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1. 3

220 kV Switchyard

Main transf.
PPT

D

——Ei I:Slr—l”

h)Generator

g::thesister

Auxiliary transf.

NGR transf.

FRFCHO R O EREMR, Aoy e EARER L 9EEL K,

Supposing capacitance value will be as follows:

PN

R

QT

C. : Generator capacitance

€, :* Main transf. capacitance
(Low side-Earth)

"C, : Auxiliary transf. capacitance

(High side-Earth)
C. * Sarge absorber capacitance

C. : Isolated phase bus capacitance

C, : Power potential transf. capacitance

IPB length :

3

B-7-1

0.442 {(uF/phase)

0.0024 (yF/phase)
10.0018 (IF/phase)

0.125 (uF/phase)

64.9 (pF/phase/m)
0.0026 (uF/phase)

0.002 (uF/phase)

40 (m/phase)



(1) S£HERES LCEBR

Total capacitance C = CG + CM + CA + CS + CI + CE

C = 0,442 + 0.0024 + 0.0018 + 0.125 + 0.0026 + 0.002

]

0.5758 ( ¥/phase)

il

Capacitive fault current {Ic) at the line to ground fault in
the generator circuit.
Ic = j3 c Eg

; -6 _ 18,000
33 x2 =x 50 x 0.5758 x 10 " x ——7§=—

1

[}

5.64 (A)

(2) PHGEBEEREE

Rated voltage

li

Primary V 18,000 (V)

1

[}

Secondary v 190 (V)

2
Secondary voltage under one phase groud fault

- Vg V2
2¢ {3° W1

-
|

_ 18,000 . —190
RE) 18,000

= 109.7 = 110 (V)

Capacity of neutral grounding transformer

V. x IE

Pe = 1 -
= 18,000 x 5.64 = 101.5 (KVA)
Therefore, 110 (KVA) (5 minutes)

E-7-2

2P



(3) ¥t SBUBIEH S

Secendary current of neutral grounding resister

=
It
N[5

. 100 x 10

150 = 578.9 = 579 (A)

Resistance of neutral grounding resister

L

R = Vzc = vzc
ICZ Ic x i
) V2
) 116G 110 :
- = — = 0.206 = 0.21 ()
S.64 x 18,000 534.3
190
4. % B

In case of generator voltage 18 (XKV) is as foolws.

(1) EWLEER

Rated voltage

Primary 18,000 (V)
§~} Secondary 190 (V)
Time rating 5 (minutes)

) FiIEE

Resistance 0.21 (chm)
Rated current 579 (A)
" Rated voltage 110 (V)
Time rating 5 (minutes)
E-7-3
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1. [EFEERE

REBY I P77V —-N—OMEERIY Fig. 1OFED,
290, kV bus Main trans. :
D= O=
:L; : Surge I
Absorber[E’ =£:| ""ﬂ] NGR%%—:[:]

. Fig. 1 : L
( ) : ' B :
2. WEHEY
(1) BAV—Y
EZFERTEML OBAT -~ VUnER, TEFSFHNOB I LA RZELT
%O . -
220 kV side (E2) : 950 kV @ 1.2 X 50 us
(2) FEBEEE
(' ) Rated capacity: 248.3 MVA
‘Frequency: 50 Hz
Rated voltage: 18 KV
Surge impedance -(Zl): . 42A /phésﬁé
(3) EEHEHTEH
Rated capacity: 247 MVA
B-8-1
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Rated voltage

Low voltage side:

High voltage side:

ALZ:

Capacitance

High-Low, Earth (CHE):

Low-High, Earth (CHE):

High-Low (CHE):

Transformer ratio, N

18 Kv
220 KV

117

1,700 pF/phase
3,400 pF/phase

2,550 pF/phase

18 20 _
= 555 »_0.0318 590 0.09G69
Transformer inductance, L1
2
_ 1 {(18) 11 _
= 3F x50 X 347 X Top = 0-473 (nH)

@) FHEMEEHEE

]

(2E + 3) x 1.25 x JE?

I

where E:

1.25: Margin of

(5) BEEEH

H

;= 0.1 (pF/phase)

6) H—J PFYI—s-

Rated voltage:

Discharge spark voltage:

Impulse spaft voltage:

(2 x 18 43) x 1.25 x [2

68.9 (KV)

Generator voltage (XKV)

generator

.22.5 KV
33.8 Kﬁ or more

65.5 KV

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

transformer will not be taken into account in this calculation,

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

g”) These components are calculated hereunder.

(1) BEBITEEOHH

- L
Y3 g, _, 3L I Ej (t) Zl(Eéa
LI #Il(t) 12(,::)/ T —{ 1
Cx
I
I, (t}/ Nz2(t) \i(t) ]—: 21
vy , -Eo(ty L e Fig. 2
Jcx
£l T {__}—
= Main transf. 'Q;CX =
Cond. Gen.
{) The voltage electromagnetic, El(t) transferred into the low

voltage side from this circuit is eXpressed according to the

following equation:
-t -Bt
ez(t) =EX (£ -¢ Bty

where ez(t)} Surge voltage applied into the high voltage side.

The fuil'wave form of suxging shall be 1 x 10 HS

E2 : Valﬁe of BIL of high voltage side
K : Constant of 1.039
E-8-3
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¢ ¢ Reciprocal number of time constant and is |,
0.0184 x 10% 1/sec.
B : 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 >4 | SR IO g,
0.1 x 10¢
K 1 -t
E. = NE {e ok
2, 22 _ ' .
J_Lé;ggﬁ_i_ﬁ_.e At Sin(Bt + )} - —"**—%————5 Tl
: (A-B)" + B
2 2
JM#“E At sin(Bt +¢)}]
= NEZ'Kl
where
- 1
i Tor )
'y
SR B |
I.Cx l_;Cle . ]
oy LB
= tan A-a
- B
A-8
' 1 ~at
K.= {e -
! 3L1Cx_ (a-0)2 + B2

o2 e o
iéiglﬁ——-fi-e.At sin(Bt + @)} -

E-8-4



proce

[

At '
- - e sin(Bt + 0)}

Therefore,
Elmax =N . EZ . Kmax = 31.8 (Xv)
The time, T in this case is:

= 26.1 ( s)

(2) HEBITBEOHE
Since the static transifion coﬁponent.is transferred due to
connection of condenser, the component becomes as indicated in
the following diagram because of the stétic current capacity of
the main transformer and generator circuit, as well as the

surge impedance of the generator,

Cyr,
4

[T
e

Zl El(t)
{S4A) (Gen)

-ll—%-—-

where
CHL: Static currént capacity/pha§e between high voltagg and
low voltagé‘éidés of ﬁain traﬁéformer
CHE: Static current caéacity/phase between high voltage
side of main transfo;mer and ground
CLE: Static current capacity/phase.between low voltage

side of main transformer and ground

Cx : Protective condenser capacity/phase
Z1 : Surge impedance of generator
E-8-5



transition component and the statiec current transition component are

Voltage (kV)

- t - R
In case ez(t) = Ez.k(e ot _ 78y, the static transition, -

voltége is calculated -as follows:

_ 1 —Qt - gt 1 - Rt -ht
E,(£) = Ey.k.a { =5 (ae™F be ) - o (B Bt pebEy
= Ez.a.K
where
Q= CHL
CHL + CLX + Cx
b = 1
_ZI(CHL + CLE + C )
K =k { L (ae % - be—bt) - (e Bt -bs_bt)}
a-b g8-b
Therefore,
- Elmax = E2 . a . k
= 12.5 (KV)
T = 0.9 (us)
. BT EFEE

Based upon the results of calculation, the electromagnetic

superimposed in the féllowing diagram:

Combined (Hesultant)
component
\\\\ | . .

