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PREFACE

In response to the request of the Government of the Islamie
Republic of Paklstan, the Japanese Government decided to conduct
a survey on the Detalled Design Study on the West Wharf Thermal
Power Plant Project and entrusted the survey to the Japan Inter-

natlional Cooperation Agency (JICA).

The JICA sent to Pakistan a survey team headed by Mr. Akio
Oiwa, Tokyo Electric Power Services Co., Ltd., £rom December 1988
to Decembar 1989.

. The team exchanged views with the officials concerned of the
Government of the Islamic Republic of Pakistan and conducted a
field survey. After the team returned to Japan, further studies

ware made and the present report has been prepared.

1 hope that this report will serve for the development of
the Project and contribute to the promotion of friendly relations
between our two countries. ]

I wish to express my deep appreclation to the officials

concerned of the Government of the Islamic Républic of Pakistan

for their close cooperation extended to the team.

January, 1990

Kensuke Yanagiya

Pregsident

Japan International Cooperation Agency
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PREFACE

This Detailed Design Report was prepared based upon the Detailed
Design Study Agreement for the West Wharf Thermal Power Plant

Pfoject. and was agfeed upoh Between tﬁe Karachi Electric Supply
Corporeﬁion Ltd. (KESC) and the Japan International cobperation

Agency (JICA}.

The Detailed Design Study éims at preparation of the Defailed
Design Report (Final Report I) and the Tender Documents {Final
Report II) to make possible international procurement of power plan£
facilities and construction of the West Wharf Thermal Power Plant

Project.

This Detailed Design Report (Final Report I) describes all
engineering items deemed necessary for implementing two sets of 200
MW oil-fired thermal power generating units for the newly
reconstructed West Wharf Thermal Power Plant and related 220 kV

transmission and substation facilities.

These engineering items are prepared based upon the results of the

Detailed Design which followed the Basic Plan of the Froject.

The necessary engineering items have been stipulated in the Tender

Documents which will be used for international tendering.

The-Detailed'bésign Rebort constitutes, the accumulated design
results of the West Wharf Thermal Power Plant, and will be used for
understanding why .and how the design requirements and specifications’

were derived at and decided upon.
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Should any doubts or ambiguous items be found at the time of the
implementation stage of this Project, the original intentions of

KESC and the Consultant (JICA) will be referred to accordinpgly,
The report consists of the foilowing three volﬁmes.

Volume 1 General and Power Plant
Volume 2 Transmission Line and Grid Station.

Volume 3 Architecturzl and Civil Work

As the Tender Documents (Final Report II) are divided into four (4)
lots in accordance with the wishes of KESC, the Technical .
$pecifications were prepared by carefully selecting the "Scope of
Supply" items of each lot, uninterrupted construction work with no

omissions, etc.

This carefully prepa:ed Scope of Supply will ensure smooth and
‘effective construction work by each contractor without any

unforeseen difficulties,

To clarify each tenderer’s proposal, the "Form of Technical Data
Sheets”, stating the contents of the Technical Specifications, was
prepared so as to be filled out by the respective tenderers at the

time of tender bidding.

Tender documents have been compiled and.contain the Instruction to
Tenderers, General Conditions, Schedule of Prices, Technical _

5pecifica£ions, etc.

As the Instruction to Tenderers and General Conditions comstitute -

the main portion of the Tender Documents, these were prepared’
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carefully so as to reflect KESC standards, practices, etc., based

on full consultation with KESC.

Tendering will be divided into four (4) tender lots as described

—

below.
Lot I:
Lot 1IA:
Lot IIB:
Lot III:

Power plant facilities

Supply, erection and commissioning of boeiler,
turbine, generator, electrical control and
measurement devices complete with accessories, and

architectural/civil work.

Supply, erection and commissioning of 220/132 kV
substation at the West Wharf Thermal Power Station
area, extension of the Baldia Grid Station, and
related architectural civil works including
underground caﬁle tunnel with all necessary

facilities.

Transmission line(s)
Material supply, erection and commissioning of

transmission line(s) including related civil work.

Dismantling work

Dismantling work of ®"A", "B" and *BX" Stations.

I O S O
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1. Outline of the Project

Based on the conclusions.of thé Feasibility Study of the West Wharf
Thermal Power ?1ént.Dev91§pment Project,_it is essential to
construét large capacity units in the existing West Wharf Power
Plant area in view of the present KESC power system operation and

the rapidly incréasing power demands.

Outline of the project and the scope of the construction work, which
is divided into two stages (the first and the second stages) so as
to facilitate smooth and effective construction work, is described

as follows.
(1) Power plant facilities

Two (2) 200 MW oil-fired thermal power generating units, with
auxiliary equipment and other power station facilities
including office building, etc., will be constructed at the

site of the existing West Wharf Thermal Power Plant.’

The existing cooling water intake channels within the premises
‘of the Karachi Port Trust will be utilized. Also,'discharge
- channels will be constructed within the premises of the Karachi

+ Shipyard, crossing a public road in the West Wharf area.

I-2-1



(2)

(3)

Transmission line and grid station facilities

220 kV transmission line(s) will be constructed betwsen the

West Wharf Thermal Power Plant and the Baldia Grid Station.

'For this purpose, 220 kV and 132 kV substations will be

constructed within the premises of the West Wharf Thermal Power

Plant.

In consideration that supply of electric power be continued by

the existing 11 kv and 66 kV systems during the period for

" constriction of the new plant, 11 kV distribution facilities
'will be left as they are, and the 66 kV power transmission and

substation facilities will be sﬁbsequemily dismantled by

switching over to the new 132 kV system after comple&ion of the
new power transmission and substation facilities.

The new 132 kV system will be planned and constructed by KESC.
However, the switchyard:witﬁiﬁ ﬁhe power plant.éite wiil be

included in the Scope of Work of this project.
Special considerations deemed necessary for scope of the Project

Because the project is planned to constract a new plant in the

existing thermal power plant site with decommissioning and

dismantling of the existing facilities, the following items
will be constructed during the West Wharf Thermal Power . Plant

Unit 1 construction period.

(a) To improve the effectiveness of the construction works and

to eliminate work difficulties, the dischargé channel and

I-2-2
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(b)

(c)

(d}

(e)

outlet of the condenser cooling water for Unit 2, which

will be conétructed'glong Side.that for Unit=1, shall be

“executed at the time of Unit 1 construction.

Under the shme.considEratidn and requirement of plenfy of
water in Unit 1 construction and test operation, the water
treatmsnt system and waste water treatment system for Unit
2 shall be constructed at the time of Unit 1 construction.
Because construction of Unit 2 is scheduled to commence
successively to Unit 1, the stack flue for Unit 2 shall be
installed simultaneously with Unit 1 construction.
Temporary facilities

Due to the restricted site area and the particulars of the
project, e.g. execution of construction work with
commissioning of the existing "BX" Station, some temporary

facilities should be included in the Scope of Unit 1, such

(i) Temporary natural gas fuel supply facilities for the
"BX" Station
{(ii) Temporary administration facilities for management of

Unit 1 operation

{iii) Others

Transmission and distribution facilities

In order to accomplish early decommissionipg and
dismantling of the.existing "BX" Statioen, the 66 kv
switchyard and related facilities, the 220 kV transmission
line and 220 kv/132 kV_switChyard and associatéd

facilities which are gbove mentioned, should be
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implemented as early as possible so as to secure reliable
power supply for the West Wharf area and for facilitating

construction of the new power plant,
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OQutline of the Scope for the First Stage of the Project (Unit 1

Project)

The project scope for Unit 1, the first unit of the West Wharf

Thermal Power Plant to be implemented by-KESC, consists of:

(1)

(2)

One (1) set of oil-firing steam power generating unit of 200 MW
capadity and its related accessories to be constructed at the

West Wharf Power Plant-site as the first unit.
The major facilities are as follows.

(a) Steam generator plant and accessories
(b) Turbiné -~ generator planﬁ and accessories
.'Including; o Rehabilitation of intake culvert (10 feet
square, existing) for cdoling'water.
intake way and cooling water'dischérge
way including major part of No. 2 discharge
way
(c)l Common auxiliary equipment
Including; o Water treatment and waste water treatment
system having sufficient capacity for two
'.(2) sets of 200 MW unit
| o 0il storage and supply facilities

o Other pertinents

(d) Electrieal, measuring and control equipment

220 kV and 132 kV substations and related accessories

constructed inside the West Wharf Power Plantfpremisés,

including modification of 11 kV local distribution system
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facilities, if required

(3) Doubie circuit 220 kV transmission lines and their related
accessories to be construcﬁed between the West Wharf fower
Plant and the Baldia Grid Statioﬁ via a route along ﬁhe outer
periphery of the Air Force 3&3&} passing near Mauripur Grid

Station.

(4) ‘Ancillary facilities
NMecessary facilities for operation of No. 1 Unit (including

temporary facilities)

(5) Temporary facilities necessary for operation of the "BX"
Statiog
Ex, Temporary naturﬁl gas supply facilities and all other
temporary facilities required for operation of the "BX"
Station
The Scope for Unit 1 is shown by the hatched lines in Fig.

1.2-1.

3, Outline of the Scope of the Second Stage of the Project-(Unit'Z

Project)

The project scope for Unit 2, the second unit of the West Wharf

Power Plant, consists of:

(1) One (1) set of oil-firing steam'power generating unit of 200 MW
capacity and its related accessories to be constructed at the
West Wharf Power Plant site as the second unit. The major

facilities are as follows.

