6.12 Condenser Cooling Water Facilities

6.12.1

6.12.2

Basic Conditions

Sea water is used to cool the condenser ahﬁ the bearing cooling
apparatus at the power plant. A stable intake of cooling water,
low water temperature, and with little debris, qu,'sand and marine
1ife are all needed. These facilities are roughly divided into
intake, pump pit, inlet and outlet pipeé'and outlet.  The major
conditions for the design of the above facilities are as follows:

Quantity of cooling water used .+ 25 m3/sec/2 units
Temperature of cooling water at intake: 31°C

Temperature of cooling water at outlet: 39°C

Temperature increase of cooling water :. 8°C _

Location and Type of Intake and Outlet

The fdllowiﬁg were considered in deciding the location and type of

intake.-and outlet.
. Intake and outlet route as‘sﬁoft_as pdssible ]

. Separaté locations of the intake and the outlet so that recir-

culation of thermal effluent cannot occur

. Stable intake that is almost free from wave effects of sea water

and should be low temperatufe and clean

+ Environment will notkbe affected by thermal effluent

“In consideration of ﬁhe abOVE*mentioned'items,'deep water intake is

installed at the back of the coal unloading jetty. On the other
hand, the outlet which discharges water to the sea surface 1is

located 800 meters west‘of_the 1ntaké.  The'reasons are'QS'follows:_

. Coral reefs lie in the shallow submarine topography on the south
of Bani Point (Réfet”tb‘Fig,'G.ﬁ—i). 'From-the stahab61ﬁf'0f" '
taking sea water at low temperature,thfough.thé intake.ahd_ .
diffusion effects {reduction of diffusion area) of thermal.
effluent dischargedAthrough the outlet, both of the £aéilities
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need a certain water depth. Therefore, the intake which needs
more caluwness is located in deep water to the east of Bani Point

and the outlet to the west of it.

As a result distance L between the intake and the outlet which is
necessary to prevent recireulation of thermal effluent can dbe
maintained (I, = 20-Q a'zo'x 25 m/s = 500 m).

« For the intake type, the deep water intake method was adopted
because there 1s a little problem of stagnation of thermal
effluent as the intake site is in a partially closed sea area

next to Ovon Bay in order to mininize wave effects.

~» For the outlet type, the more economical surface discharge method
was adopted as recirculation of thermal effluent does not occur
in deep water intake method. The portal of the outlet is iocated
about 300'meters off the shoreline to minimize adverse effects to

the shore and to secure adequate water depth.

6.12.3 Intake and Intake Pipe

Fig. 6.12~1 shows the intake and the route and structure of the

intake pipé.
{1} Intake

The-typicai méthods of déef wéﬁef iﬂtake.are cdrtéin wall type
and_ﬁnder—sea intake tower type. As the sea area 1s a well
developed coral reef shoal beach, the-undér—sea intake tower
type of steel construction which 1s easy to fabricate and

ins;all {8 adopted.

A velocity cap is installed at the tap of the intake to pre-
vent disturbance of the layer of discontinuity and inflow of

- fishes, atc. 'The'diameter'(D-= 9 m) and height (H = 2.5 m)

' of'the‘Veldcity:cap-was-decided to satisfy the inflow velo-
eity, V = 0.2 m/s. Water depth DL -5.0 m to ~7.5 m at the
cﬁeé@fbf_fhe'iﬁﬁéke'ﬁas édopted-to réduce_wave effects and to
énéﬁfeiéﬁéf recircuiatibﬁ does not bécur even if thermal
effluent spreads to around the intake. The crest is 1.5 m

above the seabed is to prevent the inflow of sand and siit,
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Two intakes are installed for two units and are located
30 meters a part to. prevent the effects of mutual Inter-

ference.,
(2) 1Intake Pipe

As to plpe diameter, inside veloclity V = 1.5 to 3.5.m/s,
giving a pipe diameter of (D = 3 m) at which the_tbtal of _
costs for intake pipe, pump pit and pump facilitles, and pump
“operating costs becoming the least was selected.  The veiocity
inside the pipe 1s about 1.8 m/s. e '

In order to prevent erosion by eroding waves, the intake pipe
" is buried after seabed dredgiﬁg, ite surroundidgs'are pro-—

tected with sand, and its surface is covered with rock.

6.12.4 Pump Pit

Two pumps are installed per unit in consideration of reliabilities

of operation and maintenance.

The pump pit 18 24.6 m (W), 11.9 m to 12,7 m (i), 35 m (L), rein-
forced concrete structure with screen and pump chamber. As the
gfound is bedrock, the structure foundation is constructed on .
bedrock. (Refer to Fig. 6-12-2) ) '

The characteristics of the pump pit structure are as follows: 

« A bar and rotary screens are imstalled at the scpéeﬂ chamber "as
debris—eliminating apparatus so as§ not to cleg the condenser pipe

by removing floating debris entering the intake.

+ A stop log is provided so that repair of the screen and pump

chamber can be performed in dewatered condition.

« Approach velocity to tﬁe screens 1s set at_Q.SS.m[s;iﬁ'gon4
gideration of debris removing capability of the acreeﬁs.
Iﬁ_hydrauiié-calcuiatidns'féf'the screen and pump chamber, 10 cm-
of sea shells adhering to the screen and pump chaﬁbér is con~

sidered.
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6.12.5

6.12.6

» The depth, DL -7.0 mJ at the bottom of the pump chanber was
decided in consideration of the loss between the intake and the
punp chamber during tﬁe time when the water level is lowest (DL
~0.5 m), and the depth necessary for stable operation of pumps

during shallow sea water.

. The top of the pump chamber is set go that the water level rise

. by surging will not reach the pump chamber top when the two pumps
‘of one Unit are out of service.

. The structure of the pump pit was designed to prevent it from

floating even when the pump chamber 18 empty and on the assump=

tion that there is underground water around the pump pit.

Intake and Discharge Pipe

Fig: 6.12-3 shows the route and structure of intake and discharge

pipe.

The intake pipe is made of steel to sdﬁply cooling water from the
pump pit to the condenéer,'and one pipe with a diameter of 1.8 m is

provided per pump.
The diéchafge piﬁe is made of steel to release water discharged
from the condenser to the discharge pit, and one pipe with a

diameter of 2.6 m is provided per one unit.

‘The Intake qﬁdfthé discharge pipes are protected with concrete

bébdﬁse:mbst“péits”bf:the‘pipe'traVérse'roads, and passes under the

' foundation of the switch yard. The pipe routes are relatively

short.

Discharge Pit and Discharge Portal

Fig. 6.12-4 shows“the route and structure of the discharge pit and

discharge portal.
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6.12.7

Cooling water which passes the condenser and the discharge pipe is
collected in the discharge pit and released into the sea through

the discharge portal, an open channel.

(1) Discharge Pit

The water level of the discharge pit must be kept at a certain
level so as not to impalr the siphpn effect on the_assumption

that the pump plt, condenser and discharge pit fprﬁ a'aiphon.

Therefore, the water level at the exit of-the dischafge pit’
mitst be over DL +0.5 m, and a weir of DL +0.0 m is provided at

the exit of the discharge pit in con51deration of 0.5 m water

depth in the discharge pit.
(2) Discharge.Portal

‘The -discharge channel is 5 m (W), 1/800-gradient, trapezoidal
shaped open channel to produce a water velocity, V = 1.0 to
2.0 m/s. The revetments of both sidas of the open channel are

6 m (W) dikes with a crest height of DL +3.0 m.

Considering influence of waves, the discharge portal is pro—

vided with wave-breaker blocks in front of the dikes.

Chlorinating Plant

Measures to prevent adherence of marine life, slime, etc., in the
sea water are needed to maintain the function of the condghser
cooling water system at the thermal power plant. A gplbripating

plant utilizing chlorine is normally adopted.
Chlorinating methods are roughly divided into;

(a) A system to pass liquid chlorine through a vaporizer and

inject 1t into sea water.

(b) A system to electrolyze sea water in order to produce sodium

hypochlorite and inject it into sea water.
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The recent tendency for a chlorinating plant is the adoption of

electrochlorination system to control dangerous handling of liquid

chlorine.

The adoption of the electrochlorination system is recomended from

the standpoint of security and reliability.

)

Determination of Chlorine Concentration

Chlofiné concentration for injecting into sea water is

selected in consideration of the following:

i)

The safety value of residual chlorine concentration

should be under 0.02 mg/l at the discharge point.

11)

Consumption characteristics of injected'chlorine. The

characteristics of chlorine consumption are related to

the time sea water from the intake reaches the discharge

portal.

A speed at which sea water travels from the intake to the discharge

in this'pfoject is estimated as follows:

Fig 6.12-5  Estinated Pass time of Sea Water
Cooling  Cooling Condenser Condenser Discharge
Intake Water Hater Inlet Outlet Point iTotal]
Intake Qutiet . i
ss0 | so | 1so | 2 | w0 | TL wme.
D1st§?ce {m) - - . . . [ —- 1,470 0 = 933 m
3 1 l t 4 175 =
e 6. 3.0 | 2.0 0.4
Velocity = .« _ l : !  — < .
o {n/s)
A o
N 275 167 50 10 440
Pass Time: .. » — .= s . . « 942 sacs16 min
GOl e

- length of caqllng_ﬁa?ef system 945 m

Pass time of sea water

16 min

* 175 means measuring from Comdenser Outlet

T.L : Total length
M.P : Measuring point
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111) Residual chlorine concentratlon 1s related to the tinme
required for sea water to reach the 'discharge portal.

Fig, 6.12-6 shows this relation.

0.8+ ; - |
! Injecting Concentration 0.8mg /£
0.6+ In,}ectmg Concentration 0.bmg.~ £
idual : |
%ﬁ?g‘s‘me Injecting Concentration O0.4mg ./ £
Concentration 0. 4—-
mg/ £
0.02 ST OO e STV
- - — —1— ]
0 5 10 15 2
Injecting Point - - Pass time of sea water frischarge
{min)

Fig. 6 12-6 The Relation betWeen Residual Chlorine Concentration—

Pass Time of Sea Water

_Chlofinating plénts in existing power plants are
chlorine—~injecting concentration of 0.6 mg/l to control
residual chlorine conceﬁtration'to'underr0;02.mg/1:case
14,3 min. 1s required for water to travel through the

cooling water system.

In the adoption of the abové values in this prdjegt, the
most suitable travelling time of sea water is 16 min.,
residual chlorine concentration below 0.02 @g/l, and

' chlorinefihjeéting-¢on¢éntrétion 0.6 mg/l,
(2) Capacity of Electrochlorination System

Trial calculations of the capacity of the electrochlorination

system is as followsn_
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‘Conditioné

Travelling time of sea water through
the cooling water system (T)
Chlorine-injecting concentration (D)
Residual chloriﬁe concentration (R)

Quantity of cooling water (Q)

16 min.

under 0.6 mg/1
under 0.02 mg/1
45,000 m3/h

Capacity of electrochlorination tank (per 300 MW)

QxD x 1073

45,000 m3/h x 0.6 mg/1 x 10-3
27 kg/h

30 kg/h

ft

&

it

H
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6.13 Flectrical Facllities

6.13.1

General

The electrical system and equipment for this project are studied
basically for safety of operation, conveniences of maintenance and

reliable operation from the technical and economical points of

view,

Furthermore, it is recommended that the electrical system and pro-

tection scheme of the Calaca 1 thermal P/S which has the equivalent

machine capacity with this project is taken into ceonsideration.

‘The study that has been carried out for the main electrical items

are as follows;

i) Selection:of Rated Voltage
i1) Generator Capacity
iii) Transformer Capacity

iv) Switéhyard

v} TFEmergency Power Supply

vi) Control and Instruméntation

The recommended Electrical System is shown in the Fig. 6.13-1 "One

line Diagram."

6 - 213



T 20k U “B” T

7
230 kV BUS A"
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| Unitl?lA | Unlit 2B| Unitl[.‘ommunl- L o tnit] 1B . |Unit 1A
fgp B 88 o8 B nE -
| | — | |
] _
B

Fig. 6.13-1 One-Line Diagram
Feature of this one-line diagram are:
% Generator circuit and house load using the unit system.

% One and a half breaker scheme is applied for the 230 kV Bus and
transmission system following NAPOCOR's practice in other power

stations.,

* $.9 XV auxiliary system is applied from the technical and econo-
mical point of view. (Details are shown in 6.13.2 selection of

rated veltage)

* Two unit boards system are applied for 460 V auxiiiary-board'to_

segregate the A and B auxiliaries,

* One common board system for two units is applied.
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- * Rach board of 6.9 kV and 460 V unit board is backed up by common

boards.

