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CAPACITY OF AUXILIARY TRANSFORMER

Basic Requirement

The unit auxiliary transformer (herein after UAT) will be provided

with one (1) set per unit.

The type of UAT to be applied is a-split type three (3) winding

transformer.

Unit auxiliary load capacity used for calculation have been
estimated to be the same as load capacities of machinery and

equipment in the similar thermal power plant with the same unit

capacity and kind of fuel.

Calculation Conditions

(D)

(2)

(3)

{4)

Efficiency x power factor --- 0.8

(High voltage motor and Low voltage motor)

load factor

Normal operation . = ~=w==------- 1.0
Intermittent operation =  ---=----=-- 0.5
Selected intermittent operation ------ 0.1

Unit starﬁihg load capécity

Total capacity of operating auxiliary power at 307 MCR-when

plant is starting.

Tripping load capacity

Total capacity of operating auxiliary power when plant is

tripping.

E~1-~1



(5) Coefficient of 1.l is a safety factor for unknown matter of the
time of manufacturer's detail design stage e.g. changing motor

capacity, adding new motor and etc.

* The regquired capacity
= (Unit M/C total capacity) + (Required cépacity for stand-by
BFP minimum flow operation capacity)
. Unit M/C total capacity 14,754.0 kVA
BFP min. flow operation 1,850.0 kvA
14,754.0 + 1,850.0 = 16,664 kVA. |

16,604 kVA x 1.1 = 18,264.4 kVA
It was determined that the exﬁected capacity is 19,000 kVA.
Calculation of Capacity

The required capacity
= (Unit M/C total capacity) + (Required capacity for stand-by BFP

minimum flow operation capacity)

Unit M/C total capacity 14,754.0 kVA ¢
. BFP min, flow operation 1,850.0 kVA
14,754.0 + 1,850.0 = 16,604 kVA

16,604 kVA x 1.1 = 18,264.4 kVA

1f was determined that the expected capacity is 19,000 kVa.
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AUXTLIARY LOAD BALANCE LIST

ESTIMATED
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1.

2.

Calculation of Transformer

Capacity

. Unit station service transformer (init P/C TR)

Unit P/C load 1,004.0 kVA 2,300

Xl.t = 1,1

04.4 1,

kVA

200 kVA

Common station service transformer (Common P/C TR)

Common P/C load

2,011.3 = 2,011.3 kVA

2,011

2,300 kVA

2,011.3 x 1.1 = 2,212.4

Unit Auxiliary Transformer

Unit HM/C load

Required capacity for the stand-by BFP minimum flow operation is

.3 kVA

2,300 kVA

14,754.0 XVA

1,850 kVA. (50% of the rated capacity)

14,754.0 + 1,850 = 16,604.0 kVA

16,604.0 x 1.1 =

Starting Transformer

Common P/C load

Chlorination M/C load

Starting capacity of unit Neo. 1

(30% MCR)

Starting capacity of unit No. 2

{302 MCR)
2,011.3 + 600 + 2 x 8,611.5

19,834.3 x 1.1

19,834

21,817

E~1-4

18,264.4 19,000 kVA

2,011.3 kVA
4600.0 kVA

8,611.5 kVA

8,611.5 kVA
3 kvA
.7 kVA . 22,000 kVA
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Transformer Capacity

Transformer

Capacity
Unit station service trénsformer 2,300 kva
Common station service transformer -2,300 kVA
Unit auxiliary transformer 19,000 kVA
Starting transformer 22,000 kvA
Summary Capacity of M/C and P/C
M/C, P/C Summary Capacity
UNIT H/C 14,754.0 kVA
COMMON M/C 2,611.3 kVA
CHLORI M/C ' 600.0 kVA
UNIT P/C 1,004.0 kVA
COMMON P/C 2,011.3 kVA
Capacity of Unit Load at Fach Operating Condition
Unit: kVA
' Starting c s
Normal (30% MCR) | Tripping
M/C Motor load 13,750 7,620 5,503
P/C Motor load 250 237.5 237.5
c/C, D/P load - 754 754.0 754.0
Total 14,754.0 - 8,611.5 6,494.5
‘E~1~5
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.E-2 CAPACITY OF STARTING TRSNSFORMER

1.

Basiec Requirement

The starting transformer will be provided with one (1) set for Units

No. 1 and No. 2.

The type of starting transformer to be applied is a split type three

(3) winding transformer.
Condition Assumed for Calculation of Capacity

(1) The capacity of the auxiliary machines is as described in the

item designated as E-1, "Capacity of Auxiliary Transformer".

(2) The capacity of the auxiliary machines for Unit IV is the same

as that for Unit No. 2.

(3) The capacity of the starting transformer is calculated on the
assumption that Units No. 1 and No. 2 will be started up at the

same time.

(4) The capacity of the Unit starting is total capacity of

operating auxiliary power at 307 MCR..

(5) Coefficient of 1.1 a safety factor for unknown matter at the
time of manufacturer's detail design stage e.g. changing motor

capacity, add. new motor, changing operation scheme and etc.

Calculation of the Capacity

The required capacity of the starting transformer has been

calculated taking into account the following load:

E-2-1



Required capacity (kVA)
= Common P/C load (kVA) + Chlorination load (kVA)

+ 2 x Unit start-up leoad (kVA)

where:
Common P/C load : 2,011,3 kVA
Chlorination load : 600.0 kVA

Start-up load of Unit No. 1 : 8,611.5 kVA

Start-up load of Unit No. 2 : 8,611.5 kVA

Therefore, the capacity of the starting transformer is as follows:
2,011.3 (kvVA) + 600 (kVA) + 2 x 8,611.5 (kVA) = 19,834.3 (kVA)
19,834.8 (kVA) x 1.1 = 21,817.73 (kVA)

= 22,000 (kvA)

E-2-2
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E-3 IMPEDANCE OF AUXILIARY TRANSFORMER

The value of impedance Xaq of the auxiliary transformer for the West
Wharf Thermal Power Plant Units No. 1 and No. 2 has been decided to be

8% as a result of calculation made in the following manner.
1. Conditions Assumed for Deciding the Impedance

The cépacity ef fhe auxiliary transformer is 19,000 kVA.

.Tﬂe feliowing Qalues-have been adopted.fer.the impedence, XM’ XG and
Xe of the main transformer,'generatorland power system,
respectively.

_ XM 117 (247 MVA base)

X, + 20% (248.3 MVA base)

Xe : 0.65% (100 MVA base)

However, other values of impedance of cables, bus-bars, etc. are not

taken into account.

- The specifications of the incoming circuit breakers for 6.6 kV M/C
) : - are ae follous:
Rated bus voltage: 6.6 kV
_VInterrepting capacity:  390=MvA at 7.2 kv

Interrupting current: 31,500 A

The allowable llmlt of voltage drop at the tlme of start~up of BFP

motor is 15%, and the start1ng current is 500% of the rated value

The 1ecked rotor impedance of motor is 20% on the basis of the total

-capacity of motors taking-into'account motor contribution,

E-3-1




Moreover, the damping coefficient of short circuit current is
assumed to be 0.4. Meanwhile, the time elapsed after short circuit
fault is made 0.1 sec. in accordance with the opening time of 0.1

sec. of 6.6 kV M/C circuit breaker.

Load of motor
Since 6.6 kV common load is small in contrast with the load for Unit
No. 1, it is considered that the common load is negligible. The

load of low tension motors has been decided to be the capacity of

i,
\

‘the power center transformer.
Fach capacity of high tension motors is descyibed in Table 1.

Table ! Breakdown of the load of high tension motors

Motors for: Capacity (kVA) Quantity | Totalrcapacity (kVA)

FDF 1,525 2 3,050

GRF 937.5 2 1;873

BFF 3,700 : - 2 7,400 .
CWrP 500 2 1,000 :
CP 425 2 - 425

(1) standhy

Total

7,087.5

13,750

Total load of

motors: 13,750 + 2,300 = 16,050 kVA

E-3-2
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2.

Calculation of Impedance

The impedance of the following equipment and circuit is calculated

on the basis of 100 MVA.

(1)

(2)

(3)

(4)

(5)

The system impedance of the high teﬁsion side of the main
transformer is calculated based upon the short circpit capacity
of the 220 kV bus bar as follows: |

3 x 220 kV x 40 kA = 15,224 MVA

100

e = 15,224 x 100 = 0.65
Generator
_ 100 _ .
XG = 20 x 5%8.3 3.05%

Main transformer

- 100 _ ) 45
XMT = 11 x 575 = 4.45%

High voltage motor contribution

Station service transformer

1

[ ]
]

XPC = 7 = = 304.37

]
%)
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3. TImpedance Map {on the basis of 100 MVA)

220 kV bus bar —

Generator
XG = 8.05%

Power system

. ]Xe = 0-65%

é Main transformer

Xp = 4.45%

Isll

g

Aux. transformer
AT

> Xy = 133%

6.6 kV bus bar -

Fault point, (B>

lls

[ S

152 ‘_ *
XpCct Xy = 1485.4%
P/C %% = 3.418 .

®

¥
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4. Caleculation of Short Circuit Current

¥t 0.63
¥M1: 4.45
Xe: BLOS
G XAT
Ig1
F Ig2 v

Xpet  Iyyr 145.4
304.3

(1} Short circuit current, I, flowing the power system is:

Ksl = 1 + XAT

1
Xe+X.MT+XG

- 1 + X
i 1 AT

0.76 + 4.45 1 8705

= 1 + X, = 1 + X

T, 3 M gmeroam AT
5.1 7 8705
=L by, =3.125 + X
532 T Xar = 3 AT
_ 100 10
L =100 x s Y~ * " 3% 6.6
- AT
g
o 875-2 X 10 (A)
3125 + X,y

(2) Short circuit current,'lszzdue'to motor. contribution is:

E-3-5



= 1 = 1 -

o1 0.003 + 0,006
5043 T 15574
1
0. 009
= 111.11
~ 100 10
Tgp = 100 x 379737 ¥ 35 665 02
_ 875.8 x 10
= 1,11 X 04

7,882.3 %' 0.4

3,152.9 (&)

(3) Short circuit current, Is at fault point F 0.1 sec. after a

fault arises:

Is = Isl + IS2
. 875.8 x 10°

3,125 + XAT

+ 3,152.9 {A)

(4) Examination of XAT

Since, interrupting current of the incoming circuit breaker is
390 MVA, at 7.2 kV.

Therefore, interrupting current is;

390 MVA x 103
3x 7.2%kV

= 31.5 kA

Therefore, percent -impedance of auxiliary transformer shall be

required to meet the following condition.

3
31,500 » 822:8 X 107, 3 4599
3.125 x X
AT
| 3
- 875:8 x 10° -
31,500 - 3,152.9 > 35y
AT
3
875.8 x 10
28,347.1 > |
3,175 + X,
E-3-6
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(28,347.1 x 3,125) + (28,347.1 x X,.) > 875.8 x 10°

88,584.69 + 28,347.1 x X... > 875.8 x 10°

> 875.8 x 10° - 88,584.69

AT

28,347.1 x X,

28,347.1 x XAT

X > 787,215.31
AT 28,347.1

XAT > 27.77

When XAT is calculated on the basis of the capacity of 19 MVa

> 787,215.31

of auxiljary transformer.

X > X ETYY

L 19
AT 7 AT * 100

19
XAT > 271,77 x 160

XAT > 5.27
Therefore, XAT of the auxiliary transformer is requiréd to be

5.3% or over judging from the restriction of short circuit.

5. Calculation of Voltage Regulation

The voltage regulation is calculated so that voltage drop at start-
up of the BFP motor having the largest capacity among various motors
will be within 15% of the limited value when the power plant is in

full load operation.'

This calculation has been made based upon the following concept:
Namely, it is assumed that the capacity obtained by'deducting the
capacity of start-up motor for BFP from that of the rated capacity

has been loaded on the auxiliary transformer.

