Quantity of living watér .‘_ _ V(t/day)
Np : Number of personnel
= 400 persons

C : Consumption 0.15 t/day/person

QL = 400 x 0.15 t/day .
= 0 t/day

Miscellaneous—use water (Fresh Water)

Quantity of miscellaneous-use water such éé for washing equipment

and floors are estimated to two tons/h per unit,

it

Miscellaneous water Z_t/h X 24 h x 2 unlts.

96 t/day

I

Makeup quantity of'bearing cooling water (Demineralized Water)

Q= 0Q x Rm
Q : Makeup quantity of bearing cooling water (t/day)
Qc : Quantity of cooling water circulation (t/day)

7 -~ 76



g)

= 600 t/h x 24 h:x 2 units
Rm : Makeup ratio 0,001

Q = 600 t/h x 24 h x 2 units x 0,001
= 29 t/day

Others (Fresh water)

- Plantation sprinkler = 2 t/h ¥ 12 h

.= 24 tfday

Total of a) to g) @ 509 t/day

Requirement of water for power plant is estimated to ahout 500

t/day per two unlts.

(2) Capacity of Service Water Storage Facilities

a)

b)

Service water tank

Two unlts of 600-ton service water tank shall be installed to
maintain. the power plant operation in the case of Mount Hope Water.

Treating Plant failure in supplylng water,
Drinking water tank

It is estimated that the drinking water consumption will accounts
for 15 t/day per unit of the living water. Drinking water tanks
shall be installed in such a way that each unit is provided with a
head. tank whose capacity equals 1/3 of daily requirement of
drinking water,

Capacity of drinking water head tank = ~E§—E—-= 5t.

(3) Capacity of Demineralization Plant

a) Deminefalization plant

Demineralized water consumption in normal operation is estimated
to total 213 t/day for two units, which is broken down to 184
t/day of boiler makeup water and 29 t/day of bearing cooling

makeup water,
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b)

Cépacity of demineralization plant is as follows, taking into con—

sideratlion the allowance for boiler blow: .

20 t/h x 1 Iine = 20 t/h-x 20 h

400 t/day

i}

i

Capacity of demineralized water tank

On the conditlons that one boller has been blowing and filling of
water simultaneously with the other boiler has been makeuping the

capacity is as follows:

Capacity of demineralized water tank = Blowing:and f1lling of
boiler water " (t/day) + Maﬁeﬁp of boilér water (t/day)

= (240 t x 3 times) + (97 t) = 817 t/day
817 t/day x 1.5 = 1,226 t.

Hence, two 600~t demlneralized tanks are to be prOVided.
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736 Fuel Facllities

(1) Tuel
The Project will use coal from Columbia, Cerrejon Coal, as the main
fuel, and, in order to avold difficulties in coal supply due to the
pblitical uncertainty,}strike,ietc; in the coal supplying country,
designate ﬁot'ohly Coluﬁbia but also the East America as the source of
~ supply of the coal, The power plant:will use the 50-50 mixture of the
Columbia and American coal as the specified coal, using an auxiliary
fuel the heavy oll from Panama Refinery, Bia Las Minas,
{2) Fuel Properties
a) Coal
Table 7.3.6 (1) Specification of Cdal and Ash specifies the plant
coal,
Table 7.3.6.(1) Specification of Coal and Ash
Item Unit _ Value
a) Gross Calorific Valwe  |kcal/kg| 6,600 (6,300-6,900) (A:D)
b) Total Moisture o % 9.0 (10.0-9.0) (A.R)
¢) Surface Moisture & % - 5,2 (8,5-1.9) (A.R)
d) Proximate Aunalysis _ S '
Inherent Moisture % 4,0 (1.6-7.2) (A.D)
Ash S % 13.0  (16-10) ")
Volatile Matter 4 35.0 . (33-37) ")
Fixed Carbon % 48.0° (49.4~45.,8) (")
e} Total Suffer A 1.0 {(1.0-0.8)
f) Tota]. Nitrogen . Z ) 1;5 (135_1 03)
g) Hard groove Index: | : 45 = 55 (45-55)
h) Fusion Temperature °G 1,300 - 1,400
S S e - o (1,400-1,300) (1.D.)
1) Specific Gravity of Ash | gr/cm? 1oh = 1.5 (1.4-1,5)

Note: ( } Range of designed value
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Item Unit Value
Composition of Ash o _
5104 2 58,3
A1203 N S 26.4 .
‘Fep04 - - 6.5
Cal % 1.6
Mg0 S A 146
N320 . ;% . . 0:,8
KZO z . 2.2
SO3 . _z . X 1 _13_
Ti0y Ao 0.8
Others i 0.2
Note: R As received

AR
A Aly driled .
I.D Initial deformation

b) Heavy oil

Properties of heavy oll used :an: boller :aUXiliary"fuei are as

follows:
Table 7.3.6 (2) Specification of Heavy Oil

Item o  Unit — Vgiﬁe'
Sort . o o " Bunker C
API gravity at 60°F . R &1
Flash point PM°F i : L 172,
Surfur content - wtZ 2.1
Visc, SSF at 122°F : ‘ 169
Pour palnt - = - . °F: . 2500
B.S W _' o . o % ) - 7: 0105
High heating value Btu/Lb 18,790
S ' = . © (10,439 kcal/kg)




(3) Fuel bonsuﬁPtiOn :
_a); Coal

Following eduations 'exﬁreés tha 6051 éonsumption of the power
-plant whose annual capacity factor 1s 68.5% with annual averaged

thermal efficiency of 35.0%:

Wh = Pg x 860/ p x Hﬁ'

Wh Coal consumption (t/year/z units)
Pg ¢ _Generating end output (MW)
p. : Annual averaged ‘thermal efficiency _ C35%
By : Gross Calorific_Valﬁe'(A.D Base) 6,600 kcal/kg
75MW % 860

M = 5,600 x 0,35 - 27+9 t/h/unit (A.D)
o 55,8 £/h/2 units (A.D)

yearly consumption is,

Wy = Wh ¥ Hy x Fa

Wy : Coal consﬁmﬁtion (t/yen/2 units)

Hy Yearly hours 8,760 h
Fa : Annual capacity factor ' 68.5%
Wy = 55.8 t/h x 8,760 h x 0.685 = 334,800/2 units (A.D)

'Siﬁc§%heavy'6il'is burnt at the rate ‘of éveraged 5% of coal

per yéaf; actual coal consumption is:
334,800 t x 95% = 318,100 t (A.D)

*'Since average surface molsture of as received coal is 5.2%,

the coal quantity is:

318,100 ¢ -
T 335,500 t (A.R)
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b)

Heavy 0il

Since heavy oil accounts for 5% of energy supplied by coal, the

heavy oll

Wyo = Wyce

Wyo:
Hye:
Hhe:
Hho:

= 334,800 t x 0,05 x

= 10,

congumption isi

% 57 % Hhe
Hho
Yearly heavy oil consumption
Yearly coal consumption

Gross calorific valdg of coal

Gross calorific value of heavy oil .

6,600
10,439

600 t

_ t/y/2 units
334,800 t/2 ults
6,600 kcal/kg
10,439 keal/kg

Since, mixed combustion of heavy oil for coal is 50%, heavy oil

consumption per hour is:

Who = 55.8 t/h x 50% x

6,600
10,439

{4) Coal and Heavy 01l Unloading

a)

anl.unloading

= 17.6 t/h/2 units

Coal 1is transported on board of a 10,000-DWT coal vessel which is

berthed aiong the power plant coal unloaﬂing jetty-where the coal

‘is unloaded by two coal unloaders on the jetty onto . the belt con-

veyor on the game jetty and delivered to coal storage yard.

1) Capaclty of coal unloader:

The capacity of coal unloader 1s determined by the following

equations:

Cu

Cu

Q

N-T- te W

Nominal unloading capacity
Annual handling capacity

Annuai unioading days available’
Working hours per day

7 - 82
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Actual working hours (year)

it

Operation efficlency

Annual Working hours
= 0.67
w ¢ Unloading éfficiency _ Actual unloading capacity

Normal unloading capaclty
= 0,65

_N = Annual working days - Unworking days

Uﬁworking déys = Festivals (&) (13 days) + Sunday {52 days) +
Bad—-weather days invalidating coal unloading
operation (C) (30 days) 4+ Unloader inspeétion
days 1nvalidating the coal unloading opera-
tion (D) (20 days) + Accidents (E) [(365 days
- A-3 - D) x 0.03 = 8 days)] = 123 days

Hence N = 365 days ~ 123 days = 242 days

= = = 0.67
t ‘ R h s

“Annual actual working days = [Working hours per day
(12 ﬁ) - Lunch time (1_H) - Inspection of unloader and
replacement of work (3 h)] x 242 d

(12h = 1h=-3h) x 2424

1,936 h

Annual Working:houfs = working hours per day (12 h) x
242 4

Therefore, capacity of coal unloader 1s:

- 335,500t
T 2424 x 12 h x 0.67 x 0.65

" Cu = 265 t/h

Hence, installation of 300 t/h x 1 set or 150 t/h x 2 sets of

coal unloader are considered.

Berthing days (Dh) in the case of installation the 300-t/h

coal unloader is:

o 10,000 t
"~ 300 t/h x 12 b x 0.67 x 0.65

Dh
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b}

2)

Providing allowance for actual berthing and deberthing days -
for ‘a vegsel to be 7 days, since the number of coal vessel in

berthing and deberthing will account for 34 vessels, the Berth

_Occupation,Ratio_(p) ig:

_ 7 d Q 34 vessels
242 d

.= 0.98

which is 50% over'théfnormal'bérthroccupation ratio. Since,
however, this jetty is- used chiefly as the coal unloading

jetty, using =" 50 ?

Berthing dayS-(Dh) is:

242 d x 0.6, o
Db = = vessels 4e3d

Hence, coal unloader capacity (Cu) is:

10,000 t° - '
B = 3T T2 % 0.67 x 0.65 ~ 445 t/n

Hence the total capacity of coal unloader 1s 500 t/h. Taking

~into account the time required for periodical inspection of

_ the @ﬁal unloader, two sets_of'250 t/h coal unloader should be

installed.
Capacity of bhelt convéydr

The belt conveyor on the coal unloading jetty shall be
designed to 500 t/h x 1.2'="600“t/h'in;¢épééity.

Héavy oll unloading

Heavy oil (Bunker C) 1s delivered from Panama Refinery on board of

a 1,000 t tanker into heavy oil tank via heavy oil unloader ~systen

on the coal unloading jetty.
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{5) Delivery and Storage of Fuel in the Power Plant Site

a) Coal

b

2)

. Space féquired =

Delivery to the coal storage yard

Uﬁlﬁa@éﬂ_éﬁﬁo_thg'belt éﬂnveybr on tﬁe coal jetty, the coal is

,dgliveféq.#ia be1£ c0nveyor (600 t/h) in_tb the coal storage

-jard' where 1t 15 scattered over the yard by means of a

tripper.
Sforage capacity

Due to”complexitiés of factors, e.g. coal quantities on board
of ship, power plant perlodical inspeétion, variations of fuel

consumption, mariﬁe_metéorologies, etc., the storage capacilty

" is shown by the following equation:

Storage cépacity Fluctiations for fuel consumption (1 month)
-+ Minimum-rgquired storage (0.5 months) =
1.5 mornths

= 55.8 t/h x 24-h x 45 days

= 60,264 t (A.D)

60,264 PV

G.948 t —763,67(.}0 t (A.R)

Aésuriing the coal sﬁecific'gtavity'O;Q t/m3 and pile height
5 m, ' '

63,600 2
TH5x5 " 14,130 m

Sinde'the'fuel is a mixture of two typés of coal,

-Pfoject spécé.= Réquifed spéce x 1.5 = 21,200 w2

£150m x 150 m
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b) Heavy oil
1} Heavy oll storage

Two units will comsume 10,600 tons of ‘heavy "oll per year,
Assuming that one of two units is operated under a 50% load
for one week and the otﬁer is opérated under.a 54 load for one
" wesk, the heavy oil storage is shown by the Ffollowing

equations:

° One unit operated for one week under a 50% load:

6,600 kcal/kg:
10,439 kcal/kg

27.9 t/h x x 0,5x 26hx74d

1,482 t : : 1

° The other unit operated for one week under a 5% load:

17.64 t/h x 0.05 % 24 h x 7 4d

148 t 2

Total of 1 and 2 = 1,482 t + 148 t = 1,630 t

Hence tank capacity 1s 2,000 tons.
The tank shall be of cone roof type, with an about 20 m
inside diameter, oil tanker tommage shall be 1,000 DWT,

2) Heavy oll supply to beoller

Heavy oil is delivered from storage tank by a heavy oil pump
on the tank outlet into the bhoiler heavy oil burner and then
sprayed into the furnace by means of steam astomizing through

the burner nozzle,
c) Light oil

Light oil-for burner light-up and start-up is delivered by tank
lorrey inte the 200 kl storage tank, Light oil 1s delivered from
the storage tank by light oil pump on the tank outlet iﬁto light-
up burner and start-up burner from where sprayed into the furnace

by air atomizing.
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{(6) Fuel Han

a) Coal

1)

2)

light oil storage tank is of a cone roof type, with an about

inside diameter.

dling Facilities

Coal storage yard supply conveyor (BC-3)

Unloaded onto the coal unloading jetty, the coal is delivered
onto coal unloading jetty conveyor '(BC—l), marine conveyor
(BC-2) and then coal storage yard conveyor (BC-3). Conveyors
which are of stationary stacker type are provided respectively
with a tripper which scatters coal onto the coal storage yard

from a given point oun the conveyor,

Conveyors BC~1, BC-2 and BC-3 are each independently con-
sisting of one lineé whose delivering capacity is 600 t/h,

Coal storage yard draw-out conveyor {BC-4, BC-5)

Coal 1is delivered from the coal. storage yard by magnetic
feeders on the bottom of the three storage yard underground
hoppers onto the coal storage yard draw out conveyor from the
yard., The conveyor from the yard is installed in the coal
storage yard underground duct. Since the coal storage yard's

underground hoppers have their openings on the ground surface,

 they are covered under a simple-designed roof respectively so

that thereby ralnwaters are controlled from creeping into the
duct in heavy rains but that thereby buldozer operation may

not be affected. The conveyor from the yard is 250 t/h and

Vthe number is one.

3)

Crusher house

A _crusher house is installed on the downstream of the Conveyor
BC—S,.atcomodating a screen, crusher and return conveyor for

crushed materials.
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4)

5)

6)

Coal bunker room supply conveyor (BC-6)

Capacity of the supply conveyor is 250 t/h and the number is
1. ' ‘ '

Coal bunker hdpper supply conveyor (BG47A, 78)
The power plant_consumes a day per two units 1,413 t. of coal:

55.8 t/h

e x 26 h = 1,413

Assuming that the above-cited quantities of coal are fed into
bunker for 9.5 h (lunch time: 1 h. Inspection and shifting:
1,5 h) between §.30 AM and 6.00 PM, the capacity of the supply

conveyor will be: -

_ L 1 o R
Conveyor capacity = ~l£%§EE-= 202 t/h

202 t/h x 1,2 = 242 t/h & 250 t/h

Coal 1is fed into the bunker hopper by means of a tripper. on

the belt conveyor.

EBach belt conveyor 1s installed respectively on Unit No. 1 and '
No. 2 and the capacity is 250 t/h each.

Capécity of cdél'bﬁnkéf

Assuming that coal feeding 1s shit down from 6.00 PM to 8.30

AM in the next mornihg, one unit in this périod‘will consume :
29,4 t/h x 14.5 = 426.3 t,

Taking the coal specific graVity .as 0.9 g)dm3 and actual
volume ratio of the hopper as 0.8, the bunker capacity totals:

Lo x -l w502 m3 5 600 03 (Per two sets of

0.9 . 0.8 . .. .normal service bunker)

426 t x

600 m3 x 1.2 = 720 m3
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Since pulverized system consists of two normal service pul-

verizers and one spare pulverizer, there 300 n3 bunker hoppers

‘should be installed.

(7) Fuel Firing System

a) Coal systen

Coal feeder delivers coal from bunker into the pulverizer, where

it

is dried by hot ailr therein supplied and then pulverized bet-~

ween the balls and rings of the pulverizer.

Pulverizgd-coal is deliveféd into pulverized coal burner by*hot

alr . cited above.

Hor air wolume and pulverized coal quantities are controelled in

accordance with the load necessary for the boiler,

1y

2)

Coal feeder

Coal counsumption is calculated for the equipment capacity on
the basis of the maximum continuous load in the case of 36%
power plant thermal efficiency. The coal consumption as

'received basis is7

75 MW x 860 x 1.05

Wh = =50 x 0.36 x 0.948

= 30,1 t/h

Siﬁdé the coal feeder are equipped two normal service feeders

and one spare coal feeder, capacity of each feeder is:

30,1 tons

5 units - 15,05 t/set = 16 t/h/fset

Hence the feeder capacity is 16 t/h.
Pulverizer

16 t/h x 3 sets, as in the case of coal feeder, are installed.
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b)

3) Primary air fan
Each coal puiveriéer is pro;iéed Qith é primary.air fan,
4) Seal ailr fan
Each boiler is pfdvided'wigh two sets of seal_éir fan.
5) Pulverized coal burner ;
Tuel conéﬁmpfian;?er ugit Bﬁ Fﬁé:basis Of AD.ié:
30.1 t/h x 0.948 = 28.5_t/h 

Since there are 6 normal service burners, capacity per burner

is:

28.5 t/h:
6 sets

= 4.8 f/ﬁ/hﬁrﬁer‘= 5.0 t /h/burner
Each burner demonstrates thermal load of:
5.0 t/h % 6,600 Keal/kg = 33,0 x 109 Kcal/h
It means that aine 5.0 t/h burners are to be inmstalled.

Heavy oil system

Heavy ol1l, heated by suction heater in the tank, is heated by
heavy oil heater at'tﬁé-heav§3oii pump outlef.ﬁﬁtil it provides
such. a viscosity thét is éuitéd. for .thé spréy into ©boiler
controlled under a constant pressure at the outlet of the heavy

oll pump.
1) Heavy oil burner

Heavy oil burner 1s required a capécity equivalent to 50% of
the boiler load.

Heavy oil consumption per unit qnder 50% load on boiler 1s:
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. 6.600 _

8.8 t/h x 1.2 = 10,6 t/h
Since 9 heavy o1l burners are installed, each capacity will

be:

10,56 t/h

9 soLs = 102 t/h

Mganwhile the rélationship between boiler and coal burner may

sometimes reduce the heavy oill iight—up numbers,
Hence the capaclty per burner is:
1,2 t/h x 2 = 2.4 t/h

It means that nine 2.4 t/h heavy oil burners should be
installed,

2) Heavy oll pump-

~ Heavy oil consumption per unit under 50% load on boiler 'is
10,6 t/hs . It means that two 10.6 t/h H.0.P. should be

installed for two units,

- 3) Heavy oil heater -

Since heavy oil flow amount per two units is:
10.6 t/h x 2 = 21 t/h
one 21It/h heater.shoﬁld be installed per two units.
Light:oil system

Light oil is used for light-up the burner and startup the boiler,
Light 01l for light-up 1s delivered to each burner pressurized by
Tight o0il pump.

Light oil for ‘startup . is preésurizéd "by pump with pressure

adjusted to match the specified‘fiow amount and sprayed into the

furnace by air atomizing ffom startup burner.
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1) Light-up burner

None burners shall be installed per unit.

2) Startup burner

Each unit shall be provided with two startup burners.

3) Light oil pump

Two 1ight 0il pumps shall be provided for two units.

7.3.7 Ash Handling and Ash Disposai Facilities

(1) Ash Quantities

Since coal contains 13% of ash, ash-is produced per unit/hour at the

following rate:

27.9 t/h x 0,13 = 3,63 t/h

(2) -Ash Production Ratio

Following describes ash accumulations per place:

Item No. of Ratio .Accuﬁulatiohé_ Design Value
hoppers (%) {(t/n) (t/n)
(10
Chain conveyor 5 ~ 15 .0.36 0.54
(1.5)
ECO hopper - 2 - 3 0.05 0.11
(7.5) o _
Multicyclone hopper of 1 5 -~ 10 0.27 0.36
GRF
| (1) o
AH hopper 2 i - 2 10,05 0.07
{80) _ .
EP hopper 2 x 2 7% - 85 2.90 0 3.09
Total (100%) 3.63 ¢ 4t e
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(3

(4)

(5)

Since it is estimated that the ash production ratio changes as above

indications, design should use the upper value,
Ash Disposal Quantities

While the utilization of ash produced from the power plant under pro-
ject depending on future study, this present Study plans total ash to

be disposed.

It is estimated that ash production from two units in 25 years power

plant operation will account for:
/318,100 t/y x 25 years x 0.13 = 1,034,000 tons

Ash Disposal Area

Taking the ash specific gravity as 0.9.g/cm3 and pile height as 6 m,

necessary space of ash disposal area should be:

1.034,000
0.9 t/m3 x 6 m

= 191,480 m?.
Takiné 20% allowance into acgouﬁt:

191,480 m2 x 1.2 = 229,800 m2

230,000 m?

Ash Handling and Ash Disposal System

'a) Bottom ash (clinker ash)} system

1) Bottom ash removal

In the bottom of the fil;éd with.freéh water; a chain conveyor
is operated continuously so that the clinker from furnace onto
the chain conveyor may continuously be removed. Clinker which
is ~removed by the chain conveyor is crushed by a clinker

crusher on the outlet.
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2)

b) Fly
1y
2)

c) Ash

Ash transportation

Clinker which 1s crushed by the crusher is delivered onto the
conveyor belt and then into the ash disposal area by five belt

conveyor.
ash system
Removal from hopper

Ash removed from Hoppers, ECO, GRF, AH and EP, in this order
sequentically, by vacuum pneumatic transportation system into

fly ash silo.
Removal of fly ash from silo

Ash 1n_thé fly ash silo 1s removed by being removed from the
bottom and simultaneously humidifying by dustless unloader,
Humidified ash is delivered onto the conveyor belt, thereby
conveyed into the ash disposal yard together with clinker ash,
Both clinker ash and fly ash are moistened and provide no
possibility of dust belng scattered. ' For the sake of pre-
caution, however, the ash conveyor belt should be covered by a

cowl .,

disposal area

In the ash disposal area, ash 1s enciqsed by soil by bulldozers so.

that it may not fall down, and then piled up in several stages

while drainage ditch being constructed arount it.

(6) Capacity of Ash Handling and Disposal Facilities

a) Clinker ash system

1)

Chain conveyor

Chain conveyor capacity of 0.54 t/h may suffice for continuous
operation, but taking into account the shutdown of chain con-
veyor and clinker crusher, 1t should be determined on the

basis of 2 hrs operation:
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a)

2)

3)

4)

Fly

1)

2)

0,54 t/hx 2 h=1,1¢t/h ... 1.5 ¢t/h

Clihker crusher

Clinker crusher should be designed to 2 t/h with some

allowance.

Clinker carrying conveyor

Clinker conveyor should be designed to 2 t/h.
Boiler bottom sealing watet

Fresh water should be used as boiler bottom sealing water

which is designed to 20 t/h per unit,
ash system

Fly ash vacuum pneumatic carrying system assuming that fly ash

is carried at the rate of 1.5 h once per 4 h:

Ash handling.quahtity = (0.11 t/h + 0,36 t/h + 0.07 t/h
+3.09 t/h) x4 h =14.5¢

14.5 t
1.5 h

il

Carrying capacity = 10 t/h

Fly ash silo

Assuming that the fly ash silo capacity is enough to store 12

“h's pfoducfion of fly ash from two units, the fly ash sile

3)

capacity is to be designed in the following equation:
3,63 t/h x 12 b x 2 units = B7 tons

100 tons

L (L

87 tons x 1.2

Dustless unloader

Assuming that 87 tons of fly ash is treated in 10 hours, the

dustless -unloader capacity is:
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87 tons

T = 10 t/h

4) Carrying conveyor for clinker and fly ash

Assuming that 1.1 t/h of clinker and 10 t/h of fly ash are to

be carried, the counveyor capacity is:

(1.1 + 10) t/h = 11.1 t/h
11.1 t/h x 1.2 = 13.3 t/h

Hence capacity of conveyor shall be 15 t/h.

7.3.8 Boiler Facilities

(L)

Adoption of Natural Circulation Type Boiler

The boiler can be roughly classified into two types, i.e., bending
tube tjpe boiler (middle pressure of about 100 kg/cmZg ofiless) and
radiant type boller (high pressure“of above IOO'kg/cng), the latter
of which beilng adopted by'power plant who 1s required high capacity
and high rellability.