: Electromagnétic transition
component
Static current transition
component o

M
0 Gus T~ 26.1us_/
Time (us)
E-8-6
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)

S

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

the above diagram.

1 (KV)

[

Elmax

i

T = 26.1 {ns)

5. avyFry-F@
The capacity of condenser is calculated to be 0.1 uF'per phase.

Therefore, the minimum capacity of condenser is 0.1 uF,

E-8-7



SURGE IMPEDANCE OF GENERATCR

SURGE IMPEDANGCE OF GENERATOR

| o

In case of genérator voltage 18 kV

248.3 MVA o

1,000 et SR = 5856
N (42 2)
200/ . Eg: 20 kv
400 — 248.3 MVA
A o - B lE e 5505

300 _ — | -
o - \ | i

200 BN
(Ohms) \\\\\\\.
100 - \\
50 ——{-Eg = 20 kV : \\\
- $ I}.\
40 Eg = 18 kV
30
2 3 5 10 20 30 50 100
MVA
(—)
YV
E-8-8
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E-9 HISHHHR
1. AY P&V 2o

Impedance map is shown in Fig. 1.

J/T&A 220 kV Substation
' X

X 1 System external impedance

XMT: Main transf. impedance

'XAT: Auxiliary transf. impedance
XG : Generator subtrasient
impedance
G To unit aux.
bus

The impedance are supposing as follows:

b 4 =0

e
XMT = 0.11{PU) at 247 MVA
XAT = 0,08(PY) at 19 MVA
XG = 0.2 (PU} at 248.3 MVA

Conversion of above impedance to 100 MVA 'base and per unit

indication.
X =290
e
3 100
XHT = 0.044{PU) 0.11 x 247.PU
‘ XAT = 0.4 (PU) 6.08 x .20 PU
: 100
XG = Q.US {P1) 0.2 x 748 .3 PU
E-9-1



2. EREROR
Calculate for short circuit current at each point (A, B, €) shown in

Fig. 1 is as follows.

(1) AZ0EEAE

From generator
p =100 _ 100, 956 (ya)

G XG 0.08

From main transformer

p w100 _ 100
W T R w R T 0,048

= 2,272.7 (MVA) 2,273 (MVA) -
From auxiliary transformer

' _ 100 _ 100 _

P, = =55 = 250 (MVA)

Therefore,

Point "MA™ P or PM 4+ P

| G T AT o
Point "A" = 2,523 (MVA) 1,250 < 2,273 + 250

(2) BAOEHEER

I

it

Point "B" = P, or P, + P

MT G © AT _ o |
2,273 (MVA) 2,273 < 1,250 + 200 = 1,450

Point "'B"

(3) CRoEREER

b}

PMT + PAT or PAT

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

Point "C"

Point "G"

U

(4) SEMAERL D ERER ORR

Usually, generator rated voltage is considered in the rage of

E-9-2
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18 kV to 20 kV,

As we are supposing the most usually condition, generator
voltage is 18 kV, |

Therefore, current of each point are as follows:

2,523 x 103
{3 x 18
3

Point MAY = %?%ngfglg = 73.0 (K&)

3,523 x 10°
{3 x 18

Momentary short circuit current are as follows.

i

Point YAY = 81.0 (KA)

= 113.1 (KA)

Point "“C" =

Asymmetrical factor should be 1.73 (Note 1).

Asymmetrical Valve
Symmetrical Valve

Asymmetrical factor =

1]

Point "A" = 1.73 x 81.0 = 140.1 (KA)

1.73 = 73.0

Point "B" 126.3 (KA)

Ll

Point "“C" = 1.73 x 113.1 = 195.6 (XA)

Therefore,
Symmetrical Momentary short circuit
short circuit capacity
capacity (XA) asymmetrical (rms) (KA)
Point "A" 81.0 140.1
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" 87.6 151.5
Point “'C" 135.8 234.9
E-9-3



" In case-of generator voltage is 20 KV:

Symmetrical

short circuit

capacity (KA)

Point "AY 72.9
Point "B" 65.7
Point "G' - 101.8
() ERHROER
transformer at 18 kV.
Normal current rating
Short time durrént.rating
{2 seconds)
Momentary current rating
6) FEIEROTR

Normal current rating

Short time current rating .

(2 seconds)

Momentary current rating

B

{

9-4

Hémentary short circuit
capacity
asymmetrical (rms) (KA)

126.1
113.7
176.1
11,000 (A) £
'81.0 (KA) |
140.1 (Xa)
800 (A)
113.1 (KA)
195.6 (XA)

>2J«



Note 1. When not attenuation of symmetrical current is not taken:ihto

account, 3 = 1.73 according to the following diagram:

1.73

Iat/Iso
‘_l
(¥, |

1.4 LY

1.3 AN
1.2 \\qr\\

) 1.1 =

T

01 2 3 4 5 6 7 8 910
t{x 0,0ls)

where
Iat: Asymmetrical short circuit current (4)
Iso: Symmetrical short circuit current (4)

t: Time after occurrence of short circuit (sec,)

E-9-5







E—-10 FWBAnEEsR
1, R

YEA b TP KNBEEROBRER TR, SEHEEL gt 2Lt
2w b YRFLREHEU I,

BEEMORSEERIKE SCoOMRREFOML2HIC, S L OIRTFORRS
23R T,

2.REMW

%%ﬁﬁzmw,ﬂﬂMﬂ%ﬁb8@®E%@Eﬁ%@%&éﬂfm%omeﬁ%ﬁ
B, EBEALTHRBEREHEZZEBL, BhH% 200VEBE 2 LeRBCEh 2 4ty
Bo &1, 220V EEETER 2 A L. 132KV L EE NS,

220kVIABARIL 2ETANT « PEBMCEH I NS, Fio. 20kVEEITITLH
220kVEAEHR 2 ONR A AN~ A DA ZHET S,

132k VBTG (B 5 2 TS 2 A U o 220kVERBAFR & » A 2 2B % .
I32KVEHRIT SRR S L0 132/ IWRER 2 G e Bl hTns, $h, Zof
BICHEE NS IAVATRIRO 7 HETH S,