In sﬁch a-case; the sum of voltage drop due to the above load and

Ef3;7”




that due to start-up of BFP is requirved to be the above limit value,

Calculation formula:

q> { g % 5.0 x (1 - 0.2° +0.08x0.2) +
(v - 5o) X (Ji - 0.8% + 0.08 x 0.8)} x X1

where
P: Capacity of BFP motor (MW) : 3.7
g: Allowable value of voltage drop :  15%
W: Capacity of auxiliary transformer (MVA) : 19
XAT: Impedance (%) of auxiliary transformer
(Power factor) x (Efficiency) of motor: 0.8

‘Multiple of starting current of BFF motor to rated current: 5.0

Power factor at start-up of BFP motor: 0.2

% of auxiliary transformer: 0.08

q> {2.96 % 5.0 x ( {1 - 0.2% + 0.08 x 0.2)

(19 - 3.7) x ({1 - 0.8% + 0.08 % 0.8)} x E%E

> {14.8 x (0,979 + 0.016) + 15.3 x (0.6 + 0.064)} x g%I

> {(14.8 x 0.995 + (14.8 x 0.664)} XAT

> {14.726 + 9.827} XQT

> {24. 553} XAT

where:

q ---- 15%

E~3-8
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W.--- 19 MVA

15 > 24.553 x K%%
15 % 19 > 24.553 x X,
285 > 26.553 x X,
32%%%3 > Xpr
11.6 < XAT

Therefore, the required percent impedance of auxiliary transformer
from view point voltage drop at the time of largest motor starting

is not more than 11.67.

Conclusion

The impedance, XAT of the auxiliary transformer is required to meet
the following condition on the bases of 19 MVA:

11.6% > XAT > 5.272

In consideration of the above requirements, therefore, the value of

impedance, XAT

Power Plant Units No. 1 and No. 2 will be adopted 8Z.

of the auxiliary transformer for West Wharf Thermal

- E-3-9






E-4 IMPEDANCE OF STARTING TRANSFORMER

The value of impedance X of the starfing transformer for the West Wharf

Thermal Power Plant has been de01ded to be 10Z as a result of

calculatlon made 1n the follow1ng manner,

1. Conditions Assumed for Deciding the Impedance

(1)

(2)

(3)

(4)

{5)

The capacity of the starting transformer is 22,000 kVA.

The specifications of the circuit breaker for MCSG are as

follows:

Rated bus voltage: 6.6 kV'
Interrupting capacity: ‘ 390 MVA at 7.2 kV
Interrupting current: - 31,500 A

The allowable limit of voltage drop at the time of start-up of
the largest motor among various motors is assumed to be 157,
and the étafting current is assumed to be 5007 of the rated

current.

The locked rotor impedance of the motor is assumed to be 207 on
the ba51s of the total capac1ty of motors taklﬁg 1nto account
motor contrlbutlon. |

Moreover, the démping gﬁefficienf‘of short ﬁircuit current is
assumed to be 0.4, and thé time éi;ﬁééd after short circuit
faulf is made 0.1 sec. in accordance with the opening fime of

0.1 sec. of 6.6 kV M/C circuit breaker.

Load ofrmbtor

Since 6.6 kV common load is small in contrast with the load for

E-4-1.



Units No. 1 and No, 2, it is considered that the common load is
negligible, The load of low tension motors for Units No. 1 and
No. 2 has been decided to be the capacity of the power center
transformers. Moreover, the load of auxiiiary load at
simultaneous start-up of the motors for.Units No. 1-anﬂ No. 2
is as follows:
Load of high tension motors:
7,620 kVA x 2 = 15,240 kVA
Load of low tension motors:
2,011.3 kVA x 2 ¥ 0.6 = 2,413.6 kVA
{1,004.0 kVA x 2 + 2,011) x.0.6 = 3,214.6
Total load of motors: -

15,240 + 3,214.6 = 18,454.6 kVA
2. Calculation of Impedance

The impedance‘bf the following equipment is calculated on the basis

of 100 MVA.

(1) Power system
The impedénce Xe of the power system is calculatédrbased upon
the short circuit capacity as follows:
3 x 132 kV x 31.5 kA = 7,193.34 MVA
100

3719334 = 1:39%

Xe = 100 x
(2) Motor contribution

o . 100 oo
XM = 20 % 18.45 = i08.4%

B-4-2.
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Power system

] Xe = 1.39%

Starting transformer
1511

XsT
——= Xy = 108.4%

132 kV bus bar

6.6 kV bus bar

————

Isg

B

Fault Point, ()

Units No.l and No.2

Fig. 1 1Impedance map (on the basis of 100 MVA)
3. Calculation of Short Circuit Current

The short circuit current when three phase short circuit fault

arises at Point F of 6.6 kV feeder is calculated as follows:

(1) Short circuit current, Ig, flowing from the power system is:
' - : 100 1,000
g SO TR X 6.6
ST
_ 875.8 x 107
D39 Kg b

(2) Short circuit current, ISZ due to motor contribution:

B 106 1,000 - _ 875.8 x 10_.

= 3,231.7 A - -

E-4-3.



{3) Short circuit current, I, at Point ¥ 0.1 sec. after a fault

5
arises:
Ig =I5y + Igy
_ 875.8 x 10
= Efiafrﬁigg— + 3,231.7 A

(4) Examination of XAT
Since, interrupting current of the incoming circuit breaker is

390 MVA, at 7.2 kV.

e,

Therefore, interrupting current is;

390 MVA x 107

3x 7.2 kV

31.5 kA

Therefore, percent impedance of starting transformer shall be

required to meet the following condition.
875.8 x 10°

+3,231.7
1.39 + Xy

31,500 >

875.8 x 10°

1.39 + Ky
875.8 x 103
1.39 + Xgp

31,500 - 3,231.7 >

28,268.3 >
(28,268.3 x 1.39) + 28,268.3 Xg > 875.8 x 100 L
39,292.9 + 28,268.3 X > 875.8 x 10°

28,268.3 XST > 875.8 x 100 - 39,202.9

28,268.3 X

sp > 836,507.1

X > 836,507.1
sT 28,268.3

XST > 29.59

When XS is calculated on tﬁe basis of the capacity of 22 MVA

T

of the starting transformer,

E-4-4
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AT

Koo > Xow X <22 = 10.0

83

st ~ “sT * Too

22
Kgp > 29.59 x 755
Xgp > 6.5%

Therefore, XST of the starting transformer is required to be
10% or over judging from the restriction of short circuit

current.
4. Calculation of Voltage Regulation:

The voltage regulation is calculated so that voltage drop at start-
up the BFP motor having the largest capacity among various motors
will be within 157 of the limited value when Units No. 1 and No. 2

are started up at the same time.

The impedance, XST of starting transformer is expressed according to
the following formula (Regarding the symbols and conditions of this
impedance, refer to Detailed Design Sheet No. E-4 Impedarce of
Auxiliary Transformer).

XST
22

15 > 24,553 x

15 x 22 >.24,553 g XST

330 > 24,553 x X

1330
24,553

ST

> XST

13.43 > XST

Therefore, XST of the starting transformer is required to be 13.43%
Judging from the restriction in voltage regulation.

5. Conclusion

E-4-5



Conclusion

The impedance, XST of the starting transformer is required to meet

the following conditions on the bases of 22 iMVA:

13.43% > XST > 6.5%

In consideration of the above requirements, therefore, the
impedance, XST of the starting transformer for West Wharf Thermal

Power Plant Units No., 1 and No. 2 will be adopted 10.0Z.

e,

E-b-6
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E-5 CAPACITY QF BATTERY AND BATTERY CHARGER

1. Unit Station Battery

1.1

1.2

Basic Requirement

Emergency electric power source facilities shall be installed 'in
order to maintain the power source for safety shutdown of the

tufbinefgenerator, should occur trip trouble, etc.

The facilities shall also be used for emergéncy lighting, the

communication system and control,

A stationary-type storage battery shall be used to supply the DC'_

electric power.

. The type of battery will be the adopted 1ead;acid_storagé battery,

and a battery charger shall be installed for charging and

equalization during normal operation.
Capaéity of Facilities

(1) Battery

" Capacity 3,100 AH/10HR
ﬁiﬁimﬁm-femperatﬁfe 25°%
Minimum voltage 1.8 V/Celi

. Normal voltage . ... - 2,15 V/Cell
Cell quantity - - ..+ 55 Cells

Rated voltage 110 v

{2) Battery charger

Capacity 500 A

E-5-1



(3) Counter cell

Capacity

410 A

1.3 System Configulation of Unit DC Power Source

400V 1-3 ¢JC

'

)

¥

4

-— UNIT
A:no.1

-

[

COUNTER
CELL

[

DC D/P

.

i
r

]

nc ¢/C

3

l

¥

EMERGENCY

RECT. if—BATTERY DIESEL ENGINE

GENERATOR

" COUNTER
CELL

De D/PJ/ BC C/C[/

400v 2-3 ¢/C

]

r’

Y

f/

i?RECT.

T

UNIT
NO.2
%, BATTERY

B

L

]

!

vy

CURRENT
LIMITING
RESISTER

The power source of battery charger will be supply from 400 V

emergency control center which to connect the emergency diesel

engine generator output circuit.

The tie line between units No. 1 and No. 2 will be provided so as

to back up at the time of maintenance of reactifier.

The current limiting resister will be provided on the tie line

taking into consideration to reduce the short circuit.

E-5-2-

v



The counter cell will be provided on the DC D/P circuit soé as to
compensate over voltage during equalizing change and just after

changing to equalize against equipment.
1.3 Prequisite Conditions

The capacity of unit station battery has been determined with

estimate in case of AC power failure for one (1) hour.

The AC power failure is not consider more than one (1) hour,
L ) because, the emergency diesel engine generator will be operated and

system will be recovered.

(1) Application load

a. Auxiliary load of fuel shutdown for extenguish of beiler
. Fuel shutoff valve
+ From detector and T.V. coding.fan

b.. Auxiliary load of safety shutdown for turbine
. Emergency bearing oil pump
;.Vacuum Qfeaker

(?) ' c. Emergency seal oil pump
d. Emergency lighting

e. Automatic control during unit shutdown

(2) Concerning load capacities used for this capacity calculation,
indefinjte capacity values have been estimated to be the same
as load capacities of equipment and machines in the same

cabacity steam power plant.

(3) The béttery charger will be used for Unit only., However, the

E-5-3



back up for other unit has been considered.

1.4 Load and Current Estimation

(1) DC 110 V control center and distribution panel load

No Name Capaci- Current  Current Current Remarks
. ty () I, (&) I, (&) Iy (A) €

1 Emergency oil pump 25 544 272 272  Estimation

2 Emergeﬁcy seal oil 5.5 120 60 60 "
pump :

3 Vacuum breaker 0.2 5 - - "

4 Flame scanner, 22.0 482 . 241} 241 "
TV cooling fan

5 UPS (CVCF) 30.0 200 200 200 "

6 Paging 1.0 9 9 9 "

7 Emergency lighting 8.0 80 30 - 80 "

8 Circuit breaker - 67 - 120 "
operation

9 Control and -~ 40 40 40 "
indicating lamp

Total 1551.5 302 1022
E-5-4
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~(2) Time schedule of each equipment

The operating time for emergency equipment shall be one (1)

hour.
544A — 1204
2724 ' ' 60A
0 0.5 60  MIN. o 1 _ 60 MIN.
Emergency oil pump. Emergency seal oil puﬁp
g 2004 | : . 8oA
0 60  MIN., 0 50  MIN.
UPS (CVCF) Emergency lighting
1204
4824
71.5A
{”] . : - . 2461A
0 0.5 59 60  MIN, 03 E0 MIN.
Circuilt breaker operation _ - TV cocling fan
) 40A
%24
0 60  MIN. 0 - 60 MIN.
Paging. . Indicatiotn lamp
54
0 0.5 © 60 MIN.