I-2-6

' s3



77/

EX]ISTINQ ACC CW PIPEE

EX1BTING AQC GULVERT

SO
N ‘\.‘-:\.“
I‘ “ by
LY \‘\‘
hRAM
T i y I I I L L T —1
. . ¥ r T 1 = T : 1 ¥
— . " == > 7 = b
| ! 3 77,
1t ‘
H i v e} Q i /ﬁfr;\lfn Gp ;ﬁ.;m.-n,’/ ‘//,’/ ///
r—'" ¢ Lé/' .d A S s F = [l:::'
: -~ Ye124360 15
[ [ owaiete - T= 53000 J o J |
| ] l sedrEn 3 Plup PIT ETACK scHEEN L Py
[ o ) o o | ) 4 [}
l ' /,//' : 1C]
e B & -- T LA o L
I PR A N . o
N " . = e y
1} - - b
: n b
. . . i Y, - =5 i
_ =11300 . R iy )
. H d I ! o
s \lf ) k RYTEERE Pt
: I ~NA — 1= P W0 g
T4 RN el H W3
P KAREHOUSE ! w13 it
N I H v 3 | 0 O—
E . 7’/‘:j H I //" ]_—I A1
/ APt 1+ - 1t~
et 1 L
e o A Py g e
. e | -~ - ’
A1 :'“% g 2 1. ’ - T A L
T s ' i —r- URIT 3§ NAIN POWEZRHOU < "HAIN PO\\'IRHOUS - - |--a,—/
e B N Vit AR YEC) % LR = // paban | UL
/’ . ] ;E" //
A ADNINISTRATION aa Dol b
d BUILDING —
. &d . =]
. < -
A )
e | M
R B0 ) I il
 Gnn—— 0] G gl &Y [-Lml e
(Y EES o] d PR
| e T ! // B i— H
——— — - - _—r e ———— - - - N - = , - —"
! B e .
. - b
= 4 =
ORIGIN POINT {0, O T
¥ : [) i t
D — C S ..., RIACHARGE IVNNXL, 1
- z
) k :n--"'nni;;ni-/“nn.nu—i.
R W A A /- I T
i .
Ho DESCRIPTION Ne - DEECRIPTION Ko DEACRIFTION He DELCRIPTION . FIG. 1.2-1
L [STMIFERALELED WATER TANK £3|GAB RICINCULATING VAW 73 [CIRCULATING TATRR PUNP. 37 TEAY.GRID STATION iRXIFTENG) 5 i PAKIBTAN
= - —= — N Th SCD De l s hown KARAGH] ELECTRIC BSUPPLY GOHPORATION
2| RAY WATER TANK 14 |uAKE-Up wATER TANX 28 [WAKE-UP WATEL 7AMK 32| 44KY AYITCHYAND RDOOR (EXISTING] ‘HI th hatched f |n fs
3 [CBINTEAL $T00A0E TanK 55 [ORLORIMATICR TRED WATIR FN? PIT 71 |FORERD BRATT TA¥ S i - WEST WHARF THERMAL FOWER PLANT PROJECT
¢ eaTEn TaRATNRYT ROUIP, b COMTROL A00N | 19 [CIRCULATING WATIA PUNP 38 |GAS RECICULATING PAN UKITE ®0. 3 AND %o, 2
S |WASTE WATEE TAFATHENT AKEA 17{UNIT KEUIRALIFING PIY 2o frues oiv 1aavsras rune R . _
o (137K 1UBSTATION 18 [MATE TRANSTOANER 30 |PUEL OI1L PUNP & MBATER o ~ T R .
7 [120KY SUBETATION 19 LADKILIARY TRANSTORNIN 31 [ROUSE BDILEN ARNA - - L ) SITE LAYOUT PL""H
aleyze 0L PN L NEATER ANEA 20 [STARTING TRANFFORNER X |GUARD NUSE - P i
g |rusL oiL sEAvICD TARK 21 |TUANINE OIL §TORAGE TANK 33| AW WATER PARTREIATNENT ARZA : i ) ) JAPA‘N "NT“"HAT.}.g:¢: 3&2::;3‘“‘{0" AGENCY
soleHLzRiwaTION BQUIP, AREA & CONTROL ADOW] 272 [ AVKILIARY TRAVSPORNIR 34 ]H1 & G GEIFRRATING ROOM - T : ) ) AFPROYED u UG TR CHICTED BY w0y
S1|AIE 704N BQUIPEENT AREA 23| MATN TRANSTORMIN 33 |FTORAGE NOX _POA $367 LOG - :
LA
3 1I0R00E BARET Dax T4, 01T ¥EUTRALTZING PiT 26 [IXISTING GAS STATION ($91 Gas) . i .
* [N ] [T3%) [T
WGTE-1002 13860

1-2--7







R

7

(2)

{a)
(b)

{c)

(d)

Steam generator plant and accessories

Turbine-genarator plant and accessories

Including;

o Rehabilitation of three (3) existing cooling water
intake pipes and extension of open intake culvert for
connection to No. 1 culvert

o Cooling water discharge way
Qutlet part of cooling water discharge way will be
connected to the already constructed part of the cooling
water discharge way for the No. 2 Unit.

Common auxiliary equipment for Ho. 2 Unit extending to.

already constructed facilities.

Electrical, measuring and control eguipment

Non-technical and other necessary facilities inside the Power

Plant,'such as;

o Administration building

o Warehouse

o Machine shop

o Others

Tﬁe Scope for Unit 2 is shown by the hatched lenes in Fig.

1.2"2-
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I-3 SITE CONDITION AND DESIGN CONDITION

For formulating design of the West Wharf Thermal Power Plant Project,
certain natural factors have to be taken into account and certain levels
of utility service must be considered so as to ensure suitable detailed

design.

The natural factors to be considered for the detailed design are based

on existing data collected from KESC at the time of site survey.
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Atmospheric Pressures for Karachi

January
February
March
April
May

June
July
August
September
October
November

December

Year

No. of Years

Mean pressure mb.

G.M.T.

0.30

1017.
1014.
10t1.
1008.
1004.

999.

998.
1000,
1005.
1011.
1014,
1017.

1008.

50

Mean

12.00

[ BV = B oo T« A S o « Lo = B+« B~ R U BN - N ]
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1015,
1012,
1010.
1006.
1002.

997.

996.

999.
1003.
1008.
1012,
1015.

1006.

50
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1016,
1013.
1010.
1007.
1003.

998,

997.
1000.
1004 .
1009.
1013.
1016.

1007.

50
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Honth

Jan,
Feb.
Mar.
Apr.
May
June
July
Aug.
Sept.
Oct.
Nov.

Dec.

Humidity

(Average figures‘for 1875 - 1984)

Average precipitation

(in mm) humidity
12.1 62
20.6 69
13.1 72

1.1 75

~ 75

9.8 76
74.6 80
100.1 85
20.0 80

3.1 75

2.0 62

8.7 65
©1-3-3
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Ambient Temperature

(Average Temperatures for the periéd 1975 ~ 1987)

Temperature °C

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 h2.7 26.2 3.7
July 7.1 25.4 30.4
Aug. 35.5 124,12 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
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TIDAL LEVELS AND DATUMS

(1) DATUMS AT STANDARD' AND SECONDARY PORTS

Levei of zero of predectlons wh:ch is chart datum in alj cases

KARACHI

MUHAMMAD BIN QASIM ©
PORT (ENTRANCE) .

MUHAMMAD BIN QASIM
PORT [PIPRI] -

GWADAR

u, 31 metres (Ta.14 ft.) below a Bench Mark about 100
- metres (HO yds) south west of. the tldal observatory

5,57 metres {18.61 ft ) be!ow . a Bench Mark on the
Bundal fsland which is the western “bank ‘of Phitti

~ Creek and about 1.2 km’ [3/14_"?;_nile] ,no'rth of the

southern tip of the Island.

4.67 metres’ (15 35 ft) below ‘a. Beach.: Mark situated

~close to the H.W. line in Ghara Creek: and about 2. y

km {1} miles) south west of Goth Mahmood Shah

»3 979 metres (13,05 ft ) below'a Bench Mark ona tOp of

a Trlangulat:on mark (Pillar ‘of concrete) named  G-2,

- about 500 metres (550 yds) -south  of, Custo_m House
~ Building on hlgh water lme s .,,1'43 e

PASNt

3.81  metres (12 5 ft} below a Bench Mark covered
in- cement at the top of concrete3 post about 1 metre

+{3.3 ft.) "above ground and 0.49° metre. {1.6 ft.) in

. diameter: erected in the sand- near . .the -entrance to

‘the Coast Guard Camp Compund The camp is near

the Mazar at Pasni. : Y ‘_:..-..:.a,

{2) TIDAL LEVELS AT STANDARD AND SECONDARY PORTS

. 5: Cm 3 - Yeaf of

| . .
. : M - - . tidal

}"' -l ""a — ::, _:: . tr

POF?TS - < ¥ = v g l= _<_t. e Obser\'rat:on
| SlEpE = s F =
4.

=430 {+R30 [+1/00 1648 |32.19C v2480 | + 3200 Lo
Karachi - L S B 41,8 3,6 +5. 8 {47.,2 1°+8.8 J+10.5 | 1950, 1953
Md.Bin Qas:m Ent =1.9 [ 41,8 44,0 1 45,7 ) +7.4 1 +9.6.[+11.3 ] - 1972, 19737
Md.Bin Qasim Pipri Z2.0 (432407 4607 [+ 7 101 {41300 1972, 1973
Gwadar -1.1 [40.7 | +3.4 | +4,2 | +5.3 | +6.6 |+ 8.4 1982
Pasni 1 3 +0.8 +3.6 | +4.6 +7.1. '-%7‘_.2;. +95 1985

The above levels,

in- feet, are referred to GHART DATUM ‘which is the

same as the Zero of the tldal predictlons in all cases.

Al predlctlons in thlS baok are ca[cula_ted by the hérmoni'c"t.nethod.

NOTE:- The 'anal?sis for Pasni is. based on one Synodic month.
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DEFINITIONS OF "_TIDAL LEVELS AND DATUMS
. Tidal Levels

(a) L.A.T. {Lowest Astronom:cal Tide] H.ALT. (H:ghesl Astronomical Tide). .

The lowest and highest levels respectively which can be predicted to occur
under average meteorological conditions and under -any combination of astronomical
conditions; these levels will not be reached every year. H.A.T. and L.A.T.
are not the extreme levels which can be reached, as storm surges may cause
consrderably hlgher and lower levels to occur. o

(b] M.L.W.S. (Mean Law Waler Sprmgq] MH. W, S (Mean H:gh Water Springs).
The teight én' mean hlgh walter springs is the ‘average, throughout 3 year
when the average maximum decliniation of the moon is 231° of the heights,

of two successive high waters during those penods of 24 hrs. {approximately -

once a fortnight) when the range of .the tide is greatest. The height of
mean low waler springs is the average’ hesght obtamed by lhe two successwe
- low wa{ers durmg same periods. : .

(c) M.H.W.N. {Mean High Water Nesps). M L.W.N. {HMean 'Low Water Neaps).

The -height of mean- hsgh water ‘neaps is the ~average, throughout a year
as defined in. (b) 3bove, of the heights of two successive high water during
those periods. (approxxmateiy once @ fortmght) when the range of the tide
is .least. The heught of mean‘fow water neaps i§ the average height obtained:
from the lwo successive low waters during the same per:ods-. - .

NOTE. The average va)ue of M.H.W.S. etc., varies from year lo year 'in
a cycle of approxlmate}y 18.6 vyears, The- tidal levels. given- in- Table" 111
are average values: for the whole cycle obtained by computing values of a
year or more and gorrecting the results by the value of fof M2

M.S.L. (Mean Sea level). Mean. sea- levels is- the- 39e‘ragé:. level.. of ..the. sea:

surface over a long period, preferably 18.6 years, or the average level
which would exist in the absence of tides, : " . S

M.H_H.W. (Mean Higher High Water)., The height of mean higher high water
is the mean of the higher of the two daily high waters over a long period
of time. When only one hlgh water occurs on a day this is ‘taken as the
h:gher high water. : :

ML H. W, (Mean Lower High Water). The height” of mean lower high water

is the mean of the lower of the two daily high water over iz long period
“of time. :

M.L.L.W, (Mean Lower Low Water). The he:g‘hf' of mean Vl.dwer low water

is the mean of the lowar of the t{wo daily low walers over allong, period of
time. When onfy one Iow waler occurs on a day this is iaken as the lower

low waler.

