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2.

1.
2.

4.

Calculation for Air Pollution in Environment ?roblem.

Type=A So 1% Chimney 80 m

Fuel Coﬁsumption .
Applying value

Basic'sPegif;gation ' - Abbreviation/Unit.  of this project
Qutput at Génerator end - - Po MW 120
Poweriplant thermal=efficiency ?p | A ' 25

Fuel comBustion ratio : | . 7 . 100

High heat valué of fuel ’ Hh! keal/kg -10,700-

Caleutation Form

Fuel consumption Fo T/H
" Po x 860 x S :
Fo = e 100 38.6 T/H
LB |
oo * 7

Combustion Gas Volume

Bagic Specification

Hydrogen ' o ho' 4 12.5
High heat value of fuel ' Hh' kcal/ke 10,700
Oz'éonteut in flue gas 09 % 4.0

Calculation Form

how.heat value of F;el.Hl' _ Hi' kcal/kg

HL' =~ Hh' - 6 (9 x ho) 10,025

Exceés air ratio m m .-

SR A | 2
21 ~- 0g '

Combgstion Gas Volume

. Theoréthical air volume ‘ Aot Nm3/kg-fuel
Ao' = 0.85 x H1' x 1073 + 2.0

« Theorethical combustion gas volume_ Go' Nm3/kg—fuel

Go' = 1,11 x HL' x 1073 _ 11.13

A4—1



. Actual combustion gas volume
at Wet gas couditiom

G'w = Go' + (m-1)Ao’'
at Dry gas condition

03224 y

G'd = Gw' - —5 (% x ho + W")

Flue Gas Volume at Boiler End
at wet coundition

QwB = (Fo x G'w) x i03

at dry condition

Qd® = (Io x G¢'d) x 103

Effective Height of Chimhey
(apply equation of Bosanquet)

Basic Condition

Flue gas. volume

. Ambient temperature

Flue gas temperature

Diameter of Chimney

. Wind velocity

Tewperature reducing rate

. Design height of chimmey

Calculation of effective chimney height

exhaust gas volume

Qupx (273 + ta)
3,600 x 273

exhaust gas velocity at chiuwney nozzle

= Qw x (273 + tg)

1,600 x 273 x %;DZ

A4-2

Glw

G'd

Qb
QwB

QdB

ta

tg

d8/dz

Ho

Qt

Vg

Nm3/H

Nm3/ H-

Na3/H

Nm3 /R

°C

m/s

°Clm

m/s

13.65

12.25

527x103

473x103

527x10%

 30

135
2.16
6

0.0033

30

162

60



. Raising height of flue gas by flue Hu

gas energy (momentum)

4.77 ~at x vg

= - X
i+ O-éB % U U
_ Vg
_ 0.795~qt x Vg
: Vg
Raising height of flue gas by Ht

temperature difference between flue
gas and ambient

: Qt (tg ~ ta)
U3 (273 + ta)

= 6.37 x g x x (Lng -+ %-w )

= 1.91 x 1073 x Qt (tg-ta) x (2.3 logl + 3 - 1)

. _
4 - 2 5.43/8273 + o)

Jot % Vg 5(6/dz)

Vg (273 + ta)

~ 0.28
g (tg - ta)

+ 1

1 - 312 x V¥
= (1,498 - 2By 4
iQt x Vg (L . tg - ta )

. Effective height of chimney He

1.

2.

3.

4-

5.

2

[

= Ho + 0.65 (Hm + Ht)

Calculation of air polutant

Basic Specification

Fuel consumption Fo
Sulﬁhur component _ So
Flue gaé volume at dry state , QdB
Effective height of chimney He
09 conteﬁt in fiue gas ) ‘02

Calculation of 50, emission

50, volume at boiler end q
= 7 {(Fo x 80)
50, density at chimney nozzle qc
=3 ¢ 106

QdB

Ad-3

Nm3/H

ppm

47

56.3

14.4

165

38.6
1.0
473%103

165

400

270,2

570



6. Maximum SO, Landing Density aund Distance

6~1 Maximum S0, landing density ' : Cmax'.'ﬁ ppm T © 0,017
(apply equation of Sutton) ‘ SRR
PR &
= 1.72 x
ch
. 6-2 Maximum SOy ladding distance max kw | 7.1

(apply equation of Suttom)

= 20,8 x Hel-143 ¢ 1073

Ab—4



CélcUlatioﬁ for Air Pollution in Environment Problem

Type~A So-1% Chimney 100 m

Fuel Consumption

Applying value

Basic Spggificgpion _ ' Abbreviation/Unit of this project
Output at Genmerator end Po M 120
Power plant thermal efficiency Yp % 25

Fuel combustion ratio

High heat value of fuel Hh'

Calculation Form.

Fuel consumption ' ' : Fo

T
PO-XS6OXT6T)"

Fo =

Tog * B0’

Combustion Gas Volume

_ Basic Specification

Hydrogen o ‘ ho!
High heat value of fuel Hh!
0y content in_flue.gas ' 09

'Calculation Form

Low heat value of ‘Fuel HL' H1'

H1' = Hh' - 6 (9 x ho)

Exééss air ratio m m
o = 21
21 - 09

Combustion Gas VYolume

., Theorethical air volume . Ao’

‘Ao" = 0.85 x HL' x 1073 + 2.0
. Theorethical combustion gas volume Go!

1.11 x #1' x 1073

i

Go'

A4~5

% 100

keal/kg 10,700

T/H

38.6 T/H

% 12.5

keal/kg 10,700

% : 4.0
keal/kg
10,025
1.24
Nm3 /kg-fuel

Nm3/kg4fue1

11.13



. Actual combustion gag volume
at Wet gas conditioﬁ

G'w = Go' + {(m-1)Ao'
at Dry gas condifion

0,224

G'd = Guw' -'—1—73—«(9xh0+W')

Flue Gas Volume at Boiler End

at wet condition
QuB = (Fo x G'w) X 103

at dry condition

qdB = (Io x G'd) x 103

Effective Height of Chimney
(apply equation of Bosanguet)

Basic Condition

. Flue gas volume

Ambient temperature

. Flue gas temperatursa

Diameter of Chimney
Wind velocity
Temperature reducing rate

Design height of chimney

Calculation of effective chimney height

exhaust gas volume

Qupx (273 + ta)
3,600 x 273

exhaust gas velocity at chimney nozzle

| = Quw x (273 + tg)

3,600 x 273 x%nz

Ab-6

Glw’

G'd

Qb

B

QdB

QwB
ta

tg

df/dz

Ho

Qt

Vg

Nm3/H

Nm3/H

Nm3fH'-

Nam3/H-

°C

°C

m/s

°C/m

wfs

13.865

12.25

527x193

473x103

- 527x103

30

135

0.0033

100

162

60



. Raising helght of flue gas by flue
gas energy (momentum)

4,77

4/§t X Vg

0 i3 x U ¥ u

Vg

0.795~/QE x Vg

Raising helght of flue gas by

2.58
Vg

I+ ——

temperature difference between flue
gas and ambient

= 6.37 x g %

= 1.91 x 1073 « Qt (tg-~ta) x (2.3_16gJ +

f(273 + to)
X 0 43 _g'_(d'ﬁld'z)—'

J:

~Qt x Vg

Effective height of chimney

Uy
,/Qt x Vg

- 0028

1

Qt (ég ta)

U (273 + ta)

Vg {273 + ta)

g (tg - ta)

= Ho + 0.65 (Hm + Ht)

Calculation of air polutént

Basic Specification

. Fuel consumption

Sulphur component

‘Flue gas volume at dry state

Effective height of chimney

(09 content in flue gas

Calculation of 30, emission

S0y volumé at boiler end

= 7 (Fa x So)

S0, density at chimney nozzle

. .4
QdB

- X 106

Ht

(mm2+j-2)

+ 1

: ~ 312 x ¥
(1,498 —EE—ZME§~) + 1

Ad-7

J

He

Fo
So
QdB

He

qc

1o

Nm /1

ppo

75 ¢

56.3

14.4 .