»To S.I.T.E 2 One (1) cet
* To MAULIPUR i One (1) cet
* To OLD TOWN * One (1) cet
« To GARDEN EAST . t One (1) ecct
+ To QUEEN ROAD : Two (2) ccis
* To DIFENCE EIGHT i One (1) cet

e’

3. REHEEE

REHIVOBHLEEERIC Ly, 220kVCRIES T 220kVEEHIA % SN D,
—F\ Ay P ORENIEBEEER L Y HE SR, FIREERIC LY 6.6kVicEE
Xn, zhFENORFHBCHREnE,

2.2y b ORES LS LRFOBBEARESEES I iy ns,
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4 . A ERE

BRI BAVAER LY BRI 0, 6.6kVCHEL Ty MREOMSEN
2G93, BEEERE oY Mol B LN 2 ORI HERAR L2 HoT S,
%@%ﬁﬂ&ﬁn#wV~%/ﬁﬁfﬁ%Eb%%ﬁ”&%hng% ZLT, R
B, RBSHBMRCEH2 BT S,

5. HirEwg
6.BKVAS VTS w FRA 9 FEPLYHIARESECEI MG T3,

Tl TATIAEEBC LY 6.0kVE Y WOVIZEREL T, 400VNT~t v & —,
Ay by 2 -ANBHRER TS,
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E-11 i
DA D 0= KHFEBRTOBEHT R & EIER 0 BEE WO BT S
1. BERR

(1) BGRERX

T oo SubsE;Eion
area
| | 220 kv 132 kv |
) !
[ ——
i
L L !
| 1
: _ ——
| {> = = g
L . |
Main building &
Boiler area
|
C
|
I
)
i
[

DAL - 0T KB OB . RS LUK A S L SRR - T
WoHBEERxhs,
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1. 2 [EFgAERT A

1) FEEHEEER
%%ﬁ®$ﬁ5d%ﬂﬁrkh$ﬁémbﬁiéﬂrm%mr 1 A HhRg e
&, HEEEREIERICAE 0, :
2HMKOESE, PR (B5UHHR) oA kKBRMRNS,
ZOTEE, oW REBEERTERLB Y BRER 2y BT RERDH
SEMETRERCERTHRE NS,

(2)  220kVEARAIITAR
220KV BB R b ) R T B

(3) 6.CkVEIEEIS
66me@%u %er%b$ﬁﬁﬁ%&%%i@Tﬁﬁoﬁf%hibm
A=Y TERT B,

(4) 400V {ERE @K | | -
400V B FI BT R I L 75, - ¢ MERIIHFICD V.

2. et

(1) BWRLERWQSMER. EREES I0E im@ﬁ@ %ﬁ@btﬂO%VMT&T
%o

(2) BmARf=E

v, =I, . R

ET A 6 ,

where! VE: Maximum potentialvdifference (V)
I,: Maximum grounding current (A)
R.: ' Grounding mesh resistance (ohms)

E-11-2
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.,

T

ETINR re

e

(3} — I O SR R o 2 < REdRH B R

That is,
10 {ohm)

“=== R § =—="—
=1 IN

e

In case of IA - IN > IN

10
In case of IA IN < Iy R < I (ohm)
Maximum grounding current when one phase ground

=

.where: IA:

T

N Total neutral current

@ HEEHOHE

In case of ground fault occurs inside power station

A I

Ving

e | Jins

15
. — Earth

11N1

Tg = Xy - (Mg + Ty + Iy + Tyy)

In case of ground fault occurs outside power station

1 1&1 }II\_IZ

(1., + INZ + IN3 + IN4

E-11-3
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EE:

1

U

(1)

(2)

-1

B RIR O HE

bestt

oA Mg

The supporsing grounding fault curvent of 220 kV used for

calculation has been adopted as 40 kA.

Ao —&Y 2 LU SER

The following respective impedance used for caleculation have

been estimated to be the same as capacities of generator and

transformer.

a, Impedance at rated capacity

(vA) X, W 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 sequenée reactahce.
XZ: Negative phase séquence_regctance
XU: Zero phase sequenée reéclance
b, The above impedance is converted to 247 base,
La) Génerét;r Z.Z L A
Positive phase 947 _
sequence reactance - XlG = 160 x = 159.167

Negative phase

E-11-4
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B RS e T

i 6%{“

()

a)

= 20 x =

- Sequence reactance XZG i 3" 19.897
b) Generator main transformer % 2
XlM =11 =~~~ 11.0%
XZM =11 -~-- 11,07
XUM = § ———— 8.07
¢) 220 kv/132 kV tie transformer Z Z
-1 247
XlT =11 % 250 = 10.867%
LY
XZT = 11'x 250 = 10.867%
247
XOT = 8 x 250 = 7.90%

The above percent impedance is converted te ohms value

from the following equation.

_ 72 x 10E

ohms = "VA
where:
E: Rated voltage ----~ 220 kV

Base kVA

KVA: —em- 247,000 kVA
Generaftor
X, = 159.16 x 10 xszzq - 31187 ohm
247 x 10
: XzG{='lg!$9 X 10 x3220 _¥"38}Q7 ohm
_ 247 x 10° :
'ng‘z 9.94 x 10 x3220 = 19.47 ohm
g 247 % 10
E-11-5 -



b) Generator main transformer

11.0 x 10 x 220

X, = = 21.55 ohm
14 247 x 109
XZM - 11.0 % 10 x3220 = 21.55 ohm
247 x 10
Xy = 2LELOX L0 o 95 67 ot
247 % 10

c) 220 kV/132 kV tie transformer

xlf _ 10:86 x 10 x3220 = 21.28 ohm .
247 x 10 W
XzT - 10.86 x 10 x3220 = 21.28 ohm
247 x 107
_ 7.9 x 10 x 220
XOT__ 3 = 15.48 ohm

247 % 10

d. One line ground fault current to obtain the following equation.

3 x Eo

r, = —=%Ee ()
ZD.+ Zl + 22
where:
o I
E,; Phase voltage --- 220 kv/¥3
ZO: Zero phase
sequence impedance ~--- ZOIM (ohm)
le Positive phase

sequence impedance‘ Tt Lot gy (ohm)

Z,: " Negative phase
- sequence impedance --- ZZG + ZZM (ohm)

a) Generator main transformer neutral- current

. : . 3% 220 %10 x 1/ .3
IGT 21 55 + (311.87 + 21.55) x (38.97 + 21. 55)

I

E-11-6

JoK



-
\
W

oL

s,

- 381,502.89

415.49
= 918.19 (A)
b} 220 kV/132 kV tie transformer neutral current
[ =3x220x10 x1M3
NT 21.28 + 21.28 + 15.48
- 381,502.89
58.04
= 6,573.1 (A)
c)  Ground fault current flow
{Unit: kAa)
1GT 2GT 1TT 2TT
S~
Ini In2 IN3 Ing Ia |
|
0.918 0.918 6.573 6.573 ‘
R% I Ig = Ip - (In1 + Inz + Iy3 + Iys)
IR =40 - (0.918 + 0.918 + 6.573 + 6.573)
= 40 - 14.982
= 25.018 kA
3. BHEEEER

The required grounding resistance is obtained by the following

equations.

