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Fig. 7. 2 Representative daily 1oad sharlng
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Fig. 7.3 Representative daily load sharing
during the intermediate season
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Generation System Planning Procedure

7R®ﬁ¥%ﬂl=4§ﬁi&ﬁii_?iﬁﬂ-———i[ S T EEE P EEER:
oW OB E RL [ W B8 R - BIAR IR :
HW R &R I 15 38K R R Bk AR | KSR OR D B | OB SRS
(180kt/d) | (990t/h) K45 R 85% | | MaBw
o o2 B (WHWa®n| | |ormemEs | eaEssEs | |eBSRRREELS
' : L) a.Stean turbine o~4%6 | | R
e : (Condensing) - BHOBRFERIHL -
B 'b.6/S combined BREEAR B E
MHBRN—EO —— — ~SE ROk
ON, OFF M & | weHR SRR B ORI OB
(1) Steam turbine 60~80% | | BRBAILEAT RO
Bxtraction or | - MAOARABIHL | | BA o
—- Back pressure ﬁ?}(iﬁ‘iﬁjﬂ%ﬁe}: 9. BHREOZH O
wom B R @ 6/S combined | MEOREHEABZ | | BANHBABUNL
" 148) Gas turbine HptZSteam turbine O
Natural gas _ (backpressure) & LT
2 E B ¥ Gas turbine
Distillate  — _
Hay-EvIE B ¥ [R5RE L AR ARTOHEHY | 8K i
Straight residue
£45-3 8 H &5 47 Cost K
n g & ®
- _ — @ % B ®
ENRETH M- LA ORAFHHH TR @) BERTR
REEHE H E M2 EE 4,800 6 JL
RERA®E EMARE 6% #v— VES LU RE® OB W
RHEEW, BHE| B A H A ca TOOMW MEWOR-H ' —
 OE® B O M D ca 200M4 at 1991 S - BT B L HEIRBOK
L S _ b5 — PR D /50 b
SHAOFER . Base load Ty ‘MEW®#-ty OEBOES. HAREY
BOBHIERS SV RERICLY A9 RO BB —
AW ET 2, e | - BARGHY —i
' : % Securi tyFEfR _ ;
' B ® E %

MI RBTSS VI I AT '{ﬁé“&) @8 E

(R A2 B |
aFRBORIE T 5 v b ~OREIE LBase load &

LTORBEMET NI
(BEAR _

a1 unit AUREEL 2ae dEITRE O RIBEAS

steam turbine OV L — FAURRERC 324

48.5HzEU R 75 & A U B R (120MWEF)

b.1 uni tABHE L& e bilpokiL 7 3 ¥ b

Sk & 50Nk, smaller units W5ME
(IR & P (R4

a. MuHR _
Steam turbine 1(_}0 <> 15%EE
/S combined 100 <— 0% |
b HEHAHR ' | -

—E RS GORBUREERRANE)
DRI SNy 47 CRBRILERRRER)
Type-AsG/S Combined, Steam turbine(extraction) ¥
Type-B:G/S Combined |
Type-C:6/S Combined, Steam tur_bine(extractio’n)%
Type-D:G/S Combined,Gas turbined '
Type-E:G/S Combined, Steam turbine{back pressure) %
Type-F:G/S Combined, Steam turbine(back pressure) ¥

%y 4 7 OBBREBERE

W E B B & B
@ FHEXBEHER
@ 75 v 3R

L
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BRUE & R T OWREY

‘g{ﬂgl% R el VY

% & 9901/HX 10% % (650-120) kcal /g = 525X 10%keal/h b
w720 X 10°X860kcal/MN=619 x10%al/h L X100
FHRE
se-1 (TR

o skt 5 v bERRA Y
napk  85% Ak 525x10% +0.85-618 x10%kcal/h
0 Z&H75 >~ b steame turbine (Condensing) 9,166 %10
z B 40% AR 619%10° +0.40=1,548 x10°kcal/h kcal/h
T paRpE
1,144%100
o eIos % 100 = 53%

Case 2 Gz AR

5 BKBOKALT S v VERAA 5

gk $5%  ABR 52510° +0.85=618 X10°keal/h

n) R v +G/S Combind 2,025 x10°

O pww a0 AR BI9XI0 S0.44=1407 % 10%cal/h keal/h
| pemp
1,144%10°
2,025 10°

100 = 56%

| Cased GRIAD)
Repor tA T OBY . WEOH 4 7LD RIS SO0, KEBB~TOROHETH D,

REFIER Type-A 65% Type-3 63%
Type-B T0% _ Type B 58%
Type-C G5% Type-F same as Type-E
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3 Type-A,C

(a)

G/S combined system

» B B 360w
@ »m =, 44%
A #  360% 10°% 860+0.44= T04x10° Keal/h

(b) S/T and desalination system
% W = 360MH
ZHRRER 880t/h
& P B 8%
A £ ( 360MWx 10°x 860+990t/hx 10°x (650-120) ) + 0.78

L0790 X 10° Keal/h

(©) SRR
BagmA 1,144 x 10° Kcal/h
B ae A B (704-+1,070) x 10%= 1,744X 10° Kcal/h
BeEpmymR 1,144 > 10°®

1,774 x 10° 10 = 6
4 Type-B

{a) G/S combined and desalination system

(b)

% B B
AXARLEER
A #

RO

Reg|wBA
B2 a A B
REBD R

720MW

9%0t/h

0%
(72009 10°x 860+980t/hx 10°x (650-120) 3 +0.70
1,634x 10° Kcal/h

il

1,144 X 10 Keal/h
1,634 X 10° Keal/h
1,144 X 10°
1,634 x 10

x 100 = T0%
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b e
-. (@ 6/8 combined system

w B OB 360MHW
O 44%%
A B 360 860+0.44= T04x10° Kcal/h
() Gas turbine énd desalination system.
» # K 4004
AR 990t/
w P = 14%
A A ( 400MAX 10°X 860+990t/hx 10°x (650-120) ) +0.74

{c)

= 1,174x 10* Kcal/h

R RR

BREBRWMD (360 +400) MW X 10°x 860+930t/hx 10%x (650-120)
= 1,1T9% 10° Kcal/h

B & AR (704+ 1,174 x 10*= 1,878%10° Kcal/h

RepPy R 1,179 x 10
1978 % 10° X 100 = 63%
" @ 6/S conbined systen

% ® B 4801
B B 44%
A & 480MHx10° X 860+0.44= 938x10° Kcal/h.