Vacuum breaker

E-5-5




Circuit Breaker Operation

L1

; —+» Contreled by switchyard battery
E%; power source _

STl T2

r

RILL % 1?{1:12’L

[

Circuit Trip Circuit Closing
breaker current breaker current
' (A) (A)
AT1] x 1 5.5 BT11 x 1 5.5
AT12 % 1 5.5 BT12 % 1 5.5
FDF x 2 11.0 APT x 1 5.5
BFP x 2 11.0
CWP x 2 11.0
CP x 2 11.0
APl X 1 5.5 lZOA
GRF x 2 11.0
C71.5A
0 0.5 5.5 60 (Min.) -
_T3
T2 .
o T1 :

E-546
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(3) Time schedule of DC 1190 V load

66A
C.B.0p.
5A
Vac.B ]
482A _ | 1204
TV C.F. : C.B.Op.
1204
i ESQP : e
2414 TV C.F.
S44A 60A ES0P
EOP 2724 EOP
80A  E.Lighting
94 Paging
40A Indicating lamp .
200A C.V.C.F.
0 0.5 i ' " 59.5 60 MIN.
_T?J
T2
H
T

Time (MIN.)
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1.5 Calculation

{1) Capacity of station battery

Current Il = 1,551.5 A I

2
Discharge time T1 60 MIN. T2
Capacity ex- K1 = 2.5 K2
change factor
Life factor L=20.8

Battery capacity C AH

= 4 (x - -
C=—— {KjI; + K(I, - 1)) +X(Iy - L))

H]

I

3

1,022 A

902 A 13 =
59.5 MIN. T3 = 0.5 MIN.
2.45 K3 = 1,5

= El§ {2.5 x 1551,5 + 2.45 x (902 - 1551.5) + 1.5 x (1022 - 902)}

= ﬁlg £3,878.8 - 1,591.3 + 180}

- 3,084.38 AH 3,100 AH (10 HR)

Therefore, tentative capacity is 3,100 AH to 10 HR.

(2) Capacity of battery charger

a, The calculation formula of the battery charger capacity is

as follows.

Battery capacity
10 H

% -
2
where,
Battery capacity
Normal operation current
Breakdown,
(i) C.V.C.F.

(ii) Control and indication
lamp

(iii) Paging

E-5-8
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3,100 AH/10 HR

249 A

200 A

40 A
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Then,

3,100/AH 1, 249 A = 404 A 410 A
o8 2

Therefore, the installed capaciﬁy is 410 A,
'b. Normal operation‘cﬁrrent |
249 Afunit
249 A x 2 = 498 A/2 unit
C. Determination of capacity
Installed capacity  -------=---~=- 404
Normal operafion.éurrentr -----;—- 498
Ndfﬁéi operétion current is laﬁger than instaliled
. capacity, therefore,. tentative capacity of battery charger

is 500 A.

(3) Capacity of counter cell
a. Ratéd capacity
Based on normal operation current 249 250 A
b. Short time rating
The counter ééll shall be able to withstand the maximum
{_} dischéfgeléuffént taking into account AC power failure

during counter cell in service,

E=5~0-
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2.

2.1

2.2

Switchyard Station Battery

Basic Requirement

Battery and charger system willrbe provided for switchvard

equipment.,

The battery has the capacity that covers control power for

switchyard equipment for 60 minutes in case of charger failure.

The charger has the capacity that covers control and indication of : {

switchyard equipment and charging current to the battery.

The type of battery will be adopted lead acid stationary storage

battery.
Capacity of Facilities

(1) Battery
Cépacity
Minimum temperature
Minimum ﬁoltage
Normal voltage
Cell quantity

Rated voltage

(2) Battery Charger

Capacity

(3) Counter cell

Capacity

E-5-10
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400 AH/10HR

25°%¢

2.15 V/Cell
55 Cells

110 v
100 A

60 A
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2.3 System Configulation

|

400v 1-3 ¢/

L_i_h“

ECT.

GENERATOR
SWITCHYARD
CONTROL

. EMERGENCY
ffﬁkq ] DIESEL ENGINE

a}~1h}\;&~1~ﬂ\»—+&——~—;—\\$-
?

2.4 Prerequisite Conditions

(1) The capacity of unit station battery has been determined with

estimate in case of AC power failure for one (1) hour.

(2) The AC power failure is not consider more than one (1) hour,
because, the emergency diesel engine generator will be

operated and system will be recovered.

(3) The most server condition to the battery system is defined as
the time of 60 minutes after occurrence of A.C. failure on a

bus of the battery charger.
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(4) Switchyard bus component

——

Fd
7/

-
o

Batas
t_}—"/‘""
I et
____pJ—-)t— ——
-
L —-JP"—K

—

NV
T

>
—>
—
N
|
1|
L
—L
— -

220 kV switchyard 132 kV switchyard
220 &V 132 kv
a. Bay number .9 13
b. Circuit breaker
operation current
. Closing (A) 10 Afset 6A/set
. Tripping (A) 10 A/set 6A/ set
c. Total tripping _ o
current 90 A 78 A
E-5-12
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2.5

Lead and Current Estimation

(1) load and current of switchyard

NOMINAL CAPACITY

KIND OF FEEDER ﬁigigITY CONTINUOUS AT AC
CAPAGITY  FAILURE
220 kv Switéhyard
CB INDICATION LAMP (9 sets) 180 W 1.62 A 1.62 A 0.18 A
DS "M (22 sets) 440 W 3.96 A 3.96 A
CB TRIPPING CURRENT (9) 90 A - - 10A/set
DS GONTROL OPEN/CLOSING Short/time
(22 sets) only
CONTROL PANEL oA 9.0 4 9.0 A
PR. RELAY PANEL 9A 9.0 A 9.0 A
132 kV Switchyard
CB INDICATION LAMP (13 sets) 260 A 2.34 A 2.34 A
DS " " (33 sets) 660 W . 5.94 A  5.94 A
CB TRIPPING CURRENT 78 A - - 6 A/set
DS GONTROL OPEN/CLOSING Short time
only
CONTROL PANEL 13 A 13 A 13 A 1 A/bay
PR. RELAY PANEL 13 A 13 A 13 A 1 A/bay
57.86 A 57.86 A

.~ E-5-13




(2) Time schedule

I, = 1684
| -
=
&
x
o CB TRIP
&
3
Il = 57.8A Ine .
1 CONTROL
_ -1 & INDIGCATION
0 . 59.5 60 {HE
| 1
| ff
2l
TIME (Min)-— '
2.6 Calculation
Minimum temperature of battery : 25°%¢
Minimum voltage of battery : 1.75V/cell*
Minimum voltage of battery : 2.15V/cell
Life factor (L) : 0.8
. ()
Switchyard equipment load : Refer to table 1.4 (1) .
(1) Capacity of station battery
¢ =3 kT +K (T, - I,0}
L "1 2772 71
Here, L = 0.8
I1 = 57.8.A, T1 = 60 min., K1 = 2.6
12 = 168 A, T2 = (.5 min., K2 = 1.3

* KI’ K2 is the rating factor that is given by -

attachment-1.
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(2)

(3)

G = b= (2.6 x 57.8 + 1.3 (168 - 57.8))

0.8
- Eiﬁ (150,28 + 143.26) = 223.24

0.8
= 366.9 Ah 400 Ah

- Battery capacity of 400 Ah will be applied.

Capacity of battery charger
Current rating is as follows,

Battery charging current + Normal operation current
400 _AH _

Battery charging current 0H 40
Normal operation current 57.8 A
Then,
40 A + 57.8 A =02.8 A
Therefore, the.installed capacity is 100 A.
Capacity of counter'ceil.
Based on neormal operatioﬁ_current 57.8 60 A

E-5-15
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E-6 CAPACITY AND DESIGN CRITERIA OF EMERGENCY DIESEL ENGINE
GENERATOR | |

The diesel engine geﬁerator_will be provided for emergency power for
Units No. 1 and No. 2 in order to enable safe shutdown through supply of
minimum required power in case of blackout, namely, all power source

failure from units and transmission lines,
1, Capacity of Emergency Diesel Engine Generator
{1) Selection of various emergency auxiliary machines

(1) Definition of emergency auxiliary machines
The emergency auxiliary machines and devices refer to those
installed to prevent the following troubles:
a. Damage of main power plant equipment;
b. Failure in plant control;
c. Hazardous effect upon the safety of perscmnel unless these

auxiliary machines and devices operate properly.

(2) Classification of emergency auxiliary machines and devices
a. For safe shutdown and prompt start-ué of mechanical
equipment
Bearing oil pumps
Turning gear
Seal o0il pump
Flame séaner & TV cooling fan.
0il tank gas. extractor
b. Fo? control (inst;ument) power source équipment
‘Battery charger

‘Instrument power source

- E-6-1




UPS (CVCF) (The ups load has not been consider for
calculation of capacity.
Becaﬁse,.the ups normal.power source
from DG circuit.)
¢. TFor safety of public and personnel
Elevator power source
Emergency lamps and obstruction light
Paging equipment
d. Others

Auxiliary machines for diesel engine generator

E-6-2
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Prerequisite Conditions
Auxiliary load to be borne by diesel engine generator

Concerning load capacities used for this capacity calculation,
indefinite capacity values have been estimated to be the same as
load capacities of equipment and machines in the same capacity steam

powér'plant.-

R

v

. Capacity
Kind Breakdown of load
Unit Ne.l| Unit No.2{ Cowmon Remarks
Seal oil pump 11 x1 11 =1 ‘Estimated
Seal o0il recireulation - | 3.7 x 1 3.7 x 1
pump
Turning geéf oil pump 30 x1 36 x 1
Seal oil vacuum pump 2.2 x2 2.2 x 2
Vapor extractor 2.2 x 2 2,2 x 2
g Flame detector cooling fan| 22 x 1 22 x i
w
% | Batt, room exh. fan - - 0.4 x 2
@
5 D/G aux. equipment 20 x 1 - Alr compressor
et Radiator Fan
E _ L.0 prinning
Q9 i
4 | Total motor load 95.5 75.5 0.4
2 : - .
é Unit battery chérger 95 35
£ I ‘
o Switchyard battery charger 20.0
3
& . . S .
Paging equip. - - 3.0
Normal emergency lighting 20 20
Obstruction lighting 20 -
Instrument power source 30 30
He Eurbiné bypass valve 10 10
serbo. amp
Transformer load | 115 155 27.5
Tufning gear - 7.5 7.5
— . . )
fol REN T X )
g Total motor’ lead 7.5 7.5
o ; .
= ; .
&8 | Elevator for main building 15 15
LT~} )
Hob T - - - -
@ [ Intermittent load - 15 15 0.5
ER- '
i O
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3.

Calculation

(1) Calculation of diesel engine generator capacity
4. Automatic operation load
Motor load = 95.5 + 75.5 + 0.4 = | 171.4 kW
where power factér is assumed to Ee 0.8,
Motor load = 171.4/0.8 = - 214.25 kVA
Transformer load = 175 + 155 + 27.5 = 357.5 VA
b. Manual operation ioad

Motor load = 7.5 + 7.5 + 0.75 = 15.75 k¥

where power factor is assumed to be 0.8,

Motor load = 15.75/0.8 = 19.69 kVa
Intermittent load = 15 + 15 + 0.63 = 30.63 kVA
Motor load = 0.5/0.8 0.63

¢. Therefore, the totél auxiliary ioad‘is.caiculated as.

follows:

214.25 + 257.5 + 19.69 + (30.63 x 1/2) = 606.76 kVA

606.76 x 1.1 = 667.44  667.5 kKVA
Where the coefficient of 1.1 is an allowance for unkﬁoﬁn
factor (Change of motor capacity, additional cgpacity‘of
new motors, etc.)
Capacity of diesel engine generator

= 667.5 x 0.8 | = 534 kW

= 540 KW

where.the power féctor is assumed fo be 0.8;

The capacity = 540/0.8 = 675 kVA

(2) Voltage drop (at the time of starting)

E-6-4
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The value of voltage drop arising due to the load applied
instantaneéusly at the time of starting the diesel engine
generator has been calculated in accordance with the load of
Unit No. 1 because such voltage drop.will hardly be affected
irrespective of whether there is any initial load or not.
Moreover, load will be applied to Unit No. 2 a little after -
load has been applied to Unit No. 1. | |

a. Calculation of voltage drop

Instantaneous current; Is
o E

Is  xd' + xe

where Xd': Generator transient reactance (assumed to be 227)

Xe : Load reactance

_ Generator [kVA] x 1007
Load [kVvAl

E : Generator voltage at no load

Voltage drop, V.