Also the boliler may be classified by water circulation type in three
categories, i,e, natural circulation'type,-fopcgd circulation type and
once-through type, The Project will adopt the natural circulation

system on the following reasons:

a) The water circulation is based on the prianciple of two-phase flow
of the saturated steam and water in the tube .and specific gravity

difference between boller waters in the downcomer of boiler.

At critical pressure, latent heat vaporization ( =h'-h') is =zero.
However, at about 190 kg/cng, there is no particular failure in
boiler water cireculation even im the absence of auxiliary means,

€.8+, clreulating pump, etec.
b) Boiler mechanism is simple in conneétion wiih the above factors.

¢) Damage spfeads little in the case of tube breakage.
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(2)

d) Ease in operation and maintenance.

e) This type of boiler has been found immensely in practical applica-
tions, in the scope of boiler pressure ranging from 100 kg/cm?g to
190 kg/em?g.

Steam Conditions

The. steam conditions in the Las Minas Power Plaut Unit No. 4 (40 MW)

‘are:

Steam temperature (superheater outlet) 513°C

Steam pressure ( " ) 90.6 kg/cmlg

This project has adopted reheating cycle for improving ‘the turbine
thermal efficiency and also the following steam conditions on the

following grounds:

Steam temperature (inlet of main stop
valve/inlet of reheat stop valve) 538°C/538°C
Steam pressure (inlet of main stop

'valve/inlef of reheat stop valve) 102 kg/qng/26 kg/cmlg

While units whoéé capacity is upto 125 MW provide such steam con-
ditions as the steam tem#eratufe of-538é6/538°c and the steam pressure
of 102 kg/emg or 127 kg/emlg, in the case of units whose capacity is
75 MW, almost all such units adopt the steam pressure of [02 kg/emlg,

 Increasing :thé‘.steam pressure from 102 kg/cng to 127 kg/emlg

decreases the thermal consumption by about 1%, improving the power

plant efficiency while inviting following demerits:

'a) Improvement in turbine efficieney results in the rating altered

from 1,450 psi to 1,800 psi in the boiler/turbine high~pressure
portion comstituting materials, leading to the increased
prbdudﬁion/inStaliation/mainteﬁanée expenses of boiler and tur-

bine.

b) The 102 kg/cng type is hearerrthan the 127 kg/cng type to pre-
sent. operational experience which is 90.6 kg/cmZg and, in addi-

tion, -the former is easier than the latter for operators to

. familiarize.
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(3)

(4)

(5)

Adoption of Semi-outdoor Type Boiler

-1t pours in~Panama's_rainy.season.- However, the climatefis mild in

genral without a strong wind.: Consequently boiler and other systems
may be installed outdoors, except bunker house and burner floor which

should be roofed.
The above facts promise the following merits:

a) Less dead space during construction leads to shorter construction

period.
b) Construction expenses are économical,

¢) Boiller house can be maintained ¢lean.

d) Less hazards ino fuel leakage.

Adoption of Gas Recirculation System .

Introdecing'part'of boiler combustion ges into the furnace through the

bottom contributes to improvement in boiler thermal efficiency and

' supterheater/reheater temperature control.

Adoption of Direct Firing Pulverized Coal System

This 1is a- system in which the -pulverized coal is . fed ‘into the

pulverized coal burner from the! pulverizer without storing 4in a

storage tank, offering the following merits over the storage system:

a) Simpel facilities economized installation'expenSES,'with'easier

operation.

b) .The system which dries the pulverized coal by blowing pre-heated

alr into the pulverizer, can save the coal drier.

c) This system is free from spontaneous combustion due toepulverized

ceoal storage.
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(6)

(N

(8)

(9)

Adoption of Balauce Draft System

a) This system ensures ample draft maintaining furnace pressure lower

than atmospherec, offering safety without a combustion gas leak.
b) Fase in alr £low control =
Addption of Rotating Régeﬁerative'aif Prehéater
a) .Tﬁe'air'pfeheatér offefs little clogging due to ash,

b) Larger heat transfer per unit of space requires lesser installation

' space.

Adoption of Steam Type Alr Preheater

.Coal used by the Project contains sulphur is low as. 1%. Mixed com-

bustion with heavy oll may, however, possibly lead to contamination,

~clogglng and corrosion in the: low temperature zone of the. alr pre-

heétér, due to sulphurit acid produced by sﬁlphur in heavy oil.
303 in combustion gas causes the dew. point of combustion gas to rise.
If the metal surface témperature of the rotaling regenerative alr pre-
heater is lowered below the dew polant of 803, SO3 reacts with H20 to
produce sulphuric acid vapor which cause the contamination, clogging

and corrosion on metal surface,

Consequently the combustion gas temperature 1s maintained above the
dew point by heating the metal surface of the low temperature zone of
the rbtatiﬁg regenerative alr preheater by Installing a steam alr pre-

heater near the air inlet of 'the rotéting regenerative air preheater.
Selection of Electrostatic Precipitator

Combustion of coal of this power plant produces ash gquantity equiva-

lent to about 13Z.of coal,

Fine ash called fly ash accounts for about 75 - 85% of the coal ash,
It is thérefore of - prime importance to efficiently catch the fly ash,

Thig Project has édopted the electrostatlc precipitator on the

following reasons:

7 - 99



a) Collection of minute particles whose diameter is less than 1
{minimum : 0.001y ) is possible,

b) Dust collection efficlency 1s extremely high,.

7.3.9

(1)

(2)

(3)

(&)

¢} lesser pressure loss means lower operation expenses
d) Ease in maintenance leads to economized maintenance expenses

e) The more the treatment gas volume, the more advantageous the

operation expenses become,

f£f) Applicable to a wide range of charaéteriStics of soot to treat.

Turbine Systam:
Adopﬁion of T-type Arréngement

Turbine is 1installed in T—type with respect to the position of the
boiler, taking into consideration the relations between positions of

condensor cooling water pipes and main transformers.
Adoption of Reheating Cycle

As explained in the Steam Conditions, the reheating cycle is adopted
for avoiding the increase In steam humidity and incréasiﬁg the turbine

thermal efficiency,
Adoption of Tandem Compound System

Tandem compound system is economical in construction expense with ease
in maintenance by virtue of comparatively little capacity of 75 MW

output,
Condensor Cooling Water
a) Availability of cooling water

Sea water is taken from Limon Bay in. the .Colon area for the

condenser cooling water.
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b) Quantit

Exchang

Q

vy of condenser cooling water

ed heat by condenser (Q) is:

Gi(it—-ic)

‘GL : Turbine exhaust quantity = 164,524 kg/h

ie r "7 2 " - enthalpy- 578.7 keal/kg
ic : Condensate water enthalpy 41.5 keal/kg

~
[

il

- 164,524 (578.7 - 41.5)

88.38 x 100 kcal/h

Assuming that the heat.Brought into the condenser as heater drain

is 0,45

x 109 kcal/h,

Q = 88.38 x 10° kcal/h + 0,45 x 10% kcal/h = 88.83 x 106 keal/h

Quantit

Gw =

Cp :

'

tl
t2

)

e

Gw

It

]

[}

y of cooling water (Gw) is:

O'x
{(Cpx )(t2-tl)

Specific heat of cooling water
Speqific gravityIOf cooling water
Inlet temperature of cooling water
Discharge temperature of cooling water

Allowance

88.83 x 106 x 1.02
0,957 x 1,0193 x 7

13,269 n3/h
13,300 m3/h

0.957 kcal/kg®C

1,019.3 kg/m3
29°C
36°C
1.02

Assuming that the quantity of bearing cooling water ete. 1s 900

m3/h:

Gw

[}

13,300 m3/h + 900 m3/n
14,200 m3/h

(5) Condenser Cooling Water Pump -

-a) Capacity.of cooling water pump

A pump whose capaclty isiiOOﬁlpér unlt is installed.
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b) Total head of the pump-
Total head (H) is:

H=Le + hpl + hp2Z + he + Ls + LD

Le 't Loss 1n intake, scfeen,-discharge" 1.5m

hpl: Loss in pipeline (two line portion) 3.16 m

Hp2: Loss in pipe (one 1ine portion)- - 0.95 m

he : Loss in condenser (tube + water hox) 3.9 i

Ls : Cyphone loss - - o 0.16 m

{Cyphone height in operation x'0.03 = 5.3 m x 0.03)
LD : Discharge speeq loss in coundenser discharge pipe 0.62 m

H=10.29 m

‘Hence total head of cbndeﬁSéf'ééoling pﬁmp i3 i0.5 m.
¢) Brake horsepower and motor'bdﬁpuf of cooling watef puhp'

Brake horsepower (Lp) is:

Lw
1p = ¥
P P

Lw : Hydraulic power = 0.163'YQH~~::
np ! Pump efficiency = 0.85 o
Specific gravity of water 1.0193 kg/f

H]

Yoo
Q : Discharge quantity . - 118 m3/min.
H : Total head | . 10.5-m

0.163 x 1.0193 x 237 x 10.5

Lp = 0.85

|

486 kW

Motor output {(Lm) is:

_Lp (1+a)

a T (kW)

Lm =

o : Allowance 0.15 _
nt : Transfer efficiency 1.0
= 559 kW -

Hence 560 kW shall be applied.
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{(6) Condenser

Design conditions of condenser are as follows:

Exhaust vacuum . 700 mmHg
Cooling water iﬁleﬁ'temperature 29°C
" o disaharge temperature 36°c
Eicchange'heaf: L 88,83 x 10® kcal/h
Cooling tube material o : Aluminum brass

Flow velocity inside of cooling tube 2 m/sec max.

Cleanliness factor of cooling tube B5%
{7) Capacity of Condensate Pump

Condensate floﬁ_quantity at boiler MCR is about 240 t/h. Tuwo conden~—
sate pumps of 50% capacity (100 t/h) are installed.

(8) Boiler Feed Watef Pump

Feed water flow quantity at boiller MCR is about 240 t/h. Two feed
water pumps of 50% capacity (120 t/h) are 1installed.

From the consideration of pump maintenance, electrical motor driver

system shall be applied.
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Fig. 7.3.8 (2) Steam, Auxiriary Steam, Condensate, Feed Water Flow Diagram
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Fig. 7.3.8 (3) Coal, Oll, Flue Gas, Air, Ash Diagram
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Fig. 7.3.8 {4) Air and Gas Flow Diagram
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Fig. 7.3.8 {6) Cooling Water Flow Dlagram
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7.3.10 Environmenta! Protection Facilities

(D Emiésion_Standar&

(2)

The emission standard with respect to the construction of power plant

" varles with various situations from country to country and therefore

there exist no intermational standards.

JICA Survey Mission's investigations has been carried out in confor-
mance with the Study Procedures, as shown in Fig. 7.3.10 (1), on the
basis of discusslons with TRHE. While in general investigation should
follow the emission standard established by a country or her local
municipal, if any, Panama has not, as of August 1986, established an
emlssion standard, act of life environmental standard nor IRHE guide-

line. .She has no measured data the current environmental conditicens.

Under the above circumstances, JICA Survey Mission has established an
emission standard as indicated in Table 7.3.10 (1) on the basls of

degeriptions in Chapter 13 and related evaluation.

The emission standard has been established on Ltheses of:

(1) The construction of the power plant will not affect the Panama

Canal operation

{2) The construction of the power plant will not affect the

gsurrounding environments

at.the level applicable to the countries in the world, particularly,
the USA.

Reference is made to Chapter 13 as for the evaluation and computations

of the envirommental influence.
80x Fmission Standard

a) S0x emitted from a stack depends upon sulfur content of the coal

used by the plant.

Meanwhile, the power plant under this Project will use coal of
Columbian or US (East) origin whose sulfur content is ranging from

G.7% to 1.1% (average: Abt. 1%},

7 - 117



b)

c)

Firing of high sulfur content coal leads to the increase in SOx
emission, worsening the surrounding en#ironment. It is therefore
necessary to average salfur content by sortiﬁg:cdal iﬁ.two cate-
gories, low and high sulfur content, in the course of pile~up of
the coal storage yard so that they may be mixed up while being
delivered‘on:o a conveyor belt through separated hoppers respec-

tively.