(8) Gas turbine system
% B B B0MH
B R 29%
A & 80MH > 10%x 860h + 0.29 = 237X 10° Kcal/h

e} Steam turbine with back pressure and desalination system
 # = 1601
ZABER _ ' 930t/h
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O B 82%
A & ( 160Me 10%% 860-+930t/hx 10%x (650-120) 1 +0.82
= 808x 10* Kcal/h

@) BRARMPE
RE&EBBA 1,144 x 10® Kcal/h
B a AR (938+237 +808) x10® = 1,983x10% Kcal/h
ReRPR 1,144 x 10*

1,983 x 10°® 100 =8

Type-F

fal G/S combined system
£ W B 480Mw
B o» & 44%
A 2 480MW < 10® X B860+0.44= 938x 10" Kcal/h

(b) Gas turbine sysiem
5 & B S0MH
Boom & 29%
A 5 S0MW X 10°Xx 860h + 0.29 = 237x 10* Kcal/h

{¢) Steam turbine with back pressire and desalination system
g & 8B 1801w
EARLEER A 990t/h
B & 86%
A # ( 180MWx 10°x 860+990t/hx 103X (650-120) ) +0.86

= 780x 10% Kcal/h
O RempE

BERMD 560+ 180) M9 X 10° X 860+ 9901/h X 10° X (650-120)
= 1161 10* Hcal/h

% A& A (936+237 +790) X 10 = 1,965x10° Keal/h

B AR E 1,161 X 10

R B X 100 = 59%
1,485 x 10t
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14 SET 9 v b ORI EAFE

KHBBT 5V P ORXERE S HHT DL stean turbineRBY5 v+ &
gas turbine RT3 ¥ b B ECE S,

B,y PR, BARERELSS v FERAINBZ LEERLLEH
turbine OHIEETH - TR B,

ABBL BV, 1.3 BCENONTVA3HR0 ) SRR OFHOEAT L%
FEE LR WRIHAGHARCRBT AR 79 Y tOHIGH L LT TRO 6 DD ¥
4 7% & O LU CRRS BT - R,

Type-A @ Powér plant consisting of steam turbine cycle generators supplying

steam to desalination plant and gas/steam combined cycle genarators.

Type-B : Power plant consisting of gas/steam combined cycle generators

supplying steam to desalination plant.

Type-C : Power plant consisting of steam tubine cycle and gas/steam combined

cycle generators, supplying steam to desalination plant,

Type-D : Power plant consisting of gas turbine cycle generators supplying

steam to desalination plant and gas/steam combined cycle generators.

Type-E : Power plant consisting of back pressure steam turbine cycle and

generators supplying steam to desalination plant, gas/steam
combined cﬁclé generators and gas turbine generator.

Type-F : Péwer plant consisting of back pfessure 5 Lean turﬁine cycle and

_generators supplying steam to desalination ﬁiant, gas/steam
combined cycle generators and gas turbine generator.

CHQQSOQ&KTMT%@$5E\Wm%Swms&HmﬁSwﬁs@ZOQ
TN TR B,

Type-f Series ++ Tyﬁefﬁ, Type-C, Tﬁpe~E, Type-F

TyDE-B Serigg e Type-B, Type-D

EY

“Type-p Series ZJRT 2 TypeiZ BT L HFRERMA 7S v b I BTRERE

. . . CoESE b
Tyoe-B Series éoffid

Eat

stean turbine cycle generator L aha, —H.
STypetZ B . BREORIL I BB AR Heas/s ieam conbined cycle generaiov

& Bivikgas turbine generator & QYA NE,
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(1) Type-ADFEB/R7S ~ b

Type-ADFREB7 5 ¥ b ORHEIE Fig.T.50R L,

CQWWJH\%mlwd%ﬁm?&Siﬁvb@M%mmmmewdeﬁﬁﬁ&
Intermediate base load%4}H3 3 gas/stean combined cycle REHEEC N
233

Gas turbine MO OB L A AF — . & OPAN A L3 F — ORESERH
F 20 EARARTHEND. 2 vNAg ¥ FEHA 20 BERBEDgas tufbine 2
X 1 #iOstean turbine RBWOMS YN~ TH B, (B0MWDgas turbine 28
L80MWDsteam turbine 1D

OB BOTH. 1.2 e~ EB 0. Intermediate base load DA &
'%Mw&ﬁﬁénémf\mwmmsmmme3§mmm)almm@n%mmmMe
[ RZHahE T S,

ayang ¥ FHA 2 RS, BOEFZEOT. H0PRELDOOT. ﬁi’ii&h 3
BiPLE ®gas turbine 2w F & 1 #®stean turbine AHAE ST B,

HOFTVHET R, BOAEMPBSAFER T, M3 tstean turbine DIRH
MEOPHBHNIEL,

Ll A2 — YECEO TR, (1991 FBHR) a2 v g Y 54 7 vREON
BRIENL., XChIBRECERE SN LHETCE 20T DOStudy TD 120M
Ostean turbine WIHHLUVEFHEY» SRAWELRRTHELEAON D,

BOKHORET 5 ¥ PR S a B, ABO T.50h~k & S ZBase load %
S5 stean turbine cycleREBHM S OHHHE L. FHEBLEE—EROE
SREHHRENRALT 5 v NS H B X I CBRL I, | ‘