6.13.2

* One diesel generator for two units to supply emergency power.

* The starting transformer receives power from the 230 kV Bus.

Selection of Rated Voltage

1)
ii)
111)

iv):

v)

vi)
vii)

(1

The following rated voltages are recommended to be selected:

Generator Voltage ' : 7 18 to 24 kV

Main. Trausformer Primary/Secondary 18 to 24 XV/230 kv
High Voltage Auxiliary Power Supply 6.9 kv

Low Voltage Auxiliary Power Supply 460 V & 220 V/120 V
DC Auxiliary Power Supply/

Switchgear Control 125 V

DC'Control- _ 43 v

AC Control (illumination) 220 V/120 v
(Uninterrupted Power 120 v

Supply System) . -
Generator Voltage, Main Trausformer Primary Voltage

To determine’ the generator voltage, it is important to achieve
the minimum total cost for the generator,'the main trans-—

former, the house transformer and the 1solated phases bus

‘system.

Especially, in order to minimize the generator cost which
occupies the greater part of the costs, fbr determination of
the generator. However, generator over 100 MVA caﬁacity has
the economic advantage of generator under thé.respectiﬁe manu—
facturer's désign as shown in Fig. 6.13-2 "Generator Capacity

~ Outlet Voltage™.
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Fig.613-2 Generator -Capacity - Terminal Voltage
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The generator voltage should be selectad between 18 kV to 24"

kV according to the manufacturer's design,
{2} High Voltage AuxiliarynPower Supply ¢

For high voltage auxiliary power supply system, the following
three cases were studied and it has been deéided that the one
house transformer and 6.9 kV, 40 kA switchgear.combinatibn is
the best case and recommendable from the techaical and econo-

mic viewpoint,

Table 6.13~1 "High Voltage Switchgear System" shows the result
of the study. :
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‘Table 6.13-1 High Voltage Switchgear System

Case 1 Case 2 Case 3
230Ky 23GKY 230KV
Configuration L - i
7 ~ ~ ) ~
161V 161y 116 Atgley] Als AJ§ s9oiv] . 6Ky
- : KV kv

Short Circuit
Current

House Tr.Side :40KA
Starting Tr. Side 1 40KA,

House Tr.Side .:40KA'
Starting Tr. Side:40KA

House Tr, Side :39.8KA
Starting Tr. Side:34.6KA

Impedance of

Main Tr. .
House Tr.
Starting Tr.

13% {at 320MVA)
6% (at 15MVA) -
16% (at 40MVA)

13% (at 320MVA)
6% (at 15MVA)
8% (at 20MVA)

13% (at 320MVA)
8% {at 30MVA)
11% (at 40MVA)

Max. Voltage Drop
during BFP {4.5MW)
Starting -

20.2% .

15.3%

13.9%

The tap posi!t'iio_n of t_he
secondary voltage for
the Starting .. .

Transformer shall keeb

The spedial ofd_er of
the transformer is
required.

The operating
flexibility is wider than
the other two cases.

Technical - - 7% higher than the The tap position of
Evaluation nominal voltage. the Starting
. . _ Transformer shali keep
Small value of the higher than the
starting multiplying nominal voltage.
factor of the BFP ' o
current shall be
selected,
‘Motors Base - + @ S+ Q
- Economical] Tr. Base + 70 -300
Evaluation [Tncoming . :
(1,000 US$) | switchgear _ Base + 40 -140
Cable Base” +140 .240
Total ' Base 4250 -680 .
Recommendation - Base Not Recommendable Recommendable
Note:  Grid systemimpedance 1.8%

Generator transient impedance 15% .

BFP starting current multipling factor 5.5
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(3

From the economle view polnt aund based on’ the manynéctnal
operation results, a 6.9 kV gystem is recomnmended for this

project, though this high voltage auxiliary system 1s new to

 NAPOCOR.

Low Voltage_AnxiliarnyowerVSupply

The 460 V system isrreCOmmendéd for the low voltage auxiliary

power SUpplj based on the following points.

i)} Standard voltage of NAPOCOR for low voltage'aukiliaries
i1) Eésy handling by the malntenance staff of NAPOCOR

The auxiliaries below 200 kW are at this low voltage auxiliary
power supply for economic reason as shown in the attached '

Table 64 13 2 "Motor Capacity — Critical Cable Length" because

- most of these auxiliaries are 1ocated within 400 m radius: from

the switchgear.

However, the criteria of the low voltage auxiliary of tne coal

handling equipment is recommended to be studied after con-

| firming the layout of the auxiliaries since the coal handling

auxlliaries are allocated in a wider.area and the eritical -
length of the high voltage auxiliaries are dependant on this

length.

Table 6.13-2 Motor’Cépacity ~ Critical Cébie_Length

forngzgg'gigizézy(kw) Criticnl Cable Length '
50 kW & - 'ﬂofé than 760 m
100 kW - | . More than 550 m -
150 kW = 1 "ngg'thaﬁﬁﬂéb'm
200 WM | ‘More than 380 m
::BOOVkW _ More_than_3007m_
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The segregation of the power center and control center 1ig
recommended to be 80 kW auxiliaries, i.e. the auxillaries
above 80 kW recelve power from the power center and the auxi-

liarieéiﬁéiow&80'kw from-the control center.
6.13.3 Generator Capacity

(1) Generator Capacity

The generator capacity of 334 MVA is recommended for the
'following reasons.

i) The -power system analysis In 1996 shows that at a power
" factor ‘of the generator of 952 voltage at the receiving
end can be maintalned since the long transmission line

produces reactive power. .

11) At a power factor 90%, the voltage of a generator is

110% of the rated value for the same reason as above.
1ii) A machine of pf'90% is 6% more économical than that of

pf. 85% machine.

Table 6.13-3 Cost Comparison from Power Factor/
Short Circuit Ratio

Rated Capacity Short Circult Cost of
of Generdator [MVA] _Pf' Ratio Generator

353 | 0.85 _ 0.58 100%

33 0.90 . 0.58 947

334 1 0.0 0.64 97%

(2) - Short Circult Ratio.

The fault calculation (Fig. 3.3-3) shows that SCR of 0.58 is a
eriticel condition of the stability within 45° Phase displa-
cement without AVR. '
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In this study, SCR of more than 0.538 is recommendable for

economic reason. -

From the aboée poilnts, 334 MVA, pf 0.9 and SCR 0.58 is recom-
mended for this project.

6.13.4 Transformer Capacity

(1)

HMain Transformer Capacity

The transformer capacity is determined by thé secondary

voltage and current.

. There are two philosthies applied to determine the main -

transformer gapacity as fpllows;

1) About 10% greater than the generator capacity to seénd

out all power generated by the generatqr.in all cases.

i1) Less capacity than the generatdr capacity considering

transformer lagging power factor.

The first case is applied to the power station that would be

operated capacitance load with full load.

Under reactive load, the selection for economic reason of the
transformer capacity could be achieved with the above second

philosophy.

Since the short circuit ratio selected is 0.58, the trans-

former impedance does an'négessarily_haveito_be‘below 13% for

stability, and in this study the standard iumpedance of 137 1s

recommended to for economic design under this voltage.

The sending power of the maln transformer (13% impedance) 1s
less than 320 MVA during génerator'output of: 334 MVA at pf.
0.9 lag. '
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Since capaclitive operatlion is rare under full load, the net

output of the main transformer is selected to be 320 MVA.

Table 6.13-4 "Standard Impedance of Trausformer" shows the
economic design standard in the Japan market decided by the
factor of no-load loss,'load loss and total welght of trans-

former.

Table 6.13-4 Standard Impedance of Transformer
(Economic Design Standard)

Nominal Impedance Voltage
Voltage (kV) . ¢3)
154 ' o 11
187 o 12
220 o 13
275 _ : _ 14
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(2)

House Transformer Capacity

The total rated capacity of auxiliaries would be applied for

_the house transformer capacity.

The amount of spare feader is not included in the above total

amount .

The capacity of the house transformer is 30 MVA and the loads
on the board are shown in the attached Table 6.13-5 "Capacity

of MC Feeders", respectively.

Table 6.13-5 Capacity of MC Feeders

No, of ' Capaéity
Unit One Unit | Total KW {° kVA
BFP | 2 4,500 9,000 | 10,350
we | 2 1,440 2,880 | 3,300
FoE |2 1,050 | 2,100 2,400
Mill 4 570 2,280 2,600
PAF 2 1,000 2,000 2,300
cwp 2 900 1,800 | 2,100
ESP 1 800 800 800
‘Ash 1 1,400 1,400 1,500
Others 2,500 2,500 3,000
Total | . 28,850 kVA

Note BFP : BRoiler Water Feed Pump

IDF : Induced Draft Fam

FDF : Forced Praft Fan

Mill: Coal Mill (Pulverizer)

PAF :  Primary Air Fan -

CWP : Circulating Water Pump

ESP : Electro-statlc Precipitator”
Ash : Ash Handling System '
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6.13.5

(3) Station Service Transformer (Starting Transformer Capacity)

The capacity of the starting transformer is decided by the

fuil house load of one uﬁit plus the common service load.

With the above criteria, the capaclty of the Starting
Transformer selected is 40 MVA as shown in the Table 6.13-6

"load of Starting Transformer",

Table 6.13~6 Load of Starting Transformer

Item Capaclty (kVA)

One unit house load 28,850
Coal Handling Facility 7,000
C. W. Intake Facility 300
Water Treatment Facllity 1,000
Fire Fighting Pump 500
460 V Auxiliary Power.Tr. 1,500

Total ' 39,150

Switchyard

One and a half circuit breaker scheme is applied for the switchyard

egulpment.

The configuration of the swltchgears is shown in the following
Table. The capacity of C.B. is 2,000 A (rated), 31.5 kA (short

circuit) and are air breakers.

Table 6.13~7 "Gompérative Table of Circuit Breaker Scheme" shows

the comparative results of the circuit breaker scheme between "one

and a half clrcuilt bresker scheme™ and a "two breaker schene”.
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Table§ « 137 Comparison Table of Circuit 8reaker Scheme

One and a Haif Breaker'ScheEe

Case 1 - Case 2.

OUne Breaker Schems

.
x
NS

Transmission Line Transmission Line -
’ A

Transmission Line

« The NAPGCOR is familier.
with this system se¢ that

" the reliabte operation
coutd expectad,

' - =
TR I 7% !
b e -1 - b 8
o] o |
8 cB
U . 9
o
X [j; g
L ) o e L\ X Ll x
1 e -
- R e | -/ X
Skelton - l ' ' r%?— :
X ) CB : tB N\ - if
e | 2cs ]\ 1 H
i ® ' x
T 7 T
> 4 .
%0 O -
o C;] cs (]
B N Q
AN A N - L;
' . PAVAVAN
/;E;F;;\ G
+ Even one breaker makes « Even one breaker makes -+ One bfeaqu-troulbe makes
troubie, the power can trouble, the power can tess availabitity of the
transfer with the two transter with the two transmission ling or the
_ transmission line, i, e, transmission line, .i.¢e, generator,
Techaical the reliable system with the reliable system with
Evaiuation the back up breaker, the back up breaker,
« Monitoring and protection | -Monitoring and protection - Monitering and broteetiun
eircuit is very complica- circeit is rather - circuit is simple,
ted, compligatei

Kumber of C.B B 8 5
Honitoring :

and Protection Rather Compiicated Rather Complicated Simpla
Circuit ' '

Equipment cost High High Lo
r—Rscnmendatlan Not recommended ' Recommended Kot recommended
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For reasons of rellability and NAPOCOR's famlliarity of the system,

case 2, that i{s one and a half breaker scheme ig recommended.

‘Fig. 6.13-3 "Switchyard Layout" shows the layout of the one and a

half breaker scheme.
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6.13.6

‘Regarding the type of circuit breaker, the conventional substation

(CS) 13 recommended rather than gas insulated switchyard (GIS) Ffor

economic reason.

Table 6.13~8 "Comparison of €S and GIS for switchyard" shows the

result of sctudy.

Table 6.13-8 Comparison of C$ and GIS for Switchyard

Iten s ¢S GIS

Area to be required 100% 25%

Adapter for GIS required
Extension Easy because of its particular
' "| characteristics

Replacement of Replacement of GIS

Components Easy component takes longer
time
Equipment and 50% 100%
Material cost : I :
Recommen— .
Recommendation - - dable Not recommendable

The selection and details of countermeasures against salt polluﬁion
shall be carried out durilng the detall design stage after reviewing
the site comndition of the salt deposition from annual average rain-

fall and average wind velocity.