High Sulphur Coal Low Sulphur Coal

i tererrrme——s

COI”IVé)’Br —— == to Boiler

" Emitted SO0x is.diffused from the'stabk into atmosphere and diluted
‘before reaching'the“gfound. Maximum' ground level concentration is

decreased as the effective stack height (actual éhimney height +

emission riéiﬁé due to momentum @=em19éion risihgnby its.buoyancy)
increases.. As for. the relati@nshig_ between the factors cited
above, reference is made to Fig. 13.3.1. Im the case of the power.
plant under this Project, thé gas velocity has been designed to 30
m/8 to waximize the . emission rising due to momentum, While it is
reconnended to 1ncrease the emisslon temperature. for increaéing

the emission rising by its buoyancy, since this method tends to

" deteriorate the boiler thermal efficlency, the ‘emisslon tem-

perature is assigned a normal temperature of 140°C, The stack
actual height minimum is 95 m which is necessary to ultimately

achieve the design value, Cmax = 0,015 PPM,

The stack height or gas emissibn velocity. has been increased

exerts the same effect in controlling NOx- and dust.

The 1installation of 95 m stack under the above-cited .conditions
(Cpax = 0,015 PPM, S = 1%) will preclude the expeusive desul-
phurizing system, ' ' B ' I
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Fig. 7.3.10 {1) Study Procedure for Environment
Control {for air poliution)

The optimum environment control countermeasure for the proposed project is selected
according to the following procedure. ' '

(fnformation and Data Collection)

Fuel quality : Emissioh‘standard Present state of | Environment criteria

. Kind of coal . Regulation in Panama : air pollution {Standard)

» Calorific value . IRHE's guide line « Sox . Regulation

. Sulfur content . JICA Team's idea . Nox . IRHE's guide line
. Nitrogen content . Dust .« JICA Team's idea
. Ash content :

Performance . ' Calculation of

pre—design of the Calculation of Comparison environmental impact Add up, including Comparisons K
required facilities Emission value -and for amenity suitable margin and L
{including stack height ) . examination . Ground level . : examination

- concentration

(Basic Plan) . - (Environment Anticipation Assessment)
Comparison and exawmination of anti-pollution system Selection of optimum system |
« Sox — De-sulfurization system : and its facility - Conceptual Cost Technical and
- Coal blending system : ' . ‘Sox ' design estimation economical
. Nox - Two stage combustion system . Nox ; evaluation
- Flue gas mixing system . Dust
— Low Nox burner system

- De-nitrification system
. Dust- ESP {Hot/Low Temp. Gas)
- Bag filter

(Conceptual design, Cost estimate and Evaluation) |
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(3)

(4)

NOx Emission Control
NOx produced in boiler is classified in following two categories:

a) TFuel NOx Oxidation of nitrogen content in fuel by combustion
in boiler produces NOx. Normally NOx amount
increases by 1% per every 0.1% increment of nitrogen

content.

b) Thermal NOx Oxidation of nitrogen content in the air required for

fuel combustion by combustion in boiler produces NOX.

There are meanwhile four following approaches to control or inhibit
the NOx emission (which are enumerated below in the order of low to

high cost):

1) Two stage combustion system
2) Flue gas mixing system
3) Low NOx burner system

4) Denitrification system

Fig. 7.3.10 (2) and Fig. 7.3.10 (3) respectively show the system prin-
ciple and effect,

Two-stage combustion system and flue gas wixing system may suffice 1if
the power plant under this Project specifies its designed NOx emission
concentration upto 300 PPM. Siance, however, this wvalue is critical,
taking into considetration the future increase in nitrogen content in
fuel, for the sake of prudence, the low NOx burner is additionally

installed.
Dust Emission Control

Coal to be used by this Project contains 13Z of ash and 1% of sulfur

content.,

Normally about 15% of the ash produced in the pulverized coal com-
bustion boiler is molten and allowed to drop into clinker hopper,
while about 5% accumulating in the econonizer hopper and air preheater
hopper in the form of cinder ash whose particle size is comparatively

large. Remaining about 80% of ash is exhausted from the boiler in the
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form of fly ash of fine particulate size, In the case of Dbollers

under stringent NOx emission control as those of the power plant under

Project, however, since the furnace temperature is- designed on the

lower side, majorities of ash are exhausted in the form of fly ash.

The power plant is equipped with dust removal equipment to cateh the

fly ash, which are classified in the_follbwing five categories (in the

order of low to high cost):

a)

b)

c)

d)

e}

Mechanical dust removal equipment {Cyclon)

This type of equipment is suited for catching the ash of coarse
particle size.

Dust emission concenmtration : More than 0.5 g/Nm3
Dry—-type cold side electrostatic precipitator (Cold ESP)

This type of equipment 1s sulted for catching the ash whose
electric resistance is low (104-10'1 ohm-cm) in the low tem-
perature zone (120-150°C}.

Fmission concentration : 0.08 ~ 0.5 g/Nm3

Dry-type hot side electrostatic precipitator (Hot ESP)
(about 300-400°C)

This type of equipment ‘is suited for catching the ash whose
electric resistance is high (1012 olm~cm or more) in the low tem—
perature zone (120-150°C). Emission concentration : 0.08 - 0.5
g /tim3 |

Bag filter

This type of equipment 1s adopted din the case of stringent
emission concentration control.

Emission concentration : 0,04 - 0,1 g/Nm3
Wet—-type RSP

This type of equipment is adopted in the case of necessity to
extremely lower the emission concentration.

Emission concentration : Q.02 —~ 0.05 g/Nm3
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In the case of the power plant under the Project where the emission
concentration design value is 0.1 g/Nm3, the above-cited factors
raquire ‘either dry type cold side electrostatic precipitator
(hereinafter called Cold ESP) or dry type hot side electrostatic pre-
cipitator (hereinafter called Hot ESP). Comparison between Cold ESP
and Hot ESP is tavestigated from the viewpoint of economics and dust

removing performance.
a) Economics

Like heavy oil-fired power plant, Cold ESP is 1nstalled in an
about 140“0 zone on the downstream side of boller air pre-heater,
while.Hot ESP is inétalléd_in between boiler economizer and air
preheater so that gas (about 350°C) is admitfed into ESP where it

is treated and then returned .to the air preheater.

Consequently the gas capacity of Hot ESP is about 1.5 times

273 + 350
that of Cold ESP 373+ 140

increased size and cost due to the ESP size and flue gas ducts

1.5, hmplying. a considerably

involved.
'b) Dust removal performance

The dry type electro static precipitator depends largely upou the
ash electric resistance for its performance, In another
expresslon, 1f the ash electric resistance exceess 1012 ohm-cm, a
back corona phenomenon takes place in the dust removal equipment,
leading_to.éharge uncertainty and ultimately to the deterioration

of dust removal performance.

Fig. 7.3.10 (4) shows normal relationship between =alectric

resistance of ash and dust removal performance,

Meanwhile the ash electrie resistance varies significantly with
sulfur content in coal and gas (ash) temperature. Fig. 7.3.10 (5)
shows the relationship between them. The fly ash chemical struc-
ture 1s assoclated with electric resistance ia such a way that
increase in .percentage of NéOz and 503 decreases electric
resistance whereas increase in percentage of $i09, Al;03, Ca0, MgO

and K50 increases electric reslstance.
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(5)

¢) Selection

As discussed in Chapter 6, ash,compositiqp of the coal to be used

in the power plant under Project is specified:

§ 1% Na0y 1.0% 503 1.0%7 510y  62.0%
A1503 20% Ca0  2.0% Mg0  2.0%  Kp0  2.0%

It is therefore estimated that electric resistance. resulting from
the above specification will approximately account for

1.5 x 1011 ghm—cn (Flue gas temperature : 140°C)

'Taking the above estimatibn"fogefher with economics into con—

sideration, Cold ESP has been adoptéd;

The inlet dust concentration in Cold ESP design has been designed
g0 that 100% of coal ash is came into Cold ES5P, 1t is recommended
to identify the ash properties for plotting a detall design, by

‘conducting the analysis of coal samples.
General Waste Water Treatment

In general waste water other than ‘heated effluent, which poses
problems in way of operation of coal-fired power plant is classified

in the following three categories:’
a) Waste water from equipment

This is waste water arisiang from the operation Of'equipment in the
power plant, e.g., power house waste water, reused water of de-
mineralized water system, washing water used in periodical inspec-

tion of equipment, etc,
b) Coal storage'jard rainwater
¢) Ash disposal area rainwater

Fig. 7.3.10 (6} shows the general waste water amount, water gquality
and treatment flow estimated with respect to the waste water cited

above,

The waste water amount and water quality parameters are the conver-—

sions from Japanese in those of the Project by JICA Sufvey Migsion on
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the basis of its experience,-except the waste rainwater which has bheen
calculated using the following equation in accordance with the preci-

pitations data.in the rainy season at Colon:

Q=RzxAx (1-8) m3/d

Where :
| Q : Dralnage amount 800'm3/d
R : Precipitatlons (daytime) 70 mm/d
A : Space of ash disposal area 230,000 m2
S : Coefficient of penetrhtion into ground
Ash disposal are : 0.95

- Others 0.90

_As abpareﬁt in the figure, the equipment efflvent treatment requires
not only SS treatment but also: PH control and neutralization. TIn
addition, since rainwater from heavy/light oil tank yard and waste
water from repair shop contaln leaked o0il and are therefore hazardous,

oil separators should be installed.

The periodical inspection produces a large quantity of washing water
from equipment at one time, - It is thefefore economical to temporarily
reserve the waste water by means of a relay tank so that it may slowly
be treated in several days, since this method will save filters and

other tools.

As called squall, it pours in a brief time at Panama in 1ts rainy
season, It is therefore possible that part of the surface of the coal
or ash pile 1n the coal storage yard or ash disposal area may be
washed awéy. The. coal storage yard and ash disposal area should
therefore be prdﬁidéd with drain gutter on all thelr iateréls so that
waste rainwatei may be collected were ash set, while the surfacial
~clean water used as spray to §revent dust from belng scattered on fine

days.
* Pérameters in Colon Area have been estimated as follows:

Survey data in Puerto Cristobal indicate the monthly maximun pre-
cipitations in the recent 22 years (1962 ~ 1984) as 891 mu. In

the absence of .dé?a ‘as to the number of rainy days in the
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(6)

(7)

(8)

corresponding wmounth, the estimation has been'opefated;'assuming
that it rains for 15 days or half a moanth, from which has  ensued
the design wvalue of effluent treatment 60 mm/day (891 mm 15
days).

Heated Effluent Countermeasure

Requirement for cooling water of the power plant accounts for 3.5 m3/s
X 2 units, as calculated in Fig. 7.3.10( ), taking the design value of
the temperature rise in the condenser cooling water for as 7°C, The
cooling water is taken from Cristobal. Harbor and discharged into the
¥rench Canal., JICA Surﬁey Mission.éXpEIiences in Japan tell that,
while the 7°C temperature rise may not affect the surrounding environ-
ment, computation of temperature rise distribution in the French Canal

has revealed the temperature rise'scopé where the temperéture rising
above 2°C covers 680 x 103 m2s which means that there is no tem-

perature rise re-~circulation., As for the detalls, reference 1s made

to Chapter 13.
Sound-—-proof Countermeasure

There are two types of nolses sources at the 1lmpact noise level on the
site border line, continuous nolse source and dintermittent noise

SQ0UrcCe.

Large continuous noise sources are turbines, BFP (Boliers Feed Water
Pump), FDF (Forced Draft Fan), mil}, air compressor, etc., which,

however, may be enclosed in a power house,

The noise may be controlled by adoptiﬁg as much low-noise eQﬁipment
and installing them as apart from the site border line as possible.
The coal unloading work should be operated 6nly in_daytime_from the
viewpoint of safety operationm, settihg two design nolse value.on the
site border.line, daytime and ﬁight. Intermittent nolses, e.g. safety

valve blowing noises, etc. should be lowered by means of silencer.
Vibration Countermeasures

Sourcs of noises at impact vibration level on the site border line are
turbine, generator, mill, etc., These sources may'be‘controlled by

installing equipment on concrete foundations of ample dimensions and
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¢} Low NOx Burner System

This burner is designed in such a manner
that NOx emission is repressed through the means-

of feeding combustion air from several positions

so as to cause slow combustion of pulverized
coal and to keep flame temperature low by
properly adjusting air flow.

-Coal and

Primary Air ——s=ofoimrs .