M.H.L.W. (Mean Higher Low Water). The height of mean higher: low waler
is the mesn of the higher of the' two daily iow waters over.a long | period
of time, :

NOTE.-.The average value of M.H.H.W., elc..) varies from year' lo year in.
3 cycle ‘of approximately 18.6 years. The tidal levels given in Table 1

are - usually computed from a ycar when lhe !evels are expected o be average
that is whcnfor M, is 1.00, : :
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YEAR 198g

S—

Lat. 24" 48" N, Long 66" 58' £

PAKISTAN-KARACHI
ml’r_s AND HEIGHTS OF HIGH AND LOW WATERS

CYDME ZONE--0500

1432
2114

1.6129 o246 -
2.2170 0818,

0.4
2.6

.
"
-

5.2
701
3.2
8.5

M 0634
1340
2048

A48 14 0134

50 0720
F
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Lat, 24" 48' N, Long 66 58 E

PAKISTAN-KARACHI

TIMES AND HEIGHTS OF HIGH AND LOW WATERS

TIME 20NE-0400

YEAR 1988

TG - FT M

CJUNE

TIME . FT H

Y

15 0457
1742
22547

CoTiE FTH

1411
2010

20 0026
F o

7 4R 1159

MAY

CTIME T N

¥ 0641

T M

- TIME

JAPRIL

TIHE

FT_H

;M&AW
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YEAR 1988
N

e - T

SEPTEMBER

TIE FI N

T H

TIME

AUGUST -
H

FT

TIHE

Lat. 24° 48" N, Long 66 58 E

TEMES AND HEIGHTS OF HIGH AND 1.0 WATERS

PAKISTAN-KARACHI

TIHE  FT.H

oy

TIME FT M

TIME ZONE—0400°

o QM

.2 0607
A 1302 1
1854
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PAKISTAN-KARACHI
Lat, 24 48' N, Long 66 58 B

-

1IME ZONE—UE00 TIMES AND HEIGHTS OF HIGH AND LOW WATERS - YEAR 1988
_ OCTOBER NOYEMBER DECEMBER B
n z : : : s i
tie T H TIKE T H TIE FT N TIHE FI H TIHE  FT. H TIME T H
10229 8.3 2516 0150 " 8.1 2,5] 1002 7.5 2.3 {16 0326 8.3 2.5 {1 0401 8. 2.4 |15 0342 9.0 2.8
0812 A4 1.1 IS0 0722 4.8, 1.5 |TUI026 4.9 1.5 W 0934 4.6 1.4 [TH 1040 4.2 1.3 [F 01 2.9 0.8
1330 7.7: 2.3 1238 7.8 . 2.4 00 1432 5.3 1.8 13 6.8 2 1555 5,7 1.3 1612 6.6 2.0
2028 1.0 0.1 1931 1.0 0.3) 2i%4 3,0 0.9 21 2,2 0.7 2148 3.9 1.2 2158 3.4 1.0
20334 7.4 2.3 0170201 7.7.2.31 2058 7.4 2.3 1T o0ep 8,2 2.5 | 20451 7.8 2.4 [17 0233 8.8 2.7
SU0917 - 5.0 1.5 IM o814 5.1 0.6 % 1152 46 1.4 (D105t J40 1.3 [F w45 308 1.1 {sa1iz¢ 2.2 0.7
1404 6.8 7.1 1316 7.4-.2.3( 1657 5.5 1.7 | 1616 6.4 2.0 | 1749 5.8 1.8 | 1750 ‘6.7 2.0
127 1.9 0.6 2026 1.5 0.5§ 2MT 36 10 2237 " 2.8 0.8 1. 2257 4.5 1.4 2310 4.3 1.3
30510 7.0 2.1 J1s 035t 2.3 2.2 30630 7.5 2.3 hao0sa2 8.4 26 | 30561 7.7 2.3 |ig o526 8.7 2.6
1058 5.3 1.6 |TU 0933 - 5.3 1.6 0TH 1258 4.0 1.2 [P 1203 3.2 1.0 |$A 1242 3.2 1.0 |su1230 1.4 0.4
1452_ 6‘_0 1.8 1414 6.8 2.1 1349_ ‘5.8 1.8 1803 6.6 2,0 - 3820 6.3 1.8 |- 3925 T.2 2.2
2253 2:6 0.8 | 2142 201 0.6 - 3353 3.3 1.0
40647 7.1 2.2 1190522 7.4 2.2 4003 e 12 D906 o6 2.5-0 4 0016 4.9 1.5 113 0033 4.8 1.5
TWI245 4.9 L5 W iz 5.1 L5 |F oens 7.7 2,4 |sA 1305 200 0.6 [sU 0826 - 7.7 2.3 [H 0523 8.5 2.6
1735 5.6 1.7 ] 1603 6.4 .1.9( 1346 3.4 1,0 ] 1920 7.3 2.2 |. 9327 2.5 0.8 }-°1330 0.5 0.2
oo 2315 2.4 0.7( 0 1354 6.5 2.0 2000 7.0 2.3 | 206 8.0 2.4
0024 2.9 0.9 |70 0634 7.8 2.4 S 0132 3.9 1,2 |20 0105 3.6 1.1 | 50130 5.0 1.5.]20 0153 5.0 1.5
0743 7.5 2.3 {260 6.2 1.3{SA0IS0 7.5 2,4 S5 075 .B.9 2.7 M 0706 7.7 2.3 [10 0718 B.4 2.6
1350 4.3 1.3 ‘1811 6.6 2.0) 1419 2.6 0.8 | 1358 0.9 0.3 | 1405 1.8 0.5 | ‘1424 =0.1 0.0
1916 6.0 1.8 2041 7.2 2.2 | 2035 8.1 25| 2106 7.7 23] 2133 8.6 2.6
0130 2.8 0.9 |21 0035 2.4 0.7 so21e 3.9 1.2 [21 0210 3.8 1.2 | 50228 5.0 ts Jaroass 4 1S
0319 7.8 2.4 |F o223 8.4 2.6|svom9 8.1 2.5 4 0758 9.0 2.8 |[wozis - 7.7 2.3 |W o811 .27 2.5
1429 3.7 1) 1337 3.0-0.9( 1350 2.0 ©.6 1 3435 0.0 0.0 | 1442 1.2 0.4 - 1511 0.5 5.1
2005 6.6 2.0 ) 1834 7.3 220 221 7.8 2,4 | 2130 8.8 2.7| 248 8.3 25| 2220 .92 2.8
0219 2.7 0.8 1220140. 2.3 0.7{ 70300 3.9 4.2 |220305 3.9 1.2.| 7037 5.0 0.5 [220354° 4.7 1.4
9850 8.1 2.5 {saomos - 8.9.2.71M 0348 8.2 2.5 S 0B43 3.3 2.8 f4 0824 7.7 2.4 WM 0803 5.1 2.5
1500 3.0 0.8 | 1425 1.8 05| 1518 1.4 0.4 | 1528 -0.7-0.2 | 157 0.6 0.2 1558 -0.6 -0.2
2059 7.2 2.2 | 2038 &2 2.5] 20 8.3 2.5 2220 9.4 29| 2227 8.8 2,7 | 2304. 9.5 2.2
8 0257 2,7 0.8 (230233 2.3 0.7 50338 4.0 1.2 {23 0358 3.9 1.2 | 80359 4.9 1.5 |23 0443 4.4 1.4
SA 0917 B.4 2.6 (500645 - 9.4 2,9[TU 0917 8.2 2.5 |4 0027 5.9 2.7 [T 0203 - 7.8 2.4 {F 0955 8.0 2.4
1528 2.4 D.7.] 1510 0.6 0.2] 15%8 0,8 0.2 | 1812 -1.0-0.3 ) 1554 0.2 0.1 | . 16L0 -0.5 ~0.1
2138 7.7 2471 213 8.9 2.7 223 8.8 2.7 | 2307 9.7 3.0 0 2305 9.2 2.8 2343 9.6 2.9
90333 2.7 0.8 |24 0323 2.4 0.7) 90416 4.1 1.2 26 0247 4.0 1.2 | 9 0440 . 4.8 1.5°24 0529 4.2 1.3
SU05:4 8.5 2.6 M 0823 9.6 2.3 |W 0845 8.2 2.5 {TH 1011 8.7 2.7 {r 0244 7.8 2.4 [sA 1043 7.9 2.2
1556 1.9 0.6 | 1551 0.3 -0.1 1618 0.4 0.1 1654 1,0 -0, | 1632 -0.t 0.0 | 722 -0.2 -0
2215 8.2 2.5 | 2223 8.4 2.8] 2314 0.1 2.8 | 2350 9.8 3.0 | 2343 9.4 28|
0605 2.8 0.9 [25 0411 2.6 0.8[10 0451 4.2 ‘1.3 [25 0535 4.0 1.2 [0 os1e 4.7 1.4 |55 00200 9.7 3.0)
1009 8.6 2.6 [TU 1001 "9.6 2.9)TH i0s 8.1 2.5 F 105 8.4 2.6 [sA 1026 * 6.0 2.5 {sU 0611 = 4.0 1.2
1623 V.4 0.4 | 1633 0.9 =03 ) 1850 0.1 0.0 | 1735 0.7 -0.2 | AT -0.2 <0.% | 128 7.8 2.4
2751 8.6 2.6 | 2m2. 9.7 3.0 2350 9.7 2.8 : 1600 0.3 0.1
0437 2.0 0.9 [26 0457 2.5 0.5 )11 0528 © 4.4 1.3 126 0033 _ 9.7 2.9 D1 00 © 9.6- 2:% |26 0055 9.6 2.9
1033 8.6 2.6 |4 1040 9.5 2.9[F 1046 - B.1 2.5 [SA 0621 4.1 1.2 |sU 0800 4.5 ‘1.4 |M 0652 © 3.9 1.2
1650 0.9 0.3 | 1714 =1.2 ~0.4] 1722 0.0 0.0 fanzs 8.1 2.5 [ 1110 8.1 25 { 1210 7.6 2.3
2325 8.8 2,7 | 2357 9.8 3.0 1816 -0.1 0.0 ] 1752 0.2 -0.1 | 1837 0.5 0.3]
0508 3.3 1.0 [27 0562 3.3 1.0]120027 9.2 2.8 k7 o1y 9.4 2.9 120058 9.6 2.3 [27 0126 8.4 29
1057 8.5.2.6 |TH 1118 9.1 2.8 |SA 0604 4.5 1.4 50 0708 4.2 1.3 M 0642 4.4 1.3 J0.0732 3.8 1.1
1717 0.6 0.2 ] 1353 -1.0 -9.3[ 1118 8.1 2.5 § A216 7.6 2.3 § 1155 8.4 2.5 ) 1251 T.4 1.2
1758 6.0 0.0 | 1855 0.6 0.2 [ 1833 0.1 0.0 1 1905 1.5 0.5
0000 8.9 2.7 [28 0042 9.5 2,913 0105 9.0 2.8 [28 D153 9.0 2.8 [13 0136 5.6 2.5 [260457 | 9.2 2.8
0539 3.6 1,0 [F 0628 3.7 1.10sU o064 8.6 1.4 M 0754 &3 1.3 lozae 41 1.3 9 oesnn 3.7 1.
1119 8.4 2.6 [ 155 g6 26| ts3 80 24 | 1256 7.2 2.2 | 244 709 24| 30 7.0 29
1735 0.4 0.1 1834 -0.5 -0.1 ) ‘840 0.3 0.0 [ 1933 1.4 0.4 ] a3 0.7 0.2 ] 1390, 2.3 0.7
0034 8.8 2.7 [29 0126 5.1 2:8|14 0146 8.8 2.7 [29 0232 8.6 2.6 [14.0215 9.4 2.9 [25 0225 8.9 2.7
0611 4.0 1.2 |SA 0715 4.1 V.3 [M 0729 4.8 1.5 U OB4S 4.6 1.3 [¢ 0821 3.9 1.2 [TH.0850 1.6 1.}
W43 8,2 2.5 | 2n 7.9 24l 233 7.8 24| 1338 6.7 2.8{ 1338 7.5 2.3 ) 1414 6,6 2.0
1816 0.4 0.9 1915 0.3 0.4 1923 0.8 0.2 [ 2012 2.3 0.7 2005 1.4 0.4 [ 200 3.0 0.9
o1 8.5 2.6 (300212 B.6 2.6|150233 8.5 2.6 Do 0M4 8.3 2.5 (150257 9.3 2,80 [30 0353 8.6 2.5
0644 4.4 1.3 [SUO0BOS ;4.5 1.4[TUDB2S 4,8 1.5 |4 0940 4.4 1.3 (H 0917 3.5 1.1 (F 09331 34 1.0
1209 6.0 2.5 | 1306 7.3 2.2] 1320 7.3 2.2 [ 1432 6.1 1.9 [ 1448 7.0 2.1°] 1509 6.2 1.9
1859 0.6 0.2 | 1957 1,3 0.4} 2007 1,4 0.4 ) 2056 3.0 0.9 | 2057 2.4 0,7 | 2043 3B 1.2
31 0304 8.0 2.4 ' ' b o3z ez 2.s)
fo0007 4.3 1.5 A Tote 2.2 T.U
1346 6.6 2.0 1626 6.0 1.8
2018 2.2 0.7 2128 4.5 1.4
I-3-10
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Furnace 0il Analysis