185

38.6
1.0
473x103

185

4.0
270.2

570



6. Maximum SO, Landing Density and Distauce

6-1 Maximum SO, landing density Cmax - ppm 0,014
(apply equation of Sutton) : : '
q' |
= 1,72 x
ch
. 6-2 Maximum SO, landing distance Zmax km . .8.1

(apply equation of Sutton)

= 20.8 x ﬁel'l43 x 1073

AL-8



Calculation for Alr Pollution in Environment Problem

- Type—~A So 1% Chimney 120 m

- Fuel Consumption

Bagic Specification

Qutput at Generator end

Power plant thermal efficiency

Fuel combustion ratio

‘High heat value of fuel

Calculatioh Form

Fuel censumption

100

-.Po x 860 x S
Fo = —

i%%-x Hh'

Combustion Gas Volume

Basic Specification

 ﬁydrogen

High heat value of fuel

) content in flue gas

bélculation Form

Low heat value of Fuel H1'

CHI' = Hh' - 6 (9 x hd)

Excese air ratie m

21 -

I

Combﬁstion Gas Volume

..Theotethical airrvolume .
Ao! = 0.85 x HL' x 1072 + 2.0

. Theorethical combustion gas volume

Go' = 1.11 x H1' x 1073

Abbreviation/Unit

Applying value

of this project
Po MW 120
bp A 25
% 100
Hh' kcal/kg 10,700
Fo T/H
38.6 T/
he! 12.5
tih' kcal/kg 10,700
09 A 4,0
Hi' keal/kg
10,025
a -
1.24
Ao’ Nm> /kg-£ael
Go' Nm>/kg-fuel
11.13



. Actual combusfion gas volume
at Wet gas conditiom

G'w = Go' + (m~1)Ao’
at Dry gas condition

0.224
18

G'd = Gw' -

Flue Gas Volume at Boiler End
at wet conditiom

QwB = (Fo x G'w) X 103

at dry condition

QdB = (Io x G'd) x 103

Effective Height of Chimney
(apply equation of Bosanquet)

Basic Condition

. Flue gas volume

Ambient temperature
Flue gas temperature

Diameter of Chimney

. Wind velocity

Temperature reducing rate

Design height of chimmey

Calculation of effective chimney height

. exhaust gas volume

Ow = (273 + ta)
3,600 x 273

(9 x ho + W')

exhaust gas velocity at chimney nozzie

= Qwgx (273 + tg)

3,600 % 273 x %=D2

A4~-10

G'w

G'd

Qb

QdB

ouB

ta

tg

df/dz

Ho

Qt

vg

N3 /H

No3/H

Nm3/H

Nmd/H

o C -

DC.

m/s

13.65

12.25

527%103

473x%103

527x103
30
135
2.16
6
0.0033

120

162

60



. Raising height of flue gas by flue
gas energy (momentum)

4,77 NQt x Vg
043xu" i
Vg

0,795 Qt X Vg
2.58
1+ === Vs

. Raising height of flue gas by
temperature difference between flue
gas and ambient

6.37 % g x Q; (tg - ta)
U° (273 + ta)

Y

1.91 x 1073 x Qt (tg-ta) x (2.3 logd +

g2 043/(2734-::5
ot x Vg g(d&jdz)
Vg (273 + ta)
g (tg - ta)

- 0.28 +1

m b (1,408 - 212X VE,
Jorwve 0T e

, Effective height of chimney

= Ho + 0.65 (¥m + Ht)

Calculation of air polutant

Bésic Specification
1. Fuel consﬁmﬁtion
2. Sulbhur component
3. Fiue gas volume at dry state
4. Effeétive height of chimney
5. 09 content in flue gas
Caleulation of 50, emission
° SOx.voiume at boiler end
=_7:(Fo b4 So).

° 50, density at chimney nozzle

-
= QgB X J06

A4—-11

Hm

Ht

% (Lnd? + %-w 2)

1
J - D

He

Fo
So
QdB

He

qJc

Nm3/H

ppu

15

56.3

1.4 -

205

38.6
1.0
473x103

205

4.0
270.2

570



6. Maximum SO, Landing Density and Distance

6-1 Maximum S0, landing density Cmax ppa
{apply equatiou of Sutton) :
- -
= 1,72 x —
_ He*
6-2 Maximum SOy landing distance Xmax km

{apply equation of Sutton):

= 20.8 x Hel 143 y 1073

Ab-12

0.011



Calculation for Air Pollutlon in Enviromment Problem

Type~F So 1% Chimney 80 w

Fuél'Consumbtion

Bésic.épecification_

Applying value

Abbreviation/Unit of this project

Output at Génera£or end Po MW'/ .60
?owéﬁ-piant théfmalfefficiency ?p A 19
Fuel-combhétion ratio ' o 100
High heat value of fuel Hh' kcal/kg 10,700
Ca}culaﬁion Form
Fuel consumptiocn Fo T/

Po % 860 x 2 _
Fo = —— 100 25.4 T/H

T%%-x Hh'

Combustion Gas Volume
Bésié Specificétion
ﬁydrogén | | ho! % 12.5
High ﬁeat value of fuel Hh' kcal/kg 10,700
0, content in flue gas 0y % 4.0
Calculation Form.
Low heat value of Fuel HL' H1'  keal/kg
Hl;lé Hh' - 6 (9 x hd) 10,025
Excess air ratio m m -

21 1.24
i S
Combustion Gas Volumé.
. Thgofethical air volume - Ao Nm3/kgwfuel_

fo' = 0.85 = HL' x 1073 + 2.0 | |
. Theorethical combustion gas volume Go' Nm3 /kg-fuel |
11.13

Go' = 1.11 x HL' x 1073

Ab—13



. Actual combustion gas volume
at Wet gas condition

G'w = Go' + (m-1)Ao'
at Dry gas condition

0,224

G'd = Gw' “-‘“"'l""g—‘(gth‘i'W')

Flue Gas Volume at Boiler End
at wet condition

QwB = (Fo x G'w) x 103

at dry eonditiOn .

QdB = (Io x G'd) x 103

Effective Height of Chimmey
(apply equation of Bosanguet)

Basic Conditioﬁ

. Flue gas volume

Ambient temperature

Flue gas temperature

» Diameter of Chimney

. Wind velocity

Temperature reducing rate

Design height of chimney

Calculation of effective chimney height

exhaust gas volume

Qupx (273 + ta)

exhaust gas velocity at chimney nozzle

= Qw x (273 + tg)

3,600 x 273 x % D%

Ab~14

G'w

¢td

Qb

QwB

QdB

ta

tg

d8/dz -

Ho

Qt

Vg

Nm3 /1

N3 /H -

Nmd /B

Nm3/H

OC'

60

n/s

13:65

12.25

347x103

311x103

347x103
30
135"
2,16
6
0.0033

80
107

,39



. Ralsing height of Flue gas by Flue Hm n

gas energy (momentum)

L b1 Qt_x Vg
XS i
Vg - '
0.795,4Qt x Vg
N 2-58 ) -
Py
Ralsing heighﬁ of flue gas by : HE m

temperature difference between flue
gas and ambient _

Qt (tg - ta)
U3 (273 + ta)