Combustion air is supplied in two stages
into the boiler furnace. : T

At the first stage, {he combustion air is
controlled under less stoicheomelic air condi-
tion for incomplete combustion and at the
second stage, supplementary air is sent so as
to achieve complete combustion. _ :

Through this process of combustion, the
temperature of the hottest part of flame is
lowered thus the NOx emission is decreased.
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d) Fuel Gas Denitrification System
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Fig. 7.3.10 {2) NOx Control System

Combustion air is partiaily mixed with
flue gas which contains less oxygen after
combustion 8o as to dec¢rease oxygen content
of combustion air and to delay combustion
speed. _

Through .this process of combustion like-
wise the two stage combustion, the temperature
of the hottest part of flame is lowered with
longer flame thus the NOx emission is decreased.

o  Ammonia is injected into the flue gas
which contains nitrogen oxides. The flue gas
passes through metallic catalyst bed where
chemical reaction takes place.

0 Nitrogen oxides in flue gas are decompos-
ed with the catalyst aid to nitrogen and water.
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Fig. 7.3.10 (4) Relation of Gas Temperatu}e and Electrical Resistivity of Fly Ash
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Table 7.3.10 (7) Calculation of Cooling Water Quantity

Calculation Condition

(1)

(2)

(3

Rated capacity 75 MW x 2 units
Max. temperature rise of cooling water 7°C
Plant efficiency (at 160% load) 36%
Breakdown
Boiler efficiency 86%
T-G efficiency 2%
Plant loss 0.5%

{Therefore, 0.86 x 0.42 x (1-0.003) = 0.36)

Calcuylation
{1) Heat Value from Boiler

75,0008 1 860

T x 0.86 x (1-0.005) = 153.3 x 100 kcal/h

(2) Heat Value to Condenser

153.3 x 108 x (1-0.42)
36008

= 24,700 kcal/s

(3) Required Cooling Water Quantity

24,700 -3 - k]
7_§_TTET§ x 1.07 x 10 3.7 ¥ 4.0 m?/s
Specific for Aux. equipment

gravity

{4) Total Cooling Water Quantity

4.0 m3/s x 2 units = 8 m3/s
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(97

as apart from the site border lineé as possible, so that the vibration

on the site border line may be reduced.

Others; countermeasures against dust scattered coal or ash handling
spots are provided as necessary with sprays or splinkiérs.:-gutdpor—
type belt conveyors are provided with covers teo prevent dust from

being scattered,

7.3.11 Electric Equipment

(1)

(2)

Selection of Rated Voltage

Standard voltage of each electrical circuit have  béen selected as

follows iﬁ accordance with IRHE standard :

Transmission voltagéﬁ : | | | 23O ky
Generator output voltage 13.8 kV
High-voltage auxiliary system voltage- v . hel6 kY
_ Lowfvoltage'auxiiiary equi?ment system voltage 208 V
Illumination fixture volfage . o 208 V
DC auxiliary system and operatihg clreuit 110 V

Generator capacity Pg

Generator rated output
Rated power factor

I

Pg

_ 75,000 (kW)
= “fge——— = 88,250 kA

In the case of generator chafging by itéelf.thé transmission line of
230 k¥, douhle clrcuits and 72 km'distance, the minimam capacitahce‘q
without abnormal overvoltage - or - self-excitation 1s . found in the
following equation 83,713 kVA, Iherefore tﬁe 'geﬁerator. produces.

neither selfexcitation nor abnofﬁai'overvoltagé:.
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Q= 2 x @) 2x (1+g)

44,139 . 230
0.53 X .(230) 2x (1 + 0,1)
= 83,713

88,250 kVA (Generator rating) > 83,713 kVA (Q)

Q: = Generator capacitance — gelf-excitation, overvoltage
Qe E‘Traﬂéﬁission line charging capacity 44,139 kVA

K = Generator short—circuit ratio 0,53

E ; Rated voltage 230 kv

EY = Chafgihg voltage 230 kv

g =.Generétor saturation facto? - 0.1

{3) Main Transformer Capacity

" Generator dapacity'rEQUifes"tﬁé following value under such conditions

(4)

that générator”is 6peratéd'under 100% load with safety with the least
auxiliary power, that is, with 50% of the mill in shutdown and 50%

heavy oil combustion,
88,250 ~ 2,650 = 85,600 kVA
House Transformer Capaclty

The capaclty should cover auxiliary powér for one unit plus is ensured

auxiliaryrpower'of'back—up for one other unit in the case of station

" power for the unit as well as starting transformer are in downtime

siﬁultanédusly due to perlodical inspection.

a) Auxiliary powér. for the unit 6,200 KVA

b) Common equipmént power ' 600 kVA
supplied normaly from starting
- transformer : o
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(5)

(6)

(7

¢) Power for the other units 600 kVA
in downtime

Total 7,400 kVA
= 7,500 kVA

Stating Transformer Capacity

The transformer should be installed one set, common for Unit No. 1 and
No. 2, from the viewpoint of design which takes the base load as about
70% of annual utilization factor, regardless of gsimultaneous starting
of Unit ¥Yo, 1 and No. 2. Capacity should be encugh to permlt the
entire backup for house transformer and the same as that of the house

transformer.
Outdoor Swltchyard

As discussed in the previous section, the power plant is 1lmportant for
base load and therefore designed in the double bus bar system, from
the consideration of improvement in reliability and easy maintenance
and inspection. Taking the future expansion (75MW x 2 Units) into
consideration the breaker capacity is 31.5 kA in accordance with the
result of computer simulation which reads 9.3 kA or over, having
regard to the ANSI standard and co-use of spares in Panama II Sub-

station,
House Power Source Configuration

1t should be so designed that a faiiure in the station supply, if any,
should not affect the operation of other units, by adopting the unit
system in which each unit is connected independently with-the'station
service circuit for improving the power plant reliabilicty.

8ince, meanwhile, the generator is of the high-voltage synchronized
ﬁarallel.in method due td its capacity, the system in which station
service power 1s supplied from the starting transformer at starting
operation and switched to the house transformer after the generator

has been synchronized, is adopted.

Furthermore such facilities, as cool handling facilities,'which do not
hinder the powerplant immediately in case of power failure,_No; 1 and
No. 2 Units are commonly used due to economy and power is supplied

from the starting transformer.
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(8)

(9

(10)

(1

(12

4 kv Switchgeaf

The switchgeér should be of 4.34 kV metal clad type, adopting a

vacﬁum;type circult breaker (V.C.B) for powering high-power auxiliary
equipment {(more than 150 kW), The actual interrupting capacity more
than 16.3 kA is acceptable, and the rated interrupting capacity should
be IEC Standard 20 kA.

210V Power Center

Alr blast circuit breaker (A.C.B.,) of 600V steel enclosed type is
adopted for powering medium-capacity auxiliary equibment (abt, 75 -

. 200 kW). The actual interrupting capacity more than 19.8 kA is accep-

table, and the rated interrupting capacity should be JIS Standard 20
kAQ

210V Control Center

600V steel enclosed typé. provided with different types of breaker
(NFB) and magnet switch for different types of auxiliary equipment is
adopted, for powering low-capacity auxiliary eqﬁipment (less than 75
KW abt.).

The control center may be assigned the interrupting capacity the same

as that of the power center in the preceding section, but, eventually

15 kA from the consideration of economics. The control center will be

provided with current limit equipment.
Power Center Transformer

Taking the load on power center and control center into consideration,
the transformer capacity 1s 500 kVA. Taking the requirement for spare

parts into account, each unit will be designed to a uniform capacity.
Emergency Power Supply

The power supply will be installed for the supply of power required to
completely shut down both units and for the i1lumination necessary for
unit operation, in the case of in power service interruption whole
power plént due to the acecident im the power plant oxr operation

system.
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(13)

Since there are many hydraullc power plants in Panama, power required

for re-start of the unit after the fallure has been repaired will be

;Sﬁpﬁlied from the hydtaulié power piént'and‘ﬁot_reCkoned here.

Control and ‘Instrumentation

Power plant 1s operated by the main control room of the power hdﬁse,

and coal unloading/transportation control room of the coal unloading/

and handling administration room.

The main cbntrol ceitter 18 equipped with BTG panel, computer, éuxi*
liary operating board, auxiliary relay-ﬁoard;'Etc:'Ior eifher automa—’

tic or remote~controlled operation of boilers, turbines, generator,

outdoor switchyard, dust removal —equipment, ete, for boller water

filling, parallel 1in load contr01; para1le1 off, etc., including all

the operation, handling and supervision.

Computers are on~line cbnnecte& with units and responsible for data.

‘logging, ébnofmalties'sﬁperviéidn, CompuEation'fpr startup and shut-

down-schédule, opefatioh'guide, turbine life cdntrol, etc; _

Coal unloading/transportation control room 1is equippéd with coal
unloading panel, ash treatment board, etc., for operating, handling
and supervising the coal unloédiﬁg, transpbrtiﬂg and ash tréétment

facilities.,

Each of coal unloaders 1is manned from thé viewpoint of operation

safety and efficiency.
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Fig. 7.3.11 Power Station One line Diagram
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7.3.12 Powerhouse
Powerhouse consists of the following three areas:

‘Equipment area: In this area, the main equipment of the turbines,
generators, steam condensers, and various auxiliary
equipment as well as electrical facllities such as

the power center are to be installed.

Control area: This area in which various kinds of control equipment
‘ are to be 1nstalled serves as the nucleus of the
power plant. Operators are always stationed in this

area.,

Bunker areat ~ This is a coaling area in which a bunker and pulveri-

zer are installed.

The equipment area 1is comprised of four layers, The turbines and genera-~
tors are 1lnstalled on the third floor. The turbine room shall be furnished
with an overhead traveling crane to facilitate the Inspection and main-
tenance of the turbines and generators. The turbine room measures 16 m in
width, 90 m in depth and 13 m in helght. These dimensione have been deter-—
mined by the clearance space required when disassembling equipment for
cheﬁkup and malntenance purposes, In its vleinlty, the required auxiliary
equipment and electrical facilities are installed in four layers for the

sake of increased efficiency.

Located in the contrel area are the control room, relay room, computer
room, communications equipment room, rest room, chief room, ete., These
rooms are lald out in the central section of the power generating facili-
ties in order to form a highly functional central control system as well as

aimed at providing a comfortable working environment for operators.
{1) Construction and Finish

Two kinds of construction, namely a reinforced concrete construction
and a steel construction, are conceivable, However, a steel construc-
tion has been adopted for the main frame construction in consideration
of .the large roof span and workability for equipment installation,

light weight, and advantages arising from short conmstruction periods.
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The turbine geunerators are supported by a relnforced concrete frame

featuring high rigidity.

As a rule, each floor is covered by reinforced concrete slabs,
However, those floors that need to be opemed for maintenance shall be
covered with steel gratings that permit to be removed. The outer

walls and roof shall be slated.

As a general rule, concrete blocks shall be used for indoor par—
titions. To expel heat emanated by equipment installed indoors to the
outside, air inlets and outlets shall be installed in order to secure

sufficient ventilation.
(2) Utilities

Those rooms, such as the control room, relay room, computer room, rest
room, ete,, in which operators are constantly stationed and precision
devices that generate heat are installed shall be afr—conditioned.
Other facilities that shall be installed throughout the entire
building_iﬁclude lighting system, plumbing and sanitary systemé, fire
ektinguishing faciiitiés and fire alarms.

7.3.13 Foundation of the Powerhouse and Major Facilities

The foundation of the power statlon's major facilitigs such as thé
powerhouse, boller and bhunker shall be designed in such a manner that these
facilities can be securely supported from a flrm ground with sufficient
reliability, 1In addition, the foundation plate shall be placed in such a
fashion that it safely conveys the weight of the superstructures such as
equipment and its supporting frames to the foundation ground and lessens
troubles arising from vibration caused by the equipment, The foundation
plate must also be designed to show sufficlent rigidity and strength

against possible uneven settlements,

After having studied the results of the boring operations conducted on the
site where the powerhouse and .major' facilities are planned to be
constructed, the depth from the ground surface to a supporting‘gfouhd-which
takes on an N value of 50 or'greatef is estimated at 9 to . 14 meters deep.