V=Is x Xd' x —= x 100% = prie
N B. Céléulafion of Xe
" Load [kVA} =/ (1h? + (xvr) 22
Acfive.power | . | ‘: : .540 kW

Reactive power

‘Motor load x—tam-(cos-1 0.4) + transformer load '

1

. x tan (cos ~ 0.95)

95.9 x tan (cos-1 0.4) + 202.5:x% tan‘(cosj% 0.95). 7 .

it

95.9 x 2.3 + 202.5 x 0.33

It

220.57 + 66.83 = © 287.4 kVR

E-6-5




4.

Load [KVA] = {540% + 287.47

= 201,600 + 82,598.76

= J374,198.76

= 611.72 kVA

_ 675 _ . Lo
Xa = 611.72 ¥ 100 = 110.34%
Calculation of voltage drop
- 22 -
V= 25 % 110,33 ¥ 100 = 16.62

Although voltage drop of 16.62% will take place instantaneously
at the time of closing, there will not be any problem actually
since such voltage drop will be restored quickly by means of

AVR.

Control System

The control system for the diesel engine generator shall be &esigned
to provide automatic and manual_start and stop. The automatic start
control system shall be provided to start the engine by receiving
the signal from both control centers in case of power failure in 1-3
460 V control center of 2-3 400 V control center. However, engine

stop shall be provided manually.

The main circuit breaker for the gemerator shall be automatically
closed after confirming the rated speed of the engine and rated

voltage of the generator.

(1) Starting method

There are the following three diesel engine generator starting

E-6-6
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(2)

systems:

e

Automatic starting.

When the changeover switch on the diesel engine generator
control panel is put to automatic position, the
undervoltage relay is actuated at the time of power failure
from the normal power source or voltage drop, and after a
certain confirméfion time limif (ébout 5 seconds), the

étarting-solenoid valve is opened and the diesel engine is

started up by means of compressed air.

Manual starting from control panel

When the changeover switch is put to manual position from

controel panel, and the control switch is put to starting,

the diesel engine is started up in the same way as in the
above item (1),

Local starting

When the changeover switch is put to local starting
position, the djesel engine is started up directly from the

engine side.

Operation after starting
When the engine has been started up and accelerated to the
self-combustion condition, and the low speed contact is

actuated at 307 speed, the starting signal is cut off, and_the

initial excitation of the generator is carried out by means of

unit DC power source from the station battery; When the engine
has.beeﬁ put to combustion condition and accelerated to 907 of
the rated speed, the alarm and protection circuits of the

‘engine are energized and the engine is protected.

B-06-7 -



(3)

(4)

(5)

When the engine is accelerated to a rated speed through
operation of the governor, the voltage is detected by constant
voltage relay (84EG), and the initial excitation is suspended.

Then, the diesel engine is put to normal operating conditions,

Starting failufe

In the évent‘where the engine ﬁﬁs not bgen put tq self-
combuétion condition for a certain fime limit after starting
commana has béen given, then alarm is displayed and the

starting ecircuit is shut off at the same time.

Shutdown

When the control switch has been changed over to stop or when

“the engine protective relay is actuated, the circuit breaker is

opened, and the engine stop solenoid valve is excited after a
certain time Iimit. Then, fuel supply is cut off and the
engine is shut down.

Meanwhile, when the engine protective relay is actuated, the

engine starting circuit is also locked.

Protection

a. Protection against trouble

Simultaneously with indication of alarm, the circuit
breaker is tripped, the engine is shut down'and the
starting circuit is locked in the following cases:

Ovarspeed

Starting failure

Lubricating oil pressure low (final) .

Cooling water temperature high

E-6-8
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. Overvoltage
Overcurrent
b. Protection agéinst minor trouble
In the,event of minor trouble, only alarm is issued in the
following casest
Lubricating oil pressure low (first stage)
Cooling watef temperature high
Air pressure low
Fuel oil tank level low
-Generator ground fault
Air compressor trouble
Radiater fan troubie

Other troubles

5. Configuration and Sequence of Load Circuit

(1) Aux1llary load c1rcu1£ of diesel eng1ne generator
The aux1llary load of the amergency dlesel englne generator is
connected to the em31gency power recelv1ng circuit in the
emergéncy control center 1~ 3C/C or 2-3C/C with changeover
switch for the respective units as shown.ln Flg. 1. Should it
become impossible to receive power from normal power source,
the emergency systeﬁ.is ss.designed és to enable to receive the
.output of the dlesel englne generator from the above circuit

through automatlc changeover.

E-6-9



{2) Changeover sequence of load

a.

Start-up and preparation for power supply

In the event where power failure or abnormal voltage drop
should arise in the emergency control center 1-3C/C or 2-
3C/C, the undervoltage relay (27) of bus in the control
center detects such failure or voltage drop, and starting
signal is given to the diesel engine.

When the diesel engine has beén started up, and the voltage
has been raised to a specified level, the circuit breaker
(52EG) on the output side of diesel engine generator is
automatically closed and preparation for power supply is
completed.

Changeover of power supply {receiving)

After undervoltage of bus and the output voltage from the
diesel engine generator have been confirmed from the
emergency control power source, then the normal power
receivihg circuit breaker is tripped, whereas“the emergency
power receiving circuit breakef is clésed aﬁtomaticélly,
and the pbwerlsburce is chaﬁged over from the power center
to the diesel engine genefator.

Réstoration

Wﬁen the normal pﬁwar source has Beenrfestore&;iihe normal

power receiving circuit breaker in the emergency control

center is closed by means of changeover switch.

The emergency power receiving circuit breaker is opened
automatically and the normal power receiving circuit

breaker is closed.

E-6-10.
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As described above, when the power source in the emergency
control has been changed over, the diesel engine generator

is shut down through manual operation.

L E=6-11




LOAD CIRCUIT

UNIT NO.1 P/C i UNIT NO.2 P/C

1-3 c/c'cf' T 2-3 ¢/

x1 42

A
;

?
71

AUX. LOAD FOR EMERGENCY DIESEL ENGINE
E-6-12
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ONE LINE DIAGRAM

1-3 ¢/C 2~3 ¢/C
é MCB ?) MCB
N

O .
o] 5286

84EQG

) T.Tg r—~@
sz~ {omc ]

GPT x 1
<5
) -2
B ™ Pr EXCITATION
F
| $CTx3 EQUIPMENT
_ O
DIE G : _ nC 110 Vv
KVa
400 V 3¢ PF 0.8 FROM STATION BATTERY
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Required Capacity of Diesel Engine

The diesel engine is required to have a capacity sufficientlfor
driving a generator with a maximum capacity of 540 kW. Therefore,
when the efficiency of the generator and the overload factor of the
engine are assumed to be 93% and 110%, respectively, the required
capacity of the diesel engine is calculated as follows:

Capacity of diesel engine, PS

1 L o1 _717.2 1ps] .

=540 x 5555 X 5793 * 1.1

Therefore, the required capacity of diesel engine is 717.2 PS or

over,

E-6-14
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E-7 CAPACITY OF GENERATOR NGR TRANSFORMER

The capacity of the generator NGR transformer and resister has been
calculated based on the changing current on fault point though

capacitance on the generator main circuit, as describe hereunder,

1. -Circuit

- 220 kV Switchyard

E%gMain transf.
- PPT :
QD
. SA

Generator

g::j;Resister

YAuxiliary transf.

NGR transf,

2. Capacitance

Concerning capacitance used for this calculation, indefinite
capacitance values have been estimated to be the same as lead
capacities of equipment and machines in the same capacity steam

power plant,

Supposing capacitance value will be as follows:

CG : Generator capacitance - C o 0.442 (gFlﬁhase)

Cy ¢ Main transf. capacitance 0.0024 {uF/phase)
(Low side-Earth) oo P .

CA : Auxiliary transf. capacitance - 0.0018 {uFlphase}
{High side-Earth)

CS : Safge absorbérrcapacitance_ 8 0.125 ﬁuf/phase)

.CI : Isolated phése'bﬁé-cépacitance_ 64.9 (pF/phasé/m).

0.0026 (uF/phase)

o B=7-1




C, ¢ Power potential transf. capacitance 0.002 (uF/phase)

E

IPB length : 40 {m/phase)

Calculation

(L)

(2}

Total capacitance and current
Total capacitance C = CG + CM + CA + CS + CI + CE
C = 0.442 + 0.0024 + 0.0018 + 0.125 + 0.0026 + 0.002
= (0.5758 ( F/phase)

Capacitive fault current (Ic) at the line to ground fault in {”‘

the generator circuit.

L}

Ic = j3 c Eg

i

i3 x2 x50 x 0.5758 x 107° x 1§7%99

5.64 (A)

]

Neutral grounding transformer rating

Rated voltage

1

Primary : vy = 18,000 (V)

I

Secondary V2 190 (V)

Secondary voltage under one phase groud fault

s,

= Vg V2
Voe =73 X VI

_ 18,000 190

= % 18,000 ~ 109.7 = 110 (V)

Capacity of neutral grounding transformer

Pc =.V1 x Ic
= 18,000 x 5.64 = 101.5 (KVA)
Theréfore, 110 (KVA) (5 minutes)
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(3} Neutral grounding resister

Secondary current of neutral grounding resister

_ Pc

2 V2

_ 100 x 10

95 = 578.9 = 579 (A)

Resistance of neutral grounding resister

R = Vae _ Vac
o) e x B
(i V2
110 110
= = = 0.206 = 0.21 ()
s.64 x 1?5300 534.3

4. Conclusion
In case of generator voltage 18 (KV) is as follows.

{1) Grounding transformer

Rated voltage

Primary 18,000 (V)
(') Secondary 190 (V)
Time rating 5 {minutes)

(2) Grounding resister

Resistance 0.21 (ohm)
Rated current 579 (A)
Rated voltage | 110 (V)
i Time rating 5 (minutes)
- E-7-3
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E-8  MINIMUM CAPACITY OF GENERATOR SURGE ABSORBER

1. Configuration of Cifcuit

The configuration of the circuit for the generator surge absorber is

as indicated in Fig. 1.

220 kV bus :Main trans.

=0 %) — (c
== Surge i
Absorb'er[E’ -‘@ NGRQ @]

Fig. 1 _ =

=T

2. Design Conditions

(1) Advancing surge
Thé surge vsltégé édvancing from the ﬁigh voltage side of the
main tfanéfdrmer shall be equivalent to BIL of the high voltage
side of the main transformer.

220 KV side (Eé) : 950 KV : 1.2 x 50 us

(2) Constant of generator

Rated capacity: 2&8;3 MVA-
FréQuency: 156 Hz
Rated voltage: _ ' 18 KV
Surge impedance (Zl): 42 £2/phase

(3) Main trahsfoxmer constant

Rated-papacity:' -247 MVA

E-8-1



(4)

(5)

(6)

Rated voltage
Low voltage side:
High voltage side:
ZIZ:

Capacitance

18 KV
220 KV

117

High-Low, Earth (CHE): 1,700 pF/phase

Low-High, Earth (CHE): 3,400 pF/phase

High-Low (CHE):
Transformer rétio,.N'

- 18 _

=57 _0.0818

Transformer inductance,

1 (18)%

2,500 pF/phase

2—20- = 0.0909
L
AL 6,473 (mm)

= 3F x 50 ¥ 247 ™ 100

Impulse withstand voltage of generator

]

(2E + 3) x 1.25 x JE?