R

£

1,000

=T

A -

I

NO

E-11-7



1,000

= 25.018 x 10°

==}
[FAS

=d
FaN

< 0.039 (ohm)

(4} %%ﬁwﬁﬁ%ﬁ%ﬁﬁﬁﬁ

The West Wharf thermal power plant should to receive 220 kV

electric power so as to supply power to the 11 kV grid station

though 220 kV, 132 kV switchyard via tie transformer.

Therefore, the required grounding resistance wvalue should be

determined based on the following circuit.

a) Power receiving circuit
11 kv 132 kv 220 kv
_<:§:> - \g ) o 220 kv

b) One set of tie transformer operation has been considered

IIN Ia 'IN

6.573 40 6.573

R 1 =1, - Iy RZ |1y
E-11-8
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()

Zo¢

c¢) Required grounding resistance

1,000

T (40 - 6.573) x 10

1,000

3

[iFaN

33.427 x 10

¥

0.0299 (ohm)

3

HPa

A

The required grounding resistance should

ohm.

4. im0 E

o))

(2)

(3)

(4)

TR R ik

1,000
6.573 x 10°

0.152

be less thén 0.029

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

grounding method of thermal power plant and switchyard should

be combined the mesh method with steel pile method.

% W
Main building space
unit No.. 1 =
unit No. 2 =

Switchyard space

Mesh distance is about

HiFERE T

3,444.3 m
2,984.3 m
1,421.2 m?

20 m.

The same as interrupting current

I =40 kA
s

s kR 1)

t = 2 sec.

E-11-9



(6)

(7

A SR

WA LR

fRHifE

100 ohm/m

&

E = Not more than 1,000 V

o

it

The following formula is applied to the calculation of

ground resistance.

o p
R =77+ 1
where R : Grounding mesh resistance (ohm)
o Average ground resistivity {ohm-m)
vy t Radius of grounding mesh area {m)
= {A
_TT
A+ Ground mesh area (mz)
L : Total length of buried conductor (m)
o I3 444.3 + 2,984.3  [7,428.6 _ _ '
Y —J RVE u-J 3 14 2,365.8 = 48B.6 m
L =2098l.4m
Accordingly;
100 100
R = 7x48.6 © 981.%
100 1000 '
fos.5 * Sgr.5 - 0014+ 0.102
= 0.616 ohm

E-11-10
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N
\ )
ey

()

Joc

45,600

Unit No. 1 main building

and boiler area (mz} :

Unit No. 2

. |
2,750, 18,000 ,2,750
| S8 3N =Y
(o]
[ \ - \‘ (o]
3 ! ' § i -§CJJ
a4 AR S 3 No
o N “““%ﬁk S S5 SES
S
o
N | 3
[/ 5
o ]
* ™
~ 8] 1 Ives
™~ I 8 T )
N TRNENN < 1.
| ’ || '
{23.5) 5.0 - 34.0 6. 8 30.0. 6. 34.0 5.0 23.5
i ] 121.6 | ] [
162.6
' 89.3
I
Space

(89.3mx 32.0m) + (14.0m x 26.8 m)

2

2,857.6 m® + 375.2 m> + 211.5

I

3,464.3 m2

li

(79.3 m x 32.0m) + (14.0m x 16.8 m)

2 2

= 2,537.6 m" + 235.2 m" + 211.5

= 2,984.3 m®

E-11-11



Length: .

168.6 m x 2

= 337.2
121.6 x 1 = 121.6
H _

23.5 x 2 = 47.0

45.6 x 1 = 45.6

22,0  x 11 = 242.0

C19.0 x4 = 76,0

D _
10,0 x 7 = 70.0
14.0 x 3 = 42.0

Switchyard
_]F"

=]

o)

™~

™

_1 1
i § 4_J]
' 37.5 m

Length: 37.5 x 4 = 149.6 m
37,9 x 3 = 113.7 m
263.3 m

Total

551.4 m

C430.0 m

Total 981.4 m

Space:

E-11-12

37.5m x 37.9m = 1,421.1 m
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(8)  RF =N LY kR

(1) Steel pile resistance value

b 4
Y= —— (2.3 logyy & - 1) ohm
218 2
where:
2 : Pile length 24 m
4 : Pile diameter 0.61m
p ¢+ Earth peculiar resistance 100 ohm-m
4 x 24
- _ 100 el _
{ ) "y (2.3 log10 Oéﬁl 1) = 3.15

Total of steel pile resistance value should be less than

0.028 ohm.

R R

because 1 2 = 0.029
R, +R,
n o< 2® 0616 x 0.020_ 0.017 _ o

2 ~ 0.616 - 0.029 - 0.s87 ~ U
R,-R
where?:

R, : Mesh grounding-résistance 0.616 ohm

Rz': Steel pile grounding resistance 0.028 ohm

Accordingly, number of steel piles are

n = BL_ 1.35 x 3.15 _ 151.8
R

0,022

where:
n : Number of steel pile
g * Gathering factor 1.35

r ¢ Steel pile fesistance 3.15

B-11-13
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R : Required grounding resistance 0.029

Therefore, necessary number of steel pile are

4 x 24
_ 100 el
S (2.3 log10 O.gl 1)

il

0.663 x (2.3 10glO 314.75 -~ 1)

it

0.663 x (2.3 x 2.498 - 1)

0.663 x 4.745

i

3.146 ohm

Total of steel pile resistance value should be less than

0.028 ohm.

(9) 220KV BE O HIKR Y
S R -
Re=ar T

Unit No. 1  Switchvard

A (m?) ©3,444.3 1,421.1
L (m) :  551.4 263.3
A
r = -
m .
. [3Aa03 ¥ 1,021.7 _ [4,865.5 _
3 J 3714 = J T 3.14 {1,549.5
= 39:4
100 100

Ry =7 x39.5 T 814,75

E-11-14
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o~
g

gv&F

0.635 + 0.123

1l

= 0,758 ( )
_R.RM
RHM - R

_ 0.758 x 0.026 _ 0.022 _
0.758 - 0.029  0.729

0.03

Accordingly, number of steel pile are

L ger
R, |
_1.35 x 3.15 _ 42,525 _ :
=T 0,03 T T0.03 CALTS
5. HHy 12

- The grounding wire specification has been determine based on the

following formura.