Emergency Power Supply

Diesel generator 1s selected as the source of supply for emergency

power for safe shutdown of the plant.
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6.13.7°

The starting time of the D.G. is less than 40 sec. after couplete

blackout of electrical. system. .

The capaclty of D.G, i3 500 kVA for emergency power source of both

units. -

During blackout of the grid, this power atation is walting until

recovery of the grid voltage for re-starting.

For emergency lighting, emergency auxiliary motor and uninterrupted
power supply (UPS) of control instrument, DC 125 V power supply by
battery system for one hour lnterruption of power supply. -

Control and Tnstrumentation

Semi automatic control system is considered.

" The main equipment for control of Boiler and Turbine/Generator

consist of the following:

i)} DAS (Data Acﬁuisitiqn System) o

ii) APC ‘(Autématic Plant Conﬁrd} System)
iii) MBC (Miil Burnef Control System)

iv) B-8QC (Boiler Sequence Control System)

v) T-8QC (Turbine Sequénce Control System)
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6.14 Ash Handling Facilities

6.14.1 Amount of Ash Generation

(1) The amount of ash generation will vary with the calorific

value and the ash content of the coal used.

In the tables

* below, the situation of the ash generation is shown:

50/50 Lemington Semirara
Blended Coal Coal Coal
l. Heating Value _
(keal/kg) 5,262 6,524 4,000
2. Ash Countent ¢ % ) o 11,2 10.4 12
3. Plant Thermal Efficiency 38 38 38
' (%)
4. Goal Consumption .
{t/h) 138 110 180
5. Ash Generation ’
(t/h) 15.5 11.4 21.5
6. Ash Generation
(t/y) 94,000 70,000 132,000
7. Ash Generation in ° ' . :
" 30 Years (ton) 2,800,000 2,190,000 3,960,000

Note: ‘In case of 1 unit of

(2) . Ash Generation Ratio

300 MW,

There will be four (4) ash collecting placeé including the

clinker hopper in the coal firing boller.

The table below show the assumed amounts of ash to be

generated in the case of the design coal.
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No. of Ash ["Standard Ash Design
Ho’ org | Generation Generation Value
PP Ratio (%) | Amount (t/w)| (t/h)
1. Clinker Hopper 1 5 to 25- 3.9
: (15) 2.3 ’
2, ECO Hopper 3 1 to 5 ‘ - 0.8
o S {2.5)y ' 0.5
3. AH Hopper. F 3 1 to5 e 0.8
(2.5) . 0.5
4, TSP Hopper 2x9 75 to 85 ‘13
{80) 12,2
Total _- ©(100) 15.5 18.5
Note: In case of 1 unit of 300 MW.

Figures in parentheses are standard values

6.14.2 Ash Handling and Ash Disposal Method

(1) Bottom Ash

i) Extracting bottom ash

it) .

A chain conveyor is installed at the bottom of the:

. boiler, chain conveyor is submerged with fresh water,

and ash that drop from the furnace to the chain conveyor

are continuously extracted by continuous operation.

- Bottom ash are crushed in the bottom ash crusher that is

installed at chain conveyor outlet.
Trangportation of ash

Bottom ash that have -been crushed are fed to the belt

conveybr.and conveyed to the bottom ash silo.

Ash that has been temporarily'stpred in the bottom ash

silo are conveyed by trucks to the ash disposal area

located approximately two {2) km from the plant.
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(2) Fly Ash
1) Extracting from the ﬁopper

Ash from the hoppers of economizer, air-preheater and
electrostatic precipitator are sequentially extracted

and conveyed to the fly ash silo by vacuum.
11) Extracting from fly ash silo

Ash in the fly ash gilo in determined quantities is
drawn out from the bottom and humidified at the dustless

unloader.

" The humidified ash is transported to the ash disposal

area by trucks.

6.14.3 Capaclty of Ash Handling System
(1) Bottem Ash System
1) Chain conveyor

The chain conveyor operates continuously and therefore a
Capaéity of 3.9 t/h would be adequate. But, the normal
 dischérge capacity which proportionaily increases in
weight'bj,moisture contained in the discharged ash is
taken:into considerétion. .The maximum discharging capa-
city is cdnéidered the safety factor for large ash
dropping during soot blower operatién, or during load

change.
Therefore,

Normal discharge : 3.9 t/h x 1.33 = 5.2 t/h
capacity ' {proportional increase

rate by moisture 33%)
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11)

111)

iv)

v)

vi)

Maximum discharge : 3.9 t/hx 3 =11.7 t/h
capaclity (safety Factor 3)

Bottom ash crusher

The bottom ash crushing is a'ccntinuous operation and
therefore the maximum capacity of the bottom ash crusher

is designed for 11.7 t/h.

Bottom ash transporting conveyor

The clinker transporting conveyor is considered to have

the same capacity as the bottom ash crusher and the

maximum capacity is 11.7 t/h.

"Boiler bottom sealing water and heat exchanger

The sealed water which is fresh water {s clirculated.

The fresh water becomés heated by the falling ash and

therefore heat exchanger is used to cool the circulating

fresh water.
Bottom ash silo

The operation of removing ash should'stqp on holidays
and therefore, the bottom ash silo will have the capa-
citfrbf storing bdfto@ ash generafed during 2 days of
operation for one unit. The bottom ash silo capacity is
determined by taking the bulk demsity of the humidified
ash into consideration. ' ' . o

3.9 ¢/h x 26 h x 2 days x = 267 m3

0.7 t/m3
Ash unloader capacity of bottom ash silo

The ash unloader capacity is based on 4 hour handling.

267 m3

L3/7 m-. 3
T 67 m~/h
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(2) Fly Ash Flow

1)

i1)

Vacuum transporting facility of fly ash

Vacuun transporting facility of fly ash will he designed

to dispose fly ash every four (4) hours and to transport

~the fly ash within a handling time of three (3) hours.

The required capacity is therefore as follows:

4
3

=

|

(0.8 + 0.8 + 13.0) t/h x = 19,5 t/h

=

Fly ash silo

The fly'ash gilo will have a capacity of two days opera-
tion from one unit, and the capacity of the fly ash silo
will be established as follows, taking the bulk density

of fly ash into consideration:

1

(0.8 + 0.8 + 13.0) t/h x 24 h x 2 days x ————
: 0.9 t/m3

= 779 m3

' Including a margin of (1.3), the capacity will be

111)

1,000 m3.

Dustless unloader

"The capability of the dustless unloader will be in

accordance with the program in the figure below for ash

" storage and ash shipment.

Basic plan of the utilization program

Ash transporting hours From 8 AM to 4 PM
Ash transporting working '
_ day Monday to Saturday
- Non operating day Sunday .
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Ash stock and di scharge

tevel 1ine of Ash stock

Ash discharge' line

Ash handling program:

Tuesday ¢ From 8 AM to 4 PM; ash transporting

“time
Saturday. : Generated ash in a day is disposed in
8 hours.
Monday ¢ From 8 AM to 4 PM; ash transporting
time

Generated ash during the 40 hours from
4 PM on Saturday to 8 AM on Monday is
disposed in 8 hours.

From the above, the volume of ash ta'ﬁé-disposed on
Monday would be ash generated during the 40 hours plus
ash generated during 8 hours on.Monday; a total accumu-
lated amount of ash in 48 hours shali_be disposed in
eight (8) huors.

Capaclty of the dustless unloader:

(0.8 + 0.8 + 13.0) t/h x 48 h.
g h

= 87.6 t/h

Taking into consideration a humidity of 20%, the capa-

city.is calculated ' .
87.6 x 1.2 = 110 t/h

Taking into consideration breakdown, one stahd*by unit

éhould be installed. |
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6.14.4 Ash Trausporting Trucks

Ash transporting trucks and related facilities required for one

unit (300 MW) are as follows:
(1) Ply Ash Transportation
1) Calculation conditions

24 ton class dump truck
Distance of transportation: Average round trip 4 km

. Travelling speed :  Average 30 km/h
11) Ash amount

Amount of ash to be

handled during 8 hours a day : 840 tons
Capacity of trénsportiﬁg

facllity : 1 110 ton/h

a} Travelling time per ome round trip

4 km

m=0.13 h =8 min = 10 min

b) Loading time per truck

24 ton
110 ton/h

= 0,22 h = 13 min
¢) Loading and round trip travelling time per truck

10 min + 13 min = 23 min ¥ 30 nin
From the above one truck can make 2 round trips in

one hour.
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d) Number of trucks required = .

110-t/h
24 ton/truck x 2 round trips

= 2,29 trucks

¥ 3 trucks
(2) Bottom Ash
i) Transportation item: same as fly ash
ii) Asﬁ vpiqﬁe: 267 m3 to be hén&lediin 4 ﬁours per day
iii) _Cépacity of unloading facility: 67 n3/h
a) Travelling time per one rqund trip :‘ 10 minutes
b) Unloading time per one truck ;10 minutes

¢) ‘Unloading and round trip travelling.

time per one truck 7. 30 minates

.From the above one truck can make 2 round trips in

' one hour.
d)} WNumber of trucks required

67 mw3/h
24 tonf/truck x 2 round trips

= 1.4 trucks

¥ 2 trucks

{(3) Number .of Trﬁcks Reﬁuiréd

Fly ash system : 3 trucks
Bottom ash system: 2 trucks
Total : 4 trucks
Spare t 1 truck

6 trucks

Grand Total :

6 - 236



4)

Other Facilities
1) Bulldozer for work in ash disgposal site: 2 bulldozers

11) Fuel storage facilities for

ash digposal trucks and bullidozer 1 1 set
iii) Garage for ash digposal trucks "t 1 building
Garage for bulldozers : 1 building

6.14.5 Ash Disposal Area

(1)

(2)

Location of Ash Disposal Area

Ash disposal methods can be roughly divided inte inland dispo-~
sal method and offshore disposal method. As a result of com-—
paring the two methods in Chapter 4 "Site Selection Study",

the inland ash disposal method was selected for its economic

- advantages.

In tﬁe'qelection 6f the site for ash disposal, the area adja-
cent to.the west sidé of the power station was selected
because the location is situated close to the power plant,
retaining ﬁall for the ash disposal area can be readily made

and rainwater can be easily drained.

The south and the west sides of the ash diéposal area have
hills .that are 15 to 25 meters high and these hills can be

utilized in place of retaining wall which would be econonmical.

In regards to drainage, there is almost no rainwater from

other areas flowing into this locatlon and dralnage of rain-

. water. can be easily performed.

Space of Ash Disposal Area

Aéh.disposal will be started from :he south side of the ash
disposgl area qnd_retaining_wali will be extended every'lo

years while ash is being disposed. The required space of the

. -ash disposal for:ioryears and 30 years ghall be as follows
(Refer to- Figo 6. 14-2) .
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10 years : 31 ha
30 years : 73 ha

6.14.6 Retaining Wall of Ash Disposal Area and Dralnage System

(1) Retaining Wall of Ash Disposal Area

Ash that 1is generatéd in the power plant is trénsported to the

ash disposal area by dump trucks where bulldozers will level

and compact'the ash., 1In order to prevent ash from flowing,

retaining wall will be constructed befove the ash diéposél_
area is used. (Refer to Fig. 6.14»2.) '

The -sequence of constructing the retaining wall of the ash

" disposal area will be as follows:

i)

- 41)

1ii)

iv)

v)

An embankment  having a height of DL + 5.5 m and a width
of 5.0 m (and extending approximately 600 m) will be
constructed at the area where ash ‘generated in 10 years

can be disposed. Embankment will not be provided on the

‘south sidé of the sedimentation basin.

An embankment having a height of DL + 5.5 m and a width

:of 5.0 m (and extending for approximétely 530 m) will be

constructed to prepare a sedimentation basin on the east

side of Bani Point.

Ash disposal from DL + 1.5 m to DL + 5.0 m will be
carrled out on the power plant‘side (érea east of éhé_
ash disposal area). One half of the area for disposal

of ash generated in 10 years will be used first.

-When dispoéed*ash'has reached DL + 5,0 m, embankment of
.2 mwill be added to on DL + 5.0 m, and ash will be

disposed in this area,

By repeating this sequence every 2m height, it will be
possible to. dispose of ash up to 13. 50 . ’

When ash disposal has - reached up to DL + 13.50 m, the

‘surface will be covered with approximately 50 cm of soil
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(2)

vi)

vii)

to prevent dispersion of ash and for utilization of land

created by disposed ash.

By performing the operation from 1i{i) to v) above,
filling ash in one half of the areas provided for 10
yvears will be completed. This will be continued by
filling the remaining area for the additional 10 years
by the same method.