(2 x 18 +3) x 1.25 x |2

68.9 (KV)

where E: Generator voltage (KV)

1.25: Margin of

Capacitance

CI = 0,1 (uF/phase)

Surge absorber

Rated voltage:

Discharge spark voltage:

Impulse spart voltage:

generator

22.5 KV
33.8 KV or more

65.5 KV

E-8-2
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(7) Other capacitance of this circuit
Any ground static current capacity of the IPB and auxiliary

transformer will not be taken into account in this calculation.
3. CGalculation of Surge Transition Voltage

Among the voltage transferred into the low voltage side, there are a
component transferred into static current when surge equivalent to
BIL is applied into the high voltage side of main transformer.

These components are calculated hereunder.

(1) Calculation of voltage transferred into electromagnet Fig. 1 is

converted as shown in Fig. 2.

V3 ey _, 30 . Ep (t) Zl( o)
oo ;Il(t) 12(:.,), 1 -}
' Cx
. 1 . _
Ly New (29 I 7
= -Ep{t) 1 7 Fig. 2
Icx y
- 1
i — 3
il Main transf. 46X =+
Cond. Gen.

The voltage electromagnetic, El(t) transferred into the low
voltage side from this circuit is expressed according to the

folloﬁing equation:

_ »—0t . _-ft

where ez(t): Surge voltage applied into the hlgh voltage side.
The full wave form of surglng shall be 1 x 10 ps
E : Value of BIL of high voltage 51de

K : Constant of 1.039

.E'B?B'



o ¢ Reciprocal number of time constant and is
0.0184 x 10% 1/sec.
8 : Reciprocal number of time constant and is

2.95 x 10° 1/sec.

In case Zl > —3—.%%.; the solution of the above equation is:
Z, =39 > = 34.4

) 1[043 x 10
1777 24 6.1 x 1078

=
i

K 1 . -t
= NE {e
1 2 BLICX[(Aua)Z + B2

2 2 . -
J &A;Elg;t_ﬁm.e At sin(Bt + @)} - —-——"%“-—§ {e ft _
(A-B)" + B

2

B .2 .
J Lélglg4t~§—-e_AF sin(Bt + @)}]

= NEZ'KI

where

h

tan —_—

E-8-4
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(2)

o]
(A-B)2 +B

Therefore,

2 {e_Bt - LA:B_B + B efAt sin(Bt + 8)}

Elmax = N";,E2 . Kmax = 31.8 (Xv)
The time, T in this case is:

= 26,1 ( s)

Calculation of static transition voltage
Since the static transition component is transferred due to
connection of cOndeﬁser, the component becomes as indicated in

the'following diagram because of the static current capacity of

the main transformer and generator circuit, as well as the

surge -impedance of the generator.

J_ l— : Zy | Eq (t)
;[_ _]:SA) (Gen)
where

CHL: Static current caﬁac1ty/phase betdeen hlgh voltage and

low voltage s1des of main transformer
CHE: Static current capacity/phase between high voltage
_ side of maiﬂ“transformer and ground
CLE: Static current capac1ty/phase between low voltage

side of main_ transformer and ground

‘e

CCx Protectzve condenser capacity/phase-

_ Zl'; Surge 1mpedance of generator

E-8-5



Voltage (kV)

In case ez(t) = 1'_32.,k(e:'“Ott - E_Bt). the static transition

voltage is calculated as follows:

- A —at_ 4 -Bty _ 1 -Bt _ . -bt
E,(t) = Ey-k.a { 75 (ae be ). 5 (Be be ")}
= Ez.a.K
where
q = CHL
CHL + CLX + Cx
b = 1
2 (Cy +Cp+C )
_ 1 -0t _ bty _ 1 -8t bt
K=k { -7 (ae b ) b (B¢ be )}
Therefore,
Elmax = E2 . a2 . k
= 12.5 (KV)

T =0.9 (us)
Result of Calculation

Based upon the results of calculation, the electromagnetic

transition compenent and the static current transition component are

superimposed in the folloﬁing diagram:

" Combined {Resultant)
compenent

*  Electromagnetic transition
component

Stétic current transition
component, '

PEL

-



There will be no problem since the maximum value of Compined
(Result) component is 31 XV, and less than 68.9 KV of the
impulse wave dielectric strength of generator as indicated in

the abqve diagram.

i

Elmax 31 (kV)

26.1 (us)

I

T
5. Capacity of Condenser

Q'; : The capacity of condenser is calculated to be 0.1 HF per phase.

Therefore, the minimum capacity of condenser is 0.1 yF.

o

o -E'_‘-S-? ‘.
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SURGE IMPEDANCE OF GENERATOR

SURGE_IMPEDANCE OF GENERATOR
in case of generator voltage 18 kV
248.3 MVA | ]
= 58.56
1,000 AE
\\\\\ (42 )
300 Eg: 20 kV 1
400 248.3 MVA _ 55.55 T
308 V20 kv | |
| \ . 4 @) .
200 >
{Ohms) \\\\\\\\ .
100 ' ‘\q\\\\w
50 Eg = 20 kV \
40 Eg = 18 kV
30
2 3 5 10 20 30 50 100
MVA
(—==)
AV
- E-8-8
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E-9 SHORT CIRCUIT CAPACITY OF IPB

1. Impedance Map

Impedance.map is shown in Fig. 1,

"220 kV Substation

The impedance are

x, =0
Xyp = 0.21(P0)
Xyp = 0.08(PV).
X, = 0.2 (PV)

O

(E;) To unit
bus

where:
Xe : System external impedance
XMT{ .Main transf. impedance
XAT: .Apxi;iary transf. impedance
X Generator subtrasient

aux.

impedance

supposing as follows:

at 247 MVA
at 19 MVA

at 248.3 MVA

Conversion of above impedance to 100 MVA base and per unit

indication.
X =0
e - .
g T 000D
Xyp = 0.4 (PO)
X, = 0.08 (PU)

e

100
Ot x 7
100

.0.08 X 59

0.2 x 7333

1090 Y

Py

L
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Calculation of Short Circuit Current

Calculate for short circuit current at each point (A, B, C) shown in

Fig. 1 is as follows.

(1) First, short circuit capacity of point "A" is as follows.

From generator

P, = o = === = 1,250 (MVA)

From main transformer

p 100 _ 100

MT = XM + X - 0'044 = 29272-7 (MVA) 2,273 (MVA)
T e

From auxiliary transformer

100 _ 100

P =5 = = 250 (MVA)
AT XAT Q.4
Therefore,
Point "A" = P, or P..+ P

G MT AT
2,523 (MVA) © 1,250 < 2,273 + 250

il

Point "A™

(2) The same as abave short circuit capacity of point "B" is as

follows.
3 (L0 LT
Point “B PMT or PG + PAT
Point "B" = 2,273 (MVA) 2,273 < 1,250 + 200 = 1,450

(3) And also, short circuit capacity of point "C" is as follows.

: L1711 R
Point: "C PMT + PAT or PAT

3,523 (MVA) 2,273 + 1,250 = 3,523 > 200

bl

Point "'C"

{4) Conversion of short circuit capacity to short circuit current.

Usually, generator rated voltage is considered in the rage of

E-9-2 -
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18lkV to 20 kV.

As we are supposing the wost usually condition, generator
voltagé is 18 kV. .

Thérefote, current of each point are as follows:

2,523 x 103

Point A" = LEELELDY < 810 (14)

Point "AM = 2J§?i ?810 = 73.0 (KA)
L

Point "G" = 37%33—%519 = 113.1 (KA)

Momentary short circuit current are as follows.
Asymmetrical factor should be 1.73 (Note 1).

] .. Asymmetrical Valve
Asymmetrical factor Symmetrical Valve

Point MA"

1.73 x 81.0 = 140.1 (XA)

1.73 x 73.0 = 126.3 (Ka)

Point "B"

Point "C" = 1.73 x 113.1 = 195.6 (EA)

Therefore,
.Symmetrical Momentary short circuit
short circuit capacity
capacity (KA) asymmetrical (rms) (KA)
Point "A" 1.0 140.1
Point "B" 73.0 126.3
Point "C" 113.1 195.6

In case of generator voltage is 15 KV:

Symmetrical Momentary short circuit
short circuit capacity
capacity (KA) asymmetrical (rms) (KA)
Point "A" 97.22 168.2
Point "B ' 87.6 1515
Point "C" 135.8 234.9
E-0-3 -



In case of generator voltage is 20 KV:

Symmetrical Momentary short cireuit
short circuit capacity _
capacity (KA) asymmetrical (rms} (KA)

Point "AY 72.9 126.1

Point "B" 65.7 113.7

Point "C" 101.8 176.1

(5) Rating of main bus between the generator and the main
transformer at 18 kV.
Normal current rating 11,000 (A)

‘Short time current rating 81.0 (XA)
(2 seconds)

Momentary current rating 140.1 (KA)

(6) Rating of auxiliary bus between the tap of main bus and the

auxiliary transformer.

Normal current rating 800  (A)
Short time current rating 113.1 (kA)
(2 seconds) '
Momentary current rating 195.6 (KA)
E-0-4
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Note 1. When not attenuation of symmetrical current is not taken into

account,

Iat/Iso

where

Iat:

Iso:

3 = 1.73 according to the following diagram:
2.0
1.9
1.8
17.-«-1.73
1.6‘\
1.5
1.4 N —
1.3 _ \\K
1.2 -
1.1 -
r_m
0 1 2 24 5 6 7 8 910
t(x 0.01s)
Asymmetrical short circuit current {A)

Symmetrical short circuit current (&)

Time after occurrence of short circuit {sec.)
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E-10 BUS VOLTAGE OF ELECTRIC CIRCUIT

1.

General .

The electric circuit in the West Wharf Thermal Power Plant will be

leanﬁédrés unit system téking into coﬁsideration of high reliability

and economical operation for the power system and respective

auxiliaries of the plant.

The values of bus voltage were adopted based on the KESC'S practice
for the existing power plant so as to perform easy operation and

maintenance.

The key single line diagram is as attached.

Substation

The -substation will comprise 220 kV and 132 kV switchyard having two

(2) sets of the transformer.

The 220 kV switchyard will composé the double bus system. To
improve.thé reliability of electric power supply. The electric

power génerated from the generator will be received into the

sﬁitchyard; and supplied to the power system through a transmission

iine. Meanwhile, the.220 kV bus bar will be connected to the 132 kV

bus Baf.though the tfaﬁsformers;.

The outgoing 220 kV transmission lines will be connected to the

BARDITA grid station with two {2) circuits and the 220 kV substation

will ﬁrepare future two (2) circuits bays.

E-10-1



However, future bays will be prepared with their space only.

The 132 kV switchyard will consist of the double bus system, the
electrical power will be received into the switchyard from 220 kV
switchyard through tie transformers, the bus will be connected to
the starting transformer and twe (2) sets of 132 EV/ll kV grid
station transformers. The outgoing 132 kV transmission lines will

. be connected with the following seven (7) circuits.

. To S.1.T.E : One (1) cct

. To MAULIPUR : One (1) cct
. To OLD TOWN : One (1) cct

. To GARDEN EAST One (1) cct

ae

. To QUEEN ROAD Two (2) ccts

. To DIFENCE EAST One (1) cct

s

Generator Main Circuit

The voltage of slectric power generated from the generator will be
stepped up by the main transformer and sent to the 220 kV
switchyard. On the other hand, the station auxili#ry power will be
branched from the-generator main circuit, stepped déwn_into 6,6 kv
by the auxiiiéry tranéformer and suéplied to.the respectivé load.
However, since auxiliary power.sﬁéuld be supplied f:pm the stérting

transformer at the time of unit starting up and shutdown.

Common Power Circuit

The starting transformer will receive power from the 132 kV

E-10-2
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switchyard, step down the voltage into 6.6 kV and supply station

auxiliary power for Unit starting up.