Cl Is

1o ( Im - Ta
810 ‘234 T Ta
33x2

+ 1)

Connection content of unit Cl = 507 x 10_6

(M mm2)

Maximum ground fault current (A) 40,000

- Dulation of ground fault current (sec.) 2

: . Maximum allowable temperature

-

rising of conductor — . (°¢) 1,083
Ambient temperature (°c) 40
Section area

Diameter

E-11-15



A

- v

507 x 10~

6 R B
X 40,0000 5 07 x 4

14V

v

Pt
[*]

1,083 = 40
810 34 + 40 T 1) J Log

4,807

———-1066

33 x 2

20.28 B 20,28 _20.28

66

202.8

,[0.0103 0.1

~—— Bare conductor copper wire

250 mm2

E-11-18
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LA

i,

4. [AFEEE 2 US| HY

220kVes L o8 132kVEIBARR O 1S, SHHERRR, RoO@ D BF OIS > WO B iR

4 No VETS-1001 "KEY SINGLE LINE DIAGRAM™ B[R0 b,

220 kV. switchyvard

1. NO.1 GMT x 1
2. NO. 2 GMT x 1
3. T/L BALDIA NO.1 x 1
4. T/L BALDIA NO.2 x 1
5. NO.1 IGT x 1
6. NO.2 ict x 1
7. BUS TIE x 1
- 8. T/L FUTURE x 1
(Space only)
9. T/L FUTURE x 1
(Space -only)
Total 9 bays
5. BEXE

10.

11.

12.

13.

132 kV switchyard

NO.1 ICT x 1
NO.2 ICT x 1
. STR x 1
NO.1 GST x 1
NO.2 GST x 1
T/L S.I.T.E x 1
T/L MAULPUR x 1
T/L OLD TOWN x 1

T/L GARDEN EAST x 1
T/L QUEES ROAD NO.1 x 1
T/L QUESS ROAD NO.2 x 1
T/L DIFENCE VIII  x 1

BUS TIE x 1

Total 13 bays

BRSO RERBIANL CRD3ETH S,

1) AEEAE

BEOBEIRET AL TEGT S 5 ERET. REERC YT S,

E-12-3



a. 220 kV switchyard

FUTURE ?8&2 ~ BALDIA Tont
Z L " 2L L _
L Li_\ .
L L
¥ X . :
Ao 4 3 § X
[ A
[ T
1o 4t
i f
)
1 i

|

&
NO.2 - NO.1
GMT ) GMT

Equipment Capacity Rated current ' Remarks
(MVA). (A)
1. Wo. 1 GMT 268.3 _ 248.3 WA x 10 = 686.73 (&) Wheres
/3 x 220 kV x 0.95 220 kV x 0.95:
’ ] Hinimum tap
2. No. 2 GMT 248.3 - Ditto - = 686.73 (A) of the transf.
3. No. 1 ICT 250 250 MVA x 103 = 691.43 (&)
¥3 x 220 ¥V x 0.95
4. No. 2 ICT 250 - Ditto - = 691.43 (A)
5. BALDIA 1L 400 MU 400 MY x 0.95 « 103 ' p.f: 0.85
¥3 x 220 kV x 0.95 x Q.85
= 1,236 (A)
6. BALDIA 2L 400 M - Ditto - = 1,236 (A)
7, Bus Tie 500 KVA 200 M4 x 107 = 1,382.96 (A) | No.l, 2 GMT
: : Y3 x 220 x 0,95 under operation,
‘through bus tie

E-12-4
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Fanat

b. 132 kV switchyard

132 kV 2,500 A 31.5 kA

QUEES QUEES
OLD - GARDEN DEFENCE ROAD ROAD

‘i‘t‘t‘i‘i

{
sininin

|

e
”~

(]

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

NO.1  NO.2 Rp0L2

*/Oﬁ*-l

ICT SAT GST GST ICT
Equipment Capacity Rated currént Remarks
250 MVA .
No. 1 ICT 250 3
. x 107 = 1,152.4 (A) Where;
Y3 x 132 kv x 0.95 | 132 KV x 0.95:
. _ Minimun tap of
NF’- 2 ICT 250 - bitto - = 17,152.4 {A) the transf .
SAT 30 30 MVA « 107 - 1383 (&)
Y3 x 132 XV x 0.95
No. 1 GST 30 : 30 MVA x 10% = 138.3 (&)
Y3 % 132 kV x 0.95
MNo. 2 GST 30 -~ Ditto - = 138.3  (A)
T/L SITE 160 160 MVA x 103 = 737.5 - (&)
Y3 % 132 kv x 0.95
MAUUPUR 160 - Ditto - = 737.5 (&)
OLD TOWN 160 - Ditto - = 737.5 (A
" GARDEN EAST 160 - Ditto - T =737.5  (4)
' DEFENCE VIIL 1600 | - Ditto~-  =:737.5  (a)
11. QUEENS ROAD 160 - Ditto - = 737.5 {A)
21, QUEENS ROAD 160 ' - Ditto - = 737.5 (A)
Bus Tie 500 500 MVA % 10 = 2,304.8 (A)
: ¥3 x 132 kV x 0.95

F-12-5




() BEEDRRE
AT — B Y D OEEFH Y TR OMN, — R S o e
BiHS | BHO IS BIE 2 B OBA THIE BRI < b O T <, B
DRESE S X HRREORBRE LY REEETNC b 5B,

Q)RR |
The allowable short time will be determined not less than maximum fault

current (symm.) with duration of 2 sec.

6. # &

Y

200kVH k78 132KVERES 55 L O EHE OSBRI ROEROE Y |

(1) FESHF
(a) BHIEZER 0.03ng/cn’d T 3,
(b) 220V L oF 132kVIEIRSIE @R AL 75,

(2) WEEE
A E RS Mo — SR, G2NoBEERC Y RoEN Iy Vs
A-N—BBITI L 2HIETB I L ERET B, L
BT, BIREREE-UNIES ORI EE A5 8L 75, EEE
B (V) BRRC 15, o | |
V =q X E (k¥ _ : ’

w@m<;:ummﬁﬁw@ﬁﬁﬁmﬁgxgﬁﬁﬁgﬂ%u130
E : RRAHOMMELRSRAKEL X1/ 3

(@) 220KV |

V o= 1.3 X 245 X T = 183.89 (kV) = 183.9 (V)
(b) 132KV |

Vo= 1.3 X M5 X W3 = 108.95 (V) = 109.0 (kV)

E-12-6
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BIEART R & L O L B 0BT ROMY
Nominal voltage 220 kV 132 kv
Highest voltage - 245 KV 145 1V
Insulation coordination
and impulse withstand

voltage © (BIL (Power
FULL WAVE) Frequency)