When ash disposal for 10 years has been completed

~through the above procedure,'the'same procedure will be

repeated to dispose ash for 30 years. The gradient of
slope of embankment is 1:2; and a berm of 10 m wide will
be constructed at each 3.5 m elevation., A portion of -
the berm will be useq as réad fof tranéportation of ash,

and water channel on the side of the road will be pro-—

'fided for drainage of réinwater.

Drainage System

- Raliwater imside thé ash disposal area will be treated separa-

tely from rainwater outside the ash disposal area. The

characteristics of the respective dralnage system are as

follows:

1)

Rainwater inside the ash disposal area

Rainwater inside the ash disposal area which is
encircled by retaining wall and hills will flow over the
surface of the ash disposal area and will be routed to .
the sedimentation basin by excavated water channel that
will be provided in the ash disposal area. After ash .

particle has settled in the sedimentation basin, water

18 discharged into the sea on the west side.

The éedimentation basin will initially treat rainwater
in the 10 yeare section of ash disposal area and after
the 10th year, rainwater from the 10 to 30 year section

of ash disposal area will he treated.
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ii)

The capaecity of the sedimentation basin will be able to
accommodate a volume of 60,000 m3 which will be equiva-
lent to the time required to completely perform natural

sedimentation in 8 hours.
Rainwater outside the ash disposal area

Rainwafer falling'outside therash disposal area, rain-
water falling on the embankment surface will be gathered

in the water channel provided on the berm of the revet-

. ment and will be routed to the sand basin on the west

side. -The rainwater will be discharged after ash has

settled.

Rainwater félling on top of the ash diqusal'arEa where
ash diépdsal has been completed'will be routed to the
sand basin by the water chanﬁélé_that are provided

around the top surface of the ash diéposal area.

One- sand basin will be located on the north éide of ﬂani
Point and the other on the north side of ash disposal

ared.
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6.15 Powerhouse
6+15.1 Powerhouse Layout

The powerhouse conslsts of turbine house, heater bay and control
house. Planned to be installed adjacent to these structures are

the boiier and bunker areas.

In the tﬁtbine'hbuse, steam turbines and generatoré are érranged in
a straight line and overhead traveling crane is installed above

thééé'equipmentito facilitate maintenance work.

Furthermore, an unleoading bay is installed between No. 1 and Wo. 2
tufbine-hOUQe to facilitate'construction of the power plant facili-

ties and implementation of annual inspections in the future.

Planned to be installed next to the turbine house is the heater bay
which houses the boiler feed water heater, deaerator, etc. Boiler
feedwater pumps are also installed on the ground (first) floor of

this heater bay.

Taking a look at the layout of the control house, various factli-
ties for control:of the power plant are arranged mainly on the
second and third floors. These include the qéntral control room,
relay &_computef rooms, electricity room, telecommunications equip-
ment room and instrument testing room. An auxiliary equipment room
for accommodating an emergency diesel-engine generator, house ser-
vice boiler, chemical dosing system, sampling raéks, compressotrs,

ete. shall be the first floor.

When mapping out the floor plans for the 1ndi§idual structures, No.
1 and No. 2 units are symmetrically arranged by installing the
control housé halfway between these units for funttionally orga-
niZing'the_control'systgm and also arranging the facilities of

those units similarly as much as possible.

_Ag for the. arrangement of the bunker, the bunker area and the
_boiler area are integrated into one unitized construction, namely;
the side4bunkef, g0 that the each building can structurally'balance

“out and the control room can be efficiently isolated from the

pulverizer's vibration,
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6.15.2

6.15!3

Foundations of Powerhouse and Major Facilities

The foundations of the power station's major facilities such as the
powerhouse, the boiler area and the bunker area are designed in
such a manner that these facilitiés can be supported on firm
ground. In addition, the foundation isplaced on firm ground so
that it safely supports the weight of the superstiuctires such as
equipment and ips supporting framés and lessen troubles arising

from vibration caused by the equipment. The foundation is also

designed to have sufficlent bearing strength agalnst possible dif-

 ferential settlements.

As to the foundations for the ﬁowerhouée; feinforcéd‘cbhéfete mat
foundations are ddopted begéusé thé.fesﬁlts.of‘és}e~driliing survey
conducted b} NAPOCOR revealed that bedrock in-ﬁhe aféé where the
power station 1s planned to be sited is relativeiy near the ground

surface.

Superstructures

Two kinds of construction, nanely reinforced couerete'construcfion
and steel construction, are conceivable, Considering the large
roem span and'ease of eQuibment'installationghiight weight, and
other advantages arising from shorter construction perlod, the
latter is adopted for the main frame constructién. " Each floor is

of reinforced concrete slab construction.

Turbine and generators to be installed on the operating floor (FL +

i2 m) are supported by rigid reinforced concrete block.

As to the ventilation.of the turbine room, air inlets are installed
on the external walls so as to.release heat emanated.from‘indoor
equipment to the outside and, thereby, maintain a favorable indoor
enviromment. In addition, air outiets,through which warm;air
naturally.escapes are installed on the rooftop alohg with mechani-
cal ventilating fans to be used when the 0utside témperature'is

extremely high.
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6.15.4 Facilities

Rooms which operators constantly occupy, such as central control
room and rest room for shift operators, as well ag those rooms in
which various kinds of high-precision eguipment that are sensitive
to ambieﬁt condlitions, notably temperature and humidity, are
installed, such as the relay room, the computer room, and the com-
nunications equipment room, are air-conditioned. On the other
hand, those rooms in which heat-generating electricity boards are

installed are equipped with mechanical ventilating facilities.

Other facllities installed throughout the entire building include
lighting fixtures, plumbing and sanitary systems, fire-extinguishing
facilities and fire alarms.
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6.16 Stack

6.16.1

6.16,2

Design Conditions
Height: 120 m

The stack height is determined by giving consideration to the pre-

servation of the énvirbnment, namely flue gas diffusion in the

environment.

Inner flue diameter: 4 m at the top and 5 m for the rest
' (2 flues) ‘

The above inner diameter is determined by giving consideration to
the discharge velocity, the quantity, and the temperature of flue

gas, the induced draft fans' discharge—side loss balance, and other

.factors.

Stack Type

" There are two stack types. One is a reinforced concrete structure

and the other is a steel structure.

In'general, the former consists of two or more self-supported inner
flues made of steel or some other material and reinforced concrete
outer tube, while the latter is a combination of steel flue and

supporting steel structure.

After amalyzing the results of our stﬁdy, a reinforced concrete .
structure, which has the following advantages, is decided to be

adppted.

i) Unlike a steel—structufe stack, reinforced-concrete stack
requires no appplication of anti-corrosive repailnt after

completion.

i1) Tﬁe'construction ﬁeriod of reinforced-concrete stack is

slightly.shorter than that of steel-structure,
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111) Work safety in and around the stack coastruction site can be
' secured through the adoption of slip form construction

method.

iv) The bottom portion of reinforced-concreéte stack requires less
area than that of all-steel structure qnd 18, therefore, more

advantageous in terms-of overaliuspacé efficieﬂéy.

v) The space between the ianer flues and the outer tube can be
used as maintenance space which facilitates the implemen-—
tation of maintenance and control, and provides more space

for stack work.

6.16.3 Construction Métﬁod

A technique called "slip form method", in which Bottomless-form
panels are continuously jacked up to construct a tower—1ike rein;
forced concrete structure, is employed to constfuct_a.high
reinforced-concrete stack for the power statiom. The number_of
stacks-completed'using this method has been ¢n the -increase in

recent years.

6.16.4 Othefs

The inner surfaces of the steel flues are lined with an acid-
resistant, waterproof cement-based material to prévent the surfaces
from being corvoded by sulfur acids (sulfur dioxide) contained in

flue gas.

Other facilities installed on the stack include lighténing arrester

and alrcraft warning lights.
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6.17 Aneillary Bulldings

(1)

(2)

Adminlstration Building

i The ééﬁinistratiqn buil¢ing is intended to be occupled by all of
”tbe-fu11~tiﬁe:stéff of the power station other than the equip-

ment aperators.'_Tﬁé building aécommodates édministration

' office, confereﬁcé rdém;.plant ménéger's room, chemical anélysis

: léboratbry,‘library, diﬁing room, depot, locker foom, etc. The

dining room is intended to be used by the entire work force of
the power station. The administration building is of reinforced

concrete structure,

Utilities that are planned to be installed in the building
include air-conditioning and ventilation system, lighting fix-
tures, plumbing and sanitary system, fire alarms, and fire-

extinguishing facilities.
Other Buildings

Various other buildings that are required to be conmstructed
along with the administration building include workshop, spare-
parts'warehouse, coal handiing control building, ESP electricity
house, water-treatment house, chlorination plant house, garage,

guardhouse, etc.

The size and floor areas of the workshop and the spare-parts
warehouse are determined on the assumption that all maintenance
and repalr work can be conducted on the premises of the power
station and spare parts that are likely to be used shall be
stored in.the spare-parts storage so that any equipment failure
can bé speedily dealt with by feplacing a faulty part with a new

one which is retrieved from the wa;ehouse.

In. addition, guesthouse and dormitory are to be constructed in

the miscellaneocus-facilities yard.
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(3)

Miscellaneous Facilities

The site of the power plant is landscaped in order to lmprove
the aesthetic aspect of its on—premises environment. In addi-
tion, ‘the premises of the power station are fenced off with a
boarder fence to keep out trespassers ‘and thereby prevent
poasible intruder—caused accidents/faults from happening. _
Sewage 1s treated in a septic tank before it 1s discharged into

the sea.

As additional amenities, basketball and tennis’courts are

arranged in the mlscellaneous facilitieS'yard.:'
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CHAPTER 7 ENVIRONMENTAL ASSESSMENT AND CONTROL MEASURES

Geﬁeral

In this coal-fired thermal power project study, Masinloc has already

been selected from among the three proposed sites as a result of the

' first stage study. Therefore, environmental control problems, if

a coal-fired thermal poﬁer station having 2 x 300 MW is constructed in

Masinloc, are studied from various angles -in this chapter.

The Philippines have already established légél régulations'on environ—
mental control. The JICA study team has evaluated the environment and
studied:the-environmental control facilities with reference to the

legal regulations.
(1) Effects of Air Pbllution

The power station will be equipped with a'high—performénce
electrostatic precipitator (ESP) (dust~collecting efficlency is
'99% min.) as well as a 120 m:high-stack to diffuse flue gas and
reduce ground-level coucentration of pollutants. According'to
the short-term diffusibn prediction results using Bosanquet's and
Sutton's Fformula, the alr poliutant'conéentration is far below
the ambient air quaiity staandard even at the place of maximum
-:.groundfleﬁél_concentrgtion. The place of maximum ground-level
cpncentfation_from the power station_is-12a5 km during 1 unit
operation, 17.1 km during 2 units operation, and consequently
there will be no fufluence to the environment of the surrounding

‘area,



© Max. Ground-Level Concentration

Ambient Air . \(Stébility of Atmosphere: Neutral, 5 m/s)
Quality Standard l-unit Operation 2~unit Operation
S0x  0.30 ppm () 0.024 ppn 0.028 ppm (H)
0,14 ppm (D) 0.014 ppn : . 0.016 ppm (D)
NOx  0.10 ppm (H) © 0.015ppm 0,017 ppm ()
Dust- 0.25 mg/scem (H) 0.004 mg/scm . 0.005 mg/sem (H)
0.18 ng/scm (D) © 0.002 mg/scm 0.003 mg/sem (D)

@

Remarks (H):. Hourly value - .
{(D): Dailly average value
scm:  Standard cubic_meter

‘In order to prevent dispersion of cosl dust, the coal storage

yard and the coal unloading facility will be equlpped with water
sprinkler and the coal conveyor will be equipped with a covér.
Water sprinkler will be installed ih the ash aispoéal yard and
after ash is disposed in the yard, the surface, shall be covered
with soll. The environment of the surrounding area will not be
affected as a result of taking such measures to prevent disper—

sion of particulates.
Influence of Thermal Effiﬁent

Calculation of thermal effluent diffuslon was cbhductéd_by simu-
lation using computer and "Mostafa A,  Shirazi and Lorin R.
pavis' formula® developed by the U.8. Enviroumental Protection

Agency (EPA).

The calculation was conducted assuming a discharge volume of

25 m3/s with two units in operation.

The resulis are summarized below: -



Table 7.1-1

Simulation Results

1'C Increase Area

3°C Increase Area

Discharged | Intake Permanant ==
Reaching Distance (ke) | DIffuston { Reaching Distance (km) | Diffusion
Case | Yoluae Water Temp! Current
Coastal Toward Area Coastal Toward . | Area
{m?) {C) Velocity o

(=/5) Direction| OFfshore (kn?) Direction| OFffshore (kn?)