= 6.37 x g x x'(Lng + %-Q 2)

= 1,91 x 1073 x Qt (tg~ta) x (2.3 logJ‘+-§-~ 1
y -2 0.43 [(273 + to)
T xve . 2(dd/dz)

Vg (273 + ta)
g (tg ~ ta)

- 0.28 1

SIS S, (1,498 - EEE_E_EEW) +1

th x Vg fg — ta

. Effective height of chimmey - He m

= Ho + 0.65 (Hm + Ht)

Calculation of air polutant

Basic Specificatioﬁ

. Fuel consumption' Fo T/H

Sulphur component So %

. Flue gas volume at dry state ) (QdB Nm3/H

Effective height of chimney He 1}

09 content in flue gas ) %

Calculation of S0, emission
SOX VOluﬁe at boiler end ' - q' Nm3/H
= 7 (Fo x So)

S0, density at chimney nozzle qc ppm

. .
= QzB % 106

Al~15

48

46,1

22.4

141

25.4
1.0
311x103

141

4.0
177.8

570



6. Maximum SO, Landing Density and Distance

§-1 Maximum 80, landing density - | Cmax  ppm .
(apply equation of Sutton) -
. q'
= .72 %
'ch'
6-2 Maximum Sok'landing distance fmax km

(apply equation of Sutton)

= 20.8 x Hel-143 4 1073

Ab~16

0.015

6.0



2.

Calculation for Air Pollution in Environment Problem

Type~F So 1% Chimney 100 m

'Fuel Consumption

Applying value

Go! = 1.11 x H1' x 1073

A4-17

‘Basic Speéification Abbreviation/Unit of this project
Oﬁtput at Genergtor end | Po M .60
‘Power plant'thérmai'gfficiency Yp % 19
Fuel combustion ratio y 100
High heat value of fuel R fh' kcal/kg 10,700
Céléﬁlation Form -
Fuel cdﬁsamption ' Fo T/4
Po x 860 x:f§>~
¥o = —— ' 100 25.4 T/H
1oo * T
Combustion Gas Volume
Basic Specification
,H}dfoggn" - ho' % 12.5
High heat value of fuel -  HW Keal/kg 10,700 |
09 countent in flue gas 09 4 4.0
Cﬁi@uldticn Form | |
Low heat value of Fuel Hl' H1' kcal/kg
H1' = Bh' = 6 (9 x hd) 10,025
Ekces$=air ratio m _ _ m ~
o = 21 1.24
71 = Og
Combustion Gas Volume_
", Theorethical air volume Ao! Nm3[kg—fuel
_Aé' ~0.85 x HL' x 1073 + 2.0 |
. Theorethical combustion gasrvolume Go' Nm3/kg—fuel
| 11.13



. Actﬁal combugstion gas volume
at Wet.gas condition

G'w = Go' + (m—1)Ao!
at Dry gas cqndition

0.224

G'd = Gat = =223 (9 x ho 4 W)

Flue éas Volume at Boiler End
at wet conditiog

QWB = (Fo x G'w) x 103

at dry condition

QdB = {Io x G'd) x 103

Effective Height of Ghimney

(apply equation of Rosanquet)

"Basic Condition

. Flue gas volume

Ambient temperature

. Flue gas temperature

Diameter of Chimney

« Wind velocity

Temperature reducing rdate

Design height of chimney

Calculation of effective chimney height

exhaust gas volume

Quax (273 + ta)
3,600 x 273

exhaust gas velocity at chimney nozzle

= Qw x (273 + rg)
3,600 x 273 x %-DZ

A4—-18

G'w

&'d

Qb

QuB

B

QwB

ta

tg

d8/dz

Ho

Qt

tn? /H
M3 /4

Fm3/H

n/s

13.65

12.25

347x103

311x103

347x103
30
135

2,16

09,0033

100

107

39



. Ralsing height of flue gas by flue Hm m

- 0.28 2 (tg —_—ry) l
=-aEE§;:$g.(1,498 - élgiilﬁiq +1
. Effective height:of chimney He m
= Ho + 0.65 (Hm + Ht)
5, Caiéulation of air polutant
Basic Specificétion
1. Fuel consﬁmption. ' Fo T/H
2. Sulphur component So %
3. Flue gas vblqme at dry state . QdB .Nm3/H
4.:Effective height of chimney He il
5. 0 content in flﬁe gas | ) 0y %
Célculation of SOX emission
°® 50, volume at boiler end qf Nmd /H
= 7.(F0 # Sb)
® S04 density at chimney nozzle | qc ppm
= Qg; x 166

gas energy (momentum)

. 4.1 hJQt x Vg
Ty 03 x T * U
Vg
0.795~/Qt x Vg
- 2.58
1+ 5=
Raising height of flue gas by ﬁt m

temperature difference between flue
gas and. ambient

- 6.37 x g x LB TRy (g2 4 29
: U3 (273 + ta) J

= 1.91 X 1073 % Qt (tg~ta) x (2.3 logJd + L 1)

J
3 = 2 .. 3 [(273 + to)
(5;~;—§§ ) “g(dd/dz)

Vg (273 + ta)

419

48

46.1

22.4 .

161

25.4

1.0
311x103
161

4.0

177.8

570



6. Maximuw SO, Landing Density and Distance

6~1 Maximum 50, landing deasity.
(apply equation of Sutton)

ql
= 1,72 %
o _Hc2

6-2 Maximum S0, landing distance
- (apply equation of Sutton)

= 20.8 x Hel 143 1073

A4-20

~Cmax - pﬁm

Xmax km

0.012

'6.'9



i

2,

Calculation for Air Pollution in Environment Prdblem

~ Type-F So 1% Chimhey 120 m

Fuel Consumption

Basic Specification

Qutput at Generator end

- power plant’ thermal efficiency

Fuel combustion ratio
High heat value of fuel

Calculation Form-

Fuel consumption

o ) ) d
Po x 860 X 700
ETI

Fo =
100

Combustion Gas Volume

_Basic.SQecification

Hydrogen
High heat value of fuel
Oz'content in flue gas

Calculation Form

Low heat value of Fuel HL'
H1' = Hh' = 6 (9 x ho)
Excess air ratio m

SRS .
- 21 = 0g
Combustion Gas Volume

. Theorethical air volume

Ao' = 0.85 x HL' x 1073 + 2.0

Go' = 1.11 x H1' x 1073

. Theorethical combustion gas volume

Ab-21

Appiyihg value

Abbreviation/Unit of this project
Po MW 60
yp % 19
A 100
Hi' keal/kg 10,700
Fo T/H
25.4 T/H
ho' % 12.5
Hh' keal/kg 10,700
0y A 4.0
H1! keal/kg
10,025
. -
1.24.
Ao’ Nm?/kg-fuel
Go! Nm3/kg~fuel
11.13



. Actual combustion gas volume
at Wet gas condition

G'w = Go' + (mrleo‘
at Dry gas condition

. _ 0.224.
18

G'd = Gw

Flue Gas Volume at Boiler End
at wet couditiomn

QwB = (Fo x G'w) x 103

at dry condition

QdB = (Io x G'd) x 103

Effective Height of Chimney
(apply equation of Bosanquet)

Basic Condition

Five gas volume
Ambient temperature -
Flue gas temperature

Diameter of Chimney

. Wind velocity

Temperature reducing rate

Degign height of chimney

Calculation of effective chimney height

exhaust gas volume

w zx {273 + ta)
3,600 x 273

{9 x ho + W'")

exhaust gas velocity at chimney nozzle

= Qugx (273 + tg)

3,600 x 273 x % p%

A4~27

G'w

G'd

Qb

QdB

QwB

ta

tg

df/d=

Ho

Qt.