TransmiSsioﬁ iine. 1;050 EV - 656 kv
Switchyard 950 kv | 650 kv
= Transformer _ 950 kv 550 kv
E‘> Lightning arrester 1,050 kv 650 kv

Note::

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

applied.
Mominal voltage ‘ 220 kv 132 kV
Highest volfage 245 kV | 145 kV.
Neutral grounding system Direct Direct
Transformer
{m) Rated voltage 220 kV 132 kV
s Lightning impulse 950 kV 550 kv
Power frequency ' 395 kV
Arrester
Rated voltage 198 kV
.Nomiﬁal dischafge‘cufrent | 10 kA 10 kA
Lightning impulse 950 kV 650

E-12-7

e



7. BIEARRLRR

(D

(2)

22kV 132KV
SN
Type g t  Indoor, 220 kV S¥6 Gas
Insulated Metalcléq Switcﬁgear
Standards : IEC -
Rated voltage | ;220 kv 132 kv
Maximum system voltage. | 1 245 kVH i45 XV
Rated_ffequency : 50 Hz 50 Hgz
" Rated short-circuit current : 40 kA . 731.5 kA'
Insulation medium . SF6 Gas SF6 Gas
Materials of enclosures :  Aluminum Aluminum
Impulse withstand voltage
at nominal gas pressure : 950 kV 650 kv
at minimum gas pressure : 950 kV 650 kV
Power frequency withstand voltage
at nominal gas pressure : 395 kV - 345 RV
at minimum.gas pressure : 395 kV 145 kV
S
Rated no?mal.current at 4é°C
ambient : 3,150 A 2,500 A
Bus‘bar materials :  Aluminium Aluminium
Bus bar enclosed tubing
arrangement :

Single~phase

E“]2f8_

Three-phase

I



£

@)

Standards

Rated voltage

‘Rated current

Rated short circuit
breaking current

Impulse withstand voltage
(peak)

Power frequency withstand
voltage

Driving mechanism
fh_type-

rated supply voltage

‘Auto-reclose (T/L only)

Rated operating duty

¥

Standards

Rated normal current at

Rated short-time withstand
current

Impulse withstand voltage
(£ull wave)

Power frequency withstand

. voltage '

Operating mechanism

. Motor voltage

E-12-9

s

220KV

IEC
245 kv

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

40 kA

950 kV

395 kv

: -D.C. 110V

s

132kV

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.~-C0

TEC

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

40 kA

950 kV

395 kv

Motor drive

D.C. 110V

IEC

1,250 A
/2,500 A
{Bus Tie)

31.5 kA
650 kV

145 kV

5,C. 110V



(5)

()

(7

(8)

R I BRI
Standards
Rated making current

Impulse withstand voltage
(full wave)

Power frequency withstand
voltage

Operating mechanism

. Motor voltage

I
Standards 7
Rated making current

lImpulse withstand voltage-
(full wave)

Powéf frequency withstand
voltage

Operating mechanism
# E W
Standards
Rated voltage
Nominal discharge current

Lightning impulse

A
Standards

Rated primary current

Rated secondary current

E-12-10
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220KV

IEC

40 kA

950 kv

395 kV

132k

“JEC

31.5 kA
650 kv

145 kV

Motor drive and hand-operated

D.C. 110 V

IEC

40 kA

950 kV

385 kv

Hand operated

IEC
198 kV
10 kA

1,050 kv

TEC

700, 1,250,
3,000 A

1A

D.C. 110V

!

TEC

31.5 kA

650 kV

145 kV

IEC

A,
™
]

109 kv -
10 kA

650 kV

Ec

600, 800,
2,500 A

1A

o



()

()

>E

Accuracy class

“« Measuring CL 0.2
;-éLOtéctién ir : 5P 30
. Protection 2 : 5P 30
. Differential protection :

Burden
. Measuring 20 VA
. Protection 1 40 VA
. Protection 2 s 40 VA
Impitilse withstand voltage _
(full wave) : 900 kV
Power frequency withstand -

voltage 395 kv

5 R
Standards :  IEC
Rated primary voltage 220ﬁ73div'
Rated secondary voltage 1000/ 3V
Ratéd tertiary voltage 100/V3V
Accuracy class ¢ 1.0
Burden
+ Secondary : ZOOIVA_
. Tertiary : 50 VA
Impulse withétand voltégé

- (full wave) - : 900 kv
Power frequency withstand

voltage :° 395 kv

E-12-11

CL 0.2
5P 20

5P 20

20 VA
20 VA

40 VA
650 kv
145 kV

IEC

132//3 kv
100//3°V

100//3

1.0

VA

650 kV

145 kv
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iﬂ
EN BESY 66KV RSN BRI
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P = B
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ZeER, 220kV
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1. BXZEBRIBOKE TR

2, BXREF:PERZXb

b= a X LA
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EOREHEY
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Vés

. BARHPTACE

The arrangement of substation has been studied taking into
consideration easy operation, maintenance and also extension

works.

However, the space of substation is:small, limited to the effectivé
space with approximately 1,600'1112 (40 m x 40 m) and bundary wall

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

The necessory space of 220 kV, 132 kV switchyard and transfdrmers

are as follows.

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

132 xV/11 kV Transformer 4.5mzx 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-12-13



1 0. FIEAFTHIRE O E

AR 132KVEIIFTR LSBT 5. OIRIESICIE 220605 206 132KVIET

@ﬁ%@ﬁ B AR, %%ﬁﬁ&ﬁ%%ﬁﬁkaﬁﬁﬁgﬁﬁbﬁﬁféo'
BHAE BN ERONECRET 5,

%%ﬁ%ﬂ@%h&ﬁﬁ@a %@%wﬁﬁbiﬁﬁﬁd %%m¢k®BTG§&

9ﬁ5o%ofxCﬂﬁwﬁﬁﬁ%%m&ﬁﬁfﬁ%Ewﬁkm%o '

AR R REANC R S L L LY BBIEMSEEE NS 2 b, Wil —7 )

DEHD T HVENTH B,

The comparison study of the location of switchyard contrel room is

as describe hereunder.

E-12-14
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a . Cable route among respective equipment for switchyard

Main
‘) Power
House-

e
Bt

Case-1

The control and relay panel of the 220 kV and 132 kv

switchyardé and associated equipments will be installed in the

central control room,

—AC Power supply
—DC Power supply

-
e

Main
Power
House

__Control of all bays
m-Protecﬁion

_ Communication

-HLDC Information

Case-2

Substation |——s Qutside

The control and relay panels of the 220 kV and 132 kV

switchyard, and associated equipments will be installed in the

substation control rcom, located in the substation area.

— AC Power supply

S5E

H—Contrel of 52G, 528T .