O DBE stean turbine cycleRBBOFERRBRTFANS L BHRGRYE 2
=y MERBRC AR S v o e A &SI, Aux, stean generator M
G d B Hk & steam turbine cycle BEBREE HOMULDHRBHIBRICLT
BT, SAh AT BHEND B,

R ERRT ARG X BRI Lo, ANOBABEOD
&w\ﬁ#mﬁﬁaﬁbn\ik\:@ﬁ%mmmﬁﬁbkﬁ%m$tm&ﬁﬁéﬂ
BOT. Aux. steam generator Ao ERAET 2 HHEELTHS S, Livl.
ﬁﬂ&*ﬁfﬁvb%ﬁ%ﬁ%@kb%ﬁ@&?%QTMmﬁ%m%mmmr#60
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%ﬁ(mm&%a)ﬁ%ﬁmﬁf&b\"@&aﬁ‘5o
=@ Type it steam turbine cycle FARHRHRE gas/steam combined cycle bt
RIS T 0T, Er BHORBACE 2w, WEREARR TS 2,
LT OO Type ORBY 5 v F BHHHNILS L TRENFRL TV S,
Stoam turbine cycle BRI, BN 0WEEAMA oh, IR C
Phase load HORNEE L TR EHEOBHORYER > T 2.
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Fig.7.5 Diagranm of_Type-A
Power plant consisting of steam turbine cycle generators
supplying steam to desalination plant and gas/steam combined
cycle generators

GAS/STEAM COMBINED CYCLE GENERATOR

Total output power

4808T/H ST : 360 MW

E GT : Gas turbine

Gen: Generator

. RH : Recovery heat
Cp : steam generaty

8T : $Steam turbine

8G ¢ Steam generatn

Ejec: Ejecter

STEAM TURBINE CYCLE GENERATOR

2
131 kg/cm 2

541 °¢ 3.1kg/em I z
9 : '
5G-1 O 290T/H - Desali,
) i Plant '
E—'j:igkg,_/_ o f18okT/D]
240°C 30 T/H |

, Aux. I ;

i Steam! |

: Gen. }:
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Fig.7.58 pressure &temp. of Type-A power plant

nrbine cycle

§;5£eam t : )
590T/H 131Kg/cm
600 T/H 541°C  822.6Kcal/Kg

?OT/H

to Ejc. of desali.

cam qen .

4[(g/cm
4°C

Steam
turbine

Condenser]

0°c @ @ Q

L—[F.W. I fleater f—|{Deaeraterfi{F.W. Heaterh

+ . product water 60,000T/day
L 7.4m3/sec without extraction

2.4m3/sec with extraction

“Has/stean combined cycle

R ——

sea waterk*

Desali. plant*

330T/H 4Kg/cm2
653.7Kcal/Ky

Heat recovery
steam gen.

62Kg/cm2
485°C 160T/H

Gas turbine

i)

Gas turbine

Gas turbine

120.5¥cal/Kg

57Kg/cm2
480°C
480T/H

Steam

turbine

\

|Condensepi

L —

sea water*#x

* . ISQ rate

kA 12.Sm3/sec
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(2) Type-BORE7I ¥ b

Type-BORIE 7' 5 ¥ + ORHERE Fig. 7.6 wnbli,

= O1ype-Bid. gas/steam combined cyclé?ﬁﬁﬁﬁﬁﬁ?ﬂb&%ﬁ?%&ﬁﬁz§21\ Base load ¢
Intermediate base load% Y 2RBWAIBILIN T E, % L"c:\ _?Ejk‘&akit
75V bR S RARSRR OB A AT B,

RRIOKILT 5 v 1A%, SARO 180, 0001/H Tl 3 . o, REWEOL)
2 T &% 2 OTypedRBSS ¥ bk RO Typet Ho~BIMRNIE IEH O
BTEEING, | | |

L0 Type i EREMICEMOIRORFMORICHIEATRETH 2. WH. &
turbine . stean turbine cycle RBMBHIMAME LR Y. H3OFLT 50
EBTED, T % gas turbine cycleRBEI. WL BUSRCRNESR
O ENTE B,

UL, S0 Type BT BARKET 5 ¥ b SBESLRORKERE S0

5Kﬁ\¢ﬂ<tb5459f@gwimﬁmcwh%@ﬁﬂ#ﬁﬁéhfmﬂﬁh
95 55w, 5. ) A0IMORBHIANEECH 3,
I Olypelt. T2=v b Dgas turbine cycle RBHE. 222 5 + Dstea
tarbine cycle RBHA—FBLE TV 50T, BEEEREETH B, Br02
=y P OREE. ZRENB o TV 50 TR BB, 8% 0w nd,
Ehe. SHNABEAREL LB, ZOMBET AL T, EROERINCY
BE BB T B RELRC. RERNIELL,
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Fig.7.6

Diagram of Type-B

pomnrplant consisting of gas/steam combined cycle generators
suppl?ihq steam to desalination plant

41kg/cm? Total outmut
i ’ ’ outpu awer
Stack) ] -, Y4OT/B nonwp i
- g iy - 3,1kg/cm? :
Ve -1 4257/
Gen-1 L—Jﬂ-]l s97m/u 220/
souw at so°c] 3
; é S0OMW
cT-2 [ | RE-2 99/0 preereeeeeremy
- e T/R ' i :
4 @ o ' 'F“_—“'“"‘f*%vesali.;
BOMW at SODC . : ‘ §P1ant :
30T/H : 180KT/D!
3 é ' ~ Ejec.lOkg/cth? .;
RH-’3 o S e N -‘; i
L—l——1 425T/H b
- 597T/H ‘ :
BOMW at 50°C| po——r § g
S . . ST-Z E
3l . —
{gen~a) LﬁﬂLuﬂ_i . Steam; :
BOMW_at 50°C % Cp __________ 3 :

80MW at 50°C
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{3 Type—C@%%‘%f?"‘} vt