Since this depth 1s too deep for us to directly use the supporting ground
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~even though the thickness of the foundation plate 18 taken into calcula-
tion, we have declded to adopt a pile foundation,

To seiegt the best suitéd construction method from among various plle-
foundation construction.methods, it is necessary to éomprehensively con-
sider'the weight of the equipment and the superstructure, horizontal force
and drawing force, the depth to the supporting ground, the conditiouns of
the interhgdiate.ground, and so forth. The following foundation plates and

piles have been chosen for this project.
(1) Powerhouse

Reinforced concrete mats (double slabs for some sections), concrete

piles.
(2) Boiler and Bunker

Reinforced concrete mats, concrete piles
(3) Dust Collector and Other Facilities

Reinforced concrete underground beams, concrete plles

7.3.14 Stacks

The height of the stacks has been determined in consideration of the pre-
servation of the environment as well as the discharge speed and con-

centration diffusion of waste gas,

There are two stack types to choose from: the one is a reinforced concrete

structure type and the other is a steel structure type.

As. a generél rule, tonc;ete stacks are frequently adopted for heights of up
to approximately 100 meters and they are considered to offer no problem in
terms of economy and. safety., There 1s no particular difficulty in sup-
porting weighty .concrete stacks on the project site in question since there

1s a supporting foundation ground at a relatively shallow (depth) level.

Since stacks are typlcal static structures, they must be designed to show

structural. safety.
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As the results of our structural design comparison made between two dif-
ferent stack types, namely a reinforced concrete type and steel type stack,
we have found out that both of them involve mo safety problem. When both
of them are compared with each other from the viewpoint of economy, the
concrete type is a little more economical. This is beéause the matériéls
(concrete, relnforcing steel bars, and steel parts) required for
constructing the concrete type can be'easily prbcuféd, and_the steel_type
necessitates freqﬁent costly repainting' for the prevéntion of rust and

corrosion.

Furthermore, since only short construction pericds are required to erect
concrete stacks, they are advantageous from the viewpoint of meeting

construction schedules.

After having counducted comparative studies on the above points, we have
decided to adopt reinforced councrete stacks, For informatioh, their inner
surfaces shall be coated with an acid-resistant waterproof cement-based
coating material in order to prevent the inner surfaces from being corroded

by sulfur oxides contained in waste gas.

7.3.15 Administration Building and Other Buildings
(1) Adoministration Building

The administration bullding is designed to accommedate a tétal daily
time administrative staff of appfoximately 50, excluding thbsg who are
responsible for operating individual equipment, A chemical analysié
laboratory, dining room, rest room, alr-conditioning machine room, and
storage are installed on the first floor. Office rooms, conference
room, plant manager room, locker room, and llbrary are located on the
second floor. Office rooms are divided into two separate blocks, one
each for the clerical and technical staff members. As needs dictate,
they can be -further divided into smaller sections using simple par-
titions, The dining room is designed on the assumption that all the

personnel of the power station dines there,

The administration building shall be a two-story reinforced concrete
construction with a pile foundation. The reason two-story house is
recommended is to use the area effectively with regard to expansion

works and cut down the construction cost by reduction of roof area.
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(2)

(3)

works and cut down the coustruction cost by reduction of roof area.
Furthermore, as ground coudition 1s had, piles at foundation work is
required in spite of one—story house, Therefore the one-story house
is not so economical as ordinary case. As d1ts wutilities, air-
conditioning and ventilation asystems, lighting systems, plumbing and
sanitary systems, fire alarms, and fire extinguishing facilities ghali
be installed,

Other Buildings

In addition to the administration building, workshop, warehouse, coal-
handling (unloading/transport) control building, oll drum and cylinder
storage, deminerallzation house, worker's room, garage, and a guard-

house are requlred.

The necessity and scale of the workshop and warehouse has been decided
upon in consideration of the need for performing all equipment repair
and maintenance operatlions within the premises of the power station

as well as for promptly procuring tﬁereby required spare parts.

The coal-handling (unloading/transport) control bullding is designed
to accommodate the operation control rooms of the coal handling
equipment,. various other outdoor equipment, and their power supply

facilitels.,
Ancillary Facllities

The ancillary facilities to be installed on the premises of the power
gstation include utility water—supply and waste-water plumbing systems,
outdoor lighting fixtures, outdoor fire hydrants, fire alarm facili-

tles, etc.

Water supply 1s obtained from the city's waterworks. Waste water 1s
treated in a sewage purifier chamber and treated water 1s discharged
into the sea. In addition, a landscape garden with vegetation shall

be installed for the improvement of the environment. A border fence

"which surrounds the power station shall be installed in order to pre-

vent general people from trespassing the premises and ward off

possible accidents that befall to such intruders.
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These facilities are already included in the estimated construction

costs,.
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~ Fig. 7.3.12 (2) Power House (1st Floor Plan)
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'an"FLOOR PLAN

Fig. 7.3.15  Administration Building
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7.3.16 Transmission Line and Substation Facilities

()

Selection of Transmission Line and Substation Facility Plans

a)

b)

Basic criteria

In order to make possible the integration of the Panama coal-fired
power plant project, consideration must be given to the following
items when determining what facilities are required teo be rein-

forced.

- Most of the génerated power by the project iIn question shall be

transmitted to Panama City, which 1Is the center of the demand.

~ The transmission lines shall be designed in such a manner that
they are most advantageous when comprehensively judged on the
basis of construction costs, ease of wmaintenance/checkup opera-
tion, transmission loss, etec. In addition, they must permit
transmission line to be continued without trouble even if one of

the lines is disconnected in the even of an accident.

- The substation to be integrated shall be designed in line with

the IRHE's power—-supply system reinforcement plan.

—~ Consideration wmust be given unot to lower the reliability of

existing transmission line and substation facilities.
Comparison of power transmission and substation facility plans

Three alternative substations could receive power transmitted from
the proposed power station. They are (i) Panama II substation,

(i1i) switchyard of Bahia Las Minas power station, and (iii) Panama

‘gsubstation. Of these three alternatives, Panama IT substatlion was

judged to be the most suitable from viewpoints of economy, reliabi-

lity and compatibility with IRHE's power system expansion plan.
(i) Panama II substation

In IRHE’s power system, the main power sources are hydro power
stations in Chiriqui province and Bayano power station in

Panama province, Power generated by these hydro power stations
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is gent to the Panama. substation by 230 kV transmission lines;
then to secondary substations in the surrounding areas by

115 kV transmission lines.

However, in the rainy season, on these 230 kV lines.trip fre-
quently due to lightning. This is a serious problem for supply
reliabllity of electricity.

IRHE has a plan to cbnstruct_a 400 to 500 kV transmission line
in comnection with the Changuinola hydro power project. To
receive power transmitted by this wultra high voltage
transmission line, Panama substation has unfavorable conditions
in extension space, excessive concentration of power Fflow and
supply reliability.  Therefore, IRHE plans Eto construct a
Panama II substation to receive power sent from'Changuihola.

. This will diversify power flow and improve supply reliability
of electricity.

(ii) Las Minas power station

This power station is approximately 15 km from the Telfers
island. ~ Four 115 kV transmission lines destined for the
National Capital Region of Panama originate from the switchyard
of this power station. If the projected power station is
integrated into the bus of this power station and when the Las
Minas power station and the Telfers island power stations
operate at fuil capacity, the trangmission line from the Las
Minas power station to the L. Tablitas substation becomes
overloaded with excessive current which is greater than the
operating limit specified by the IRHE. Furtherﬁore,' other
- assoclated transmission lines also approach their respective
maximum operating limit, and they are prone to be overloaded if
one of these lines becomes inoperative in the event of an acci-

dent.
¢) Panama substation

According to the power flow calculation for the year 1993, if the
Las Minas power station is_down_at the time of peak load, nearly

100Z of the load destined for the National Capital région of Panama
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passes through the transformers which links Panama 230 kV with 115
kV, (For information, approximateiy 60% of the load passes through
the transformers, when the Las Minas power station operates at full
load.) For this reason, it is not appropriate to integrate addi-
tional power source lines into the Panama substation., Under the
‘¢ircumstances, the transmission line is decided to be integrated

into the Panama II substation.
(2) Transmission Facilities
a) Transmission routes

After conduéting feasibiiity studies ﬁsiﬁg maps drawn on a scale of
1 to 50,000 and after taking the advice of IRHE's counterpart engi-
neers, We have selected technically practicable rough routes. As
the projected rough route, which is to connect between the Telfers
island and the Tanama 11 substation measures appro.ximately 200
meters at most in altitude, no paticular problem has been found in
the course of our rough route selection studies. Therefore, this
route which runs along side alrgady_existing transmission lines or
hétional road in most of the regions, 1s selgcted by the viewpoint

of construction and maintenance.

However in the detail design stage, 1t is necessary to further con-
duct more detailed route investigation studies, including
geographical surveys and studles on ease of maintenance. It needs
special attention to study of the route section of the power sta-

tlon's neighbourhood and the crossing section of Rio Chagres.

The transmission line shéll be drawn out in the direction of south-
southﬁést.from'the power station located on the Telfers island.
The line takes a roundabout route around the cities of Colon and
ﬁargafita, becauée many bulldings and houses gather closely
together in this place. Then it runs along on the south side of
the No,3 National Road and reaches Cativa. In the vicinlty of
Cativa,_thé route takes a éoutheastérly route and rums alongside
" the existing 115 kV transmission lines spanning between the Bahia
Las Minas'power:statioﬁ and the Panama substation and rums south-—

ward fhrough:the Aarrow region which is constructed between Bahia
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b)

c)

d)

Tas Minas and the Gatun Lake down to Chilibre located in the neigh-
borhood of Panama City.

This route sectlon involves the: crossing of the Rio Chagres. Since
there are a few points where the line can cross the Rio Chagres,
and existing transmission lines and bridges crowed.in narrow areas,

it is necessary to conduct throughgoing route studies.

Further from Chilibre onward, the line takes a route alongside the
G20 route and reaches Las Cumbres. Then 1t travels eastward
alongside the existing 230 kV transmission lines connecting between
the Panama substation and the Bayano power station and reaches the

Panama II substation,
Line route is shown in Fig. 7.3.16(2).
Transmission voltage and number of circuits

To transmit a 150 MW power over a distance of 72 km from the
Telfers istand to the Panama II substation, the adoption of 115 kV
or 230 kv is conceivable. Conéidéring .stability, transmission
loss, the IRHE's system expansion plans, economic éomparisons, and
various other factors, we have decided to édopf the 230 kV
transmission voltage. As for the number of circuits, we have

decided to adopt two clrcuits bésed on the IRHE's standard.
Conductor

The size of conductor is determined by the current capacity, stabi-
lity, and corona discharge starting critical voltage. However, the
largest determining factor in this case 1s the corona dischérge
starting éritical voltage., For this reason and conéidering the

IRHE's standard, we have'décided to adbﬁt the ACAR750MCM conductor.,
Lightning proof design

Although no lightning observation data and actual data on

lightning—1induced accldents were available to ug, we have decided

to Install two 7 x NO.B8 AWG wires in harmony with the IRHE'S
existing 230 KV transmission lines in the hope of reducing possible
lightning-caused troubles.
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(3)

e)

£)

For information, no arcing horns shall be installed on the insula-

tor gets of the line,
Type and the number of insulators

As to the insulation design of the 230 kV transmission line, stu-
dies have been conducted as a system with solidly earthed neutral
on the basis of a maximum system voltage of 242 kV and a route
altitude_of less than 1,000 m.

Since salt damage 1s judged to be virtuaily nonexistent, the number
of insulators has been decided on 250 wm standard suspension insu-
lators of 14 disecs are decided to be used in harmony with the
IRHE's existing facilities.

Supporting structure

According Lo the IRHE's standard steel tower design for supporting
transmission lines, design wind velocity is 60 mil/s. Under the
circumstances, this wvalue was also adopted for our preliminary

design,

As for supporting structures for the 230 kV transmission line, we
have decided on the use of angles and conducted design studies for

steel towers that feature high wechanical reliability,

Fig. 7.3.16 (3) shows a sketch drawing of a standard suspension-

type steel tower.

Substation and Communications Facilities

We supposé that the construction of the Panama II substation will be
completed before this project reaches completion and the two 230 KV

lines connecting between the Panama substation and the Bayano power

station are divided by the Panama II substation.