—Communication

—LDC Information

—Monitering

E-12-15

Substation ——=Outside
Control
Protection
DC Power
- supply
Control :
Roqm




b, Cable Route of Control Scheme {Case-1)

MAIN POWER HOUSE . ) " - SUBSTATION

220 kV Switchyard
Control Panel

220 kV Switchyard
Protective Relay Road

: o _.I 220 kv
:132 kV Switchyard : L Switchyard
Contrel Panel ) GIS

o

132 kv Switchyérd
Protective Relay Panel l

] 1
B . :
bist. Fanel

Batrery
Chayger

I . 132 kv
_ Switchyard

GIS

Battery

l Emergency C/C

]

RTY _ .

Transducer

|
[

Telephone

Power Source of
Lighting, Compressor,
Space Heater

E-12-16
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R

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

Switchyard Control Room Substation
220 kV Switchyard
* Control Panel
220 kV Switchyard
Protective Relay Panel |
e ' L 220 W
132 kV Switchyard Switchyard
Control Panel
) GIS
132 &V Switchyard I
Protective Relay Panel
e .
Dist. Panel
132 wv
B Switchyard
attery - GIS
Chatger Battery
“RTU
Transducer
Telephone —
- 3 . .
Main Power House
Supervising
Tele.zphqne- Panel of Power Source
- Switchyard ' :
Emergency C/fC BIG Board
E-12-17
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Area T1llumination level (1x)

Normal Normal Emergency
lighting emergency lighting
lighting
50 5

Central control room, substation 500
~control room

Office ' - 300
Shift room, shift supervisor room - 200

Instrument and electrical repair
room : '

Metal clad switchgear

Power center, control center
Turbine-generator room 100
'Eﬁergency diesel generator
Coﬁtrol_equipment room

Plant water equipment control room

Waste water control and chemical
storage room

Generator PT, battery room 70
Other rooms, stairs
Generator seal oil equipment area

Fuel equipment, screen area, 50
evaporator

Air compressor, BFP and condenser
area

Main, auxiliary and starting 20

transformer

‘Main roads ' 5

Switchfard

Branch roads . ' 2
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One (1) set of computer

a.

‘b,

L

Duplex central processing unit (CPU)

Duplex bulk memory unit

System modules

Peripheral devices

Accessories
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(2) One (1) set of system peripheral devices
a. Operator‘s'console
b. Trend recorder
c. Digital display {color CRT)
d. Printer (typewriter) '
e. Printer (If0 typewriter)
f. Floppy disk
g. Hard copy
h, Operator desk & chairs

i. Printer desk

j. IEngineer desk & chains

{3) One (1) set software

3.14 RE®

PS5V N OEEEETB TR b, AT, 2—UY, REE, # L BRI
WL SR ALT 2R EE Y AV a2 -3 20EREREG - S
BEESHETSHY, X, EBEEOBWHENPADSRS L BERS RS, A1
HHF SRS FRERORERSHL NS
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Analog input unit

Thermocouple
RTD {unit)

mA (unit)

Digital input unit

Pulse input unit

Analog output unit

Digital output unit

) b
(1)
(2)
()
(3)

/7€

Specifications for Computer System

:entral Processing Uni

Logiec circuit element

Arithmetic operation

Register

Main Memory Unit
Capacity
Memory element
Error check

Cycle time

Fixed Head Disk or IC Bulk

‘Capacity

PIC-4-7

One
One
One
One
One
One

One

(1)
(1)
(1)
(1)
(1)
(1)
(1)

set
set
set
set
set
set

set

LSI, MSI, SSI, etc.

Binary paralie, fixed
point, floating point

16 general registers (Min)

more over

2 MB -
I¢C 32 bit
included

0.5 sec/2 Bytes

40 MB



Access time Average 10 msec.

Memory protection _ included
(4) CRT
Number of characters 4,000
Kind of character 512 kinds
Kind of coloﬁrs 7
Display tube size ‘ 20 inchrdiagonal

(5) Floppy Disk

Storage capacity 256 KB
Number of connectable 2 devices/Controller
Devices :
(6) Trend Recorder
Number of pens 4 Pens

Input signal 4 - 20 mA

(7) Hard Copy
Copy size 215.9 x 279.4 mm (A4 size)

Gopy speed 18 sec.

(8) Operator's Consule

Type . Key Board Function Selective

(9) Logging Printer
Printing speed 240 ecps

Line length ' 136 characters/line

(10) Engineer's Printer 7 -

Printing speed 240 cps
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(11)

(a2

(13)

(14)

Line length

Process If0 Device -

Analog input
thermocouple
RTD
mA

Digital input

Pulse input

Analog output

Digital output

Printer Desk

Size

Operator Desk

Size

Engineer Desk

Size

PIC-4-9

136 characters/line

1 set
1 set
1 set
1 set
1 set

1 set

.1 set

(W) (D) (H)
800 mm x 700 mm x 700 mm
With sound proof cover
(tentative size)

(W) (D) (1)
2,100 mm x 900 mm x 750 mm
(tentative size)

(W) (D) (H)
1,250 mm x 1,000 mm x 750 mm
(tentative size)



22w b EFEBOY 25 LR -

CPU ceu "
HEN HEH
. () K(Z) — B
[T ] : —
iS¢ ] | DISC
HE : o WHEM
D _ 1B
ErD sce | FFD
? L I

- CRMT

COMHON
HMEN(2) .

) - ]
SPR SR Si'R
(Logging) {Alarm) (Dperator)
1

1S
m CONE CoNT
CONT )
. e
[__,/—J ] S 5

KB
{Data) {Alarm) {Graphic) (Data) (alatm) (Graphic) {’ T

| CONT CONT CONT — <|
i | — -
Trip Trend Trend Irlp rend Tee Process
Signal Process recorder recorder Signal recerder recorder
#0. 1 UHIT HO. 2 UNLIT
CPU: Central Processing Unit I5#: Interface Switchiug Unjt
MEM: Hemory SPR: Serial Printer Unit
FPD: Floppy Diskdrive Unit CRT: Csthode Ray Tubz Unit
SCP: System Control Panel ¥B ' Key Board
8F 1 S§ystem Panel 1C¢ : Interface Controller
CONT: Controller HCP: Hard Copy Unit

CRME: Cartridpe Magnetic Tape Unit
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S

System Configuration

CRMT
FPD
CPU
(1)

BULK |SYSTEM
MEMR [CONT
(L

CRMT
FPD { BULK {CRT | I/0 | 1/0 | TRM. | TRM. [DISTR.
CPU | MEMR | CONT '

(2) 1(2)

52{1]

Engineer's Desk

Computer Room

l —T__‘—l——*“*—l}

HD by E2

Irend Trend
Recorder_ : e Recorder .
#1 UNIT BTG Board : #2 UNIT BTG Board

H.COPY

_ Operator s Desk #2 UNIT

. #1 UmniT
PRINTER :
= PRINTER
L 2
S —
CRT & KEYBOARD
No.