Typo-CORB 5 ~ + OFMEE Fig. 7.7 RLK, |

\,O)Type Cid. Type-ADRE Y ¥ ?~0)gas/steam combmed cycle%ﬁfﬁﬂ-ﬂ\bb
BRERLES S v P ~ABRERBI LI TH S, ﬁE-o‘C-. %‘E?ji\‘.li&*lﬂ
GC’I’ype_—ﬁ&:ﬁRf‘c’."%Eno

cwhm®%§7§ybﬁﬁg7?u%kénfm%ﬁﬁﬁﬂ%mﬁﬁ@%ﬁén\
steam turbine cycle & gas/steam combined cycle ﬁ*ﬁ]ﬁkiﬁiréﬂfb\éck
DlypedRBT 5 ¥ b EHORPEORGIATR TS B,

Ldl. oo Type iXHITS gas/steam combined cycle RTMBBHL, S/
wdeL&ﬁbf$ﬁ%ﬁbfﬁi%ﬂ%§%gmxmm? &m&mmvy |
REShORRBUARBRICRILT B EEBE L»?a S T O #€ T steam
turbine cycle R|EIEN L. rﬁa‘(&m‘c{h"fy YA BORRAERE TR SN
OERLWAB~ETH B, o

I+, Type-COsteam turbine cycle %ﬁﬂﬁ?ﬂi\ Type.—ﬂélf_ﬁ'] D”é“ﬁc:%ﬁﬁ*ﬂ@
THHY, Fig 17T WRLR LD &, gBS/s.tean; combined cﬁble%ﬁﬂﬂiﬁ;. R
ST-4(Gen-4) OBAAEAEAT 5 ¥ P ~HAERET B RA R SOMETS
Bo Uinbe T OB BABKILT 5 ¥ PARRERE LRSI, Type-AL.
AR CH 2o 0T ST-4(Gon-0) OBBE. Type-ALFIL D120 At
LT &k, | o |

Type-CRt. RBIAMFANS T2 o MARANZHELTOSBET, TAHO
cycle M BEKBKILT 5 ¥ F ~ARAORBRTRE DT, D RN Type- Mt
MTehd, T DTypeid. BRHEKRET S v b C BT ERFRENEBETDH 55
Type-A& B, steam turbine cycle ®ORBEERFE & gas/steam combiﬁed .cycle%ﬁfiﬁ
BAMBE T 30T, Typo AL BN TREMEANTTS b, £, HEHEHE
TP EEECEIL T b Type- AT H 5, |
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Fig.7.7 .Diagram of Type-C _
power plant consisting of steam turbine cycle dnd gas/steam

combined cycle genexators,supplylng steam to desalination plant

GAS/STEAM COMBINED CYCLE GENERATOR

élkg/cmz
.I. Stack o N '-I‘ota.l output power
: R ' G/C:  320MW (360MA)
- - 3.1k 2
IR kg/en? 60T/U ST @ 360HW
B _fj 100T/H
BOMW at 50%C : 525T/H -
——
- S R0
@ L | (Laomw)*
]
360T/H
_ _ |
somw at 50 c
STEAM TURBINE CYCLE GENERATOR
. 2 * e
' , "‘I Desali.
10ku/cm2 Plant !
Ejec. 3OT/H’ lBOKT/D
\ {"‘-
L AUR.. ||
! Steam! !
gGen. ! E

* Numerical value in ( ) is max. rated capacity.

* #

Pressure & temp., of steam turbine cycle are same value of Type-A
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@ Tyoo-DORET 5 ¥

Type-DORBF' S ¥ + ORRRE Plg, 7.8 LRLE,

T ® Type-D . Type-A® steam turbine cycle%@%&ﬂ*% gas turbine cyclef
BRBCERARERTH 3,

5y MO gas turbine cycleFsMMIARIL. Base load F4H L. HEEE ¢
P &Eﬁm&bfxﬁﬁé%éﬁfcmhmdwde%ﬁ#%f%bfﬁﬁmﬁﬁ
RABOMNBERORTE. WABKLT 5 v il 5o |

Gas turbine cycle %ﬁ%mﬁmlﬁ&¥/\h%®“5ﬁmmlﬂ v b OBIEEHC i,
o @ Type B Aux. steam generatord & OB LA LRBRIEE SR, (3
Wit Type-C Ok c:" gas/stean combined. cycle b b%ﬁ@ﬁtiﬁm‘ﬁ]ﬁﬁts%%&
BhessLbTEs) - A

Type-B&IARIZ. & @ Type BEARKILT S ¥ !‘ﬁfﬁﬁf«iéﬂmﬁﬁi’&%éé%
Bt ¥ 00WORBHRAMUBECH S, D Type i, gas turbine cycle RE
HRA2ERCHAMIN T 20T, B2 RAOEENTR TS S, B,
Typo BORET'S ¥ b LORHTHY . & OHBUMBHE b HHCMBS AT S,
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Fig.7.8 Diagram of Type-D |
power plant consisting of gas turbine generators supplying
steam to desalination plant and gas/steam combined cycle

generators
GAS/STEAM COMBINED GYCLE GENERATOR
57k5j6m2
480T/H
y L ‘Total output power
. sir-l _ G/C  360MW
= ' GT  400MW
oL 12080
RH-2 -
i R
80MW at 50°C -
R

8OMW at 50°C

pamemeeecees_a

ZDesali,
g ' . ‘ '2 gPlant !
80MW at 50°C 10kg/em® 1gpxr/p
 Ejec. ﬁ‘ ’
30T/H L.

GAS TURBINE GENERATOR

'
-

VAV A ol
>

RH-3 7

: GT"lI . E ) ,E '
) ' ‘ @ RH-4 S

80MW at 50°C

]
> @ [R5 _

BOMW at 50°C

Ay

VAV LR
W
G W
o rr
=0 @
[ak)
=]
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5} Type-BORBS S ¥ b

Tyoe-EORBT S v b OB &N ORBERFig. 1.9 WRLI.