This starting transformer shall also have a capacity sufficient to
supply station auxiliary power for starting up'Units No., 1 and No.
2, and shall be furnished with the common 6.6 kV bus bar for
station. When the penerator has been started up and reached 10 -
207 of the rated load, the station auxiliary power will be changed

over from the starting transformer to the auxiliary transformer.

Sequentially, the station auxiliary power for common load in Units
No. 1 and No. 2 (water treatment, lighting etec.)} will be supplied
from the étarting transformef continuously. The starting
tfansformer will also be in stand by as to supply the power when the

auxiliary transformer is in interruption of service for some reason.

Station Auxiliary Power Circuit

As the station auxiliary power source equipment, the 6.6 kV metal
clad sﬁitchgear (MCSG) will be installed to supply power to the high

voltage auxiliary machines.

In add1t1on, the statlon service transformer will step down the 6.6

KV power source supplled from 6.6 kV MCQG into 400 V and supply 1t
to the low voltage su1Lchgear. This low voltage sthchgear is’
divided into the 400 V. power center and the control center dependxng.
upon the capac1ty of the- aux111ary machlnes. For low letage -
CItCUltS, the dlstrlbutlon boards for lightzng, 51te work, control

and others w111 be 1nstalled accordxng to the resPectlve (AC 380 V,-;f
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E-11 REQUIRED GROUNDING RESISTANCE VALUE

This engineering sheet covers the grounding system ébnfiguration and
target value of grounding resistance in the West Wharf thermal power

station.

OB




1. Grounding System Configuratioen

(1) One line diagram

o o SubsE;Eion
area
: 220 kv 132 kv i
|
f - <
) = = |
I t
I —— ——
! I
}
. e I
Main building &
Boiler area

The grounding system of the West Wharf power station will be

comprised inside the main building including boiler area and

substation area.

The both grounding system shall be interconnected so as to

ensure the grounding circuits.

E-11-2
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1.2 Particular Grounding System

(1)

(2)

(3)-

Generator main circuit

The neutral point of the generator is grounded through a pole
transformer primary winding. Therefore, one (1) phase

grounding current is flowing in a small value.

In case of two (2) phase ground fault occures, a 1arge current
will flow in the enclosure of the IPB (Isclated Phase Bus

Duct).

" The gfbunding current is devided into two (2) circuits, one is

a loop current through generator stator winding and another is
a grounding current through IPB grounding point, grounding
mesh and generator neutral point. However, this grounding

current is reduced to limit by pole transformer winding.
220 kV switchyard bus

The 220 kV.circuit.is directly.grounded through high tension

neutral point of the generator main transformer.

Thérefore, the fault current from substation is dissipated

‘into the gfound mesh, and it does not affect the main

grounding mesh.

6.6 kV high voltage circuit

The 6.6 kV high voltage eircuit is grounded with high- -

impedance of pole transformetr on the:low tension side of the

auxiliary and staring transformer. - -

E~11-3



Therefore, one (1) phase ground current is flowing as small as

not more than 10A.

In case of two (2) phase ground occurs, a large short current
will flow in the ecircuit. However, the grounding current is a
circulated flow in the ground bus bar, and it does_not affect

the main grounding mesh.
(4) 400 V low voltage circuit

The 400 V low voltage circuit is grounded through GPT (Ground
Potential Transformer) on the low tension side of the station

transformer.

Therefore, the ground-fault current flows in a wery small

guantity, about 100 mA.

Grounding Design

The grounding system should be designed to prevent hazards to human

bodies and apparatus.

(1) Potential rise value should be less than 1,000 V taking into
‘account step voltage, touch voltage and withstand voltage of

electrical apparatus.

(2) The maximum potential value is as follows

R

E A" G
where: VE: Maximum potential difference (V)
I,: Maximum grounding current (A)
R,: Grounding mesh resistance (ohms)

E-11-4
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(3) The target value of grounding resistance should be determined
based on the veoltage rising of sound phase when one phase ig
grounding.

That. is,

10

Ta " Iy

In case of I, - I > I, ---- R ¢ {ohm)

A N N

: _ : - 10
in case of IA IN < IN ~RZ I (ohm)

Z

where: IA: Maximum grounding current when one phase ground

IN: Total neutral current

.f‘\
"u./‘

(4) Distribution of ground fault current

. In case of ground fault occurs inside power station

T

|t [ g (fi

R%II

~

9:'

Earth

() a Tp =Ty - Oy ¥ gy ¥ Ing * Ty

. In case of ground fault occurs outside power station




3. Calculation

3.1 Calculation of Ground Fault Current

Prerequisite Conditions

(»

(2)

Maximum grounding fault current
The supporsing grounding fault curvent of 220 kV used for

calculation has been adopted as 40 kA.

impedaﬁce and neutral current

The following respective impedance used for calculation have
been estimated to be the same as capacities of generator and
transformer.

a. Impedance at rated capacity

(MVA) X, (@ %@ X @

Generator 248.3 160.0 20,0 10.0
Gen. main 247.0 11.0 11.0 8.0
transformer
Tie trans- 250.0 11.0 11.0 8.0
former .
Note;

Xl: Positive phase sequence reactance

Xz: Negative phase sequence reactance

XO: Zero phase sequence reaciance

b. The above impedance is converted to 247 base.
a) Generator 7% Z

Positive phase
sequence reactance Xy = 160 x

= 159.167%
Negative phase

E~11-6
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)

raia

247

= 19.89%

. sequence reactance ch =20 x 548,35
b) Generator main trénsfofmer %2
XIM =11 ===~ 11,02
Xp = 11 ===~ 11.0%
XOM_= 8 e B.0%
c) 220 kV/132 kV tie transformer I Z
L1y L 247
XIT = 11 x 250 10.862
- 247
XZT =11 x 250 = 10.86%
X =8 x 221 - 7,007

0T X 250

c. - The above percent impedance is converted to ohms value

from the following equation.

L. _ %% x 10E
ohns = KVA
where:
E: Rated voltage ---- 220 kV
kVA: Base kVA --=-= 247,000 kVA

a) Generator

_ 159.16 x 10 x 220

X = 311:87 ohm
16 247 x 10°
Xy = $2:89.x 10_§32?9_ = 38.97 ohm
' 247 x 10°
Xy = 9.94 xIIQ‘§3220. . 19.47 otm
i "247_X'10;  R S
E-11-7




d.

b} Generator main transformer

11.0 x 10 x 220

X, = = 21.55 ohm
1M 247 % 107
X, = 11.0 x 10 x3220 9155 ofm
247 % 10
Koy = 8.0 x 10 x gzo = 25 67 obm
247 % 10 '

e} 220 kV/132 kV tie transformer

_ 10.86 x 10 x 220

X = 21.28 ohm
1T 247 x 10°
_ XZT - 10.86 x 10 x3220 = 21.28 ohm
247 x 10
XOT - 7f9 x 10 x.§20 = 15.48 ohm
247 x 10

One line ground fault current to obtain the following equation.

IN - 3 x Eo (A)
Z0 + Z1 + 22
where:

E.: Phase voltage ~-- 220 kV/V3

Z.: Zero phase o
sequence impedance --- ZOIM (ohm)

Z,: Positive phase

sequence impedance --- Zig t Z1y (ohm)

Z,: Negative phase :
sequence impedance ~--- Zog * Zoy (ohm)

a) Generator main transformer neutral current

_ 3 x 220 x 10_x 1/ 3
IGT ~ 21.55 + (311.87 + 21.55) x (38.97 + 21.55)

I

E-11-8
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A

1GT

. 381,502.89

415.49

= 918.19 (A)

b) 220 kV/132 kV tie transformer neutral current

_3.x220 x 10 _x 1//3
NT T 21.28 + 21.28 + 15.48

_ 381,502,809

58.04

6,573.1 (&)

I

¢)  Ground fault current flow

(Unit: kA)
2GT 17T 27T
P
Int In2 Ins. Ing I
' 40kA
0.918 0.918 6.573 6.573

R EE ! Ig = Ip - (Iyy + Iy + In3 + Ins)

M%

IR = 40 - (0.918 + 0.918 + 6.573 + 6.573)
= 40 - 14,982
= 25,018 ki

Required Grounding Resistance

The required'grounding resistance is obtained by the following

equations.

R < 1,000 .

= I, - Iy

E-11-9



R ¢ 1,000 5
25.018 x 10

=)
Fal

£ 0.039 {ohm)
{4) Required grounding resistance at the time of power receiving

The West Wharf thermal power plant shouid to receive 220 kV
electric power so as to supply'power to the 11 XV grid station

though 220 kV, 132 kV switchyard via tie transformer.

Therefore, the required grounding resistance value should be

determined based on the following circuit.

a) Power receiving circuit
- 11 kv ' 132 kv 220 kv
-~ [:ﬁ:) '*“——"\g::>~*“J 220 kv

b) One set of tie transformer operation has been considered

{l\
rIN Ip IIN
6.573 40 6.573
RS1 =14~ Iy R IIN'
E-11-10
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4.

c)

.The .

ohm.

Required grounding resistance

R < 1,000 - R <
(40 - 6.573) x 10
< 1,000 - R <
33.427 x 10
< 0.0299 (ohm)

required grounding resistance should

Calculation of Grounding Area

(1) Grounding wire construction method

© 6.573 x 10

1,000
3

< 0.152

be less than 0.020

In order to gét the resistance value less than 0.029 , the

grounding method of thermal pdwer plant and switchyard should

be combined the mesh method with steel pile method.

(2) Mesh

(3)

(4)

grounding resistance value

Main building space

unit No. 1 = 3,444.3 m’
unit No. 2 = 2,984.3 n’
Switchyard space = 1,421.2 m2

Mesh distance is about 20 m.

Ground fault current'(IS)
The same as interrdpting current

T = 40 kA
s N

Foult duration time (t)

t = 2 sec.

E-11-11



(5) Earth peculiar resistance {(p)

= 100 ohm/m

(6) Potential rising of grounding (E)

E = Not more than 1,000 V

(7) Calculation of mesh grounding resistance
The following formula is applied to the calculation of

ground resistance.

P 2
R= 4r + L

where R : Grounding mesh resistance (ohm)
0 : Average ground resistivity {ohm-m)
v ¢+ Radius of grounding mesh area (1)
= | A
m
2,
A : Ground mesh area (m™)

L ¢ Total length of buried conductor {m)

v =F,zma.a +2,984.3 =J7,428.6

314 3 14 2,365.8 = 48.6m
L = 981.4 m
Accordingly;
R = 100 + 100

hx 48.6 © 981.%4

100 100°
194.4 981.4

0.514 + 0.102

= 0.616 chm

E-11-12
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i | 45,600

2,750, 18,000 2,750 ] o
_ . -
S X N
o ! 5 NS <
elixl ) \\“§§§§d § SER
o S === Ne~r
% >
<
. —
§ 8
w S
L] (o]
- o~y
o~ } N | 0
= §. o
\. R S [ p s
bl by
{23.5) 5.0 6.0 6 .8 10.0. 6.8 34.0 5.0 23.5
' 1216 ' L
162.6
l__ 89.3
Space \

Unit No. 1 main building

and boiler area (mz) : 89,3 mx 32.0m) + (14.0m % 26.8 m)

[

2,857.6 w2 + 375.2 m” + 211.5

= 3,444.3 n°

Uait No. 2 : (79.3 mx 32.0m) + (14.0 m x 16.8 m)
- 2,537.6 m® 4 235.2 m® + 211.5
= 2,984.3 n°

E-11-13



Length:

168.6 m x 2 = 337.2
121.6 x 1= 121.6
H : 551.4 m
23.5 x 2 = 47.0
45.6 x 1 = 45.6
' Total 981.4 m
22.0  x 11 = 242.0
19,0 x 4= 76.0
D 430.0 m
10.0 x 7 =70.0
14.0  x 3 = 42.0
Switchyard
8
o Space:
& 37.5 m x 37.9 m = 1,421.1 n?
X
! -
' 37.5 m
Length: 37.5 x 4 = 149.6 m
37.9x 3 =113.7 m
Total 263.3 m

E-11-14
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(8) Stesl pile resistance and number of steel pile
(1) Steel pile resistance value

0 4L '
e —~ (2.3 log,. $ ~ 1) ohm
10 -

27k
wheret
%3 Pile length 24 m
4 : Pile diameter 0.61 m
p 1 Earth peculiar resistance 100 ohm-mi
. = E‘lggiz (2.3 log,, éﬁ;Eiﬂ— 1) = 3.15

Total of steel pile resistance value should be less than

0.028 ohm.