Vg

Nm3/H :

Nm2 /|

Mo /H

MNm3/H

°C

°C

m/s 

13.65

12.25

347x103

311x103

347x103

30
135

2.16

0.0033

120.
107

39



. Raising hedight of flue gas by flue
gas energy (momentum)

477 ~Jot x vg
0.43 x 0 * U
+
Vg

0.795~/Qt x Vg

« Ralsing height of flue gas by
temperature difference between flue
gag and awblent '

6.37 x g x —t.Ltg = ra)
U3 (273 + ta)

n

il

3 2 . 43, /(273 + to)
W ® “gldeldz)
Vg (273 + ta)

g (tg - ta)

- 0.28

o 312 x Vg .
i (1,498 - 222X 1By 4
'/Qt x g tg - ta)

. Effective height of chimney

= Ho 4 0.55 (Hm + Ht)

5. Calculation of -air polutant

Basic Specification

1. Fuel cohsumption
Z. Sﬁlﬁhu; compénent-
3. Fiue gas volume at dry state
4, Effective height of chimney
5. 09g content in flue gas
Calcuiation of 850, emission
° 50, voluﬁe a£ bdiler end
= 7 (Fo # é;)

° SOx dehsity at chimney nozzle

H
== Qgﬁ x 100

A4-23

Ht

x (L2 + 2 2 2)

J

;1-91 x 1073 x Qt (tg-ta) x (2.3 logJ +-} - 1)

He

Fo
So
QdB

He

qoe

Nm3/H

ppm

48

46.1

22.4 .

181

25.4
1.0
311x103

181

4.0

177 .8

570



6. Maximum S0, Landing Density and Distance

6-1 Maximum SOy landing density Cmax ppm
(apply equation of Sutton)
. q!
= 1.72 %
He?
6-2  Maximum SO, landing distance Xmax km

(apply equation of Suttom)

= 20.8 x Hel:143 4 j0™3

Ab-264

0.009

7.9



Calculation for Air Pollution in Environment Problem

* Type-A So 1.6% Chimney 80 m

. Fuel Consumption

Basic Specification

Output at Generator end

Power plant thermal efficiency

Fual combustion ratio

High heat value of fuel

Calculation Form

N

Fuel consumption

Po x 860 x A

100
jo¢ x HR'

Fo =

Combustion Gas Volume

Basic Specificatién

Hydrogen
High heat value of fuel
09 conteat in flue gas

Calculation Form

_LOW heat value of Fuel H1'

H1' = Hh' ~ 6 (9 x hd)
Excess air ratio m

21 -
21 ~ 09

m =
Combustion Gag Volume

. Theorethical air volume

Ao' = 0.85 x HL' x 1073 + 2,0
. Theorethical combustion gas volume

Go' = 1.11.x HL' x 1073

Applying value

AbBreviation/Unit of this project
Po MW 120
Yp p 25
% 100
Hh' kcal/kg 10,700
¥o T/H
38.6 T/4
ho! % 12’5
Hh' kcal/kg 10,700
0y 7 4.0
HL' kcal/kg
10,025
o -
1.24
Ao’ Nm3/kg—fuel
Go’ N3/ kg-fuel

11.13



« Actual combustion gas volume
at Wet gas condition

G'w = Go' + (m?l)Ao'-
at Dry gas'condition

0.224°

6'd = Gw' - =22 (9 x ho + W')

13

Flue Gas leume at Boiler End
at wet condition

QB = (Fo x G'w) x 103

at dry condition

QdB = (Io x G'd) x 103

Effective Height of Chimney

(apply equation of Bosanquet}

Basic Condition
Flue gas volume
Ambient temperature

Flue gas temperature

. Diameter of Chimney

Wind velocity
Temperature reducing rate

Design height of chimney

Calculation of effective chimney height

exhaust gas volume

QwRx (273 + ta)
3,600 x 273

exhaust gas velocity at chimney nozzle

= quw % (273 + tg)
3,600 x 273 x %

2
5 D

AL=26

Glw

G'd

b
Qwh

QdB

QwB -
ta

tg

d@/dz

Ho

Qt

Vg

Nm3/H

Nm3 /1

¥m3/H

m/s

13,65

12.25

§27x103

473x103

527%103

30

135

162

60



Raising height of flue gas by flue Hm i}
gas energy (momentum)

4. 77 Qt X Vg
MR A U

- Vg
0.795~/Qt x Vg

. 2.58
_ ! f vg

=

i

Raising hedght of flue gas by Ht m -
temperature difference between flue
gas and ambient

Qt (tg - ta)

= 6.37 x g %
U3 (273 + ta)

x (Lng + % ~ 2y

= 1.91 x 1073 x Ot (tg—ta) x (2.3 logJ +v£ ~ 1)

. J
~Jat x vg T “g(d8/dz)

_ Vg (273 + ta)
0.28 g (tg - ta) T L

- 1 (1,498 - 312 x vg y + 1
~Qt x Vg : tg - ta

Effective height of chimney He n

= Ho + 0.6% (Hm + Ht)

Calculation of air polutant

Basic Specification

Fuel consumption Fo T/H
Suiphur component So %
Flue gas vqlume atr dry state - Q4B Nm3/H
Effective height of chimney : He m

09 content in flue gas B 09 pA

Calculation of S0, emission

804 volume.at boiler end q' N3 /H
= 7.(Fo x Sp)
30y &ensity ét chiﬁney nozzle - ge pp
= g x 106.

QdB

Ab-27

75 ¢

56.3

l4.4-

165

38.6
1.6
473x%103

165

4.0

432.3

914



6. Maximum S0, Landing Density and Distance

6~1 Maximum SO, landing density . Cmax  ppm
‘(apply equation of Sutton) .
q|
= 1.72 x
He?
.6-2 Maximum $0y landing distance Xmax km

(apply equation of Sutton)

= 20.8 x Hel-143 1073

A4-28

0.027

7.1



Calculation for Air Pollution in Environment Problem

Typeék S0 1.6% Chimney 100 o

Fuel Consumption

Basic Specifiéation

Qutput at Generator end

Power plant thermal effidiency

Fuel combustion ratio

High heat value of fuel

Calculation Form

Fuel consumption

Po x 860 % S
Fo = " * 100
Tag x b’

Combustion Gas Volume

" Baslc Specification

Hydrdgén
High heat value of fuel
0y content in flue gas

Caléulation Form

Low heat value of Fuel HL'

H1' = Hh' ~ 6 (9 x hd)

Fxcess air ratio m

21

N TR

Combustion Gas Volume

. Theorethical air volume

Ao’ = 0.85 x HL' x 1073 + 2.0

. Theorethical combustion gas volume

Go' = 1.1l x HL' x 1073

Applying value

Abbreviation/Unit of this project
Yo MW 120
%p % 25
4 100
Hh' kecal/kg 14,700
Fo T/H
- 38.6 TfB
ho! % 12.5
Hh' kcal/kg 10,700
05 % 4,0
H1? kcal/kg
10,025
o -
1.24
Ao' Nm? /kg-fuel
Go! Nm3/kgcfuel
11.13



. Actual combustion gas volume

at Wet gas condition
G'w = .Go! + (m~1)Ao’
at Dry gas cOndition

_0.224
18

G¢'d = Gw'

Flue Gas Volume at Boiler End
at wet condition

QwB = (Fo x G'w} x 103

at dry éonditién

QdB = (Io x G'd) x 103

Effective Height of Chimney
(apply equation of Bosanquet)

Basic Coundition

Flue gas volume

Ambient temperatgre

Flue gas temperatute
Diameter of Chimney

Wind velocity
Temperature reducing rate

Design height of chimney

Calculation of effective chimney height

exhaust gas volume

Ow x (273 + ta)
3,600 x 273

(9 % ho + W")

exhaust gas veloeity at chimney nozzle

= Qupx (273 + tg)
3,600 x 273 x‘% p?