1 0.0 0.274 1.704 0.674% 0,030 0.252 0.0134

2 25 n 0.05 0.840 1.268 0.4029 0.064 0.235 0.0114

3 0.15 1,014 0.465 | 0.1387 0.177 | 0.0083

0.141

The simulation study revealed that 1°C increase in water tem~

‘perature will be the area 1.7 km in terms of reaching distance

toward offshore and 0.67 km? in terms of diffusion area, while

3°C increase in water temperature will be an area 0.3 km offshore

and 0.01 km?Z, ‘Therefore, the environment of the surrounding area

" will not be affected by the thermal effluent as explained below.

s The thermal effluent will diffuse over the surface of the sea,

so it will not affect marine life on the bhottom of the sea.

« As to the effects on shallow water on the coast, marine life

will not be affected due to the fact that the water discharge

" portal extends about 300 m out to the sea from the shore, and

~ the dalcuiatibn'resuits indicate that thermal effluent will not

approéch’;hé coast even if the permanent current speed should
ba 15 cm/s.

. As to the effect of thermal effluent on the water intake,.there

will be no recirculation since the distance between the water

intake and outlet is about 800 m and deep water intake system

~ is adopted.




7.2 Present Conditions of Environmment and Emission Control Standards

7.2.1 “Present Conditions of Envircument

The present conditions of envivonment in Masinloc are shown below:

()

(2)

(3)

Amblent - Alr Quality-

There are no industrial activities to(pollﬁte alr w{thiﬁ a
radius of 10 km from the planned site. Though there are
effects of emission by automobile, etcs and the smoke generated
byrbufning trash after harvesting énd;from houses, the air

pollutant concentration is expected to he at a very low level.

Hater Quality

As to the prospective fresh water sources, there are the Lawis

river to -the east of the site and the Masinloc river to the

 south of the site. Since Coto chromite mine is in operation in

the upstream of the Lawls river, there is the possibility of

water pollution from the mine. Therefore, a water analysis was
conducted, but the total.chromium,turned out to be a maximun of
0.02 ppe in terms of quantitative limit wvalue. §ilt adhered to

gtones of the Lawls river contained chromium of 0.65%, indi-

. cating that chromium is flowing down the river.

Climate

The Philippine_arcbipelagp_is'classified.into four areas
according to the Philippine meteqrological_qlassification.

This area belongs to Type I, where there i1s a clear distinction

between the dry season and the ralny season.

~ The wind direction and velocity in the site are explained below

in relation to the diffusion of power station flue gas into

the atmosphere.

From February to March, northwest wind pfévaii, so the flue gas

will diffuse toward the city and municipality facing Masinloc
Bay. ' '



‘ (4)

(5)

(6)

(7)

In the other months, it will diffuse toward Oyon Bay or the
South China Sea.

When the wind speed is low, the stability of atmosphere is
exnected to become low., This will be particularly significant

in the dry season.
Tidal Condition

While the site faces the odter sea, the tldal velocity is low
at about one (1) knot., Little dakta of tidal current in Oyon

Bay are available.
Topbgraﬁhy

There is a gently sloping hill of from 5 m to 25 m in elevation

" to the northwest of the site, Rice paddies lie between the

site and the coastline. There is vést, ‘flat land on the side
of Lawls river. 'The shore is shallow to a considerable

distance aud there is a stretch of coral reef.,

‘Near the site to the south is Oyon Bay. Masinloc Town with a

rélativeiy large poﬁulétion 1e located six (6) km to the

VISQﬁthéast. The Zambales ridges (elevation isrl,OOOIm'maxQ) can

be seen about fifteen (15) km away to the east.

Population and_Indﬁs;rial Activities

%

As préviously Qéaﬁed the iuhabitants neat the planned site are

engaged malnly in agriculture and fishery.  There are developed

'settlements along a national road running north to south aloug
-the coastline. However, there is no major source of smoke to

.pollute the air wichin a radius of 30 km.

Land»Utilizétioh Ardund-the Site .

There are”riéé'paddies and coconut farms in the area which
must he acquired as part of the plant. site. A few fishermen

are living on the coast.



7.2.2 Environmental Quality Standards and Emission Standacds

(1) Environmental Quality Standards

Ta5105‘7.2—1 to 3.sh§w the énvirénméntal qualt;y'éﬁandards-for

atir, noise and water quality.

The area category of the noilse control to be applied_to the

site is not yet determined while the marine éategory'for water

pellution control is expected to be SC.

Table 7.2-1 Ambient Air Quality

“Photo~-

: Suspended
Sulfur Nitrogen Carboun . e 5
Pollutant Dioxide Dioxide Monoxide Particulatg chemical
. . o _ Matter Oxidant
' 502 NO co CseM It ox
24 hour value 36911g/scm- 180¢tg/scm:
© 7 ] 0414 ppm B o
8 hour value 10 mg]scm
"9 ppm
1 hour value 850;;g/scm 190 yg/scm !  35-mg/scm | 250 ug/sca 1204 g/sen
0.30 ppn 0.10 ppm | SO:ppm |1 0.06 ppm
Remark: scm stands for standard cubic meter =
Table 7.2-2 Environmental,Quélity in Noise Levél :
- . Morning and |- :
_Day Tlmg Evening__ . Night Time
AA | Quiet Area 50 dB 45.48 - | 40 dB
A | Residential Area . 5548 1 50.dB. 45 4B
B | Commercial Area 65d8 | 60 dB 55 dB
C | Light Industry Area 70-dB 65 dB 60 dB
D | Heavy Industry Area | = 75 dB 70 dB. . 65 dB
- . ol mM 5 to A9 L
Time Zone . AM 9 to PM G'PM 6 to PM 10 Pﬁ—lO to AM 5




Table 7.2-3 Environmental Standard of Water Quatity (Sea & River Mouth)

—— Type  ©
Quality Parameter T o SG
Temperature °C o 3 (a)
Dissolved Oxygen i 5
| 5-day BOD at 20 °C \ 20
PH o _ : ! 6.5~8.5
Coliform, MPN/100ml _ : 5000
Phenolic Substances /mg/l ; 0. 02
Trace Elemonts
Arsenic f -0.05
Barium ; 0. 05
“Cadmium ! 0.01
"Chromium 0.05
Copper 0.0?
- Cyanide 0. 05
Lead 0,85
Mercury 0,002
Selenium 0.05
Silver 0.05
Organic Chemicals =~
Synthetic Detergents (MBAS) 0;5
gil and Grease ]
Persistent Pesticides , (x/1)
Aldrin g. 01
DOT 0.02
Dieldrin 0. 005
Chlordane {. 04
Endrin 0. 002
Heptachlor 0. 01
Lindane 0.02
Taxaphane 0. 01
Methoxychior 0. 005.
2, 4-D _ 2.0
Nutrients )]

Remarks:{, (@ Rise in temperature :
() Shall not be present in concentratlons to cause deliteriou
or abnormal biotic. growth,
2. All valuss are maximum permissible excepi for dlssclved oxygan
which is minimum permissibie,
3. All units are in mg/1 except those indicated,

Water usage and classification:
Classifications Best Usage

Class SC.-For the propagation and growth of fish and other aguatic
‘resources,
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{2} Emnlssion Standards

Tables 7.2-4 to 5 show the emlission standards for alr pollutant

and effluent.

Table 7.2-4 Emission Standards for Air Pollutant

Nitrie Acid'ér y
Pollutant Total Oxides ’ Oxides of Nitrogen Solid P?rtiC1es
o o Oxides
Emission % 250 mgfscm _ "~ 2 gfascm :' © 300 mwg/scm
Limit {as sulfur dioxide) (as NO2) :
Remarks ' .

% Where limit cannot be met, control to be by stackrheight,



Remarks

Table 7.2-5 Effluent Regulations

- Type ] Other Coastal Waters

Quaiity Parameter ~———_ (SC)
‘Color in platinum cobalt unit 200-
PH 5.5~9
Temperature i, °C g
Phenols 1.
Suspended solias 206
BOD 250
0il/Grease 15
Detergents 10
Barium (Ba) 5
Cadmium (Cd) 0.1
Copper (Cu) 1
Chromium (Hexavalent)  (Cr+® 0.1
Dissolved Ferrous (Fe) 20

1 Lead. (Pb) 0.5
Lithiun ()] 1
Dissoled Manganese (Mr) 5
Mercury Total = (Ha) 0. 002
Molybdenum (Mo) 0.5
Hickel (Ni) ]
Selenium (Se) 1
Sitver. (Ag) i
Link £In) 10
Arsenic (As) 0.5
Bery!llium (Be) |
Free Chlorine (ch 1
‘Cyanide - {CH) 0.5
Fluoride (F) 10
Polychlorinated Byphenyl (PCB). 0. 003

Maximum allowable levels in mg/1,

“Coastal Water” means an open body of Water along the country’
coastline starting from the shoreline (MLLW) and extending

outward up to the 200-meters |sobath or three-kilometer dcstance.
whlchever is farther



7.3 Environmental Control Measures and Facllities

7.3.1

7.3.2

Basic Concept for Environmental Control Measures

Iﬁ planning a coal-fired thermal powevr bléné.in Masiﬂloc, the most
important 'point in environmental pfotéétioh is'that:the con—
sideration into the future should be paid as far as possible as well
as the plant does not have a negative affect on the'enVironment of

the surrounding area.

The following matters have been studied based on the above fuhdamen—

tal concept.

(a) Air pollution
(k) Influence of thermal effluent

{¢) 1Influence of waste water treatment and ash disposal area

Ian order po identify these itens, the'nétdral'and social environment

around Masinloc arsa have been studied.

Based on this study, appropriate environmental system is planned to

suit the Masinloc area.

Coal~fired Thermal Power Statidn and Environméntél Protection

Environmental pollutlon problems of a coal- fired thermal power sta~-
tion include air pollution (sulfur oxide, nitrogen oxide, dust,
etc.), water pollution (thermal effluent, ash treatment effluent

ete.), noise, dust, coal ash treatment, etc.

-'Environmental pollution problems of coal fired thermal power plant

‘differs from those of heavy oil-fired thermal power plant, in par~

ticular, air pollution and coal ash treatment.

Table 7.3-1 shows that £lue gas characteristics of coal-fired pbwer
plant are largely different from those of oil~ ~fired plant.'
Untreated fiue gas has 100 times or much higher dust concentration.
S0x and NOx concentrations are also higher. Dispersion of cecal dust
occurs during coal traﬂsportétidn and.storage, 50 higher-leveliair
pollution control measures are required than in an oil-fired power

plant.
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7.3.3

Ash content of coal, being 15 to 20%, is much higher than in other

types of fuels, so coal ash treatment is a serious problem.

In addition, it is necessary to take measures for effluent from coal

™ storage yard, power plant facllities, etc. So envirommental protec-

tion measures will require consideréﬁle efforts,.

Fig. 7.3-1 shows a'general_COal*fired power plant block flow, and
Fig. 7.3-2 shows typical environment protection measures of a coal-
fired power plant to be constructed in an industrialized area of

Japan.

Qutline of Environmental Protection Measures

The enviroumental protection facilities of the planned project are

considered as follows:
(1) Air Pollution Control Measures
(a)-  Sulfur oxide

. To adjust the sulfer content of coél, coal blending

facility to be considered

« To reducé the ground-level concen;rafinn of pollutant,
120 m stack height with 30 n/s discharge rate is
adopted.

(b) Nitrogen oxide
. Same as in case of sulfur oxide
{c) - Dust

« To install high efficiency electrostatic precipitator
(dust removal efficiency should be considered as more
‘than 929%)

. Same as in case of sulfur oxide
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(2)

(3)

(4)

(3)

Thermal Effluent Control Measures .