: R, . R C

because A2 0.02%9
Rl + R2
f o 1% 0.616 % 0.020 _ 0:017 _ o e

2 0.616 ~ 0.029  0.587 )
R, -R :
where:
(rj R1 : Mesh grounding resistance 0.616 ohm
R2 ¢ Steel pile grounding resistance 0.028 chm

Accordingly, number of steel piles are

- B _ 1.35 x 3.15 -
n —~—6t6§§~f~ 151.8
R £
where:

n : Number of steel pile
g : Gathering factor i;3$i_

r : Steel pile resistance 3.15

E-11-15"




R 1 Required grounding resistance 0.029
Therefore, necessary number of steel pile are
10 4 x 24

~ 200 _ 0.61 -
= 557 (2.3 logy, o.gl 1)

#

0.663 x (2.3 loglo 314.75 - 1)

0.663 x (2.3 x 2.498 - 1)

i

0.663 x 4.745

I

3.146 ohm

Total of steel pile resistance value should be less than

0.028 ohm.

(9) Calculation of mesh grounding resistance at the time of 220 kV

povwer receiving.

SO A
RM T Ar + L
Unit No. 1 Switchvard
A (m2) ' s 3,444.3 - 1,421.1
L (m) H 551.4 263.3
A
T = [—
i
_ 13,444.3 + 1,421.2 _ |[4,865.5 _
= 3.14 = J 3.14 (1,549.5
= 39.4
100 100

Ry = 5% 20.% T 8147

E~11-16.
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0.635 + 0.123.

= 0.758 ()
R, RM
Rp = % - R

L 0.758 x 0.029 _ 0.022 _
0.758 - 6.020 ~ 0.729

0.03

Accordingly, number of steel pile are

n = LT
Rp
1,35 x 3.15 _ 42,525 _
- 0.03 = Tp.03 - M7

Size of Grounding Wine

The grounding wire specification has been determine based on the

following formura.

G, I
1 7s
A= - Im - Ta
g,y Gzt V)
33x2
where;
C1 ¢ Comnection content of unit C1 = 507 x 10—6
(CH  mn)
I : Maximmm ground fault current (A) 40,000
S : Dulation of ground fault current {sec.) 2
TM +  Maximum allowable temperature
rising of conductor (°c) 1,083
Ta :  Ambient temperature _ - (°c) 40

A i Section aréa

d : Diameter

E-1i-17



A

5 507 x 10° x 40,000

6

= 5,07 x 4

v eI

v

1,083 - 40
B9 S3m g0 T U Jiﬂﬁlogéﬁﬁﬂl
33x2
20,28 - 20.28 . 20.28
J 66 ‘,0.0103 0.1
202.8 -~ Bare conductor copper wire

250 mm?

E-11-18
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E-12 DESIGN CRITRIA OF SUBSTATION

1.

General

The substation will comprise 220 kV and 132 kV switchyard having 2

sets of tie transformers. Both circuits will be double bus systems.

Type of Switchyard

TheIZZO kV and 132 kV switchyard will be applied with SF6 gas
insulated switchgear (CIS), which will be installed indoor so as to

prevent salt contamination,

This type of switchgear requires less space than conventional type,
and realizes higher reliability, easy operation and maintenance,
improved safety, simple construction and a shorter construction

period. .

Moreover, the SF, gas insulated bus (GIB) will be applied between

6

_ the tie transformer and both; 220 kV and 132 kV switchyard buses.

Circuit Arrangement System for Switchyard

The circuit arrangement system for the switchyard is selected after

- studying the following items:

(1) The arrangement shall be made so as to minimize spread of
trouble to other circuits as far as possible and permit prompt
restoration of the system, should any.frouble arise in any.

circuits. -

(2) The arrangement shall be made systematic so as to ensure easy -

E-12-1



operation and maintenance and avoid any possibility of

operational error.

(3) The arrangement shall be made to ensure the safety of work and
minimize the section of power failure as far as possible in the
case of repair, extension and other works.
items Single bus system Double bus system One-and-half CB system
Economic The required number = The required number The required number
comparison of equipment and of equipment and of equipment and
installation space installation space installation space
. are smallest among are larger than are larger than those
the three systems, those of the single of the double bus
Thus, this system is bus system. system, -
most economical.
Operation Since any trouble Inspection: of the Inspection of the
and in the equipment equipment and opera- equipment and opera-
maintenance results in entire tion of the system tion of the system

power failure, this
gystem is not so
reliable.

are extremely easy.’
Moreover, this
system enables
single bus opera-
tion even at the
time of trouble in
the equipment.

are easier than in
case of the doublse
bus system. More-
over, it is possible
to restrict and
avoid spread of
trouble to other
systems even any
trouble should arise
in both buses.

Records of
application

This system has been
adopted for a number
of local sub-
stations.

This system has been
adopted for a number
of substations which
are important in
view of power
systems.

This system has been
adopted partially
for 500 kV substa-
tions.

The type of bus component of 220 kV and 132 kV switchyard will be

adopted the double bus system based on the a above reason.

E-12-2
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4. Bay Numbers and Outgoing Feeders

=The bay numbers and outgoing feeders of the 220 kV and 132 kV

switchyard.will consist of the following.

The connection circuit refer to drawing No. WETS-1001 "KEY SINGLE

LINE DIAGRAM" as attached.

220 kV switchyard 132 kV switchyard
1. NO.l GMT x 1 1. NO.1 ICT x 1
2. NO. 2 GMT x 1 2. NO.2 ICT x 1
3. T/L BALDIA NO.1 x1 3. S8TR x 1
4. T/ BALDIA NO.2 x 1. 4. NO.1 GST x 1
5. NO.1 IGT. x 1 5. NO.2 GST x 1
6. NO.2 ict x 1 6. T/L S.I?T.E x 1
7. BUS TIE x 1 7. T/L MAULPUR x 1
8. T/L FUTURE x 1 8. T/L OLD TOWN x 1

(Space only) 9. T/L GARDEN EAST x 1
9. T/L FUTURE x 1 10. T/L QUEES ROAD NO.1 x 1

(Space only) 11. T/L QUESS ROAD NO.2 x 1

12. T/L DIFENCE VIII  x 1

13. BUS TIE %1

Total 9 bays Total 13 bays

5. Allowable Current Capacity

The allowable current capacity of bus, equipment, etc. is roughly

classified into the following three:

E-12-3




(1)

Allowable continuous current capacity
The allowable continuous current capacity is the value of
current that can be transmitted continuously under normal

operating conditions, and is equivalent to rated current.

 E-12-4
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a, 220 kv switchyard

" FUTURE ?3&2 BALDIA Toit
2L L _ 2L iL
A LY
. "‘ T )
L
Y ~ A )
R | }
1oL 4 ¥t
S
I I
o b
1 |
I ]
| i
%
NO.2 NO.1
GMT GMT
Equipment Capacity ~ Rated current Remarks
(Mya) ~(A)
1. No. 1 GMT_ 248.3 248.3 MVA x 103 - 686.73‘(A) Where
V3 x 220 k¥ x 0.95 : 220 k¥ x 0.95:
: ] Minimum tap
2. No. 2 GMT 248,3 - Ditto - = 686.73 (A) of the transf.
"3, Ho. 1 ICT 250 250 MVA x 103 = 691.43 (&)
Y3 x 220 kV x 0.95
4. No. 2 ICT 250 ~ Ditto - = §91.43 (A)
5, BALDIA 1L 400 MW 400 MW x 0.95 % 103 p.F: 0.85
' Y3 x 220 kV x 0.95 x 0.85
B = 1,236 (A)
. 6. BALDIA 21 400 MW - Ditto - = 1,236 (A)
7. Bus Tie ~ S0 KVA . . 300 MW x 10% = 1,362.96 (&) No.1, 2 GMT
: Y3 x 220 x 0.95 under cperation,
through bus tie

E~-12~5




b. 132 kV switchyard

132 kv 2 500 A 31.5 kA

QUEES QUEES

OLD GARDEN DEFENCE Roap ROAD

§.1.T.E MAULIpUR TOWN EAST

V11l

1L

‘i‘t‘t‘ii

e

(.

r
:

Ratéd current of the
buses, CB and DS
1,250 A/2,500 A (Bus Tie)

NO.1 ‘N¥O.1 NO.2  NO.2
ICT SAT GST GST ICT
Equipment Capacity Rated current Remarks
250 MvaA
No. 10T 250 3
°. 1 ) 73 % 132 KV x 0.95 x 107 = 1,152.4 (A) Where;
- 132 kv x 0.95:
- _ - ‘Minimum tap of
No. 2 ICT 250 Ditto . 1,152.4 {A) the transf.
SAT 3o - 30 MVA x 103 = 138.3 (A)
¥3 x 132 kv x 0.95
No. 1 G5T _30 . 30 MVA x 103 = 138.3 (A)
vi x 132 kv x 0.95
No. 2 GST 30 - Ditto - = 138.3 (A)
T/L SITE 160 160 MVA x l03 - 737.5 4
Y3 x 132 kV x 0.95
MAUDPUR 160 - Ditte - = 737.5 (&)
OLD TOWR 160 ~ Ditto - = 737.5 (A)
GARDEN EAST 160 - Ditto - = 737.5 (&)
DEFENCE VIIL 160 - Ditto -~ = 737.5 (&)
1L QUEENS ROAD 160 - Ditto - = 237.5 (A)
2L QUEENS ROAD 160 - Ditto - = 737.5 (a)
Bus Tie 500 500 MVA x 103 - 2,304.8 (A)

Y3 x 132 kv x 0,95

E-12-6
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(2)

Allowable overload current capacity

In.princiﬁlg, the edﬁipment.shall not be allowed ﬁf the few
percent overload opération. Even though the load current
exdeeds:the fated current, in case of.instantaneous over lOad,.
the eguipment will be able to withstand without any damage
immediately, according to the equipment conditions e.g.

temperature characteristic, ambient temperature, etec.

(3) Allowable short time current
The allowable short time current will be determined not less
than maximum fault current {symm.) with duration of 2 sec.
Insulation

The insulation design for the 220 KV and 132 kV equipment and busbar

is on the following design conditions.

(1)

(2)

Design.conditions

(a) The density of salt deposits permissible in view of salt
contaﬁinétion shall be 0.03.mgfcm (ﬁased_on the same
concept as that of the iﬁsulétors for.tfansmission line).

(b) The 220 kV and 132 kV équipment will be grounded according

to direct grounding system.

Targeﬁ value of withstandrvoltage

The_farget value 6f wiihstand’voltage is intended to prevent
spread df‘fiéshover to ofhgf phases due to increésé 6f ﬁoltage
to grouﬁ& afising in souhd pﬁése at the time of one-line ground

fault.

E-12-7



(3)

Therefore, the target value shall be the value, within which any
sound phase can withstand the voltage to ground at the time of
one line ground féult.
The target value of withstand ﬁolﬁage (V) is calculated
according to the following formﬁla. |

V=gqx E (kW
where q{ Increase ratio df voltage to ground in souﬁd phase at

the.time of one phase ground fault; 1.3 in case of

direct grounded system.

o
[
v i

E: Voltage to ground prior to occurrence of fault

Maximum circuit voltage x 1/Y3

(a) 220 kV
183.9 (kV)

I
I

V= 1.3 x 245 x 1//3 = 183.89 (kV)
(b)Y 132 kv

108.95 (kV) = 109.0 (kV)

]
1

V=1.3x 145 x 1/V/3

Insulation coordination

The insulation coordination of switchyard equipments and
associated transmission line will he detérmined as follows.
Nominal voltage 220 kv 1}i kv

Highest voltage 245 kv 145 WY
Insulation coordination - |

and impulse withstand

voltage (BIL {Power
FULL WAVE) Frequency)

Transmiséion line 1,050 kv "650 kV -

Switchyard 950 kV . 650 kv

Transformer 950 kV 850 kv

Lightning arrester 1,050 kv 650 kV
E-12-8
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7.