= Olyge-Bid. Base lord#3HAF 5 225 » + O turbine & Intermediate
wm%ﬂﬂ?%%ynwmmmmwcwmﬁﬁmﬁfmﬁén%u

& Dturbine OWERTII. HARBKET S ¥ F ~ERER CE—EROBHGN
ﬁbh%oﬁﬁﬁﬁmﬁiﬁ\ﬁmﬁmm7ﬁvbwﬁmiw&afﬁﬁéhémﬁx
RBEMAE. SNISROZLCSPETRBCRE Y 5 & LN TETN, BICHEH
%W LC OBase load B & OFIEturbine RBBC ALY 20ME LTV,

FHFE turbine WMIEAREHRROOT. turbine RO RByped VN TH S,
o Oturbine RB/BORPBRBELMN, ShdiikEKLT S ¥ bERBShAKO
BRI A D,

ZORBIypele B TE. 28 Ogas turbine & 1 #iDstean turbine At N4
VIEHAL I AEBRLTOAOT. ChoRSEN CORIFELype- D2 ) NA ¥
F4 4 7 TR,

GT-30gas turbine RH/BIL. 199IFMEINIBARITRCHGEES2D
KHELAELDTHD,

UL, 7.3 Tii~akdw. 3H¥Dgas turbine & [ BiDSteam turbine A OJK
BAVNAVEFAL I OEPERENCERN TCH DT, TO6MT-3HFie. 1.9 ¢:§%L
fod S istean turbine ~"EXZEB{I200BHHL T3,

ZDRBIypell. 2RMO 2 vl Y P4 2 vdgas turbine RBEITHRIN
TVADOTHE turbineR%ERU ., REOEHUMECHAEIERTH S,

CORHKBIypellBAORBEENOMTH 2D T, ﬁﬁ%&*gﬂm 120M0T B
ATypel R L €1 withRE LI L X OEEHVNE . CORBAREBERTH S,
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Fig.7.9 Diagram of Type-E
¢ plant consisting of back pressure steam turbine cycle
a

Do
:nerators supplying steam to desalination plant,gas/steam

nbined cycle generators and gas turbine generator

Total output power
G/C -A80MW

GT 80MW

ST 16 0MW

Total 720MW

8 OMW

73.1Kg/cm2 e 1
! i
PR _ ) pesali. |
2 Plant |
Ejc. \OKY/ON._ ygoxr/p 1
30T/H t )
T Loop- -

e 1

| BUX. | \

1 Steam: )

| Gen, ! |

]
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Fig.7.98 Back pressure steam turbine cycle

pressure & temp. per unit of Type~E power plant

S85T/H 81kg/cm®

600T/H 505°C 812.2kcal/kg
157/H |
Steam gen. to Ejc. of desali. Steam _ Gen.
84Kg/cm2 turbine 8 OMW
508 °C N
200°¢ {beacrater Desali. plant;*
[Fuei] 495T/H 4Kg/cm

656.1Kcal/Kg
120.5Kcal/Kg

**: Product water 90,0007/day
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o Type-FORET IV b

Type-FOSBT 7 ¥ + ORREIZFg. 7. 100579,

Type-Fids Type-BEMAMITEIL ¥ 25 ATH B, #-C. WHEOHE I Typo-B L
RLCHb, LibL, BIATECHS 4 77X T 5 &, Type-Fid. Type-Eiclb~TF
HHOMTHATHY. LDEHEORHYRAFLTHS,

@ 1.3 BTR~ALMY AF— by - | REERORBBOKT ORI,

1 Annual inspection ZFRT HEAI. Type-EDIFA L unitHtannual inspec-
tionERP Tk, DT uni tHEET SRWCH o F—BEHO] ani tABIs
ok nid. BRERNL D EREREN~OZR OO 213, chickL
z\wm$ummx%—Aﬁmay3mns®75yb%&?5%b?\1mu#
annual inspection SR C. {02 uwnits BB LY. F—R¥#hol

i tAERC & D ISIEL T HIRO O unith & OBRERES S v + ~ORTOR
GETIRETH 5,
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Fig.7.10

Diagram of Type-F

pPower plant consisting of back pressure steam turbine cycle

generators supplying steam to desalination plant,gas/steam

combined cycle generators and gas turbine generator

GAS/STEAM COMBINED CYCLE GENERATORS

GT1 57Kg/em’
480°C
[:)x<i: Gen-1 RH- 1
SOMW e 5T-4
GT-2 1! % -
-
- RH-2
50MW |
gr-z F -~ " -~
[ : |
‘
Fomw |
GT-4 [ E % -
t
D) s
5OMK S ST-5
% ——— |
GT~5 ~
[:><i: <§m~5 RH~4
80MW

RACK PRESS. STEAM TURBINE CYCLE GENERATORS

J !

|
ch.#“”’ﬂ
| sT-1 e

S5G-1
‘—‘\_‘——-
60MW
Sokg/cm2
500°C
5G-2 ST~2 é%;)
i 60MW

™Y

60MW

1
-

N
7 ,
gm Damp, Cond.
<ot

Total output power

G/C 480MW
GT 80MW
sT 180MW
Gen9 ) potal 740Mw
soMw
&
80MW
3. Kgfem r- - T - 1
¥?%G{-; Pesali :
2 1 Plant 1
10Keg/cm
=T~ s JBOKT
307/H | /b :
s L= -1
Caux. |
| Steam
1 Gen, !