% by weight
~ Conradson carbon  (C) % wt 20 Max
o Hyafdgen (H2) 7wt 11.3 Max
Sulphur : (8) . A wt 3.5 Max
Oxygent + Niﬁrogen (02 + N2) Z wt 2.5 Max -
Ash : o ' A wt 0.1 Max
Sediments Z wt 0.25 Max
Kinetic visosity at 50°c c5t 400 . Max
Speéific gravity at 15/4°C 0.99 Max
Water volume - owt 1.00 Max
Flash point °c 66 Max
Pour point ‘c . 35 © Max
~ Vanadium ppm i50 Max
Sodium ppm 50 Max
Heating value Keal/kg 10,000 Min

1-3-11



Test Report

Test Report No.: HDIP/F/85/63 Date: May 5th, 1985
Sample: Furnace 0il Date of Sample:
Sample Recd. on: April 13th 1985

Origin: Karachi Electric Supply Corporation Ltd.

Korangi Thermal Power Station

Test method Test tittle Test result
ASTM D - &&5. Kinematic viscosity @ 50°¢ cSt 137.37 :'
ASTM D - 92 Flash point coc °c '166
ASTM D - 95 Water by Dean & Stark Vol.Z 0.2
ASTM D -.1298 Specific gravity @ 60/60°F 0.9444
ASTM D -~ 96 B.S. & W. Vol.Z 0.4
ASTM D - 482 Total ash wt.Z 0.06
ASTM D - 1548 Vanadium PPM 30
ASTM D - 240 Calorific value Gross B tuflb 18350

Net B tuflb 17515

Irp - 63 Sulphur content by
Quarktz tube method wt.Z% 2.32

I-3-12
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Natural Gas Typical Analysis

%Z by volume

Use for pertf,

- calculations Variation
Methane (CH4) 93.5 90 - 96
Ethane (C2H6) 0.9 0.5 - 1.5
Propane (C3H6)
Butane (C4H10) 0.4 0.2 -~ 1.0
Complex {(CnH2p42)
Carbon dioxide {(C02) 2.0 0.0 - 5.0
Nitrogen (N2) 3.2 3.0 - 5.0
Net calorific value kJ/m3 (STP) 34,740 33,000 - 35,000
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Light Diesel 0il Analysis

Test

Color ASTM
Specific Gravity 16/16°%¢

Viscosity at 38%c ¢St

Power Point °F

Flash Point PMCC °"c.
Water % vol

Sediment 7% wt.,

Strong Acid No. mg XKOH/g
Total Acid No. mg _KOH/g
Ash Z

Sulphur Content Z wt.

Centane Index

Carbon Residue Z wt. {Conradson)

Net Calorific Value kJ/kg

[~3-14

Limit

Min.
Max.

Max.

Max.
Min.
Max.

Max.
Max.
Max.
Max.

Min.

Max.

min.

Value

0.92
13

+ 30
150
0.25
0.25
Mil.
3.0
0.02
1.0

4Q

1.5
44190

o
R
.

(

Y
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Raw Water Analysis

2.4
1.8 -

VAN

Analysis
Constituent as in ppm
CATIONS: Calcium CaC03 60
Magnesium €aCo3 60
Sodium - CaC03 100
Hydrogen CaC03 - ' -
Total cations CaCo3 - 220
ANTIONS: Bicarbonate CaCoO3 38
Carbonate . CaC03 -
liydroxide CaCo3 -
Sulfate CaCo03 37
Chloride €aC03 93
Total anions CaCo03 220
Total hardness CaCo3 220
Methyl orange alkalinity €aCo3 B8
Ixon, total Fe 0.3
Carbon dioxide, free co2 4
. normal maximum
Total silica $i02 4 12
_ normal maximum
- Turbidity Kaelin . 4 ~ 25
Total dissolved solids approx. 400
pH - TS
Conductivity at 25% MHOS 800
I-3-15



10.

13,

12,

13.

14,

15.

16,

17.

18.

1o,

20.

N.D.

Chemical Analysis of Sea Water

PH
CHLORINE
SULPHATE
CALCTUM
MAGNESIUM
SODIUM
POTASSIUM
AMMONIA
IROﬁ
ALUMINIUM
MANGANESE

CHEMICAL OXYGEN DEMAND
AS KMNO 4

HYDROCARBON (OIL}

ORGANIC MATTER IN TDS
{CARBON ORANIC DEFPOSIT)

FLOURIDES
COBALT
COPPER

NICKEL

TOTAL HARDNESS AS CACO 3

TOTAL DISSOLVED SOLIDS
(TDS)

NOT DETECTABLE IN PPM

(Karachi Port)

SAMPLE 1

ON

6.85

19,915 PPM

2,829
357
1,372
9,250
285
0.55
0.04
N.D.

0.02

N.D.
0.03
6,530

39,794

I-3-16

HIGH TIDE

SAMPLE 2 SAMPLE 3
ON oN
MEDIUM TIDE  LOW _TIDE
6.75 6.82
19,536 PPM 19,433 PPM
2,815 T 2,770 -
361 " 353 @
1,372 ° 1,378 (
9,250 * 9,250 "
285 285 *
0.5 * 0.61 *
0.04 0.05
N.D. u.D.
0.025 " 0.025 °
1.0 ° 1.1 °
1.3 " 0.3 *
2,638 * 2,656 "
0.9 " 0.9 *
N.D. N.D
N.D. N.D
0.04 ° 0.05 *
6,540 " 6,550
39,218 * 38,840

P



&

AREA -1

WINTER

SUMMER

AREA -2
WINTER
(DEC. -JAN. )

SUMMER

AREA -3
SUMMER
WINTER

(DEC.-JAN.)

26.5-32.5°C 29°¢

SEAWATER TEMPERATURES OF KARACHI HARBOUR

(WEST WHARF AREA)

SURFACE AVERAGE 3-4 METER

o

18.5-24.0%  22°C

RANGE 18.5 TO 32.5%

[-3-17

AVERAGE
19°¢ - 18.5°% -
- 31% - 31.5% -
18-23% 22.5% 18.5 - 23.5% 22.5%
26-32°C 28% = 25.5 - 32.5°¢c  28.5%



WEST WHARF

S3204 mmﬁmwﬂQ

YN0TIVH THOVIVA

®21y Sutinseay
sanjeasdwa] 1a3eM ®BOg

~
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GP-1 PLANT PERFORMANCE
1. Plant Efficiency: -

1.1 Defination of Power Plant Efficiency
As.for the power plant efficiency for the West Wharf Thermal Power

Plént, Units 1, 2 the following idea is adopted.

Mpy
Ny, ' '
- P-G —=1 Auxiliary
B nTG Power
— ] —+ Sending out
Boiler _ Turbine - -l . g
. Generator
_ o _ o Aux.
Boller cycle T-G cycle Power

N8B : Boiler cycle efficiency

hTG TurbinéfGeﬁeratqr cycle efficiency
.-ﬂP-G: Groéé plaﬁt efficiency
np-G = NB x "TG
nP;N: -Nét.Plant efficiency
Np-N = WP-G x (1 - Aux. power ratio) x (1 - C)
Where C means a heat loss ratio due to miscellaneous heat losses.

that cannot be counted within the boiler and turbine cycle

boundaries.

1.2 Application of Caiculatibn_Hethpd for Efficiency

For the boiler cycle efficiency ("B), the loss method is applied

GPb-1-1



1.3

for the performence test as usually adopted for these units.

The input/output method will be applied for checking pﬁrposes only.
(For these method, refer to ASME Power Test Code PTC 4.1 -~ 1964
"Steam Generating Units")

For the daily calculation of bdiler'performance, which will_b;.
executed by the plant computer, the.inpﬁtléutput method shéll ﬁe
applied, |

However, this calculated data shall not be used for the plant
performance test during the taking over'procedures. but bé used for
reference only. |

The turbine-generator cycle efficiency (QTG) is_converted_by using
the turbineégenerator heat rate obtained at the performance test,
(For this method, refer to ASME Power Test Code PTC 65-1970 |
"Simplied Procedures for Routine Performance:Test of Steam

Turbine™).