Note:

In accordance with IEC 71 & 99, the following insulation level are

applied.

Nominal voltage

Highest voltage

Neutral grounding system

. Transformer

Rated voltage
Lightning impulse
Power frequency

Arrester

Rated voltage

‘Nominal discharge current

Lightning impulse

Specification of Switchyard

(1) Common features

Type

Standards
Rated voltage
Maximum system voltage.

Rated frequency

e

Rated short-circuit current :

Insulation medium

. Materials of enclosures.

L3

220 kV
245 kV

Direct

220 kv
950 kv

385 kv

198 kv
10 kA

950 kv

132 xV
145 kv

Direct

132 kv

550 kV

10 kA

650

132 kV

Indoo:, 220 kV 5F6 Gas

Insulétéd Metalclad Switchgear

IEC
220 KV

245 kv
50 Hz

40 kA

536 Gas

Aluminum

k-12-9.

132 kV
145 kv
.50 Hz
31.5'kA
'SF6 Gas -

aAluminum



(2)

(3)

Impulse withstand voltage

at nominal gas pressure i

at minimum gas pressure @

220 kV

950 kv

950 kv

Power frequency withstand voltage

at nominal gas pressure !

at minimum gas pressure !

Bus bar -

Rated normal current at
ambient

Bus bar materials

Bus bar enclosed tubing
arrangement

Circuit breaker
Standards

Rated voltage

Rated current

Rated short circuit
breaking current

48°¢C

an

-

Impulse withstand voltage

(peak)

Power frequency withstand

voltage

Driving mechanism

. - type

. rated supply voltage
Auto-reclose (T/L only)

Rated operating duty

..

e

E-12-10

395 kv

395 kV

3,150 A

Aluminium

Single-phase

IEC
245 kY

1,250 A
/3,150 A
{Bus Tie)

40 kA

0950 kV

395 kV

D.c. 110V

650 kV

650 kV

345 kV

145 kV

2,500 A

Aluminium

Three~phase

IEC

145 kv

1,250 A
12,500 A
(Bus Tie)

31.5 kA
650 kV

145 kv

Single-phase and three-phase

0-0.3sec.-C0-3min.-CO

vos



220 k¥ 132 kY

(4) 1Isolator

Standards :  IEC IEC =
Rated normal current at : 1,250 A : 1,250 A
: /3,150 & /2,500 A
{Bus Tie) (Bus Tie)
Rated short-time withstand ' :
current : 40 kA 31.5 kA
Impulse withstand voltage :
(full wave) : 950 kv 650 kV
Power frequency withétand
voltage - s 395 kV - 145 kV
Operating mechanism . : Motor drive
. Motor voltage .t Db.C., 110V D.G. 110 V
(5) High speed earthing switch
Standards : : IEC TIEC
Rated making current t 40 kA : 31.5 kA
Impulse withstand voltage :
(full wave) : 950 kv 650 kv
Power frequency withstand
voltage : 395 kv 145 kv
Operating mechanism : Motor drive and hand-operated
. Motor voltage + D.C, 110V - D.C., 110 V
(6) Working earthing switch
Standards : IEC ' ‘ IEC
Rated making current ¢ 40 kA 31.5 kA
Impulse withstand voltage S o
{full wave) : 950 kv 650 kV
Power frequehcy'withstand _ _
voltage RN 395 kv -~ 145 kv

ar

Operating mechanism Hand operated:

. B-12-11-



(7)

(8)

(9)

Lighting arrester
Standards

Rated voltage

Nominal discharge currént

Lightning impulse

Current. transformer
Standards

Rated primary current

Rated secondary current
Accﬁracy class

. Measuring

. Protection 1

. Protection 2

. Differential protection
Burden

. Measuring

. Protection 1

. Protection 2

Impulse withstand voltage
(full wave)

Power frequency withstand
voltage

Voltage transformer
Standards

Rated primary voltage

Rated secondary voltage

E-12-12

220 kv

IEG
198 kV
10 kA

1,050 kV

IEC

700, 1,250,

3,000 A

1A

CL 0.2
5p 30

5p 30

20 VA
40 VA
40 VA

900 kV

395 kv

TEC
22073 HY
100/73 7

1EC
109 kv

10 kA

650 kV

TEG

600, 800,
2,500 A

14

CL 0.2

5P 20

--5P 20

20 v&-
20 va

40-VA
650 kV
145 kV

IEC
132/73 %9

- 100/3V -

yos-
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220 kV- 132 kv

Rated tertiary voltage : 100//3V : 100/¥3V
Accuracy cléss ¢ .00 . | 1.0
Burden |

_ + Secondary 1. 200 VA VA
. Tertiary | : SU.VA
Impulse withstand voltage ‘ : o
(full wave) : 900 kV : 650 kv
Power frequency withstand

voltage : 395 kv 145 kV
Location of Substation

Location of the new 220 kV.and'132-kV switchyards will be planned,

at present, to be installed in the southern side of the power

'_station; it is opposite side of existing 66 kV switchyard area.

Locatibn and'arraﬁgement of the new_switchyards-has been carefully
studied and planned by considering outgbing“transmission lines and
location of respective transformers. Emphasis.wil; he.pléced on
physical and eéonomical advantages, keeping in min& reliable and

continuous power supply to the West Wharf area.

The comparison studied of the location of switchyard is as describe

hereunder.

E-12-13



Comparison Sheet for Location of Switchyard

Location
Items

Existing 66 kV indoor
switchyard area

PSO‘s.oil tank area

Space to be
obtained

66 kV outdoor switchyard
should be dismantled.

0il tanks should be dis-
mantled.

Reliability
of electrical
power to feed

Slightly lower due to
modification works of 66 kV
indoor switchyard circuits

Can maintain present
condition.

11 kV Gris due to dismantling.

station i

"BX" station Unit No. 9 should be shut- "RY*" station can be
down for movement of continuously operated.
outdoor switchyard by to
new bay.

66 kV trans- S.I.T.E and Queens Road 5.1.T.E and Queen Road

mission line

Transmission Line should
be shutdown due to
movement of outdoor
switchyard bays to new
.bays.

Transmission Line can be
continucusly operated.

Existing 66 kV

Modification work should

Can maintain presen

. switchyard be carried out to obtain condition. -
space for new switchyard.
1. New 60 kV switchyard
should be installed.
2. Indoor éwitchjard bays
should be moved to new
switchyard on indoor
switchyard bays in a
step-by-step process.
Incoming Base Length of 220 kV and 132 kV
access of transmission lines are
transmission about 300 m 1 cct longer
line. than the base.
Length

E-12-14
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Location
Items

Existing 66 kV
switchyard area

indoor

~PS0's o0il tank area

132 kV cable
route

132 kv T/L cable

<KPT>

132 kV T/L cable <KPT>

: L; 7 > )
A

The 132 kV underground
cables will be led through
pipe reinforced by concrete.

220 kV cable

route

If from road side, there

will be no prob

lem,

If from road side, there
will be no problem.

Obstruction

of cable route

for new _
power station
among switch--
yard, main
and starting
transformers .
and other
control cables

‘1. Crossing wi
station discharge way.

building an
station bui

th “BX"

2. Narrow space between
existing administration

d l!Bxll
1ding.

No problem expected, as the
cable way will be con-
structed in Unit No. 1
construction area.

3. As the cable way will be

installed on the upper
side of the Unit No. 2
‘discharge way, it is.
_ preferable to carry out

construction after

dischange way work is

completed.

E-12-15.



Arrangement of Substation

The arvangement of ‘substation has been studied taking into

consideration easy operation, maintenance and also extension

WOrks.

nHowever, the.spaCe of substation is small, limited to the effective

space.with'apprOXimately 1,600 n? (40 m x 40 m) and bundary wall

between power station and KPT entrance is standing at south side.

' The necessory space.df 220 kV, 132 kV switchyard and transformers

‘are as follows.

220 kV Switchyard 37.5 mx 11.2 m  Nine (9) bays
132 kV Switchyard 27.0m x 9.7 m  Thirteen (13) bays
220 kV/132 kV Transformer 2.0mx 8.0m Two (2) sets

132 kV/11 kV Transformer -  4.5m x 4.5m  Two (2) sets

The cable routes among above facilities to be designed underground

cable tunnel.

The arrangement of substation has been designed taking into account

the following matters.
To coordinate with power plant layout main and starting
transformer
To coordinate with outgoing transmission lines

(underground cable)

The arrangement of substation as attached.

E-12~16
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10.

Location of Substation Control Room

The substation control room will be designed to be built on the
second fldof of the 132 ky switch&ard building. ‘Thé necessory
banels to.be instéiied in tﬁe substation control room are the 220
kV, 132 kV switchyard control panel and bus, transmission line

protective relay panel and communication panel, etc.

'The baﬁte;y and battery charger for substation will be installed in

the battery room located next door on the same floor.

However, No. 1, 2 generator transformer bays for'synchronizing and
starting transformer bay shall be controlled and supervised on the

BTG board in the central control room of the power plant.

Therefore, those bays are supervised and monitered in the

substation control room.

It is preferable that:
As the control room will be constructed on the substation area, the
construction schedule will be able to keep the power receiving date

and much economise the cables cost.

The compafisoﬁ study of the location of switéhyard control room is

as describe hereunder.

E-12-17



a. Gable route among respective equipment for switchyard

Case-~l
The control and relay panel of.ﬁhe 220 kV and 132 kV
switchyards and assoéia%ed equipmehts will be installéd in the

central control room,

—AC Power supply

_ |_DC Power supply . .
Substation — = Qutside
Main
Power
House r—Contrpl of all bays
r—Protectlon
— Communication
.1.DC Information
Case~2
The control and relay panels of the 220 kV and 132 kV
switchyard, and associated equipments will be installed in the
substation control room, located in the substation area.
— AC Power supply
Main . : : : | Substation | Outside
Power
House
—Control of 52G, 528T

- Communication .
Control
—~LDC Information Protection
DC Power
—Monitering } supply
Control
Room

E-12-138
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b. Cable Route of Control.Scheme (Case-1)

MAIN POWER HOUSE SUBSTATION

220 kv éwitchyard
Control Panel

N

220 kV Switchyard
Protective Relay Road

T L
[~— 220 kv

132 kV Switchyard ' Switchyard

Control Panel ) - Gis
{ ) 132 kv Switéhyard = ‘ | !
) Protective Relay Panel : l | :
Battery 1 .
Chatge; ) Battgry 7 :
L—j ' . 132 kv
- Switchyard
i ) g GIS

Emergency C/C

| ]

(“\j | ) | ) . RTU

Transducey

T 1
T

-felephonEj'

Power Source of
Lighting, Compressor,
Space Heater’

- Erl12-19



¢. QCable route of Control Scheme (Case-2)

Switchyard Control Room

Control Pane

220 &V Sultchyard

1

]

220 kV Switchyard
Protective Relay Panel

[

© Subgtation

Control Panel

132 kv switchyard

| ]

132 kV Switchyard
Protective Relay Panél

1

IS ) BN

220 k¥
Switchyard
(g &)

De _ L1
Dist. Panel f
Batfery Batter 3
Charger y
RTY “l
Transducer
Telephone ————

S 132 kv
: Switchyard

GIS

Main Power House

Telephone

Supervising
Panel of
Switchyard

Power Source

Emergency C/C

"BTG Board

E~12-20
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SECTION VIEW OF 220 kv AND 132 kV SWITCHYARD
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