A4-30

er.

G'a

Qb

odB

QwB -
ta

tg

db/dz

Ho

gt

Vg

N/ H

Nm3/H

Nm3/H

N3 /H
oc-

°C

m/s

°C/m

m/s

13.65

12.25

527x103

473x103

527x103

30

135

2.16
6

. 0.0033

100

162

60



Raising height of flue gas by flue Hm I
gas energy {(momentum)

4,77 L ANQE % Véﬂ
0.4 x U * U
Vg

0.795~/qt x Vg
2.58
L S

i+

Raising helght of flues gas by Ht m
temperature difference between flue '
gas aund ambient

- Qt (tg -~ ta)
u3 (273 + ta)

1.91 x 1073 x Qt (tg-ta) x (2.3 log ++ - 1)

- Uz (273 + to)
T i, » N T@day
‘yg (273 + ta)

g (tg - ta)

6.37 x g x

x (LnJ? + %—~ 2)

it

- 0028

1 312 x V '
e e (1,498 - 2 X By g
~JQt x Vg (1, tg - ta »+ 1

Effective height of chimuney He m

= Ho + 0.65 (Hm + Ht)

Caleulation of air polutant

Basic Specification

Fuel consumption , Fo f/H
Sulphur component So i
Flue gas volume at dry state . QdB Nm3/H
Effective height of chimney He m

0o content in flue gas , 07 %

Calculation of 80, emission

S0y volume at boiler end - q' Bm3 /H
=7 (Fé x S0)
SOXJdensity.at chimney nozzle qc ppu
= ;3l"-x 106
QdB

A4-31

75

56.3

14.4

185

38.6
1.6
473x103

185

4.0

432.3

914



6. Maximum S0, Landing Density and Distance

6~1 Maximum Sox'landing density Cmax . ppm o 0.022

(apply equation of Sutton)
T
= 1072}{"“9"2""
He
,6-2  Maximum S0, landing distance Xmax km . 8.1

{apply equation of Sutton)

= 20.8 x Hel 143 ¢ 193

4432



" Calculation for Air Pollution in Enviroument Problem

Type-A So 1.6% Chimney 120 m

Fuel'Consumption

- Basic Sggcification-

2

. Qutput at Generator end .

Power plant thermal efficiency

Fuél-dombustion'ratio
High heat value of fuel

Calculation_?orm

Fuel counsumption

'_Po x B0 X'Jga

100
p '
100 x.Hh

Fo =

Combustion Gas Volunme

Basic Specification

Hydrogen
High heat value of fuel
09 content in flue gas

Caldulation Form

Low heat-vaiue of Fuel H1'

H1' = Hh' - 6 (9 x hd)

Excess air ratio m

21

"= 2170,

Combustion Gas Volume

. Theorethical air volume

Ao' = 0.85 x H1' x 10"3 + 2.0

. Theorethical combustion gas volume

Go' = 1.11 & HL' x 1073

AA-33

Applying value

Abbreviation/Unit of this project
Po MW 120 -
%p . A 25
' Z 100
Hh' kcal/kg 10,700
Fo T/H
38.6 T/H
ho! % 12.5
Hh' kecal/kg 10,700
02 z 490
Hi' kecal/fkg
16,025
- -
1.24
Ao’ tm3/kg-fuel
Go' Nm3/kg—fuel

11.13



. Actual combustion gas volume
at Wet gas condition

G'w = Go!' + {m~1)Ac'
at Drj ééé condition

ctd = Gu' - ~ME (9 % ho + W)

Flue Gas Volume at Boiief'End
at wet condition

QwB = (Fo x G'w) X 103

at dry condition

QdB = (Io x G'd) x 103

Effective Height of Chimney
(apply equation of Bosanquet)

Basic Condition

Flue gas volume

Ambient temperature

Flue gas.temperaturé
Diameter of Chimney

Wind velocity

Temperature reducing rate

Design height of chimney

Calculation of effective chimney height

exhaust gas volume

Qw x {273 + ta)
3,600 x 273

exhaust gas velocity ar chimney nozzle

= Qupx (273 + tg)
T .2
3,600 x 273 27D

Ab-34

G'd

Qb

QwB

QdB

.QWB

ta

tg

d6/dz

Ho

Qt

Vg

Nm3/H-

Nm3/H

Nm3 /6

¥m3 /4
°¢

°C

m/s

°C/m.

13.65

12.25

527x103

473103

0.0033

120
162

60



. Raising height of flue gds by flue Hm n

[

gas energy {(momentum)

4,77 Ot x Vg. -
L 083 xu * U.
Vg
0.795~NQt x Vg

2.58
Vg

i

1

Raising helght of flue gas by _ Ht m
temperature difference betweea flue
gas .and ambient

Qt (tg -~ ta)
U3 (273 + ta)

6.37 x g x x (Ind? + £ - 2)

Iy

1.91 x 1073 x Qt (tg-ta) x (2.3 logd + =~ 1)

5 = Y2 . o0.43 [£273 + o)
O AJQE x Vg "N T g(ddldz)

L yg (273 + ta)
- 0. : +
0.28 m (tg = ta) 1

=t (1,498 - 12 xVE

"!Qt x Vg tg - ta

Effective height of'chimney He om

Y+ 1

= Ho + 0.65 (Hm + Ht).

Calculation of air polutant

Basic Specification

Fuel .consumption ' Fo T/H

Sulphur component So 4
Flue gas volume at dry state : QdB .Nm3/H
Effective height of chimuey . He i

09 content in flue gas . 0y %
Célcﬁlatioh of S0, emission

SOX.volumé at boiier end ' q' N> /H
= 7 {(Fo x So)

50, dehsify ét chimney_nozzle qc ﬁpm

!

_ .4
QdB

X 106
As=35

75

56.3

14,47

205

38.56
1.6
473x103

205

4.0
432.3

914



6. Maximum S50, Landing_nensity and Distaunce

6~1 Maximum $0, landing density Cuax " ppm 0.018
(apply equation of Sutton) : : :
ql’
= 1,72 x
' He?
6-2 Maximum SO, landing distaunce Amax km 9.1

(apply equation of Sutton)

= 20.8 x Hel+143 « 10=3

A4-36



m

Calculation for Air Pollution in Environment Problem

~ Type-F So 1.6% Chimney 80 m

Fuel Consumption

Applying value

A4-37

Basic_Specifidation _ 7 Abbreviation/lnit. of this project
Output at Generééor end Pa M 60
Power plant thermal efficiency ‘Zp 7 19
Fuel combustion Tatio % 100
High heat value of fuel Hh' keal/kg 10,700
Calculation Form g
Fuel consumption Fa T/E
Po. x 860 xﬂSiL
Fo = 100 29.4 T/
'E%% x Hh'

Combustion Gas Volume
Basié Specification
H&&rqgeﬁ _ ' . ho! % 12.5
High heat value of fuel Hh' keal/kg 10,700
02 cﬁntent in flue gas 0y % 4.0
Caléulatidn.Form
Low heat value_qf Fuel H1' H1' kcal/kg
HL' = HB' - 6 (9 x ho) 10,025
Excess air'raﬁio m n -

- 21 1.24

21 - 0p

Combustion Gas Volume
. Thgorethical air volume -t) No3/kg-fuel

Ao’ = 0.85 x HI' x 1073 + 2.0
. Theorethical combustion gas volume Go' Nm>/kg-fuel

Go' = 1,11 x H1' x 1073 11.13



. Actual combustion gas volume
at Wet gas condition

G'w = Go' +.(m~1)Ao'_
at Dry gas condition

& . :
G'd = Gu' - QL%%i (9 x ho + W')
Flue Gas Volume at Boiler End
at wet condition

QwB = (Fo x G'w) ¥ 103

at dry condition

QdB = (Io x G'd) x 103

Effective Height of Chimney
(apply equation of Bosanquet)

Basiec Condition

Flue gas volume

Ambient temperature

Flue gas.temperature
Diameter of Chimney

Wind velocity

Temperature reﬁucing rate

Design height of chimney

Calculation of effective ﬁhimney height

exhaust gas volume

Qw x (273 + ta)
3,600 x 273

exhaust gas velocity at chimney nozzle

= _Qupx (273 + tg)

3,600 x 273 'XI,% p?