Outline of Major Equipment for Power Plant

Plant efficiency is usually estimated.based ﬁpén the experiénces of
the same type or similar type blants, together with éﬁe results of
theoretical calculations.

The plant specification for the West Wharf Thefmai Powef Plant

Units 1, 2 is as follows.

1.3.1 Steam Generator

Type Outdoor, drum type, reheat, pressurized
furnace oil fired, top suspended,
natural or forced circulation

Capacity | 700 t/h (tentative)

GP-1-2
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1.3,

Outlet steam condition

Steam Turbine

Type

Rated output
Steam condition

Exhaust pressure

Speed
Governing system

Extraction

Generator

Type

Rated capacity
Power factor
Frequency

Speed

- Connection

Excitatioﬁ
Short circuit ratio

Insulation class

174 kg/em®g (17.17 MPa), 541/541°C

{tentative)

Reheat-condensing, tandem compound
doublt flow turbine (TCDF)

200 MW (at 60 mmHg abs. 0% make up)

169 kg/cm®g, 538/538°C (at turbine inlet)
Normal, 60 mmig abs.

Maximum, 90 mmHg abs.

3,000 rpm

Low-pressure tynre EHC

Seven (7) stages

Horizontal type, H, cooled totally
enclosed synchronous machine .

250 MVA

0.8

50 Hz

3,000 rpm

Y

Static excitation

Not less than 0.58 at rated H, pressure

B
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1.4 Estimated Efficiency of Power Plant

1.4.1 Boiler Efficiency (at rated load)
In usual cases, the efficiency of the similar type boiler is in
the range of 87.0 - 89.0% (High calorific Heating Value base)
The followings are the examples of the power plant in Japan,
especially the cases of TEPCO.

Name (rated owvtput) ' B (%) Note

A-SPP (175 MW) 88.85 0il fired (HHV base)
B-SPP (175 MW) 88.33 ditto
C-SPP (175 MW) 87.52 ditto
D-SPP (265 MW) 88.61 ditto

in this estimation the miscellaneous heat loss C is included in

the boiler efficiency.

1.4.2 Turbine-Generator Efficiency (at rated load)
According to the data of the Japanese experiences, Wqg is in the
range of 43.0 - 45.0% (2,000 - 1,911 kcal/kwh).
The followings are the examples of the power plant in Japan,

especially the case of TEPCO.

Same (rated output} . T6_(1) Hote
A-SPP (175 MW) 44.75 Condenser vacuum 72ZmmHg
B-SPP (175 MW) 44,75 ditto
C-SPP (175 MW) 45.06 - ditto
D-SPP {265 ¥MW) 45.76 o ditto

The turbine-generator efficiency is estimated as 45.3% as

described hereinafter for further estimation.

GP-1-4 -
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1.4.3

Generator Condenser Make-up Efficiency
Dutput (MW) Press.(mmHg. abs) (7 (%)

200 60 0 45.3
_ (1,900 kcal/kwh)

Plant Auxiliary Power (ét'rated load)
Plant auxiliary power ratio is estimated based on the experience
by taking into account the following items which will mainly
influence.
a. Plant capacity
b. Fuel (oil or gas)
c. Type of BFP (motor driven or steam turbine driven)
In case of the West Wharf of Thermal Poﬁer Plant, Plant auxiliary
pover is estimated to be of 5Z. A
Tﬁe typical values of auxiliary power rgtio are shown as follows
iﬁ éccordaﬁce.with the classes.of_rgted output.
(experience in Japanese steam power plant)

Average Auxiliary

Rated output (MW) power ratio Note
75 | 6.3% 0il fired
125 | 6.8Z ditto
156 - 175 | 7.27% ditto
220 - 265 5.0 ditto
Gp-1-5



1.5 Conclusion
From the above considerations, the following'combinatidn-is
obtained.
Boiler cycle T-G cycle Gross Plant Auxiliary Net Plant
Efficiency Efficiency Efficiency  Power Efficiency
(%) (X (%) (z) L {R)
Probable 88.0 45.3 3.9 5 - 37.9
estimation

1.5.1 Plant Efficiency at Rated Load

As the results of estimation, the following were obtained.
at Generator terminal 39.9% (H.H.V. base)

at Sending end _ 37.92 { Ditto }

1.5.2 Average Plant Efficiency

The average plant efficiency considering the plant utilization
factor during the plant operating life is usually cbtained by
using the following coefficient.

Plant utilization 100 90 80 70 60 50

factor (%)
Coefficient 0.98 0.98 0.97 0.96 . Q.95 0.95

In case of the West Wharf Thermal Power Plant Units 1, 2, plant
utilization factor is assumed to be 757,

Therefore,

at Generator terminal 38.5Y (H.H.V. Base)
at Sending end 36.52 (H.H.V. base}
Note:

a. These coefficients are estimated based on the expsrience of
Electric Power Companies in Japan and now are applied widely

in these field in Japan for the calculation of power plant

GP-1-6
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~efficiency.

Plant.utiliéatioh fﬁc#of

The "annual utilization factﬁr igs defined as_the following
‘formula.

Anmnual utilization factor *

- Annual power output quantity (kwh)
Unit rated output (XW) x 8,760 (hr)

In ¢ase the utilization factor is high, the unit is playing a’
role for basic power source.
On the other hand, if the factor is low, the unit is acting

as a power source of intermediate load or as a stand-by unit.

* KESC defines this factor as “Average annual plant factor".

GP-1-7



2. Guarantee Items
Summary of guarantee items for the power plant is indicated as follows.
Specified Conditioﬁ
Main steam/Reheat 169 kglcng, 538/538°C
steam condition
Condenser press. 60 90 60
{mmHg abs.)

Make-up (%) 0 ' 3 0

Minimum 1/2 load 3/4 load ECR Capability Maximum

Plant load
ant toa load 100M7  150MW  200MW  200MW  load

A. Plant

A-1 Average net plant Weighted average
heat rate

A—Z'-Plant maximum load . ' (:)

A-3 Rated load at worse ' (:)
condition

A-4 Plant minimum load X
B. Steam generator

B-1 Steam generator X
efficiency (ECR)

B-2 Steam generating X X
capacity

B-3 Steam pressure X X X X X X

B-4 Steam temperature X X b4 X X

C. Turbine-Generator

C-1 Turbine-generator X
heat rate (ECR)

C-2 Turbine-generator X
output 200 MW

D. Transformer
p-1 Main transformer (:)
D-2 Auxiliary transformer (:)

Notes: Marked '(Z)” and "X" are the guaranteed items, and marked “(:)“ are
the items to be assessed as liguidated damage.

GP-1-8
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Concept on the Performance Guarantee against Liquidated Damage

In a case that if the pertformance of the power plant, the boiler or
the steam turbine does not meet the guaranteed conditlons proposed
by the Contractor after the performance test, the items on the

following liquidated damage should be applied.

The above concept should also be applied to an evaluation of Bidder's

proposals.

3.1 Shortage of Output in Power Plant, Turbine or Beiler

In case of the.output'capacity of the power plant, when the
capacity of tufbiné'dr boiler i§ short, it is necessary to
¢ompenséte'the.éﬁbrtége.power with other power sourcé. In this
cése,-there are two methods concerﬂing thé calculation of

liquidated damage.

a. A method to compeﬁsate the power shortage amount based upon the
construction cost of the West Wharf of Thermal Power Plant

Units 1 & 2.

b. A method to compensate the power shortage amount based upon the
construction cost of KESC power system including the West Wharf

Thermal Power Plant.

JICA is intending to the latter method in consideration for
estimating apply the:liquidated damage amount for power plant and

the same for main transformer.

GP-1-9 -



3.2

a, For power plant, approximately 261,000 ¥ /KW as investment cost
of power system 1s assumed corresponding to annual incremental

1oad.dem§nd.

b. The ligquidated damage amount for the output shortage of the
West Wharf P.P Units 1 & 2 main transformer is assumed as

261,000 ¥ /W for load loss.

Thermal Efficiency of Overall Power Plant

Since thermal efficiency of the power plant directly influences the
fuel cost, the standard weighted mean net plant heat rate will be
calculated by the Engineer in considération of the utilization
factor which satisfiés the practical operation of the power piant.
And the difference (+) between the above heat réte and the value of

Tenderer’s proposal will be evalusted.

The liquidated damage for the performance shall be calculated based
on the difference (+) between the guaranteed value of the weighted
mean net plant heat rate proposed by the Contractor and the value

obtained on the occasion of performance test.

3.2.1 Weighted mean net plant heat rate

(1) Net plant heat rate (NPHR)

a. The net plant heat rate shall be tested by the input/

output method, and shall be calculated by fuel:

consumption, make up water consumption, gensrator output

and auxiliary power.

GP-1-10
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. o CFQxq+6G  xh - . :
. _ mn - mu
Net Plant Heat Rate = KW, - 1, kcal [kWh

where
FqQ Fuel oil conéumption -(R)
q .: Fuel o0il heating value (ﬁigh heat value) ({(kcal/e)
G_.: Make up water consumption (kg)
hp,t  Make up water enthalpy (kcalfkg)
KWy: Generator output (kWh)

Kw2= Plant auxiliary power {kWh)

{2) Weighted mean net plant heat rate {(Weighted mean NPHR)
Weight-mean net plant heat rate shall be a weighted average

of the NPHR, calculated by applying the following formula:

C,A + C,B +'csc
Weighted mean NPHR = 100

Where:
Cl; Gy, Cg: Coefficients for weited value of each heat
rate

A {(kcalfkWh): NPHR at generator output 200 MW

B ( " }: " " o 150 ﬁw
C.( " ):. " " _ " | 100 MW
Assuming A = 2,276.6 kcal/kW/h, Cy = 60
B = 2,371.0 " , Cp = 23
€ =2,536.3 - * , 03 = 17,

Then,

60_x 2,276.6 + 23 x 2,371.0 + 17 x 2,536.3

W =
eight mean NPHR . oo

= 2,342.5 kcal/kWh -

GP-1-11:



3.2.2 Calculation of fuel cost (A subject of evaluation and liquidated

damage)

When the actual weighted mean NPHR of power plant exceeds the value
of guaranteed by manufacturer, fuel cost will increase for the
lifetime.

There are two methods to compensate the increase of fuel oil cost

with the liquidated damage as follows;

a. A method to convert the fuel oil cost increase during the

power plant lifetime into the initial investment cost.

b. A method to convert the integrated amount of fuel cost
increase inteo the present worth in consideration of fuel

price escalation during the lifetime.

Consequently, JICA applied the former method based upon the
following reasons. |
o It is difficult to expect and decide the escalation rate of
fuel oil price during theﬂlifetime.
o It is reasonable to compensate the escalation of fuel price

with the electric tariff.