.1T5ﬁpérature rise of condenser cooling waﬁérﬁshall be less
than 8°C. '
General Effluent Control Measures

» To equip waste water treatmént facility (waste effluent is
purified to S8 200 mg/l max., oil content 15 mg/1l max. and
pH 5.5_t6_9_by means of coagulation and sedimentatioun, oil

separator and pH controller)
Noise/Vibration Control Measures

. Major noise/vibration generating equipment will be installed
far away from the site boundary and the main equipment will

be located indoors.
Other Countermeasures

. To prevent‘dispersibn of dust from coal storage yard and ash

disposal yard

. To fempve suspended solid in rainwater from coal storage yard
and ash disposal yard by sedimentation pond before releasing

water into the sea
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Table 7.3-1 Flue Gas Characteristics of Coal, Heavy Oil
and LNG Firing Boiler

Fuel Type : Coal [Heavy Oil} L NG
» | High calorific value (kcal/kg) |6000~7000] 10 500 | 13 000
I
i
@ | Ash content (%] 15 ~ 20 | O.imax 0
g :
=) ° .
£ Sulfur content (%) 0.5~2.01 | ~ 2 %0
g . :
& | Nitrogen content (%) L3~2.010.10~03]0.0I~005
- Eco outlet dust _ . ' '
s concentration{g/Nm) 10~ 25 [0u~0.2 0
S AH outiet SOx  (PPM) | 400~I1600 |500~1000| 20
=) : . .
35 . -
te o] Eco outtet NOx (ppm) 400~ 600 [ 200 ~ 3001130~ 250

Remarks: The concentrations in the fiue gos column are on
g dry gas buse.

Figure 7.3-1 Coal- Fired Thermal Power Station Block Flow

Turbine tGeneraﬁon } —>-Eleciric power

Seq water [——PejCondenser

i

® = . .
= |8 s s| (28| |B
Bl |5 - sl {88 < :
-~ /] o ~ . K
o v r i b ¥y £ 2o = Flue gas >
°1 l<o £ =8l |59 E |ue gef
2 3o 3% 0 o2 .
G) o= =8 wa o

by
- : . ‘
. |A”' > P i 2
T B -
3} i
5 s |
' & £ s
. ) Pt gga .
'Iwwer > = S g2 |EZ Effiuent
E =%l (889 —
& F8 379 . '
|Chemicols} — : l—n-IAshdisposui >

7-13






Fig.7.3-2 Environmental Conservation Countermeasures for Thermal Power Flant
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7.3.4 Electrostatic Precipitator (ESP)

(1)

Cold ESP and Hot ESP

When coal burn at high temperature (1,200 to 1,600°C) in a
furnace, carbon, hydrogen, etc. contained in coal burn almost

completely to Form ash and combustion gas. While some of the

.aShIgenérétéd in the furnace adheres to the water wall or falls

down into furnace bottom, most of it s carrled to the

downstream of gas duct together with combustion gas.

Generally, about 10% of ash generated in pulverized ceoal-firing
boiler melts and falls into chain conveyor and another about
10% accumulates in economizer and air preheater hoppers as

cinder ash. And the reméining about 80% is discharged from

‘boiler as fly ash. An electrostatic ptééipitator is installed

to collect this fly ash.
i} Types
The following three (3) types of fly ash collectors are

avallable.

-{a) Mechanical dust co11eptor (cyclone type)
Easily collect large particle size of ash,
Particulate emission density is more than 1.0 g/m3N.

(b)" Low temﬁerétdre electrostatic precipitator
' (témpe%ature is about 120 to lSooc, called
" Cold-ESP.) o
Adopted for ash of low electric reéistivity.
(104_to 1011 ohm~cm)

{c) High temperature electrostatic'precipitator
(temperature 1s about 300 to 400°C, called Hot~ESP).
- Adopted for high electrlic resistivity ash (more than
1012 oﬁm—cm).
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i1) Comparison of Cold and Hot—ESP -

Cold and Hot-ESP are compared in terms of economy and

dust—collecting performance.

(a). Economy

(b)Y

‘times (

Cold-ESP is installed at the dowﬁstreaﬁ of the air
pfeheater, iﬁ érzoné of aﬁnut 13050 simiiar to

heavy oil~ fired thermal power generation. " Hot—ESP

1s installed between the economizer and the air pre-
heater. Tt is a system to draw out. about 350°C gas,

treat it in ESP and then return it to the air pre-

. heater.

The actual gas volune of Hot-ESP is about 1.5

273 + 350
575 % 130 1. 5) of Cold ESP s..

Hot-EP, gas duct, etc, become counsiderably larger

and more cdstly than Cold-ESP.
Performance of ESP

Performance of ESP is largely affected by the
electric resistivity of ash, “Namely, 1f the
electric resistivity of ash éxceedé iﬂlg ohm-cm,
back ionlzation (béck'bbféna)'bccﬁrs 1a the dust-
collecting electrode and this results in the insta-

bility of electric charge and finally reduces the

'dust—collecting efficlency,

Fig. 7.3-3 shows the general relationship between

electric resistivity of hsh:and.dust—callecting per—

formance.

Electric resistivity of ééhfié'affected'largély by
gulfur content of coal, alkali metal (Li, Na, K) of

ash and gas temperatures

Fig. 7.3~4 shows these relationé.- The chemical com—

position of f£ly ash also_affects the electric
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resistivity. Electric resistivity Is low if the
percentages of Nas0 and 803 are high, while it is
high if those of Si0jp, A1203, Caly, Mg0O are high.

(o) Salection’ of type

' Considering the characteristics of the design coal
to be used in this project, electric resistivity is
assumed to be about 1010 to 1pll ohm¥cm at gas tem-—
perature 140°C. Therefore cold ESP is recommended

in view of economy.

In the detail design stage, it is desirable to check

the characteristics of ash.
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4' Fig.7.3~3 Efficiency Curve of Electrostatic Precipitator
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(2) Study of Bagic Speciflcations
1) Basic specifications

The design coal is assumed as 50/30 wt% of Semirara/
Lemington. However, in studying the basic specification
of the ESP, the blending ratio may be biased to Semirara

or Lemington.

Type o : Dry, horizontal
Numbef_of sets : 2 sets/boller
Processing volume of gas: . Approx. 1,050 m3N/hewet
Inlet gas tempéfature : 140°C

" Dust céllection rate : more than 99%

Water injection uwethod to be

Conditioner

considered in the future.
(Requirement of Conditioner)

The method of injection of 503 or NH3 as a conditioner is
often adopted in forelgn countrles as a measure to

improve the existing ESP's performance.

However, this bractice is not desirable for a newly
Installed thermal power plant, because of possible secon-
dary problems as troublesome handling of conditioning
agent, treatment of collected ash.(due to NH3 in dust),

" etc.

As an alternéfive nethod, conditioning by water injection
into the gas duct seems to be the optimum method for easy
handling and less secondary problems. However, the
effect of improvement of performance bj water ianjection
into the gas duct changes according to coal charac~

teristics.

Therefore, it is desirable to study this method after
understanding the actual results of ESF efficiency by

each type of coal after commissioning of the plant.
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11} Calculation of optimum Specific Collacting Area (SCA)

Dust collection rate of ESP for a coal-fired boller is

expressed as follows:

where,

£ :

wkt
ko

Note:

In the

g = 1=e~(WKEXE y 100

Dust collection rate (%)
Specific collecting area (m2/m3/s)

_ Specific collecting area
Actual gas volume

Apparent dust travelling*velocity_(m/s)
Constant determined by particle size distribution

0.5 is adopted for fly ash.

above formula, the dust'travelling velocity Wk

which represent the dust .collectivity of each type of

coal depends on the boiler operating conditions (in par-

ti¢ular gas temperature) in addition to coal/ash charac-

teristics of each type of coal.

Therefore, basic dimensions of dust collector are declded

by the- SCA calculation procedure shown in Flg. 7.3-5

"based on thé coal and coal ash‘characteristics, and by

the basic specifications explained in i).
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Fig 7.3-5

ESP's collecting Area Calculation Mode

Design condition%}
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Coal characteristic data

ESP inlet/outlet conditions
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- Ash composition
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|« Inlet dust concentration
« Qutiet dust concentration
+ Boiler type
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7.3.5

Stack Height

From the view point of effective environmental proﬁeétion, the stack

will be of a type to serve 2 boilers. 1Its basic features will be

as follows:

120m Height : Decided in consideration of diffusion
of flue gas H

4 m (top) Diameter : Decided from flué gas dlscharging speed,

volume and temperature.

In'selecting the stack height and diameter, it is essential to
underatand the ambient air quality standards and emission.standards,
the present environmental air quality, the flue'gaé_éharacteristics

and the meteorologlcal conditions.,

At present, available data of present envirbnﬁentél éif'quality

and meteorological conditions around the site are nét sufficient.
The 3- minute,:l—HOur and 24-hour values of SOx emission were calcu-
lated using Bosanquet's and Sutton's formula under the conditions of
two-units to be operated blending ratio of Semirara and Lemington
coal is 65/35 percent weight, and the stability of atmosphere is
neutral. The stack height has been decided’td be 120 m based on the
calculation results shown in Fig, 7.3-6, taking into consideration
the present environmental conditioné in Maéinloc areé and the stack

height at Calaca power station No. 1 and No. 2 units.

If the atmosphere is anstable, the place‘of maximum.ground—level
concentration (Xmax) is nearer to the flue gas saurce compared to

neutral but the maximum ground ~level concentration (Cmax) is -

smaller.
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Fig.7.3-6 SOx Ground Concentration and Wind Speed, Actual Stack Height
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7'3.6

Wééte Water Treﬁtmént Facility

Waste waﬁer of coai~fired power plant. facilities and equipments is
classified into two types of discharged continuously during normal
operation and discharged at start—up and shutdown of the plant or
during annual inspection and mainteqange. Hater wolume;_contaminant
concentration at normal opefatioﬁ condition are comparativeiy wall-
controlled and gfaspéd. However, it is hard to understand the -
actual discharge condition at off-unormal operation condition, since
a large water volume of high pollutant’ concentration water 1s irre-
gularly discharged and the water volume varies largely a;cording to

the operating mode.

Fig. 7.3-7 shows the waste water treatment facility flow diagram and
Fig. 7.3-8 shows the waste water treatment flow sheet of a general

coal-fired power plant {without flue gas desulfurizer).
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Table 7.3-2

Basic Design of

Waste Water Treatment Facility

Waste water quatlity

Item . i . Water vol, Treatment System
PH | Electric COD 58 Fe | Ni Mn Oil
conductivity ;
(Constant waste Water) -— ;is/cm mg/l mg/1 ag/l | mg /1l meg/l mg/l I t/day,t/time
+ Sewage (Office, Powerhouse 7 400 150 150 i 0.1; 0.1 0. 5 80 t/day %f-% Purification tank
Port) ) : ; C ‘ _ : — \
+ Water treatment facility 12 - 15,000 10 20 5 - 0.1 1 6 | 100 t/day | Neutralization tankf4~y
+ 0i1 containing effluent 8 200 5 20 1 0.1 0. 10 120 t/day API -« CPI }fﬁ
+ Boiler blowdown water 9 | 6 0 Tr 1 0.1 Q. 0 1,200 t/time
' ' ' : Waste water
(Non-constant waste Water) — 3 treatment —-> Discharge
: ] facility
- Condenser leak test effiuent 9 10 2 1 1 0,1 . g 120 t/time :
- Boiler washing effluent 9 25 100 2 1 0.1 0. 0 500 t/time ﬁ]
(N2Ha )
« Deaerator washing effiuent 9 25 100 2 1 0.1 0. 120 t/time f1
(N2Ha) .
« EP washing effluent 5 7,000 20 25,000 1,000 50 50 0 800 t/time
. (Fe?*} ' :
« AH washing effluent 3 5,000 200 2,000 1,000 50 50 0 1,200 t/time
(Fe?*)
+ Boiler chemical cleaning.
Waste Tiquid 9 30,000 - 5,000 5,000 10 10 0 500 t/time [Qisposa1 bﬁ burning”
{inhibitor)
Cleaning water 2 50,000 100 5,000 2,000 © 100 50 0 1,500 t/time (o
' (Fe?+} '
Design value 5.5 [BOD] -
~9 — 250 200 20 1 5. 15
Waste water standard 5.5 [BOD]
~§ —_— 250 200 20 1 5 15
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703.7 Others
{1) Preventive Measures of Particulate Emission
{a) Dust suppression during coal handling

The coal unloader, donveyor; etc. have the possibillity of
dust emission., Countermeasures of dust dispersion are

fnstallation of sprink1er, conveyor cover, etc,

{b) Water will be sprinkled to prevent dust dispersion

from coal storage yard.
(c) Dust suppression in ash disposal area

To'prevent dust dispersion from ash diéposal area, water
“will be sprinkled on the ash, ash will be covered with

go0il, and so on.
{(2) Preventive Measures of Noise/Vibration

Varipus.facilities such as boiler, turbine, compressor, etc.
are installed in a power station. These generate noise and
. vibration during operation. To prevent them, it is desirable
to iﬁstall npise[ﬁibrationwgeneratlng.equipment in-doors inso
.as far as possible. Of these facilities to be installed oﬁﬁ—
doers necessary préventive measures. should 5e taken as well as

providing a buffer green belt.
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7.4 Evaluation of Effects on Environment

7.4.1

Prediction Method

(1)

Prediction of Air Diffusion.