In this feasibility study, studies are conducted only on line-

extraction facilities for the two lines that are destined for the

 Telfers island and existing facilities shall be studied for reference

only.
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Fig. 7.3.16(4) shows the Panama 11 S$/S single line diagram,

a)

b)

c)

d)

e)

Switching facilities and bus system

The number of egquipment required for the switching facilities have
been calculated on the assumption ' that the Panama II substation

uses the }-1/2 system as with the other 230 kV substations,

Interrupting capacity

The interrupting capacity bas been determined on the basis of
short-circuit capacity computation results obtained using a com-

puter, Fig. 8.3.2 (5} shows short~circuit capacities at individual

nedes,
Protective equipment for the 230 kV transmission line

The 230 kV transmission line .is an I1mportant line from the
viewpoint of electrical power supply to the Metropolitan Area of
Panama, we have decided to adopt a power line carrier diréction
comparison system, Furthermore, the reliability of the system has
been enhanced by the incorporation of a single-phase reclosing

system,

Telephone line for load-dispatching instruction and maintenance

purposes

In this project, load-dispatching instructions to the power station
and substations are supposed to be 1ssued from the central load-
dispatching office. For this purpose, toneringer system load-
dispatching telephone circuits shall be installed to interconnect
individual stations. CDT (cyclic digital transmissioﬁ) equipment
shall be installed at 1ndividhal.station§; Its capacity'éhall be

approximately five items of telemeter.
Carrier protection relay circuits

For the protection of the 230 kV trausmlssion line connecting bet-
ween the Telfer island power station and the Panama IL substation,
carrier protection relay equipment which is desigﬁed to opérate'on

a power line carrier shall be installed.
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The .equipment shall be ‘a . directional comparlson system which
features a frequency shift method and is designed to use a signal

channel of power line carrier.

Fig, 7.3.16 (5) shows the telecommunication system diagram.
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Table 7.3.16 (1) . Economic Comparison of Transmission Voltage

Unit 230 kV 115 kv
1. Bases for caleulation
Plant capacity MW 150 - 150
Annual plant load factor 4 68.5 68.5
Annual energy production GWh 900 | 900
Annual energy sent out GWh. 836.1 836.1
{at Power Station)
Station service loss 4 7.1 7.1
Annual plant efficiency % 35 35
Service life of facilities | years 35 35
Generation cost c/kWh 4,77 Ch.T77
Transmission loss factor Z 0.66 - - 3.16
2. Construction cost
FC portion ILLE 17.88 12.52
DC portion 106 9.92 7.29
3. Annual expenditure
(1) Depreciation 1033 794 566
(2) Interest- 103s
FC portioun 896 627
DC portion 139 102
(3) Operation & maintenance 103$ 639 456
cost (dinclude '
administration cost)
(4) Transmission loss 103$ 264 : 1,260
(5) Total 103§ 2,732 3,011
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Table 7.3.16 (2) Construction Cost

(in million US$)

ren : 730 kV 115 kv
FC e Total FC LG Total

‘Direct Cost 12.31 6.77 | 19.08 8.611 4.97] 13.58
a) Transmission line- 5.64 1 5,251 10.89 4.63 4.20] 8.83
b) Sub-station and Others 6.67| 1.52] 8.19| 3.981 0.77| 4.75

(Telfer island, Panama II),

Iudirétt Cost 1.12 0.64 1.76 0.78 0.46 1.24
a) Cbntingency . 0.62 0.34 0.95 0.43 | 0.25 0.68 _'
b) Administrative expenses - 0.30] 0.30 - 0.214 0.21
¢) Engineering fee 0.50 - 0.50 0.35 - 0.35

Escalation 1.16 1.30 2.46| 0.81 0.97 1.78

Interest during comstruction 3.29| 1.21} 4.501 2.32) 0.89] 3.21

Total 17.88 .92 27.80 12.52 7.291 19.81

7 - 163




Ss4 SIHL 40 INZIXT -}

[E— |

- [MS1T 0%sIONTYS zqmr\“ _

o | [MsiisTEwVI]
] .Iﬂ......lwl,
?%M_ e . o
viy3001 :
-0

. [AiS oNMBE0 W

ATSTT VBV VS|

—30) | h__g-snm_ [I-w7s]
EEEIRIE)

T

TG OLNGA OS] |

O3

it

. [Mi0%Z ONVAYS

i

i

MAMOEE ZIHONVS ONVY™TI o)

____>xomm§qz&w
bemo

NOTI0D oL

£66} 231y uejpiodonaly ay) Ul WaiSAG Pmog (1} 9L'es Bid

7~ 164



_ /GQ%_ t_\ . UL @

® {idaford SWL) uYODIS Jamo4 MmaN

e . ppoy |DUOLIDN

\umﬁo%g /// ———— (123044 SIL) BUIT] UOISSILISUDL] MBN
A #dauatioy! 3 : —~—— au|T uoisspusubds)] Duiisix3
= Q \ ~aN3937

7= 165

2415 pudisT.
Sa3}13},

L

o0
2Jn0Yy aul :ommm_Ewcm:. Aoez (Zysiel By Bk &Q&«

S/ SOUWIN 07 Djydg



Fig. 7.3.16 (3) Standard Tower
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CHAPTER 8 ELECTRIC POWER SYSTEM ANALYSIS

8.1 OUTLINE OF THE POWER SYSTEM

8.2

8.3

One major feature of the electric power system of the Republic of
Panama is that all of -the nation's hydrauiic power stations (401.0 MW
in total) other than the Bayano hydraulic power station are located in
the western part of the nation called the Chiriqui reglon and most of
the generated power is consumed in Panama city, the nation's Capital
City, and 1ts environs that are over 300 km away from the power-—

generating region,

The trunk transmission line of the Republic of Panama 1s made up of
double circuits 230 kV transmission lines., They originate at the
Bayano power station (150 MW) located in the eastern part of the
nation and are linked through the Panama substation, the Llano Sanchez
substation, the Mata de Nance substation, the Fortuna power station
{300 MW), Pregreso substation, and interconnect with Costa Rica at Rio

Claro substation,

By means of these trunk transmission lines, electric power generated
in the Chiriqui power-generating region as well as at the Bayano power
gtation is transmitted to Panama where the Panama substation serves as
a key station to sdpply individual substations scattered around the
Panama city with power using its 115 kV transmission lines,

TRANSMISSION LINE AND SUBSTATION FACILITY PLANS

For the Panama coal-fired power station project, double circuits 230
kV ACAR750MCM tramsmission lines are planned to be installed over a
distance of 72 km between the Telfers island site and the Panama II

substation.

ANALYSIS OF THE POWER SYSTEM

In connection with the development of the new power source, analytical
studies shall be conducted to determine the various characteristics of

the power system. Here, the following themes shall be studied.



(1)

(2)

(3)

Pover Flow Calculations

Based on demand predictions and the economic output distribution of
the power station, power flow calculations shall be performed for the
year to be studied on (1993). Results obtained from the above calcu-

lations shall be then checked to -determine whether there'are over-

loaded transmission lines and/or transformers, If overloaded facili-

ties are found, overload-alleviating operations shall be carried out

while trying not to disorder the economic load digpatching as much as

.possible by making output adjustments and system switching operations.

If there are still overloaded facilities, the expansion of such facl-~
lities shall be considered.

Voltage Calculations
[These calculations shall be performed in parallel with the power flow

calculations discussed in (1}.]

Voltage, reactive power and power flow calculations shall be carried
out while adjusting the taps of the LRT and the reactive power of the
generator in order to determine whether the bus voltage remains within
the permissible operation voltage rangé. As a result, if the spe-

cified voltage conditions cannot be satisfied, appropriate electrical

- statlons shall be additionally installed there. Furthermore, the

- balance of reactive power shall be calculated and phase modifiers

shall be installed in appropriate places.
Stability Calculations

After power flow and voltage ecalculations. have been performed' under
specified power flow conditions, stability calculations shall be
carried out. Based on stability calculation results, the étébility of
the system shall be checked by calculating the maximum phase angle
power flow, volfage and fréquency fluctuations of the synchoronous

machines.

As a regult, if the system 1is found out to be unstable, various
stability-enhancement measures shall be adopted and stable power—

transmission methods shall be devised.



(4)

Short—-Circuit. Capacity Calculations

Current diversion calculations for three~phase short-clrcult capaci-
ties and short-circuit currents shall be made for all the buses of the

system, Based on the results of these calculation, existing series

“‘equipment shall be. checked for possible capacity shortages. If there

are . equipment with insufficient capacities such as circuit breakers
with insufficlent interrupting capacities and/or insufficient short-
time currents, the adoption of bus operation, system switching, and

equipment replacements shall be pointed out.

8.31 System Calculation Conditions

System calculations have been cqnducted on a digital computer using the ¥

computation method, in which the system's dynamic characteristics were

determined in the time domain using effective (rootmean-square) value data

by handling each individual equipment as it is as a model and representing

it in the form of a program.

(1)

(2)

Voltage and Power Flow Caleculations

The folowing operating conditions were adopted for the system in con-
sideration of the_IRHE's_operating conditions, and voltage and power

flow calculations were performed.

Voltage tc be maintained for the system : Within 100+5%
Operation voltage of the generators : Within 100+5%
Operating power factor of the generators: 0.85 or over

Load power factor : 0,90

In order to maintain the above voltage, approptiate electrical sta-
tions shall be found and voltage-compensation static capacitors or

shunt reactors shall be additionally installed.
Stability Calculations

Stability calculations shall be carried out for the system which
integrates the Telfers island power station. Om the assumption that a
three—phase ground fault has happened to the transmission line which

connects . between the Telfers island power station and the Panama II1



(3)

substation as a disturbance to ‘the ‘system, any possible vibration

resulting from this fault shall be studied,

In  this case, the value of the fault resistance was assumed to be

zero, Furthermore, high-speed re-closing operation' is not performed

for the faulty transmission line. An-qécident sequence is ‘as shown

" below, - Calculations were conducted with.aﬁ'accident-elimination time

of ‘100 mg on the assumption that the protective rélay'functions'pro"

perly.

(Fault) : (Cleaf)

CB on 34G CB off
o 100 ms

—_— Time

Short-circuit Capacity Calculations

Short-circuit capacity calculatilons are the most severe conditions for
the serial equipment and are carried out on the assumption that all

the geﬁérators are operated in parallel, The constants of the genera-—

‘tors and transformers used for the above calculations are as follows:

Generator Constans {Self Base)

Generator's _ Transient

: overall rated reactance

Generator - capacity (MVA) : Xd'(%)
 Estrella 54 ©20

Los Valles 54 _ - 20

Fortuna _ 333 . 29.97

Bayano _ 7_168 7 29

Las Minas %4 i9

Combined 80 : 23.

Telfers 177 23



Transfbrmer Inpedance (100 MVA Basé)

_ _ Impedance .
Transformer Voltage (%)
Estrella 16,39
Los Valles - 16.393
Fortuna - - 3.66
Bayano | 6.405
Las Minas 9.4
Combined 9.4

Telfers 12,0

(4) Demand of Substations and Impedance Map

‘Table 8.3.1 (1) shows the peak demand and off-peak demand adopted in

the power flow calculations and Fig., 8,3.1 (1) shows an impedance map.

Table 8.3.1 {i) Demand of Substations

Substation - 1993 Max: 1993 Min
Santa Maria 54,59 24,57
Loceria 72.96 32.83
San Francisco 85.09 38.29
Cerro Viento 54.64 24,59
Maranon 80,9 36.41
Chilibre 10.5 4,73
Calzada Larga - 7.95 3.58
Monte Oscuro . 32.98 14,84
Las Tablitas - 7.53 3,39 .
IDAAN _ 15.2 6.84
Colon+l.as Minas 42,11 18.95
‘Chorrera - 42 .75 19.24
Llane Sanchez 34 3.4 1.33
Llano Sanchez 115 56.86 25.3
Mata de Nance 34 35.86 . 16,14
Progreso 34 9.41 4,23
Caldera 14.9 6.71
Charco Azul 15.0 6.75

Total 642.,0 288.92










Fig. 8.31 Expected Impédance Map
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8.3.2 Analysis Resuits

(1)

Voltage and Power Flow Calculations

Voltage and power flow calculations have been conducted for the years
1993 in which the coal-fired power station (75 MW x 2 units) commences

operation under the project in question.

Voltages and power flow at the maximum and minimum load for the year
1993 are shown in Figs, 8.3.2 (1) and 8.3.2 (2).

It has been found out from the results of the calculations that there
are no overloaded transmission lines and transformers for the years
1993 and there is no need for installing extra power transmission
lines and transformers in excess of those currently planned for
installation. Furthermore, it has also been found out that the
voltage—compensation static capacitors and shunt reactors shown in
Table 8.3.2 (1) are required to be installed even when the LRT's taps
and the generators' reactlve power have been fully adjusted in order
to maintain the bus line voltage within the permissible voltage range.
For this reason, the capacity of the static condensers must be

increased to 146.4 MVar by the year 1992.