A4—38

Gty

G'd

Qb

QwB

QdB

QwB
ta

tg

d6/dz

Ho

Qt

Vg

Nm2/H

Nm3/H

Nn3/H

Nm3/H

°C

.DC-

m/s

13.65

12.25

347x103

311x103

' 347x10°3

30

135"

0.0033

80

107

39



»

Ralsing height of flue gas by flue Hm o

gas energy (momentum)

w77 Aot x vg

O§43 x U % U
Ve

0.795~/Qt % Vg .

2,58
| 1 S

=

i+

Raising height of flue gas by ' Ht m
temperature difference between flue
gas and ambient

Qr (tg - ta)
3 (273 + ta)

= 6.37 x g x x (LoJ2 + %‘— 2)

= 1.91 x 1073 x Qt (tg-ta) x (2.3 logJ +—%-—,1)
= Uy . 0.43 [(273 + to)
,\iQt x Vg : g(dQ/dz)

Vg (273 + ta)
g (tg - ta)

- 0.28 +1

=u___l___.(1'498 - él&iijﬁLo +1

~Qt x Vg tg - ta

Effective height of chimney He n

~ Ho + 0.65 (Hm + BE)

5. Calculation of air polutant
Basic-Specific%tion
1. Fuel consumption _ Fo T/H
2. Sulphur component So %
3.'Flug gas volume at dry state _ QdB Nm3/H
4, Effective height of chimney He m
5., 09 content in flue gas' _ - 09 %

Calculation of S50, emission

80, volume at boiler end - g’ Nm3 /€
= 7 (Fo x $0)
50, density at chimnéy nozzle gc  ppm
)
= -1 X 106

T QdB
: . A4-39

48

46.1

22.4 .

141

25.4
1.6
473x103

141

284.5

601



6. Maximum SOy Landing Dengity and Distance

6~1

H~1

Maximum S0, landing density
(apply equation of Sutton)

1
= 1072 x‘—ﬂ‘i‘"
He

Maximum SO landing. dlstance
{apply equation of Sutton)

= 20.8 x Hel-143 x 1073

AA-40

Cmax ppm

Xmax km

0.025

6.0



L.

Calculation for Alr Pollution in Envirounment Problem

Type=F .80 1.6% Chimney 100 m

Fuel Consumption

Basic Specificétion

Qutput at Generator end

Power plant thermal efficiency

Fuel combustion ratio
High heat value of fuel

Caleculation Form

Fuel consumption

'.Po x 860 x Jé#

Fo = . 100
'_‘LP 1
100 x Hh

Combustion Gas Volume

Basiec Specification

Hydrogen

High heat value of fuel

0, content in flue gas

m =

Calculation Form

Low heat value of Fuel HL'

H1' = Hh' = 6 (9 x ho)

Excess air ratio ®m
21'
21 - 0y
Combustien Gas Volume
. Thedrethical air volume

Ao' = 0.85 x HL' x 1073 + 2.0

. Theorethical combustion gas volume

Go' = 1.11 x HL' x 1073~

Applying value

Abbreviation/Unit of this project

Po

Tp

Hh'

Fo

ho!

Hh'

Ao’

Go'

MH 60
% 19
% . 100

kcal/kg 10,700

T/H
25,4 T/H
2 12.5

kcal/kg 10,700

% 4.0
kcal/kg
10,025
1.24

Nm3/kg—fue1

Nm3 /kg-fuel

11.13



. Actual combustlon gas volume
at Wet gas cohdition

G'w = Go! +_(m~1)Ao'
at Dry gas éondition

G'd = Gw' —'95%%ﬁ (9 % ho + W')

Flue Gas Volume at Boiler End
at wet condition

QwB = (Fo x G'w) x 103

at dry condition

QdB = (Ie x G'd) x 103

Effective Height of Chimney
{apply equation of Bosanquet)

Basic Condition

Flue gas volume
Ambient temperature

Flue gas temperature -

. Diameter of Chimney

Wind velocity
Temperature reducing rate

Design height of chimney

Caleulation of effective chimney height

exhaust gas volunme

Qw x (273 + ta)
3,600 x 273

exhaust gas velocity at chimney nozzle

= (Qwx (273 + tg)

3,600 x 273 x % p?

Ab—52

G'd

b

Qwb

QdB

QwB

ta

. g

dé/dz

Ho

Qt

ve

Nm3/H

Nm3/H

Nm3/H

Nm3 /H
°GC

oc

e

- 13.65

-12.25

347x103

311x103

347x103
30
135
'2;16
e

0.0033

100

107

39



Raising height of flue gas by flue Hm m
gas energy (momentum) :

4,77 Jor x vg

= : X
i+ 0.43 x U U
Vg

0.795~/0t x Vg
Ve

Raising height of flue gas by Ht m
temperature difference between flue
gas and ambient

Qt (tg - ta)
u3 (273 + ta)

- 6.37 X g X x (Lng2 +-§ - 2)

= 1.91 x 1073 x Qt (tg~ta) x (2.3 logJ +-£ - 1)

J
3=t D.AQN/EEiEZE:EEE
~Jat x vg - g(d#/dz)
~ 0.28 vg Ei;3_+tz§) 1
= 7E§i§f§§ (1,498 - §%§~§%%§~) +1
Effeétivé’height of'chimney He m
= Ho + 0.65 (Hm + He).
Calculatioﬂ of air pblptant
Basic Specification'
Yuel consumption Fo T/d -
Suipbur component So %
Flue_gés volume at dry state . QdB N3 /1
Effeétiverheight of chimney He m
'02 contént‘in flue gas ) 09 A
Calculation.ﬁf SO? emission
504 volﬁme at.boiler-gnd ’ q' Nm3/H
= 7-(F0 x.So). |
'S0, density at chimney nozzle gc ppm
-4 -# 106
0dB

Ab-43

48

46.1

22.4

161

25.4
1.6
473x103

161

4.0

284.5

601



6. Maximum S0, Landing Density and Distance

6--1

6-2

Maximum SO, landing density
(apply equation of Sutton)

‘At
= 1072 X q2
He”

Maximum SO, landing distance
(apply equation of Sutton)

= 20.8 x Hel-143 4 1073

Ab~b4

- Cirax ppm

Xmax km

0.019

5.9



Fo =

"Calculation for Air Pollution in Environment Problem

Type~F So 1.6% Chimney 120 m

Fuel’ Consumption

Bagic Speéificétion

Output at Generator end

'Poweriplant;théfmal efficiency

"Fuel combustion ratio

High heat value of fuel

:Calculation Fdrm.