1)

1)

Prediction method of flue gas diffusiqn

In bredicting'flue gés'diffusipn; shof£~term predictive

caleculation is conducted using Bosaﬁq&et's and Suttou's

 formula,

Diffusion of flue gas is;é‘pﬁéﬂéﬁénpﬁ ﬁhich changes from

time to time both in time and space.

~In predicting diffusion in the alr, therefore, it is

important to be able to utilize effectiveiy information

of the natural environment that can be known technically
and to select a prediction method applicable to the level

of such available information.

Generally, prediction method based on theoretical/

. verificative research results include numerical calcula~

tioh_predibtioﬁ method using cdmputer“and'éxperimgﬁtal
method using wind tunnel test apparatus. The effects of
atmosphefic diffusion in the environment of a power sta-
tion is'prediéted nainly by numetical_célcﬁlation pfedic—

tion method.
Predictive calculation formulas of short-term diffusion

Predictive calculation of short—term diffusion is con-
ducted using Bosanquet's and Sutton's formulas. The "
substances of prediction are sulfur oxide, nitrogen oxide
and dust. It is assumed that they behave in the same

MAanner.
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a) Effective stack height calculation formula by
Bosauquet I formula
He=Ho+a (Hm+Ht)
w1 /av

m= —— v e
1+0.43 - U2y u

Q(T~T4) : : :
Ht=5-379'“““—““"‘1“—“(1099J2+—-2-'--2)
UJ 'Tl J
uz T v
J= .43 /:—T—u.za-~- LA
a-v . 9 G 9 T—-T,

Where

He : Effective stack height {m)

Ho : Actual stack height  (m)

o : Flue gas rising coefficient

U @ Wind velocity  {nrs)

YV .t Flue gas velocity {ns) :

Q@ ¢ Flue gas vol, (nlfs, Z8'C equivalent)

T, + Temp. at which flue gas density is equal to
atmospheric density -{K}

T ¢ Flue gas temp. (X)

G ¢ Potential temp. gradient ('C./n)

G ¢ Gravitational acceleration (3.8m/s?)

b) Suttor's diffusion calculation formula

2q-7 1 Hez
C )= vexp - — )
R Cy:Cz U-Xn X g
Cz q
Cmax  =0,234 -« . —— 7
. Cy  U-He?
. . ‘Ha::
Xmax = { y 2=n
Cz '
Where

G (X) : Ground-ievel concentration in place at distance X on
leeward axis (sulfur oxide and nitrogen oxide : m,/nf,
dust kg /nl) o
¥ .t Lesward distance in wind direction (m) .
Gmax % ﬁ;xi_mmm_gr_ound‘le"e] concentration {sulfur oxide and
" npitrogen oxide : nf,/nl, kz/n'f. dust : k8. nof)
X max Bistance to place of ‘maxinus ground-level concentration (m)
q :  Pollutant emitting rate (sulfur oxide and nitrogen oxide: ni.s
L 28C equi_valént_, dust ¢ kg nd}:

we

Cy.

t  Diffusion parameter {n horizontal directien
cz Diffusion béﬁameter in veriicél direction
U t Wind velocity (ms)

n 1 Atmospheric disturbance coefficient
Ha - ' Effective stack height

7 +  Time correction coefficient
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{(2) Prediction of Diffuslion of Thernal Efflueht.
i) The prediction method

Cooling water absorbs hect of steam while'paséing through
condenser and is discharged through cooling water outlet.
The temperature of cooling water rises about 7 to 9°C at

this time.

'As the thermal effluent has a teﬁperature higher than the
surrounding sea water, it has the property of density .
current due to reduced density which spreads thinly over
the sea surface. Such thermal gffluent diffusing and
cooling process takes'place_mainly:by thetfollowing three

physical phenomena which are‘compiicatedly combined.,

. Movement of heat by water flow caused by dischargé of

thermal effluent itself.
. Mixing and dilution with surrounding cool sea water.
. Heat radiation from sea surface to atmosphere.

Mcanwhile, the following conditions gcvérn the diffusion

of thermal effluent.

‘a) Dischargé conditions of thermal effluent
. Layout and shape of discharge outlet
. Discharge velocity ' '
. Discharge volume

. Discharge water temperature

b) Natural conditions
. Coastal and seabed topography
+ Sea water Flow and diffusion characteristics

e Meteorological ccndltions

Prediction metho&-of diffusion area of thermél effluent
aré simulation by computer and experiment using

hydraulic model.
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(3)

‘For this project, it was decided to adopt the simulation

- model using computer, which is convenient and widely
uégd,-_Tﬁe predictioﬁ model is “Mostafa'A. Shirazi and-
Lbéin ﬁ. Déﬁis' formula"” developed by theVU.S.
ﬁnQiféﬁmental Protéction'Agency {EPA) in 1974 and
aﬁtho:ized by the'Interﬁational Atomic Energy AgehCy
(IAEA). '

Assuming the temperature difference of water between the
intake and outlet to be B°C, the areas where the sea
water temperature rise in front of the discharge outlet
is 1°C and 3°C were predicted.

Prediction of Noise

Itris ﬁifficult to ﬁrediét'influeﬁce of noise of a power sta-

tion with a certain &egree of precision in the feasibility

study stage even if computer is used. Therefore, as a standard

fof‘studying the problem of nolse, predictive calculation was

conducted using personal computer for this report.

i) - OGutline of calculation. method

The sound pressure level at a sound-receiving point by
. number of pleces of noise source. equipment in a plant is

cbtained by the following formula.

Noise source 1

l Noise source 2 r———-— ;
Noise source N

Leo Ly Ly
L)

L

- Level at sound-receiving point : L

‘L =10 Teg (1071107011070
L : Sound pressure level at- sound-_receiving point (dB) ,
Ly : Sauﬂd-'préssure level “at sau'nd"receiving point if noise source

1 exists independently {d8)

s {Soum_:_l pressure level at sound-receiving point : L,

= [ Noise source level | - | Attenuation by distance | — | Excess attenuation

! Hoise source . i "Propagation
i characteristics | i characteristics |
- = ¥



1)

Predictive calculation formula (point. nolse source)

Prediction of noise léﬁéi éaused“by powef'station opera-

tion was Calcﬁlafed”by.thé'folloﬁing formdla'in con-

sideration of attenuation by distance, ‘affects of sound

barrier, absorption in air, ebc.

where,
CBPL ¢
PWL :

Ar 3

Note 1:

Note 2:

SPL = PWL~20 logr - 8 - Ar - Ag

Sound pressure 1eve1_ét predi@;ipq point {(dB-A}

Power level of noise source (dBmA)

: Distance from noise source to prediction point (w)

Attenuation by barrier (dB-A) (Note 1)
ttenuation by absorption in alr (dB-A) {Note 2)

Attenuation by barrier

~ Fresnel number (N) 13 calculated from the dif—

”ference between direct sound and barrier
diffraction sound paths between ;he noise source
and the predictioﬁ point-and tﬁé attenuation is

obtained using Figure 7.4-1.
- Attenuvation by absorption in air "Ag"

The following approximate formula of Beranek (1)
was used. ' '

A = 5.5 x £ x'r x 1076
‘where; f: frequency

r: distance between sound~receiving point

and noisa source

The overall'noise in-dB(A) was tal&uiatéd from
the octave band component using the reaching :
'noise from the noise source obtained by the

above formula.
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{a) Compensation of A-characteristic

SPL{A)f was obtained by compensation of A-
characteristic shown in the table below on

the octave band component SPLf.

SPL (A) f = SPL f + f

£ (z) | 63] 125 250 | 500 | 1000 | 2000

£ (dB) [ 26 [ -16(| -9 -3 0 +1

 (b) Composition of SPL(A)f

The overall reaching noise in dB(A) was
obtained by composing SPL(A)f by the

- following formula.

ety

SPL (A F

dB(A) =10 logio o
=10

S W —"

f =63, 125, 250, 500, 1000, 2000 (z)
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7:4.2 Results aud Eﬁaantibn of the Prediction:
(1) Awnbient Air Quality
. 1) - Caleulation Conditioms

The éaléulation.conditions for Sutton's diffusion formula
are based on the assumption of wind veloecity to be 5 m/s
and stability of atmosphere to be neutral. Table 741

shows the constants used Iin this calculation.

The calculation conditions of the flue gas are based on the

" value of rated oﬁtput;bf boiler (Table 7.4-2).

Table 7.4-1 Constants of Calculation Formula

Item Unit 1 Hour Vaiue: | 24 Hour Value
G‘rou'nd ].e\./‘e1 conceh‘;ration - B __Suttph'sformu]a
Effective stack height. - 1 Bosanget's formuta
Anbient ) T 8| 28
g | Wind velocity m/s 5 5
§ Diffusion parameter — Cy=Cz==0.07 Cy=Cz=0.07
Q - —
‘g | Atmospheric disturbance ' p '
< | L — n=0.2% - n=0.25
2 coefficient " =~ | . g G
2 L R |
< :| Temperature gradient: - | ©/m -6 =0.0033 " G =0.0033
: .'F‘lue-'gjas"risiﬁg’- s JREER R TR
. . b 320-65 QEOUGS
coefficient - - ‘
R =0.15x0.59
Time correction coefficient — 7 =0.15 g 0.089

R A



Table 7.4-2 Calculation Conditions of the Flue Gas Source .

Unit No.1

Iten Unit Untt No.2 | Total
Type - serve 2 boilers o
Stack | Height framG.L - m 120 ~
| Equivalent Dia- | . m 4 4 5.7
meter- :
Flue gas volume (wet gas) | 10°mN/h 941 941 1,882
i Temp. T 130 130 -
Stack outlet gas - — :
Speed /s 30 30 —
. _ Enission -
o ppm 936 936 —
- Sulfur .| = concentration : . _
2 | . oxide SR . ot R IURIET
o’ Emission volume | m3N/h 803 - 803 - 1,606
s . . ppm 550 550 -
=2 Nitrogen concentration | . ;
5 | oxide . - Ep ' f
Q' Emission volume | m3N/h 500 500 -1,000
2 | particu- | SIOM /N EURE AR
articu-~ -
-é— late . concentration @g l : - '
Enission volume | ke/h 155 - 15§ 310

Nate:

(1) Each values are at the rated out

Coal blending ratio is 50/50 wt

(2) The emission concentratlon is ca]cu?ated under the dry-gas. bas1s

ut of the b011er
of sem1rara/lem1ngton

(3)The emission concentration of the nitrogen- ox1de 1s converted to the va]ue '
of 6%~ oxygen :
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ii) . Calculation Results

" Table 7.4-3 shows the maximum ground—level comncentration

and distances of maximum ground-level concentration.
Fig. 7.4-2 shows grqund—level concentration curves.
111) Fvaluation of Effects on Environment

s According.to the ﬁredictive caleulation results bf-the
ébove nentioned sﬁort—t@rm diffusién, the confributed con—~
cenﬁration of sulfur oxide, nitrogen oxide and'partiCuléte
from unit 1 and 2 to the ground is extremely ;ow. The
Zenvironmenf.is scarcely expécted to be affected by the

emissions from unit I and 2.

Table 7.4-3 Maxjmum Ground-Level Concentration and Distance
of Max imum Ground—Leve1 Concentration

Opération condition | 1-unit 2-unit
Ttem. T - : operation | operation '
 Effective stack height - | » 270 354
| Sulfur | l-hour valud 0.0237 |  0.0276
o ———————  ppm- '
oxide . | 24-hour valud ' - 0.0140 0.0i63
Max. - ground-level Nitrogeh- ' - _ K g
: - 1-hour valug pra “0.0148 0.0172
concentration oxide . '
R 1-hour valua - 0.0041 0.0048
Dust p———| mg/m?
: 24-hour vaiud , 0.0024 0.0028
Distance of max. ground-level concentration | km | 12.5 17.1
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(2) Thermal Effluent
1) Calculation.ConditibnS‘

The calculation conditions are decided taking into con-
sideration plant layout, operating condition, meteorologi-

cal and tidal conditions of the site.

(a) Discharge

Discharge rate : 25.0_m3/s (2 units operatlion)
Initial discharge velocity : 0.7 w/s -
. Width of outlet w1 11.0 m

Water depth . S 3.3 m

(b) Intake water qﬁaliﬁy

 Water temperature : 31°C
Salt content Y )
Density . : 1.0176659

(c) Discharge water quality

' -Water-tempgratufe - o 39°C
Salt content - : 3%
- Density : 1.0t46516 .