Lo~
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g gy v P EROME
i1 BERONE
T4 SO R BRI DT, R Table 7.2 1R
Hiigat ORROFRIROF Y
() fikdek{bd KO R ORE PG ER
Type-BUIAA L, BFHHGEEANT S 5,
o) SHAN
WIgETHRONTV AL I, BENOBAN G Type- AR DR,
(3) {4t
Wy oMz Cdd 2EEE L. Blypel DABRUTH B, LML,
Desal ination plant & power generation®HEIGH OEHM. $4bbiv-Thhyr—
KO7S v b O—ARELAR. RBYEMA TS ¥ b ~OBBOES, o RN,
Type-8, C, B, F BEH T2,
@) A=—vEOBRRLEOBAN
Fv—YEOBREVIBANOTRIE, Type-FRBED RV, OHEHETL
Oy TH D, |
fa) A2—YIHOTRAPCUENRENBRECEY . 19IFOREL U,
B b 2B OEMAUEELLE, J0kD, KPCELTE.
1 mitORFEL., 20umitOFERAITNEKE NS KEEHEEEX
DEREMREL B,

Type-Fic b ik, BAOBBREB IS8T S D Base load £HYT
Zsteam turbine ORPBARIZOOMMNTEH - €. BB DI VEENRB S
T3, fto T, FREHOT] it LARBEL T, Zhi DTS
HEIRELIN S, | B

b  BHREOsecuri tyd RIM o4 hid. SIESBAT 5 LS L/(I-“o

Type-Riz B0 BEBERRAIEENCAS OO T, Type-FREIRHAT
BIRENBALT B OBL T,

() MEWIL. steam turbine generator ZO MR E4R L bHEORRL
kol ZRLULS &F 5EMER 2TV 3, BIEA =~ VizdEDstean turb
ine DRBABREE - UhSLOT, BAE 120ME 05 XSS REBFEOR
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AR - HHEOT TR LTS 05, Typo-PORMBRUSIGVE],
F00. LIROBMNS T R, Type-FORMIMEWE & o TRAME
THBS, | - AR
(a) nmﬁmfév+n$mtﬁ mm&m&v*yraﬁébfné&mdmd
mm%ﬁﬁﬁ®$ﬂ§§ﬁ$émm?\ﬁ@%ﬁbfﬁﬁﬁﬁﬁ$ﬁ§?$%
T &53@%%Tﬁﬁﬁé _
FEOEhO & ‘9\ %‘?-—'./(Dﬁﬂtﬁ“”sii% oY= Type—Fl:H&O)Tybé#:j:twt
oo s OB & o K Type T 2 LEE NE,
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Table 7.2,

Comparison of Various Matters for Type of Power Plant

Energy generation

Thermal efficiency
(a) Max :
(b) Annual

Construction cost
Stability in operation

{a) for Desalination
(b) for Power generation

Durability in continuous .

operation

Reliability of operation

Fuel used

Operation and
maintenance cost

Fuel consumption

Reliability in joint
operation of Pesalination
and power plants

Adaptability to stable
power supply

Economie evaluation
Benefit/cost ratio of
Type-F

4.8 x 109 kwH/Y

65%
55.7%

- 167.4 x 106 R.0.

: good
good

17,000 H (ST)
8,000 H (C/C)

96 %/Y (ST)
86 %/Y (C/C)

'Ratural gas
Distillate
Straight residue

6.7 x 106 R.0.

1,618 x 108 m¥/y

good
normél

10.949

4.7 x 109 WWH/Y
T0%
 58,2%

164.4 x 10% r.0.

- good
Difficult Variation
for Power_Demand

8,000 H
86 Z/Y

Natural gas
Distillate

6.6 x x 109 R.0.

1,526 % 100 nm3/y

no-gbod
good

0.933

720 My

4.8 x 109 wwH/Y

654
55.7%

168.2 x 106 Rr.0.

good
good

17,000 H (ST)
8,000 ‘H (C/C)

96 %/Y (ST)
86 %/Y (C/C)

Same as Type-A

6.7 x 109 R.O.

1,618 x 106 mm3/¥

good
normal

0.950

4.8 % 109 wwH/Y
632
55,2%

171.8 x 106 g.o0.

good
average

8,000 H
86 %/Y

Same as Type-B

6.9 x 10 R.O.

1,619 x 106 nmd/y

average
normal

0.952

4.8 x 109 wwH/Y

58%
54.9%

178.9 x 105 Rr.0,

good
good

17,000 H (ST)
8,000 B (C/C & G.T.)

96 %/Y (ST)
86 Z/Y (C/C)

Same as Type-A

7.2 x 100 R.0.

1,645 x 106 wm3/Y

good
good

0.991

—— . , . .
Type—A Type~B Type~C Type-D Type-E Type~F
A .
15 Conting ) co 1G4S Gotnbl -
16/S Combind ) 1678 Combind) 6/ Comond {675 Combind) (6% Cambind)
. Mw . . : . : i on MW
i 0%t - 20 1) BO x2
He| ST (C : . ne| ST _ nr] Y&
Fusi Cond. ) il H.R . Fust il Fusl . Cond, 3soM¥ cond. s0MW
_._._|#>< _ 1360 Funt I— ragM¥ 360 LT Fual ,
Kind of Generators GH . oWy e () e /7 PR 6sT gy 6r T B, 5
. C . o e/ T Bd‘“ﬂ_? ) " o LGos Turbine’) - . Tiehi Pressurel)
(Steom Turbine (Exiraction)) ' (Steom Turbine (Extractionl} 03 Soll {Steorn Turbine (Back Pressurel) {Steam Turhine {Back Fres
' C g CFuel | | - . . : W
. Fus - H.R Fumt s a
) S.6 e ) Fual Pumt
L e 350 Fuys} —s. i I 184
| . _ M*m@_"‘wc’mw Dee So
. et 8d™s
[Besar e

Total out put . 720 MW 720 MM 760 MW 720 MW 740 M

4.8 x 102 WH/Y
59
56,82

197.7 x 109 Rr.0.

good
good

17,000 H (ST)
8,000 H (C/C & G.T.)

96 Z/Y (ST)
86 %/Y (C/C)

Same as Type-A

]

7.9 x 10% r.0.