Fuel cost (furnace o0il):
2,034.05 Rg/M. ton at HHV 10,200 Kcal/kg, or
1.25 Yen/10> Kcal = 0.00125 Yen/Kcal

(At conversion rate of 1 Rs = 6.25 ¥

When the weighted mean net plant heat rate proposed by the

Contractor exceeds by 1 Kcal/kWh on the occasion of performance

Gp-1-12
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test, the exceeding portién-becomes a . subject of liguidated
damage calculated by the following formula:
Increase in fuel cost due to increase in net plant heat rate
{In case of 1 Kcal/kWh)
200,000 k¥ x 8,760 Hr. x 0.75 = 1,314.0 x 10° Kih/year
+vesess. Annual power generation
2,314.0 x 105 x 0.00125 Yen/Kcal x 1 Kcal/kih -
‘ = l,Gﬁé x 103 Yen/year
svsesen. Portion for increase in

fuel cost

Furthermore, the equivalent initial investment for the increase of
fuel cost is calculated by taking the permaneat loss for the power

plant into account.

The annual interést rate is assumed as follows,
The total construction cost of power plant (for ome unit) is

assumed as 20,159 x 105 Yen; 17,072 x 10°

Yen for foreign
currency'porﬁion and 494 x 10° Rs (3,087 x 108 equivalent Yen)

for loecal currency portion, respectively.

‘The énﬂual interest rates ére;
Foréign'curféncy poftién 112
deél'éufréncy.portion - 112
: Therefpre, the average rate of annual interest i for the.powér
plant is: |

6 ven x 0.11 + 3,087 x 10% Yen x 0.12

20,150 x 10% ven

17,072 .x 10

= 0.11
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The capital recovery factor R can be obtained as follows by using
the total rate of annual expenditure and the lifetime figure of
power plant. (i = 0,11, plant life n = 20, and salvage value of
property Y = 102)

R o= 1 (1490 ((2+1)™-1) x (1-y) + ix = 0.124

Annual amount of incremental fuel cost due to the increase of

weighted mean NPHR is ¥1,642 x 10° as mentioned above.

Therefore, the ligquidated damage for the increase of weighted mean
NPHR is:

¥1,642 x 210°/0.124 = 13,242 x 107 Yen/Xcal/kwh

This obtained value is recommendable to be a subject amount for
the evaluation of the difference (+) between the proposed weight
mean NPHR end actually obtained weighted mean NPHR, and to be a

subject amount of liquidated damage.

3.3 Main Traneformer and Auxiliary Transformer of the Power Plant

As the losses of output (kW) in the main transformer and auxiliary
transformer directly or indirectly influence the sent-out loss (kW)
of the steam power plant itself, the output loss for these

transformers shall be compensated with the liguidated damage.

JICA assumed the efficiency of these transformers as the guide line
base upon the similar capacity and type with The West Wharf Units 1

& 2 applied in Japan, and the value is as follows.

GP-1-14
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Item Efficiency at full load (2)

Main transformer 99.28 or above

Auxiliary transformer 99.06 or above

The amount of liguidated damage is based on the assumption
prEVioﬁsly cited in Clause 3.1.

for transformer losses eq. US$H1,800/kW

3.4 Application of Liquidated Damage

a. If it is determined that the power plant is unable to meet the
stipulated guarantee values even after the Contractor has taken
remedial measures, the Contractor will be assessed for liquidated
damage for items A-l, A-2 and A-3 by applying the specified rate

indicated in the next table.

b. If the main transformer and/or auxilia:y transformer is found
unable to meet the guarantee value even after the.Gontractor
has taken remedial meaéures, the Contractor will be assessed
for liguidated damage by the specified rate indicated in the

next table.

Notes.
The liqﬁidated damage values indicated in Table 1 are
calculated based on certain assumptions. Therefore, it is
better to apply higher liquidated damage values for tendering
purposes.
The proposed 1iquidated_damage values to be applied are is as

follows.
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Average Net Plant Heat <=emeeaw---

Plant maximum load

Plant capability

GP-1-16 -

Liquidated Damage
12 of Contract Price for
each 0.1% increase in
Heat Rate
1% of Contract Price for
0.12 decreasé in Plant
maxiﬁum load

1r of Contract Price for

0.1Z decrease in rated

load
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Table 1 Items of Liquidated Damape and Guarantee

Application for
liquidated damage
(Calculated)

Allowable tolerance
to guarantee value

A. Plant

A~1 Average net plant No positive tolerance 13,242 x 103 Yen/Kcal [k¥Wh

heat rate
A-2 Plant maximum load No minus tolerance 1,800 UsS/kwW
allowable

A-3 Plant capability ditto 1,800 USS/kW

A-4 Plant minimum load No pesitive tolerance -

allowable
3. Steam Generator
B-1 Steam generator No minus tolerance
efficiency (ECR)
B-2 Steam generating ditto
capacity (MCR)
B-3 Steam pressure + 2 kglcng -
B-4 Steam temperature i 5% -
C. Turbine-Generator
C-1 Turbine-generator No minus tolerance ' -
hest rate (ECR) allowable
C~2 Turbine-generator No minus tolerance -
output: 200 MW allowable
D. Transformer loss
D-1 P.S., main trans- No positive tolerance for no load losses
former allowable 1,800 US§/kW

D-2 Aux. transformer - ditto ' for load losses
: 1,800 USS/kW

Remarks: Errors of instruments, including reading errors, shall be

included in the allowable tolerance to the guarantee value.

GP-1-17
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GP-2 HEAT BALANCE FOR TURBINE

Heat Balance
The following turbine cycle heat balance calculation sheets shall be

submitted by the Contractor.

Case ' Generator Heat rate Steam Turbine Make-up
: output : condition exhaust water
{kW) {kecal /kWh) press. {2)
: (mmHg.abs.)

PML 210,000 169 kg/em?g 60 0

538/538°C o '

Capability 200,000 ditto - 90 3

ECR 200,000 1899.4 ditto 60 0

75% ECR 150,000 ditto 60 0

50Z ECR 100,000 ) ditto 60 0

Min. Load * 60 - 0
Notes:

PML: ﬁlant‘Maximum Load.
ECR: Economical Continuous Rating
Asterisk (*) marked items shall be proposed by the Contractor.
Heat Rate
TherJICA.Stﬁdy Téam hasg performed heat balance.calculation for
Econoﬁiéél éuﬁ;£ﬂﬁ§us.ﬁatigg.- | | |
The results of the Heat Balance Calculation are ag shown in

attached Drawing No. WMT1101l.

- Plant Maximum Load

The Plant Maximum Load shall be decided by the Contractor. The

expected output shall be approx. 210,000 kW or over.

GP-2-1 -



In other words the expected overload output shall be approx. 5% of

the rated load.

1.3 Design Condition
To cover the aone operating.conditions, the capacities and sizing
of equipment and pipings, such as the boiler feéd pumps , condensaté
ﬁumps, various heat exchangers and rélated pipings, shal1 be decided

based upon the heat balance sheets.
2, Investigation

2.1 Data available from Japanese manufacturers shows the heat rate for
such type of turbine cycle for ECR is in the range of 1,950 to

1,900 keal/kWh.

2.2 Plant Maximum Load
In view of the spinning reserve for the power system, it is
considered that an overload output of about 5% {10,000 kW) is

gsufficient,

Note:

Heat balance at Economical Continuous Rating (ECR, Drawing No. WMT11Ql)

ey

is attached for reference. The heat rate obtained from this calculation
shows a slightly better performance than the average values described in

this report.
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GP-3 OPTIMUM STEAM CONDITION

The steam conditions of the steam power plant are very important factor
for the thermal efficiency, and it should carefully examine to determine

the conditions.
1. Technical Evaluation

1.1 The following three conditions are based on the IEC recommendation

for the 200 MW-class steam power plants.

Main stéamzpress. SH temp. RH temp.
(kgfem®.g) (MPa g) (%) - (%c)
S127 0 (12.35) 538 . 538
169 (16.86) 538 538

- 169 . (16.6) 566 538

1.2 The following steam conditions are adopted at the typical steam
power plants in PAKISTAN.

Main steam_press. . SH temp. RH temp.

(kg/cm®.g) Cey (°c)
Guddu 130 : 535 535
210 MW #4
"~ Jamshoro ' 169 538 538
250 MW #1 : _
Bin Qasim - : 142.8 525 525

210 MW #1,2,3,4,5 (14.0 MP)-

1.3 The following steam conditions are usually adopted at Japanese

' steam power plantsjy

125 (MW) ...... 127 (kg/em®.g).  538/538 (°C)

175 . ce.e... 160 566/538

220 .. 169 . 538/538 or 566/538
GP-3-1
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265 ceaees 169 566/566

350 creene 169 566{566

1.4 The turbine heat rate for each steam conditions is assumed based on

the experienced dates in Japan aé follows;

Steam conditions Heat rate

(kg fcm2.g) (%°c) (keal [kwh)

127 538/538 (case 1) 1,984 (Bagis)
169 538/538 {(case 2} . 1,915 (Approx. -69)
169 S66/538 (case 3) 1,900 (Approx. -84)

1.5 The annual amount of fuel oil consumption and of fuel oil cost
are calculated as follows for above cases. ({(Refer 10 egquation {4)

and (B) indicated in the Note.)

Case Fuel oil (Reduction Fuel oil (Reduction
consumption amount) cost (¥) amount )
(kglyear)

Case 1 290.4 x 10°  (Basis) 3,685 x 10°  (Basis)

case 2 280.3 x 10°  (-10.1 x 10%) 3,556 x 10° (-128 x 109)

6 [ a6 6

Case 3 278.1 x 10 (-12.3 x 10°) 3,528 x 10°) (-156 x 10°)

1.6 Note

1.6.1 Fuel 0il Censumption; R {kg/year)

PxTx U x Ht

100 PxTxUxHt
R = /IZ = eses {A)
B ;
100 * Ho : ?B x Ho

P : Plant rated output; 200 x 103 (K
T : Generating hours per one year; 3659875 y 248Y = g 760 (H/year)

Ht: Turbine heat rate (kcal/kwh)

GP-3-2
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WZB‘ Boiler efficiency; 882

Hg+ Higher heating value of the residuai‘oil
10,098 (kcal/l) 10,200 (kcal/kg)
(at specific gravity 0.99)

U : Annual utilization factor; 752

1.6.2 Fuel 0il Cost; C (¥/year)
C=RXUXTE ..ovs (B)
Where:
u : Unit cost of fuel oil = 2,034.05 Rs/M ton = 2.03 Rs/kg

r ¢+ Rs conversion rate to Yen = 6.25 {¥/Rs)
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2. Economical Evaluation

The economical evaluation is based on 127 kg/cmz, 538/538°C unit
comparing the operation cost difference and initial investment
increase due to grading up of steam conditions to 169 kg/cmz,

538/538°C and 169 kg/cm®, 566/538°C.