Table 8.3.2 (i)

1993 Max 1993 Min
Power demand (MW) 642.0 288,92
Active powerloss (MW) 27 .4 4.8
(Loss ratio) (%) 4.3 1,7
Panama 6.0 -
Loceria 9.6 -
Chilibre 3.0 -
Required St, Maria 9.6 -
Static C. Vieato 18.0 -
Condensers Las Minas 9.0 -
or Maranon 9.0 -
Shunt Reactor § Monte Osco 9.0 -
{(MVA) Llano Sanchez - (20)
Mata de Nance - (20)
Total 146.4 (40)

*# { ) : Shunt Reactor









Flg. 8.3.2 (1) Expedted Power Flow at Maximum 1993
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~Fig.8.3.2 (2) Expected Power Flow al Minimum 1993
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thé:The_right part of each bus voltage sh@ws its phase which is measured based

on the swing generator bus

8 - 13







(2)

(3

Stability

The results . of peak-load transient stability calculations for the
years 1993 is shown in Fig. 8.3.2 (3), 1In the transient stability
calculations, a single-circuit three-phase ground fault was simulated
on the 230 kV power transmission lime in Immediate proximity to the
Telfers island power station and each indiﬁidual generator's thereby
induced phasic vibration was calculated on the assumption that the

ground fault was eliminated after 100 ms.

As can be understood from the swing curves, no generators step out of
synchronization under all conditions and power vibration converges
within seconds. For this reason, it has been confirmd that the system
is adequately stable even after the project in question have gone into

operation.

For information, Xd' was assumed as constant in the above calculations
and damping characteristics, AVR effects and governor effects were not
incorporated into the above calculations, it is considered that power
vibration converges faster than the simulation in the case of the

actual system.
Short—-circult Capacity

Short-circuit capacity calculations have been conducted based on the
system configuration designed for the year 1993. The short-circuit
capacity of each individual bus and its current diversion are shown in

Fig. 8.3.2 (5).

Since these values are adequately small as compared with the rated
capacities of existing serial equipment, they will pose no problem to

the system,

Furthermore, since the short-circuit capacities at the Telfers island
power station and the Panama I1 substation are 1176 MVA and 1383 MVA,
respectively, the short-circuit capacities of switches to be newly

installed or added must be greater than those values.
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Fig. 8.3.2 (3) Transient Stability Calculation at the Maximum Load for the 1993
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Fig. 8.3.2 (4) Transient Stability Calculation at the Minimum Load for the 1993
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Fig.8.3.2 (5} Expected Short Circuit Capacity
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CHAPTER 9 IMPLEMENTATION SCHEDULE









CHAPTER 9 IMPLEMETATION SCHEDULE

9.1 SCOPE OF IMPLEMENTATION SCHEDULE

Fig. 9.l.1. shows the implementation schedule of the proposed 150 MW coal-

fired power station to be constructed on the Telfers island site,

This schedule covers activities to be performed during the period from sub-
mission of this feasibility study report to the commissioning of the power
station, including loan procedure for financing the construction, applica-
tion to the Panama Canal Commission through DEPAT for authorization of land
utilization, selection of consulting firm for preparing the tender docu-
ments, bidding and selection of contractor, execution of construction works

and tests.

9.2 WORK TO BE PERFORMED PRIOR TO STARTING THE CONSTRUCTION

It is appropriate for the project to be executed on a full turn-key base,
taking into account the avallability of IRHE's engineering staff. For this
purpose, IRHE will have to get a consulting firm to conduct all the engi-

neering services.

After recelving the feasibility study report, IRHE will have to promptly
prepare a "Project Planning Report” for loan application, which include
general explanation and annual disbursement schedule of the project. In
parallel with this, IRHE must apply for the authorization of land utiliza-
tion in the project area including the power plant site and the sea area
fronting the coal unloading jetty. About 12 months will be necessary for
going through these formalitles and arriving at the opening of letters of
cradit. After.that, review of the feasibility study, preparation of tender
documents, bidding and selection of contractor will be carried out by a
consulting firm. It will take about 23 months to perform these engineering

services.



9.3 CONSTRUCTION SCHEDULE - -

Within about 35 months from submission of the feasibility study report, the
contract will be awarded to contractor to start . land reclamation, foun—-

dation works, design and manufacture of the equipment and materials.

After obtaining the export licenees_from‘authorities:concerned, the equipf
ment and materials will be shipped and unloaded on the piers of Christobal

Harbour and Coco Solo Harbour, then transported to the site by trucks and

trallers.

The.inetallationi of electrical and mmchenical,eqqipment_will_be etarted
after 1lift-up of the boiler drum. After completion of the installation
work, initial firing, tests and trial run will,be conducted in sequence to

arrive at commissioning,

It will take 31 months from the award of contract to the commissioning of
the No.l unit, and then 3 months latter the Noi2 unit will enter service.
With the completion of acceptance test to be conducted prior to the com-~

missioing, the final payment will be made.

Coal must be imported-and-storaged in the coal storage yard prior to the
initial firing. The construction of transmission line and substation must

be completed before inltial power receiving.
The main events in the Implementation schedule are shown below.

- Submission of Feasibility Study Report _ Harch 1687

- Start of definite study and preparation _ P

of tender documents o - April 1988
- Submission of offers _ , - . 7 July 1989
~ Start of civil works S ~ March 1990
—-Start of stfucturai works o 7 ) September 1990
- Boiler drum lift-up . July 1991
- Initial power reeeiving - Febfuary 1992
- Commissioning of the No,l unit October 1992
- Commissioning of the No.2 unit : '  January 1993






Fig. 9.11 Implementation Schedule of Coal-Fired Power Plant
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Fig. 9.1.2 Detaited Constraction Schedule
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CHAPTER 10 CONSTRUCTION COST ESTIMATE

10.1 BREAK-DOWN OF THE CONSTRUCTION COST

The construction cost was firstly estimated at prices in August 1986 when
JICA study team conducted field investigations in Panama, then the price
escalation during the construction period was estimated and added to the
former. The following shows the composition of the total construction

cost:

— Direct cost —— Power station

Transmission line and
substation

Total construction
st -+— Indirect cost -~ Physical contingency
co

L—— Administration cost

- Engineering fee
— Price escalation

- Interest during construction

— Import tax

The construction cost was divided into foreign currency portion and local
currency portion. The forelgn currency portion includes costs of imported
equipment and materials, ocean freight and insurance, and salaries for
foreign engineers and personnel, while the local curréncy portion Includes
costs of inland transportation, locally available construction materials
such as cement, aggregates, etc. as well as salaries and wages for local

personnel and workers.

10.2 CONDITIONS FOR COST ESTIMATE
(1} Limit of cost estimate

The estimated construction cost covers the proposed coal-fired power
station and transmission line and substation described in Chapter 7.

The limit of cost estimate is as follows:
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(2)

a)

b)

¢)

d)

e)

£)

2)

Access road, construction offices and spare parts, etec. are
included but welfare facilities such as staff housing, playground,

etc, are not included.

Fuel expense necessary for triai run 1s not included bhecause such
expense is covered by charge of electricity generated by this test

operation.

Water charge is included but elecfriciﬁy charge is not included
because electricity needed for construction work will be supplied

by IRHE free of charge.
Expense incurred for loan procedure is not included.

The recelving point of power generated by thé pfoposed coal-fired
power station is Panama II substation. IRHE plans .to commission
this substation in 1992 in connection with both the proposed coal-
fired power plant'prbject and the Changuinola hydro power develop-
ment project.. Therefore, the equipment cost:of 230 kV switchyard
to be jointly used by tHese two projects was divided into the cost
allocated to the proposed coal-firéd power ﬁlant project and the
cost allocated to the said hydro power pfoject, the latter cost

being indicated separately as a réference data.

Installation cost of raw water pipeline of about 2 km from Mount

Hope water treatment plant to the power station is included.

Upon obtaihing authorization of the Panama Canal Comﬁission, the

land included in the canal zone can be used free of charge for the

_ project as described in Chapter 4. However, cost necessary to

acquire landllocated in the other area 1s included.

Physical contingency

Physical contingency is to cover unforeseen additional works and una-

volidable design modification of equipment. For both the civil works

and the mechanical and electrical equipment an amount of 5% of their

respective direct cost was included as'physiCal'contingency.
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(3

(4)

(5)

(6)

(75

(8)

Administration cost

An amount of 1.5% of . the direct construction cost was iIncluded as
IRHE's administration cost. This cost 1s to cover expenses of its
office on the plant site, personnel expenses for supervision, liaison
work and shop test conducted abroad, and training expense of its per-

sonnel,
Engineering fee

Engineering fee was estimated at 2.5% of the direct construction cost.
This cost is to cover personnel expense, royalty, travelling expense,
communication charge of consultant employed by IRHE for designing and

constructlion supervision.

Price escalation

. Price escalation was estimated at 2.0% per annum for forelgn currency

poertion and 3.5% per annum for local currency portion.
Interest rate

Interest rate was estimated at 10% for forelgn currency portion and 8%

for local currency portion to calculate interest during construction.
Import tax

35% import tax to be uniformly levied on the imported equipment and

materials was'ééparately countted up as local currency portion.
Annual disbursement

It was estimated that the construction cost be disbursed annually

‘under the following conditions:

a) Imported equipment and materials

- 20% of the CIF price upon signing the contract.

- 60% of the CIF price upon shipment of the equipment and
materials,

~ 20% of the CIF price to be released upon completion of the pro-

-jeét.
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- b) Civil and structural works
- 20% of the contract price upon signing*thé contract.;'
~ 70% of: the coutract price according to works done.

~ 10% of the contract price to be released upon completion of the

p;oject.
¢) Administration cost and engineering fee
- According to work done (Man-month basis).
d) Import tax

~ 100% upon unloading the imported‘equipment and materials.,

0.3 RESULT OF ESTIMATE

The result of the construction cost estimate based on the above-mentioned

conditions is as follows:

(Millions of Balboas)

Total construction cost o ©209.79

Import tax o - 35.09
Total ' 244,88

Detail of the above construction cost is given in Table 10. 3(1), and ifs
annual dlsbursement is showu in Tables 10. 3(2) to 10 3(4) '

Note: The cost of 230 kV switchyard equipment of the Panama II
substation not directly comnected to the proposed coal-
fired power plant project is as follows (Refer to section

10.2{1).e)):
(Millions of Balboas)
Cost at 1986 prices 3.80
Foreign currency portion’ e 3,11
Local currency portion 0.69'
Import tax 7 ‘ 1.09

Total 4,89

10 = 4



	CHAPTER 7 DESIGN CONCEPTS OF THE COAL-FIRED POWER STATION
	7.3 STUDY OF POWER GENERATING FACILITIES
	7.3.4 Civil Structure
	7.3.5 Water for Power Plant
	7.3.6 Fuel Facilities
	7.3.7 Ash Handling and Ash Disposal Facilities
	7.3.8 Boiler Facilities
	7.3.9 Turbine System
	7.3.10 Environmental Protection Facilities
	7.3.11 Electric Equipment
	7.3.12 Powerhouse
	7.3.13 Foundation of the Powerhouse and Major Facilities
	7.3.14 Stacks
	7.3.15 Administration Building and Other Buildings
	7.3.16 Transmission Line and Substation Facilities


	CHAPTER 8 ELECTRIC POWER SYSTEM ANALYSIS
	8.1 OUTLINE OF THE POWER SYSTEM
	8.2 TRANSMISSION LINE AND SUBSTATION FACILITY PLANS
	8.3 ANALYSIS OF THE POWER SYSTEM
	8.3.1 System Calculation Conditions
	8.3.2 Analysis Results


	CHAPTER 9 IMPLEMENTATION SCHEDULE
	9.1 SCOPE OF IMPLEMENTATION SCHEDULE
	9.2 WORK TO BE PERFORMED PRIOR TO STARTING THE CONSTRUCTION
	9.3 CONSTRUCTION SCHEDULE

	CHAPTER 10 CONSTRUCTION COST ESTIMATE
	10.1 BREAK-DOWN OF THE CONSTRUCTION COST
	10.2 CONDITIONS FOR COST ESTIMATE
	10.3 RESULT OF ESTIMATE