1 & 2 UNIT CENTRAL CONTROL ROOM
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Table 1 Air Pollution Limits

World Bank

recormendat icn Japanese Standards Pakistan Standards
Yearly  Short Daily Short Up to ~ After .
time average time 1990 1990
{maximum)
$0x 100 500 114 285 500 mg/m> 400 mg/m>
(lgims) (9.038ppm) (0.188ppm} (0.04ppm) (0.1 ppm) (188 ppm)} (150 ppm)
Air born. = 100 260 100 200
duct ' g 3
(L g/m>) (0.1 mg) (0.26 mg) (0.20 mg) (0.2 mg) 600 mg/m> 300 mg/m
NOx 80 300 80 114 1,000mg/m> 400 mgim>
(¢g/m®)  (0.04ppm) (0.16ppm) (0.O4ppm) (0.06ppm) (526 ppm) (210 ppm)
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ZZ¢ o oppn = 10°8V/V
SOx¢NOx® ug/n® DERINTVBEE, ROXT ppn KERTBRZ KT
%5

24.04 % 1
Mol H&E 1,000

ppn = uag/m®

i {2
NO:z ppm = NOz ug/n® X 0.000526
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F—1

(Average figures for 1975 - 1984)

Month Total cloud amount :
{(in octas) Average Precipitation  Average Relative
{(in mm} humidity
0000hrs 0800hrs 1700hrs

Jan 0.5 0.9 0.3 12.1 62%

Feb 0.4 1.1 0.5 20.6 697

Mar 1.1 2.4 2.0 134 72

Aprt 0.6 i!Z 0.4 1.1 757

May 1.3 2.6 1.0 - 75%

June 4.5 5.1 3.9 5.8 TO67%

July 6.5 7.2 6.7 74.6 807

Aug 7.6 7.6 7.5 100.1 857

Sept 4.5 4.2 3.9 20.0 807

Oct 0.5 0.2 0.1 3.1 75% ()

Nov 0.1 0.4 0.7 2.0 627

Dec 1.0 1.5 1.8 8.7 65%
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Ambient Temperature

(Average Temperatures for the period 1975 - 1987).

Temperature G

Month Max. Min. Mean
Jan. 28.7 6.1 18.2
Feb. 32.3 7.9 20.3
Mar. 35.4 11.5 24.1
Apr. | 40.1 18.2 28.4
May 41.2 . 21.9 30.6
June 42.7 26.2 31.7
Aug. 35.5 24,2 28.7
Sept., 37.5 23.0 29.1
Oct, 38.8 15.9 27.2
Nov. 36.2 11.1 23.3
Dec. 30.8 8.3 19.6
Ep-1-7
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(1) Fﬁfnace Oiernalysis

% by weight
Conradson carbon  (C) 7 wt . 20 Max
Hydrogen (HZ) % wt 11.3 - Max
Sulphur (3) 7wt 3.5 Max
Oxygent + Nitrogen (O2 + NZ) 7 wt 2.5 Max
Ash _ : Z wt 0.1 Max
Sediments 7wt 0.25 Max
Kinetic viscosity at 50°C . <8t 400 Max
Specific gravity at 15/4°¢ 0.99 Max
Water volume A wt 1.00 Max
Flash point °c 66 Max
Pour point °c 35 Max
Vanadium ppm 150 Max
Sodium | ppm 50 Max
Heating value Kcal/kg 10,000 Min (3

EP-1-8
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Test. Report

Test Report No.: HDIP/F/85/63 Date:

Sample:

Origin:

Furnace 0il

Karachi Electric Supply Corporation Ltd.

May 5th, 1985

Date of Sample:

Sample Recd. on: April 13th 1985

Korangi Thermal Power Station

Test method

ASTM D

ASTM D

ASTM D

ASTH D

ASTM D

ASTH D

ASTHM D

ASTM D

IP

445

92

a5

1298

96

482

1548

240

63

Test title
Kinematic viscosity @ 50°C St
Flash point coc %¢

Water by Dean & Start Vol.Z

Specific gravity @ 60/60°F
B.5. & W. Vol.Z
Total ash wt.Z
Vanadium PPM

Calorific value Gross B tu/lb

Net B tu/lb

Sulphur content by

Quartz tube method wt.Z

EP-1-8’

Test result

137.37

166

0.2

0.9444

0.06

30

18,350

17,515
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(1) 72 bR (FE3)

Table 3

Iﬁput ﬁata
P (MW) 200 MW x 2 Unit
G (%) 374
A 1.11 |
HO (M) | Ho = 100 m = 140 m (2 cases)
DO (M) 3.15 m (Top) |
¢ (°c) 145°¢
VG (m/s) 30.86 m/s (ECR)
R (¢/m) 1.3 kg/Nm

CP  (Cal/g/®C)  0.24 cal/g’C

£Q. FLAG. Experimental EQ.
SB OfL
F  (kg/h) Gase-1
QH (Cal/s) - 10,000 Kcalfkg
5 (D 3.5% wt
B (%) 11.3%7 wt
W (D 1.0% wt
c () -
N (7 -
o (7 _ -
(Analysis)
EP-1-9
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(2) S&HEH
AEHOSOxENOxZ L3 REAOBE S Y2 -V a VFH L., SOz, N
OxIREONGEELHEL o, 2OEICEASKEEANT -2 2 0B Ui,
BREMOADF 2., wRoBER L ERL 1,

(3) BAEHER _
FEEICER T 2808 (Bl otRIWH4 oMYy,
6. WHHR
(1) SOx, NOxOH L |
BIOADTF -2 2FHL, SOx, NOxOH LBEOEMOREHELED YR
2 V= a YR, WRORRELET 5 2 HIC 167716 OFIN ¥ 125 ¢ R 2 5

Ui,

(2) Y3al—Ya RS
i) SOx, NOxOB ERRBEOHITHERE AT T,
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Table 4

Maximum yearly average ground level concentrations

Stack height S0x concentration NOx concentration

m Ppm Ppm
West Wharf - 140 0.010 0.010
No. 1 and No. 2
in operation

100 0.016 0.016

Maximum daily average ground level concentration

Stack height SOx concentration NOx concentration
m - 'ppm Ppm
West Wharf 140 0.030 0.030
Ne. 1 and No. 2
in operation
100 0.050 0.050

Maximum 1 hour ground level concentration

Stack height 80x concentration Distance
m ppm m
West Wharf 140 0.138 10,950
No. 1 and No. 2
in operation
100 - 0.222 850

SOx and NOx concentration maps plotited by computer on a map of
“ Karachi City are attached hereinafter showing the following

study results,
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2. -3 FHEPHHMENOKRE
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3. F—-4 OFEEHESOzEBE
BREOGE ¢ 140 0
4. H-5 HPGhh ENOXRE
HBEOGY 140 n

i (3) e X ol
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