2.1 Construction Cost (Boiler and turbine egquipment)
The construction costs for steam power plant of 127 kg/cmz,
538/538°C unit (Case 1), 169 kg/cm® 538/538°C unit (Case 2), and

169 kg/cmz, 566/538°C unit (Case 3) are shown as follows;

Ttems
Steam Construction Remarks Kilowatt cost
conditions cost. (¥) (Yen/KW)
127 kg/gm2 11,000 x 10° Basis 55,450
538/538°¢C
{Case 1)
169 kg/cn’ 11,422 x 10° + 37 57,110
538/538°¢C
(Case 2)
169 kg/gm2 11,755 x 10° + 67 58,770
566/538°C
(Case 3)

2.2 Power Generation Cost
Power generation cost consists of the fixed cost and the variable
cost., In this case, the fixed cost can be thought to be the
capital cost. The maintenance cost (which includes salary, wages,
and expenditure, etc.) is usually assumed to be the fixed cost by
using the average rate for the construction cost in order to

simplify the economical evaluation.

GP-3-4
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2.2.1 Figed Cost
Prior to éstimﬁfing the fixed cost, the péfameters are usually
" agsumed as fdllows.
a. Annual interest rate *1:%13%  * average of foreign
currency portion and
local currency porticn
b. Operation period n: 20 years
c. Salvage value of property g : 102
‘In this case, the capital recovery factér .is; _ i)™ (1-p + iﬁ
(1+41)0:1
Applying i = 0.11, n = 20, will be 0.124 based.on fixed-installment
‘methodﬁfbr deprecietion during the operation period of 20 years.
c. Average mgintenance cost rate = 3%
_ Thereforé, the annual capital cost factor is 0.124 + 0.03 =
0.154.
The annual capital cost is obtained by the following equations and
is shown as follows.

(annual capital cost) = (construction cost ) x 0.154

Items Construction Annual capital Remarks
Case cos;_LYen) cost (Yen}
case 1 11,090 x 105 . 1,707.9 x 10° Basis
case.z | - 11,422 x 105 . 1,750.0 x 105 . + 3z
‘case 3 .. 11,755 x 105 . 1,810.3 x 10° + 67

2.2.2 Fuel Cost (Variable Cost)

The fuel cost for the annual power generation in cases 1, 2 and 3

is &s foilows.

GB-3-5



*
Fuel cost

Items Remarks
Case (Yen/year)
Case 1 3,684 x 10°  Basis
Case 2 3,556 x 10° - 3.5%
Case 3 3,528 x 10° - 4.27

Fuel_price_
2.03 Rs/ké X 6.25 Yen/Rs
= 12.69 Yen/kg

* Based on the annual

fuel consumption
{Refer to the item 1.5)

2.2.3 Annual Power Generation Cost
Annual power generation cost can be shown as follows based on the
above calculations.
Annual power

Items Annual fixed Annual variable generation Remarks
Case cost {Yen) cost (Yen) cost (Yen)
case 1 1,707.9 x 10% 3,684 x 10°  5,391.0 x 16°  Basis
Case 2 1,759.0 x 106 3,556 % 106 5,315 x'106 -1,4%
Case 3 1,810.0 x 10° 3,528 x 10° 5,338 x 10° -1.0%

3. GConclusion

The JICA STUDY TEAM recommends to adopt the steam conditions of 169

kg/em?, 538/538°C for the West Wharf Thermal Power Plant Units 1, 2

by taking into congideration of economical evaluation stated in item

2,2.3 as well as operation and maintenance evaluation.

GP-3-6
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GP-4 OPTIMUM CONDENSER VACUUM

The optimum condenser vacuum, i.e., the optimum turbine back pressure,
is decided by deriving the minimum annual cost, calculating

corresponding annual costs against various condenser vacuums,

The annual costs are calculated as the summation of annual fuel cost,

plant operation/maintenance cost and capital cost.

1. Fuel Cost

Turbine heat rate will vary corresponding to its back pressure, i.e.

condenser vacuum.

The better heat rate can be expected with lower back pressure and

the worse with higher back pressure.

Therefore, by changing the design back pressure, i.e. the condenser
design vacuum, annual fuel consumption will vary and the annual fuel

cost will change accordingly.

Change of heat rates and annual fuel costs éorfespondihg to various

condenser vacuums are listed below.
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Annual Fuel Cost

Annual

X change fuel oil
Vacuum - in cost (Difgerence)
mmHg Heat Rate x 10° YEN
680 1.18 - 37.78
685 0.8 25.61
690 0.4 12.81
695 . 0.0 0.0
{Base) {Base}
700 -0.37 -11.85
708 ) -0.75 -24.,01

710 ~ .1.088 -34.83

Remarks: Fuel oil rate 2,085 Rs per meteric ton

2. Operation and Maintenance Costs

(1)

(2)

Circulating pump power consumption

In this survey the circulating water quantity for condenser

‘cooling is assumed to be constant, because the allowable

cooling water tempsrature rise will be specified as net more
than 7°C in environmental viewpoint.
Therefore, the power consumption for the circulating water

pumps is assumed as a constant, accordingly.

Maiﬁtenance cost

The maintenance cost, which includes salary, wages, and
expenditure, etc., is usually assumed to be the fixed cost by
using the average rate for the construction cost in order to

simplify the economical evaluation.

Therefore, in this survey, the maintenance cost is assumed as a

GP-4-2
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fixed cost with 32 of construction cost.
Capital Cost

In order to realize lower turbine back pressuré with the same
quantity of the condenser circulating water and the same inlet
temperature, the larger condenser having larger heat transfer area

should be installed.

That means to have a8 better condenser vacuum with the same cooling -
water conditions, it is necessary to install a larger condenser with

higher investment cost, resulting higher annual capital cost.

Prior to estimating the fixed capital cost, the parameters are

usually assumed as follows.

a. Annual interest rate (i) 112 average of foreign currency

portion and local currency
portion
b. Operation ﬁériod {n) . 20 years

¢. Salvage value of proterty{é? 102

d. Capital recovery factor ol :
in thi; caéé,'the capital recovery factor will be as calculated
below, ﬁased on the fixed.insthllhent method for depreciation

during the operation period of 20 years.

oA = i1+ -

(1 - i = 0.124
(l+i)p_lx(1 ;3)+_1-‘8 0.12

¢. Annual capital cost

Therefore, the_annual capital cost factor adding maintenance
cost is calculated as, 0.124 +.0.03 = 0.154.

Multiplying this factor to the-initial investment cost, then,
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the corresponding capital caosts for various condensers are

tabulated as follows.

Vacuum
mmig

680
685
690
695
700
705

710

Equivalent Capital Cost (xlt}6 YEN/year)

Condenser
surface area
F4
68.90
75.95
86.25
100.0
122.8
160.7

261.0

Condenser Annual

Difference

x10® yen  x10° YEN/year (695 mmig base)

Cos% Capital cost
-55.3. -14.36
~72.16 -11.11
-41.25 - 5.35
Base Base

68.4 -10.54
182.1 28.04
483.0 74.38

Total Annual Expenditures

Summing up the fuel costs and the capital costs, total annual

expenditures (differences from 695 mmHg base) corresponding to each

assumed condenser vacuums are listed below.

Vacuum
mmilg

680
685
690
695
700
705

710

Total Annusl Expenditures (x10% YEN/year) Difference

Fuel cost

37.78

25.61

12.81

Base

-11,85

~24.01

-34.83

Capital cost

GP-4-4

~14,36.

-11.11

- 6.35

Base

10.54

28.04

74.38

(695 mmHg base)

Total

23,42

14,50

6.42

Base

AL
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TFig. 1 shows the variation of fuel cost, capital cost and total

annual expenditures against a change of selected condenser vacuums,

From this

condenser

The above

condenser

Therefor,
condenser

condenser

figure and the previocus table, the most economical

vacuum will be in a range between 695 and 700 mmHg.

calculation is made with a assumption that the normal

cooling water (sea watex) is 30°C.

in the West Wharf Thermal Power Plant Project, 700 mmig
vacuum- is selected at 30°C sea water as the optimum

design Qaéuu.m.
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¥ig, 1 Condensér Design Point, Fconomic Comparison

x 10° ¥/year

40~
§ Impracticable
zone -
X
N
§
N
1N
\
& e Minimum
&&?j point
@
y 10
k- -
coott T
—20
T f ] I
680 685 690 695 700 705 710 otlg
{Base) Vacuum
Based on;
Cooling water inlet temperature 30°C
Cooling water temperature rise 7°C
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GP-5 NUMBER OF FEEDWATER HEATERS -

For the'ZOO My cléss s#eam power plant, sﬁch as those proposed for the
West Wharf Thermal Pdwer-Plant Units 1 aﬁd 2, three types of feedwater
heater system (number of feedwater heaters including deaerator) are
selected. These are; gight {8) heater systgm (top heater Qbove réheat
point), seven (7) héat;er system (top heater above reheat point} and
seven (7 heater sgstem (top'héater at reheat ﬁoint). The first Ane
{Case 1} is the prevalent: system used in the 200 MW class’ steam power
plant of.the Japanese Eleétric Power Companies. However, the latter
systems (Case 2 and Case 3) were adqpted fo; only a few plants of
approx. 200 MW units. JICA ﬁas carriéd oﬁt a comparativé'study of the.

eight (8) heater system and the seven (7) heater system.'

-1, Technical Evaluation

The increase of extraction steam from the turbine casing is in
proportion ﬁothe grading ﬁp.of steaﬁ éonditioﬁs. As the number of
extraction steam points increases, the turbine plant efficiency is
theoretically improved, due to- use of effective extraction Steam.
Therefore, an increase in the number of feedwater heaters

contributes to improved turbine efficiency.

1.1 The turbine heat rates for the eight (8) heater system and the
seven (7) heater systems axe assumed as follows; (In ihese cases,
the steam conditions are the same as 169 kg!cmz,g, 538!538°C in

each case.
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Heat vate - & L
Case (kcﬂl’k%) Remarks

Casé 1 1,909 Basis
(8 heater system) '

Case 2 : 1,912 : 4+ 0.162
(7 heater system)

Case 3 1,926 + 0.892
(7 heater system)

1.2 The annual fuel oil costs for three (3) cases are obtained as

follows.

o Heét raﬁe Annﬁal fuel oil cbst R k
ase (kcal/kwh) (Yen/Year) . emarks

case 1 1,909 3,545.6 x 10° Basis

Case 2 1,912 3,551.2 x 10° '+ 0.167

Case 3 1,926 3,577.2 x 10 - + 0.897

1.2.1 'Note;.
The annual fuel o0il costs are obtained by using the following
equations.
(1) Fuel oil consumption; R (kg/year).