() Tidal curfent’

The—folldﬁing three cases are assumed based on the
_ observation results of current direction and velocity
at the site, and to be on the conservative side of

. :predicteéfﬁalvgs. L .

‘1) No current at the sea
‘11)  Stable current : 0.05 n/s
i1i1) Stable current 1 0415 m/s
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2)

Calculation Results

Table 7.4~4 shows the reaching distance and the diffusion |
area in each case of 1°C increase and 3°C increase areas on

the sea surface.

Figse 7.4-3 shows the envelope of distribution area of ther—

mal effluent.

As a result of the calculation, the maximum values of both

of feaching distance toward offshofé and diffusion area in
the 1°C increase area), atlthe n§—curf¢nt condition are
1.7 km and 0.67 km2 respectiﬁelf.'EThe 3°C increase area of
the reaching distance toward offshore and the diffusion

area are 0.3 km and 0.01 kﬁz,_respgctivgly._

The maximum reaching distance in the coéstal direction
appear when the stable current velocity 1s the maximum {V =
0.15 m/s). It is 1.0 km at 1°C and 0.1 km at 3°C, respec—

tively.

As this prediction is by simplé_ﬁethod; the envélope of
distribution is expréssed as half~cirele distribution

having a radius of maximum reaching disténce.

Table ?.4-4 Simutation Results

. 1T Increasg Area .| | :: 3¢ Increase Area
Discharged | Intake | Permanent I ince (ka) | Diffusian | Reaching Distance (ku) | Diffusion
Case | Volume Water feupq Current Coastal Toward Area : Ceastal . Toward Ares
Gadd. - (G {YRIREiY | irection | OFfshore | (ea?) | Direction] uttshore | (ia?)
1 . > 0.0 8.4 i7oa | verarcl oc.o3e 0.252 | 0.3
2| 3{' 6.05 oﬁm 1286 | 040737 0.064 - 0.236 | 0.6114
1 0.15 raois’ | eEs [ eoim 0,141 o.7r | 0.0083
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3) Evaluation of Effects on Enviroument

The 1°C increase area by thermal effluent turned out to be.
1.7 km la terms of veaching distance towatd offshore and
0.67 km? in terms of.&iffusion area. The 3°C increase area
turned out to be 0.3 km and 0.01 xm? respectively. .
Therefore, the environment of the surrounding area'will'nOt

be affected by thermal effluent.
(3) Noise
1) GglculainHVConditions
(a) Noise‘sodrce

'« All the nolse sources are assumed to be point noise
sources. Those which are regarded as line or plane
nolse sources are converted into point noise sour-

ées .
Fach noise source is assumed to have né:diréctivity.

. The power level of the noises are given. in 6 bands

- with central frequency from 63 Hz to 2,000 Hz,

. The power level (Lw) of the noises at input point
are the values of sound pressure level (Lp) which is

obtained on the machine side by calculation.

(b) Barrier

« The barrier is assumed to be a thinrwall eraected

- vertically on the ground.

. For diffraction attenuation, the upper limit value

- of attenuation is set to be 25 dB. The Fresnel
numher (N) corresponding to this attenuation ig N =
15.8. o

. In the calculation of diffraction éttenuation'where
there are two or more overlapped barriers, only the '

attenuation by the most effective barrier is con-.
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2)

3)

ay

sidered and all the effects of the other barriers

are neglected.
" The barrier transmissive sound is neglected.
Input Da;a.
{a) ﬁsise séurcg déta format.

Number of noise sources

Night time : 86 points
_ Day time. : 143 points
.Height N ! as meter
Posicion . ' as meter
Power level - :: as dB

(b} Barrier data format

“Wumber of barrier . t 48 sheets

Héight L ¢ as meter

Position o ‘ T as mekter
Calcqlation.Resﬁlps_

Fig. 7.4-5 shows the noise level contour map around the

power statlon when, the coal unloading and conveying equipment

are stopped during the night—time, and Fig. 7.4-6 shows the

noise level contour maﬁ.during the day time when they are

:iﬁ operation. -
Evaluation of Effects on Environment

.Tﬁe'environmentéi.éténdafd of the noise level during night-

‘time is stipulated as 45 dB and 55 dB for residential and

comnercial areas respectively. If operation of coal

unloading and conveying equipment during the night-time is

'also:considered, it is necessary to study noise reduction

measures depending on the designation of area type in the

future,
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Figure 7.4~4  Noise Source and Barrier Position

-———  Barrier position

+  Noise source position

Majdr Nois-é Source Levels

o {(ds-A)
Major Noise Source 3PL | PWL
Boiler house &3
Turbine house 63 _
Main transformer 109
Induced draft fan 125 .
Circulation water pump 1.107

Major Baorriers |

. (m)

Major . Barrier

W x D x Hxunit

Boiler house

-1 20.5x42,5280x 2

Turbine house

137 x 34 x 30x1

Bunker room

16 x 425x 40x2 |

Dust . collector

36225 x23x2

Co-di -stordg'ej ya rd
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Figure 7.4-6 Noise Level Confour Map

{ during Daytimel
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7.5 Monitoring of the Environment

The prediction of the.environmeﬁt caused by plant operation 1s as
stated above. However, it {s expected that the local inhabitants and

government concerned will want these predicted values to be verified.

Under such circumstances, it is desirable that NAPOCOR monitor the
envlironmeut in the surrounding area before and after the taken-over
of the power station to survey the degree of changes and effeects in

order to win the understanding and trust of those concerned.

Table 7.5-1 shows desirable monitoring items, timing and places. 1In
order to compare the conditions before and after the power station
taken—over, it 1s recommended that the monitoring be started 18 months.
before the commissioning of unit No. 1 (about 1 year before initial

firing).

Among the monitoring items, air pollution is to be measured at the
points shown in Fig. 7.5-1 in consideration of the predicted ground-
level concent?ation, wind direction and population density. It would
be economical to mount the monitoriug equipment for all the items on
one car and to make measurements at four points every week by mobile

measurement.

At each monitoring point, a fixed place should be selected to see the
fluctuations in measurements without being affected by automobile

emission.

After initial firing, it becomes necessary to monitor the pollutants

emitted from the stack.

While the power station is being constructed, it is recommended that
the environment in the surrounding area be monitored on the basis of

the items to he selected.
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Table 7.5-1 Monitoring Items.

Category Ttem Place Timing Remarks
SO0x 1 time/month
NOx 4 points .at each point
Atmosphere Dust shown in | (1-week contin- | Mobile measuring station
Wind direction separate 1 uous recording ' '
Wind velocity figure at each point)
Air temp. o
PH . Intgkef
Water SS 7 Outiet 1 time/month Manual analysis
Quality Water temp. | Ash disposal
area wast
Hater
10 points 1 time/month
Noise — along power {  {daytime and . Manual analysis
station “night) |
Vibration —_— ditto 1 time/year Manual analysis
S0x
Flue gas NOx Stack or flug Continuous Full time monitoring
Dust recording . at Power Station
Gas temp.
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CHAPTER 8 PROJECT SCHEDULES

General

The schedule:  for planning and construction of a coal fired power plant
of 2 x 300 Hw at the Masinléc site can be roughly divided into two (2)
stages. The schedule prior to commencing construction, after sub-
mission of this feasibility study report in March, 1990, is selection
of contractor, and award of contract. 30 months will be needed for
the preparatory stage. The schedule for construction will be 43
months from the award of thé contract until takihg over of No.. 1 unit.
From this time schedule, the award of the contract will be October,
1992, and takihg over of Wo. | unit will be May, 1996. MNo. 2 unit
will be schedulédrto start operation 6 months after taking over No. 1

unit.

Variocus Procedures Prior to Undertaking Counstruction

The project schedule prior to undertaking construction has been
attached as Fig. 8~1. The following matters are involved as proce-

dures to be undertaken prior to construction:

1) Arrangement of financing to be performed by NAPOCOR

" 2) TNegotiation to obtain the required land (including negotiation and

other matters related to utilization of freshwater source)

3) . Loan approval

4) Preparation of tender documents by NAPOCOR

5) Selection of consultant
6) Selection of contractor

In order to lmplement this project as early as possible, it is con~
sidered that it would be necessary to smobthly advance the work up to

the féllowing three (3) critical points from among the schedules to be

performed prior to undertaking award of contract. The first is the



8.3

arrangement of financing. NAPOCOR must prepare necessary documents
for arranging'of flnancing aé soon as possible aftér receiving this
feasibility report, and to obtaln the approvals of rhe competent
authorities, The second is the preparation of tender documents.

NAPOCOR is at present lmplementing the construction of Calaca pover

plant., It ib the aim of NAPOCOR to ‘prepare the tender documents with

the experience gained with the Calaca power project and with the
information of the préliminary degign of this-repbrt. The third is

the selection of the contractor. In order to implement this project

- smoothly and at an early stage, this report hag been made under - the

premise that the projéct will be awarded on'a_fﬁll turn key basis.

Under the above premise, the milestone will be as follows: - °

Loan Approval _ .January, 1991

Consultancy Contract July, 1991
Tendering _ October, 1991

Construction Schedgle

Construction schedule after the contract has been awarded is shown in

Fig, 8-2. This schedule has been preoared taking into consideration

construction_experience_gained‘ln coal fired thermal power prajects of

similar scale constructed in Japan and overseas.

The six (6) month period from award of contract to commencement of
work would be the -design period for civil structures based on equip-

ment design data.

The main wilestone of No. 1 unit are as shown below. All milestones

" for No. 2 unit would be scheduled to proceed six (6) months after

No. 1 units.



Commencement of Work
Steel Erection

Drum Lifting
Hydraulic Test
Initial Firing
Steam Admission

Taking Over

April, 1993
May, 1994
November, 1994
May, 1995
November, 1995
Jamary, 1996
May, 1996






Fig. 8-1

e

Zambales Coal ~Fired Power Project Schedule

YEAR + MONTH

1988 1989 1990 199 | 1992
ITEM — 23456789:ou|2|2l34 6'78910H|2t23456?89101|[2||‘2345|6?89!01::2|234 817|820 |12
’ I
_ ’ ‘ Consultancy
) Commecement Loan _ Contract Coniract
Major Events of F/S /5 Application Loan Approval Awird Tendering Award
, . i
(13) (9) {6) {3) {12)

Confirmation of VAL .7

Scope of Works '

§ Interim

— - Repor 1 ]

Feasibility Study ry
ICA Mission Final
oy J Repor t
‘ —L0an Approval
L.oan Application \
.Consultancy Contract

_ Award
Selection of Mo

Consultant | Check & Review of /D

£
n :

Preparation of 7 MLl (by NAPOCOR)V o

Tender Documents

' Closing

: !'_Of Tender Awdrd

Selection of S o e
Tendering -
Contractor | 1eneenng







Fig. 8—_2 Zambales Coal - Fired Power Project Construction Schedule

Month 1992 | 1993 1994 - - 1995 1996 1997
[tem 516 |7|8[9lto]iip2]1 23456.'?89|0|11212345.6?'89~|0|112_l 213la|5|s|7islopoftifr2lti2|3la|s|6|T|8|9tol11)12f 1|23 |4
Contract | Commencement | [Commencement | |Steel Drum Hydro | Power | |Initial| Steam| {Taking
: . | Award Date of Work | of Fdn. Erection| Lifting Test | Receiing [Firing! Adm. Over
Major Events (1u) (6) | (8) e (7} _ (6) v (€) v |3} {3} w (2) - 4) | 7.
‘ -.'-..‘.‘\. "-.,___-.‘\\ _\"“-._.; "--.h__-.-‘\- “'I“-.._::-:"..__ .‘"'-,__....-
(2u) - - sy (Tl g TP I o
Maoblization =
Boiler | Land Recl. 1Y Exc. & Fdn. B | |
: ' _ | Steel Erection PressureParis | Aux.Eqr ¢ |Blow
Q- T | N =1
JESP 8 Draft System efc,
’ L ?
& Stack _Lining|
Turbine T | Exc. & Fdn_ | [Steel Erection
. Crane | Cond. Turbine & Generator _l T/R| ¢
T/6 Fan. | | /6 snf } t
(’ B ¢y T .\ Py
CWP J
o ) e et
) Exc. & Fdn. S & Finish
Electrical b | >feel inis o
L E.Bodrd & Cabling Yy
1 i i
Ger;O/B irans.
BT i B s s
Séwitdi Yard
' Unl 'd 1WL Load Test
Coal Handling | _ & e I>’ ¢t > O
' & Coal Yard &. Conveyor Fdn| | || [S/R & Conveyor} | N/L
Y . i o 1 1
IR E : : CLCGb ing
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