Fuel consumption

“Po x 8&30.1&:'@L

- ¥ 300
103 x Hh'

Combustion Gas Volume

Bas;é.Specification
Hfdfoggn B :
High heat value of fuel
0y coﬁtent'in Elue gas

Calciilation Form

Low heat value of Fuel H1'

HL' = Hh' - 6 (9 x ho)

Excess air ratic m

21

m=21"02

Combustion Gés Volume

. Theorethical air volume

Ao’ = 0.85 x H1' x 1073 + 2.0

. Theorethical combustion gas volume

Go' = 1.11 x HL' x 1073

Applying value

Abbreviation/Unit of this project
Po M 60
%p A 19
A 100
Hh' keal/kg 10,700
Fo T/H
25.4 T/H
ho! v 12.5
Hh! kecal/kg 10,700
0y yA 4,0
AL! kcal/kg
10,025
o -
1.24
Ao Nm3/kg-fuel
Go'  ¥m3/kg-fuel
11.13



1.

2.

. Actual combustion gas volume

at Wet gas condition
G'w = Go' + (m—1)Ao'
at Dry gas condition

. 0,224

1] =
G'd Gw 18

Flue Gas Volume at Boiler End
at wet condition

QB = (Fo x G'w) x 103

at dry conditién

QdB = (Io x 6'd) x 103

Effective Height of Chimney
(apply equation of Bosanquet)

Basic Condition

Flue gas volume

Ambient temperature

Flue gas temperatﬁre
biamgter of Chimney

Wind velocity

Temperature reduéing rate

Design height of chimney

Calculation of effective chimney height

. exhaust gas volume

gw x (273 + ta)
3,600 x 273

(9 x hd + W)

exhaust gas velocity at chimney nozzle

= Qw x (273 + tg)

3,600 x 273 x p2

Ab—46

G'd

Qb
QwB

QdB

ta-

tg

40/dz

Ho

ot

Vg

N3 /11

dm3/H

¥m3/H

Nm3/H

°C

.dc

'm/é :

13.65

L 12.25

 347x103

~ 311x103

347x103

30

135

2,16
6
. 0.0033

120

107

39,



Raising heigﬁt of flue gas by flue Hum
gas energy (momentum) ~

4,77 ~Jat x Vg
L 0-43x U X U
Vg
0.795~/0t % Vg
T 5.58
L 52

=

i

Raising height of flue gas by Ht

temperature difference between flue
gas and ambient

Ot (tg ~ ta)
td (273 + ta)

[}

6.37 x g x x (Lnd? 4 %-* 2)

i

J

3 = Uz l'oéqh/E§53 + to)
At % vg g(d6/dz)

_ .08 Y8 (273 + ta)

g (tg = ta) | 1

2‘“5£1x vé (1,498 - §%§u§u§§~) + 1
Effective height'bf éﬁimney: He
= 1o + 0.65 (Hm + Ht)
Calculatién of air'po1utant
Baéic'SpééifiéatiGn
Fuel consumptidn _ Fo
Sulphur component So
Flue gas §olume at dry state _ QdB
Effective height of chimney _ He
02 cﬁnpent in flue gas . 07
Calculation of S0, emission
SOX-Volume at boiler end q'
= 7 (Fo x $So0)
50, density at chimney no#zlel qc
= Qgé x 10°

A4—47

1.91 x 1073 x Qt (tg~ta) x (2.3 logd + 1_ 1)

Nm3/H

ppm

48

46.1

2.4

181

25.4
1.6
473x103

181

4.0
284.5

601



6. Maximum SOy Landing Density and Distance

6-1 Maximum SO, landing demsity Cmax  ppm i 0.015
(apply equation of Sutton) ' S
S ¢ .
= 1.72 x
' : .Hc2
- ngimum'sox landing distance Kmax Tem : 7.9

{apply equation of Sutton)

= 20.8 x Hel-143 x 1073

A4—48
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ANNEX 5
R B~ ajnﬁmjmﬁﬁﬂm&ﬂ
S A RZ - VAT AREHL, RIS AFuel &Liquid Fuel A XhS,
mﬂmxiﬁﬁm&mxﬁé A Melti fuel Dy —2AdH B, ZOClause TR,
Bss fuel, distilary fuel, Heavy oil fuel® 3 HMOFueldt. BEoRit . ﬂi&ﬁl
kﬂﬁ@@@&b%i%&%&x&r4L%%@?%é

Gas Turbine — Application of multi fuel,
Case - one

(i) Fuel distilary - Gas fuel are available.

@) Type of combustion chamber - respective Type at proven design
(3) Operation mode Fuel change are availabie on load condition
Case - two

(1) Fuel distilary- Heavy oil OK
2) Type' of combustion chamber - respective type at proven design
(8) Operation mode Fuel change over are availabie on load condition

Case - three

{1) Fuel Gas - Heavy oil are available

(2) Type of combﬁs.tic.m chamber respective tiée at proven design

(8) Operation mode ' Fuel change over are available on load condition
Case - four

(1) Fuel Gas - distilary - Heavy Fuel
{2) Type of combustion chamber respective type peculiar design

(3) Operation mode Fuel change over are available on load condition
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Table 1

Demand Forecast at Each Substation in June

(M)

1,729

Year | Peak Load (100%) Minimum Lg;g~k53;52)
Substations™ 1988 1989 1990 1991 1992 1993 199 1995 | 1983 1969 1990 1991 1992 1993 1994 1993 femarkes
Al Falaj 84 94 ios 114 122 129 _ias 143 45 50 56 61 65 69 73 . 77
Wadi Khabir 8 94 105 14 122 129 136 43| 45 50 56 6l 65 &9 73 77
Wadi Adai 835 94 104 114 121 128 135 43| 4 S0 56 6l 65 69 72 77
Qaboos 7% 8l 95 110 120 131 136 141 4l 43 sl 59 64 70 73 75
Khuwair 50 65 85 105 120 131 136 14l 27 35 45 56 6 70 73 15
Ghubrah 8 9 103 110 115 120 -~ 125 130 48 st 55 59 62 6 67 70
AT Port Heights 4 80 95 110 117 124 132 141 21 43 sl 59 63 66 71 75
Rusail | 187 191 196 203 211 220 228 237 100 102 105 108 113 118 122 127
Seeb Palace 48 50 53 5 59 62 65 69| . 26 27 28 3% 32 33 35 %
Barka 40 46 50 55 61 68 76 84l 21 25 27 29 33 36 41 45
Musanna 17 19 22 25 29 33 8 4 9 10 12 13 16 18 20 24
Rustag 21 2 27 32 3 42 48 55 11 13 14 17 19 22 26 29
Suwaiq 20 24 28 32 3 42 4 s6l 11 13 15 17 20 2 2% 3
Khabourah 13 16 18 20 2 27 31 36 7 8 10 o131 171
Saham 23 27 32 37 43 49 56 65 12 14 17 20 23 2 30 3
Sohar 30 37 4 50 57 66 76 87| 16 20 24 27 30 35 4 4
Shinas 8 10 113 15 17 20 23 4 5 6 7 8 s 1 12
Copper Mine 17 17 17 17 17 17 7 7| 9 9 9 9 9 9 g 9
Buraiml s6 6 75 8 95 106 116 131| 30 35 40 4 5L 5 ez 10
Ibri 4 52 61 68 78 8 9% 109] 24 28 33 3% 42 4 51 58
Capital Area 840 958 . 1,068 1,180 1,270 1,360. 1,440 1,527 449 512 571 631 681 726 772 818 (ézgizgingRustaq
_ | , ,
Batinah Area 191 225 258 288 329 369 412  468) 102 120 139 156 176 197 221 250 | Suwaiq)
Grand Total 1,031 1,183 1,326 1,468 1,599 1,852 1,995| 551 632 710 785 857 923 993 1,068
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"Table 2 Demand Forecast at Each Substation in February