1,639 x 106 nod/Y

good

very good
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pew  SEMRTT S > b oMESRRE

AR oV T ORARNEH LI

8.1
8.1.1 Bt
0 coREBYI YV FOMSBEHL. BISHOKMRMIETEH T RTR AT Type-Fix
ShTETBbDET B,
(0 SZHBEBOTIHBELEHBUTOBD TH S,
AR |
BO® 50 ¢
B OB 5
RSB HR 50
Y |
SHRIE 0 c
BERE 3 T
# B
SRR 0 %

WRmE Rt 100 %

B0 RERROBAN
ARDROSBC PR 0. B % b 22 < T2 RO BEROTERAO b0k
WRDBDRAT B L &L, chik - T, THOEESTETH 5.
HFOBRIE . ORI (BE) OBl B BESCOVTRT,

8.2.1  Steam generator for back pressure steam turbine cycle

(1) Fundamental fuel Natural gas of OMANI
Low heat valve 9,024 Kcal/Nnd

{2} Bmergency use fuel Stfaight residue
Loﬁ heat valve 17,840  BTU/Pound
Density at 15 ¢ | 0.9267  ke/l
Viscosify, Kinematic at 50C 176 ¢St
Sulfur 1.6 Zm

8- 1



{9)
(10}
m
(12)

{i3

8.2.2

(1)
(2)

Pour Point
Ash _
['lash Point
Water
Sediment
Carbon residue, Ramsboftom
Sodium
Vanadium
Nickel
Copper

Iron

Type

Numher

Rated steam flow

Steam pressure at 5. H, outlet
Steam temp., at S.H, outlet

Fesd water temp, at
economizer inlet

Braft system

Economizer

‘Air heater

-9 ‘c

0.02 Im
102 T
0.05 A
Trace #n
5.8 am
%.4  pom
16.0 pom
6.5 ppm
1.0 oI
4.6 ~ ppm

Natural Circuiatidn module typé {finned
water tube ‘

3 .

ca. 400 T/H
ca. 80kg/cd
ca. 300 ¢

ca. 160 C

Forced draft
Horizontal bare tube type

Botary type

Straight residue®i¥>Ba . BELTY 54 DMBLRIBETSH 5,
M. FRY O ARAF Y AT IEADERIN D, _
Straight residued iy ¥ 7 2L, 15,0000 OAE § MUETH D,

Steam turbine

Por back pressure
~ stieam furbine cycle

Type

Number 3

Impulse type

For gas/steam
combined cycle

Impuise tyﬁe

2
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@)

()

()

8.2.3

f1)

Rated capacity

Speed |

Initial steam pressure
Jnitial steam iemp,
Exhaust pressure

Type of rotor

Hethod 6f coﬁplfng _
Type of joufnal bearing
Type of thrust bearing

Type of casing

Generator

Type

Number

Rated capacity
Power.factor

Voltage

Short circuit ratio
Frequency

Number of péles
Number of phase

Speed

Insulation class

For back pressure

6OMK 80MY
(at 50C ambient temp.)
85Mu
(at 15C ambient temp.)
3,000 rpn 3,000 rpn
ca. 80 ke/ci ca. 60 kg/cd
ca, H00°C ca, 480°C
4k8/(¢ﬁ 66 =allg
Solid forged type Same as left
Rigid/holt coupled , #”
Efliptical overshot type ”
Tapered-land type #
_Casting or fabricates type "

For gas turbine For C/C

steam turbine

Totally enclosed Same as left Same as left

self-ventilated
forced lubricated
cylindrical rotor
ivpe

3 5 2
ToMH 140HW 110HwW
0.8
11,500 ¥
ca. 0.5
50 M
z left
3 :

3,000 rpm

Same as Same as

left

F with clss B rises
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{1 Cooling methode
Stater & roter

(13 Reactancs

(4} Excitation system

8.2.4 Gas turbine
(1) Fundamental fuel
(2) Emergency use fuel

Low heat valve

Air cooling open or
closed cycle systen

Xd ~ 200%
KT~ 2096
X"~ 14%

Static excitation
Peak voltage : 1.5PU

Response time
in 0,95 py

Natural gas of OMANI
Distiliate of OMANI
18,400 BIU/pound

Density at 15 ¢ min 0.820
max 0.870

Color ASTM max 2;5
Diesel index min 50
Cetane index . report
Viscosity,Kinematic at 40 C min 1.6

| max 5.3
Cloud point max —
Pour point fmax 0
Sulfur max 1.0
Copper corrosion (3h/100°C) 1
Carbon res, Ramsbottom max 0.1
Water max 0.05
Sediment - max 0.01
Ash max 0.01
Flash point PMcc min 62

(3} Type

(4} Number

under 1{0msec

left

ke/l

ke/1

Heavy duty indﬁstrial—type

5

Same as Seie

I



5}

(9}

(to

Rated max. capacity

Number of shaft
Divection of rdtation
facing in dereclion of
air flow
dir compressor:

Type

Casing sprit

Compressor speed
Combustors :
Bearings

Nunber

Journal type

Thrust type (loaded)

firain systém

B84 M4 at H0°C
109 MW at 15%C
1

Counterclockwise

Axial, heavy duty
Horizontal

3,000

3

Blliptical & tilting pad

Equalizing

Graviiy

) Natural gas & Distillate OEIBAUHN 2 & — & wASHE D HETL 2

BETRniEE e,
ffxymt"V&:i@jﬁmﬁérs%ﬂc:m_\f@&éﬁ‘#&%t:mnnex 5 c@:iﬁ?iﬁ*) THD,
12 Distillate®irmi? v 7 B3, 00kl OAE INLTTH 5,

8.2.5

Heat recovery steam gencrator
Type Natural circulation module
type finned water tube
Number 4
Pressure level Single
Rated steam flow ca. 160 T/8
Outlet steam pressure ca. 60 kg ol
Qutlet steam temp. ca. 485 T
Feed water temp. at ca, 43T
economizer inlet
Exit.gas temp. 170 %ﬁ

Pressure drop .
{at 15°C ambient air)

{0 inch H20
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8.2.6  Condenser

For gas/steam combihe& cycle Damp. condenser

(1) Type Surface typse Surface type
2) Number 2. 1
{3} Cooling water quantity 9,15 oi/s 3.7d/s

at max. temp. rize TC
(4) Reat duty 221 % 10%keal/H 88.4 x10%cal/i
(6) Inlet water temp, 30 €
{6} Vacuum 64 mmlig - abs ' same as
(1) Condensate water 43 ¢ -~ | left

outlet temp. .