. : : (M)
Year _ . Peak Load (32.8%) Minimum Load {16.5%) 1
S : , S - - — : —— Remarks
Substations 1988 1989 © 1990 1991 1992 1993 1994 1995| 1988 1989 1990 1991 1992 1993 1994 1995 -
Al Falaj 28 31 3% 37 40 &2 45 47 14 16 17 19 200 21 23 %
Wadl Khabir 28 31 3% 37 40 42 45 47 w16 17 . 19 20 2 22 %
Wadi Adail 27 31 3 - 37 4 42 44 47 14 15 17 19 20 20 . 22 23
Qaboos 1 25 27 31 36 39 43 45 46| 12 13 16 18 20 22 722 23
Khuwaix 16 21 28 34 39 43 45 46 8 11 % 17 20 22 22 23
Ghubrah 29 31 3% 3 38 40 41 43] 15 1 17 18 19 22 2 2
Air Port Helghts 13 26 31 36 38 41 43 46 7 13 16 18 19 20 22 23
Rusail 61 63 64 67 69 72 75 78 31 31 32 33 35 36 38 39
{ Seeb Palace 16 16 17 18 19 20 21 23 7 8 g 9 10 10 1nu
Barka 13 15 16 18 20 22 25 28 7. 8 8 9 10 1 13 1
Musanria 5 6 7 8 10 11 12 14 3. 3 4 4 5 5 6 7
‘Rustaq - 7 g8 9 1 12 14 16 18 4 4 5 5 6 7 8 9
Suwaiq . 7 8 9 11 12 14 16 18 4 4 5 5 6 7 8 9
Xhabourah B 5 6 7 8 g 10 12{ 2 3 3 3 4 4 5 6
Saham 7 9 10 12 14 16 18 21 b 4 5 6 7 8 9 il
Sohar o 12 1% 16 19 22 25 29 5 6 7 8 9 11 13 14
Shinas 3 3 4 4 5 6 7 8 1 2 2 2 2 3 3 4
Copper Mine 6 6 6 6 6 6 6 6 -3 3 3 3 3 3. 3 3
Buraimi 18 22 25 27 31 35 38 43 9 11 12 14 16 17 19 2
Tbri 14 17 20 22 26 29 - 31 3 7 9 10 11 13 14 16 18
‘ (Including
Capital Area 275 314 348 386 416 446 473 501| 140 158 177 193 210 223 . 238 . 250 | Musanna, Rustag,
) (319) _ o (161) : : _ Suwaiq)
Batinah Area 62 74 85 94 109 123 135 155 31 38 42 47 54 60 68 78 | ( ): Khabourah
. (69) : : . (35)
Grand Total 337 | 388 433 480 525 569 608  656| 171 196 ~ 219 240 264 283 306 328
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Table 3 Power Generation Program

(MW)
T Denand 1988 J 1989 Feb. o aa — : . -
_ (Capital) un. 19 9 Feb. 1983 Jun. 1990 Feb. 1990 Jun. 1991 Feb. 1991 Jun, 1992 Feb, 1992 Jun, 1993 Feb.
P.5. : Peak | Min. | Peak | Min. ! Peak | Min. | Peak | Min Peak | Min, | Peak| Min Peak | Min Peak | Hi ' . ;
e * . L . : . Min. | Peak | Min. | Peak | Min, Remarks
840 | 449 ] 319 | 161 958 | 512 | 348 | 177 11,068 ] 571 | 386 193 [ 1,180 631 | 416 | 710 |1,270 ] 681 | 446 | 223
1 Steam 50 MW 50 50 40 40 50 50 40 40 50 50 40 40 50 50 40 40 4
. X BE t st
1 Gas 17.5 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 ?? ?? ?g 1? 7T§e§w i gam
2 . " 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17
3 - 17 17 17 17 17 17 17 17 17 : 17 17
_ S K " 17 17 17 17 17 17 17 17
GHUBRAH |5 ° ' 17 17 17 17 17 17 17 17
(285 MW) |6~ " 17 17 17 17 17 17
; . " 17 17 17 *12 10 # to Batinah
*1 10 : .
9 ” . . _ o
1 Gas 27.5 2720 27 24 27 27 27 23 27 27 21 16 27 27 22 16 27 27 27 27
2 " " - 24 20 18 27 19 27 27 ’ i %24 .27 25 19
Total 220 209 119 81 223 162 188 97 239 155 146 73 199 111 96 90 152 155 126 103
1 Gas 83 MW 80 40 40 40 83 50 40 40 83 60 40 40 83 60 40 40 83 60 40 40
2 - “ 80 40 40 83 50 40 83 60 40 83 60 40 83 60 40
3 " 80 40 - 40 83 50 83 56 : 83 60 40 83 60 40
RUSATL 4 " y 80 40 ' 83 50 83 83 40 83 46
(498 M) |5 ¢ " 80 40 83 70 69 83
6 " 80 : *63 67
Total 480 200 120 40 415 200 80 40 402 176 80 40 464 220 120 40 482 226 120 40
1 Gas 80 MW 70 4 40 40 80 50 40 40 80 60 40 80 60 40 80 60 40
2 " " 70 40 80 50 40 80 60 40 80 40 80 60 40
3 - - 80 50 80 80 80
4 v " 80 80 80 80
BARKA L " : : *80
(740 MW) |1 Steam 80 80 60 80 60 80 40
2 "n L] 8‘0 .
(R 60 60 60 40 40 60 60 40 40 60 60 40 40
2 ¢ " 40 40 60 60 40 40 60 60 40 40
3 . 60 60 60 60 :
Total 140 40 80 40 320 150 80 40 460 240 160 80 580 300 200 80 740 300 200 80
Demand (Batinah) 191 102 69 35 225 120 85 42 258 139 94 47 © 288 154 109 54 329 176 123 60 -
1 Gas 17 MW | 17 17 17 10 17 15 17 17 17 17 10 11 17 17 17
2 » 17 12 10 17 15 17 17 17 17 11 17 17
COPPER 3 " 13 : 17 17 7 : 17
MINE 1 - 27 27 25 20 27 25 27 27 27 27 27 27 27 23
(165 MW) {2 " " 27 : 27 . : 27 18 27 27 27 27 23
1 30 30 30 30 30 30 21 30 30 2330 30 30 27 30 28 30 30
_ 2 " “ . : 30 30 _ 30 : 30
SOHAR 1 Gas 30 MW 30 30 20 i5 30 30 30 21 30 30 30 74 30 30 30 27 30 30 30 30
(60 M) {2 " " 30 - 30, 30 30 30 . 30 30 30 30
Total 191 - 102 69 35 225 120 85 42 225 139 94 47 225 154 109 54 225 176 123 60
- Largest generator | ,.q g5 49,11 48.75 47.52 49.30 49.21 49.08 48.17 49.37 49.15 49.17 48.33 49.43 49.24 49,24 48.48 49.48 49.30 49.30 48.59
Frequency { unit drops . : — : 3
brop (1z) 130 o drops 48.57 47.33 48.99 48.10 49.10 48.31 49.18  48.47 49.25 48.60 reference
: - 1
60 MW drops 48.12 46.27 48.61 47.26 48.75 47.50 48.86 47.73 48.95 47.88 'oU°

in February
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Fig. |  POWER GENERATION PROGRAM
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