8.2.7 HEAR

K4 5. Steam turbine . Gas turbine PRBEIL. HHWHPHBERT 58T
SHHBORAIC & » CETERT 5. R, Fig.10.10 R L HRHENE CRREE
FHCRELLD. FfIT L L bTE B, |

COHBHAVERAEY A7 AR BEK. 2 LCHRCRBOEGERIEL
T FEEx= oy tO) BEPELENTE S,

& O HEMEREC B U 2 BRNIHEMRIROBE SO TH 5,

A4 5 HE | | |
iyl

HREI

FERRE (B #Hip

Steam turbine & LURBIBHIH

A N

HEEEHH

25 y=Replbi

Gas turbine HifH

AL

B 0 odeiz & 2B L U IEE
Bz FEOSys tenFliH

74 R BaReER
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8.2.0 MEEBHIR

coStudy BV TEETE 2Type-FORE Y 5 ¥ + OBRIMBE AN, Fig.8.1
wilize COFRB2BOEEREBECEOREBY S v b 2T5KVEEE SN
RIS NARRTH B, (1 GOREBITRTS 2)
8.2.0  HERANKFAHE

BRAAVK R A Fig. 8.2 IRT,

Cas steam combined cyclefWSEMIE R U CliliER B S Wi 0T FHomHK
BiA RS B AR,

#oTs ST 4EST5HRACAHRABEEDRL . B2 PHOMAA 7
LREFRETH B,

Damping condenser UV FNOBIIKTA 5 CHIKTS HHAR O~ TH B,
8.2.10 HE75 >+ OWEMERNS LU LHFLE

Fig.8.3 RE7 5 ¥ F ORBRENAERT,

Fig.8.4 wRE75 v t OTLHELHEERT .
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ELECTRICAL SYSTEM OF
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Fig. §,2 SEA WATER COOLING SYSTEM

ST 5
L
A== -—
Damp. Cond. o :
] — s s .
L Lm%—_
2.9mp
2.5m% |
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Table 9.1 Sea-HWater Quality-used as design condition

Item Unit fuality
Turbidi ty B 0.5~ 14
pH — 8.1
Bleciric Conductivity mS e 5.0
Acid Consumption wglal0a/1 116
(Alkalinity)
Total Hardness mglalls/1 6,750
Suspended Matter (SS) ng/1 0.7
TDS(110) mg/1 39,500
— — ]
TDS (480_) mg/1 35,500 -
COD un ng/1 0.9
—]
COD on mg/ | 7 0.2
TOC mg/1 0.8 ,
{1 %o 20.4 »
SO&- mg/l 2; 940
NH4-N ,ug—at/l 3.6
NO- pe-at/l 0.06
NO3-N ug-at/1 0.09
T-N ug-at/l 16.3
P0.-P u g“Bf/I ’_-_ .73
A
T-P He-at/l 1.19
510481 ug-at/l 4.6
Na mg/1 - 11,400
L )
Ca mg/1 426
Mg mg/1 1,380




Table 9.2 OMANIAN STANDARD NO.S DRiNKING WATER (0S 8/1978)

Tiem

Unit

1) Physical Properties
Color
Taste & Odour
Turbidity

2) Chemical Properties
a, Toxic chemicals
Lead
Selenium
Arsenci
Cadmium
'Cyanide

Mercury

Fluoride

Nitrate

b, Chemicals that have
special effects on health

mg/ 1

”
”
”
”

I

I

4

Condition

In General
Colorless’
Tasteless & Odourless

Free

HMaximum Permissible Level

0.10 -
0.01
0.05
0.01
0.05
0.001

0.8
43




Table 9.2 OMANIAN STANDARD No.B8 DRINKING WATER(OS 8/1978)
(Continued)

concentrations

" Level
Item Unit mr——— ]
Highest - Maximun
desirable Level | permissible leyg]
¢, Chemicals that effect the
suitability of water
Total dissolved solids me/1 500 1500
Copper o 0.05 1.5
Iron # 0.1 1.0
Hagnesium ” Nol more than 150
30me/t if there
are 250mg/1 of
sulphate
if thers is less
sulphate, magnes-
ium up to 150me/1
may be allowed
Manganese % 0.0b 0.5
Zine o 5.0 15
Calcium o 15 200
Chloride o 200 SOQ
Sulphate # 200 400
Phenolic compounds o 0.001 0.002
(as phenols)
Total hardness # 100 500
pH range — 7.0 - 8.5 6.5 - 9.0
Level
d. Minimum residual chlorine mg/ 1 0.2 - 0.5




Table'9.2 OMANIAN STANDARD No.8 DRINKING WATER(OS 8/1978)
(Continued)

Tiem Unit Max. Level

3) Bacteriological properties

a. Treated Hater

Bscherichia Coliform number,” 0
: 100m1

Coliform Organisms _ number /- 10
100m1

Throughout any year, 95 %
of the samples examined
should not contain any
[poliform organisms in 100ml.

b. Untreated Water

Escherichia Coliform number,” 0
100mI

Coliform Organisms number 10
100mi
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Table 9.3 Supply Condition & Fee of Electricity

[tem Supply Conditién_or Fee |
Yoltage 33 kv
Cycle ' 50 Hz
Phase S | 3 phases
Fee Conéumption Slide Fee : 20 Baizas/kWh
Meter Rental Feék: 150 Baﬁzas/mon

@ B oW | |
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Table 9.4 Specification & Price of Chemical

Chemical Specification Price
Scale Inhibitor 100%6Conc. 1.800 R.0. /ke

Anti-Foam Agent
Line Stone
Soda fAsh

Chlorine

100%So01id
100%Powder

-Liquefied gas

1.190 R.0./kg
0.104 R.0./kg
0.324 R.0./ke
1,100 R.0./kg
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