PxTx L x Ht

100 PxTxU=xHt
R = {qﬁ = o : ..i.. {A)
Too X Ho 13x Ho
Where; |
P : Plant rated output; 200 x 103 (kW)
T : Generating hours per one year;

36592Y8 o 24HY = g 760 (H/year)

GP-5-2
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Ht : fTurbine heat rate (kcal/kWh)
325: Boilef efficiency; 881
Ho : Higher heating value of heévy oil
10,2d0 {kcal/kg)
U : Annual utilizétion fgctor; 752.
(2) Fuel oil cost; C (¥lyeaff
_;C = R #Iu i r .....'(Bf

Where;

u & Unit cost of fuel oil = 2,034.05 (Rsfton) = 2.03 Rs/kg

e

r Rsséonversion.rafe l.Rs = 6.25 ¥
(3) Calcﬁiﬁtions | | |
for Case 1
200 x 103 x 8,760 x 0.75 x 1,909

C=— _ x 2.03 x 6.25
0.88 x 10,200

= 3,545.6 x 10° (¥/year)
for Case 2
200 x 10° x 8,760 x 0.75 x 1,912

L= — x 2.03 ¥ 6.25°
.88 x 10,200

= 3,551.2 x 10% (¥/year)

TN
—

for Case 3

200 x 102 x 8,760 x 0.75 x 1,926
C= — _ _ x 2.03 x 6.25
0.88 x 10,200

= 3,577.2 x 10° (¥/year)
2. Econbmical_Evaiuétioﬂ
The economical evaluation is based on the 8 heater system comparing

the operation cost difference and the initial investment difference

GP-5-3
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2.1

due to the adoption of the 7 heater system,

Construction Cost (Plant equipment)

The construction cost for steam power plant of 169 kglcmz.

538[53800 using 8-heater system (Case 1) and the 7-heater system

(Case 2 and Case 3) are shoﬁn as follows.

(The difference of construction cost is due to the reduction of 1

{one) heater system equipments including heater body, extraction

system pipes, feedwater pipes and their related valves, fittings

and laggings, etc.). For Case 2, one low pressure heater is

reduced, while in Case 3 one high pressure heater is eliminated).

Items Construction cost
Case . {Yen)’ ‘Remarks
Case 1 15,400 x 106 Basis
Case 2 15,359 x 10° -0.27%
case 3 15,277 x 10° ~0.802

Power Generation Cost

Power generation cost consists of the fixed cost and the variable

cost. The fixed cost can be thought of as the capital cost. The

maintenance cost {which includes salary, wages, and expenditures,

etc.) is usually assumed to be the fixed cost by using the average

rate for the construction cost in order to simplify economical

evaluation.

GP-5-4
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2.2.1 Fixed Cost
Prior to estimating the fixed cost, the parameters are usually
assumed as follows.

a, Annual interest i: *11% * average of Yen portion
and Rupee portion

b. Operation period n: 20 years
¢. Salvage value of properﬁy 102 .
In this case, the capital recovery factor, that is

. Nl B
i () o (1.ﬁ) + i xf%
(1+i)Be1

(i =0.11, n = 25, =0.1), will be 0,124 based on fixed
_instaliméﬁt meihod fé?.depreciation dufing the operatién
period bf id yeafs.

d.  Average maintenance cost rate 3z

Therefore, the annual'capital cost factor is ©.124 + 0.03 = 0.154,

The annual capital'coét ié obtained by the following equations

and is shown és'followé.
(annual capital cost) = (construction cost) x 0.154

Items ‘Construction Annual capital
Case cost {Yen) _ cost (Yen) Remarks
Case 1 15,400 x 10°  2,371.6 x 10° Basis
Case 2 15,359 x 10°  2,365.3 x 10° -0.272
6 6
Case 3 15,277 x 10 -0.802

2,352.7 % 10

2.2.2 Fuel Cost (Vaiiable Cost)
The fuel cost for the annual power generation in Cases 1, 2 and

3 is as follows. (Refer to item 1.2)

GP-5.57 .
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Items Fuel cost

Cost (Yen/Year)
Case 1 3,545.6 x 10°
Case 2 3,551.2 x 10°
Case 3 3,577.2 x 10°

2.2.3 Annual Power Generation Cost

Annual power generation cost is as follows based on the above

calculations.

Ttems Annual fixed

Annual variable Annual power

cost (Yen) cost (Yen} generation ‘Remarks
Case cost (Yen)
Case 1 2,371.6 x 10°  3,545.6 x 10° 5,917.2 x 10®°  Basis
Case 2 2,365.3 x 10°  3,551.2 x 10% 5,016.5 x 105  +0.0%
Case 3 2,352.7 x 105 3,577.2 x 10° 5,929.9 x 10%  +0.22

GP-5-6

ST

R



3

.  Heater Arrangement

The heater arrangement for each case is as shown below.

Case 1 8 heater system

To 3-H.P. heaters

boiler

Deaerator

4=L.P, heaters

From

A1 —E— | Y

g

i: condenser

(k) Case 2 7 heater system

To
boiler

R Deaerator

3-H.P. heaters ; Eﬁ

C.P,

Neck heater
{installed in condenser neck)

3-L.P, heater

Case 3 7 heater

To

boiler @ @

From
B . . -condenser
A~ Nt
B.F.P. = c.P. .
system
Deaerator
2-H.P. heaters 4-L.P. heaters From
condenser
B.F.P. C.P.

Note that: <Case 1 as a newly devised heater arrangement and in Case

2 eliminates the neck heater {the lowest heater installed in the

condenser neck); and Case 3 eliminates one hipgh pressure heater.

e
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Conclusion

#s shown in the evaluations, Case 1 and Case 2 produce similar

results and are more economical than Case 3.

However, the efficiency of Case 2 is, ﬁheoretically, slightly lower

than that of Case 1.

Nevertheless the difference in the theoretical heat rate between the
8 heater system and the 7 heater system (Case 2) 1s not an
apprecierble figure, while in economic evaluation, the 8 heater

system does not prove justifiable.

Therefore, for the West Wharf Thermal Power Station Units 1 and 2,
JICA recommends adoption of the seved (7) heater system'as shown in
Case 2, which has three high pressure heaters, a deaerator and three

low pressure heaters.
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M-1 BOILER

1.

Selection of Boiler Type

The boiler applied to steam power plant, will be of the drum type
{natural circulation or forced circulation boiler) and of once
through construction. Both types of boiler are manufactured for a

wide range of steam generation capacities.

For a Large.capacity unit of 400 MW or above, once-through type
supércfiticgi préésuré‘boilers are'adopted to meet higher steam
conditions féquired for higher thermal effieiéncy. However, the
once-througﬁ'type boiler requires careful operation and strict water
quality éontrol. To maintain high efficiency and to prevent

formation of scale and acceleration of corresion,

In Table-1, comparison between the drum type and once-through type"
boiler for 200 MW class units is made, showing their merits and

demerits.

on the other hand, drum type natural circulation or forced

circulation boilers are adopted mostly for 200 MW class units in

“Japan and in Pakistan. Typical drum type boilers for 200 MW and

above units in Pakistan are listed in Table-2.

As such, the drum type boiler will be easief to 6perate and maintain

by KESC-engineers; KESC and JICA agreed to adopt a .drum type boiler

for the West Wharf The:mal Power Plant Units 1 & 2.
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2. Type of Boller

Top suspended
Natural circulation or forced circulation
Drum type
Reheat
Welded wall
Pressurized furnace
0il firing;
For start-up and low load conditions, natural gas will be

used

3. General Technical Description
(1) Furnace

The furnace shall be fully water cooled, using welded walls,
Water walls will be arranged so that there is no exposed

refractory in the furnace except at the burner throats.

The side walls, front and rear, roof and floor tubes shall be
shop assembled into panels of welded construction to minimize

field erection work.

The primary objective in furnace design shall be to achieve

reliability and long life.

Furnace heat release rate shall be designed under the
Tenderer's experience with satisfactory operation records, of

at least 5 years.

M-1-4
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(2}

(3

Superheater and reheater

Tt is a common practice for boiler designers to select
gsuperheaters such as pendant and horizontal types or

combinatjons. thereof depending upon the general construction of

" the boiler. This shall be decided upon based on the design

conditions of the beiler and the manufacturer’s.

The superheater shall be designed and positioned in the steam
génerétarrunit with special aﬁtentibﬁ to protéct used.matégials
froﬁ high gemperﬁture conditions. Thé steam temperature‘at
outlet of the sﬁﬁerheater and reheéter éhali be automafically
controlled for the range specified (for example, above 507 of

continuous maximum rating).

The superheater and reheater are of the loop tyre, partly

herizontal and partly pendant.

Overall design of the superheater and reheater shall be such

'that.any parts and elements can be removed and replaced with

minimum disturbance to other parts.

Headers of the superheater and reheater shall not be located in

the gas path.

Sufficient space shall be provided so that additional heating

elements can readily be inserted for repair when required.

Economizer -

‘The economizer shall be of approved design and construction,

M-1:5




(3}

The economizer shall be designed so that no steam will be

generated under any operating condition.

The elements shall be arranped in banks sufficiently shallow to
enable the gas passages to be easily cleaned and with ample

space for access.
Gas mixing fan and gas recirculation fan

Gas mixiﬁg fan (GMF) w111 be utilized for NOx reduction in

‘boiler flue gas by extracting flue gas from the economizer

outlet and mixing it with the combustion air.

Gas recirculation fan (GRF) will be utilized for improvement of
temperature control characteristics of the boiler by
recirculating flue gas taken from the economizer outlet and

returning it to the furnace.

For the West Wharf Thermal Power Plant boiler, the gas
récirculation fan, which will be used for the above cited two

purposes, shall be provided.

Two half capacity GRF’s are preferable. However, due to the
narrow site space, one full capacity system may be permissible,
provided that it can maintain stable boiler operation even with

GRF(s) out of service. -

20
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M-2 BOILER AUXILIARIES

The following description shows the Engineer's gselection for the types

of boiler auxiliaries.
1. Bojiler Feed Pump .

(1) Type of Boiler Feed Pump
Motor driven, a variable speed, horizontal multistage
centrifugal barrel type with speed increasing gear and hydro-
coupling.

{(2) HNumber of Boiler Feed Pumps

Three {3) sets of 507 capacity each

(One (1) set for standby}

{3) Appro;imate Particulars

350 t/h x 210 kglcm2 each (tentative)

(4) Reasons of the Selection
Refer to the Detailed Design Sheet, designated as M-8 in this

report, titled °"Type and number of boiler feed pump”.
2. Fuel 0il Pump

(1) Type of Fuel 0il Pump

Motor driven, horizontal screw type.

{2} _Number of Fuel 0il Pumps

Two (2) sets each of 1007 capacity.

M-2-1



(3) Approximate Particulars

60 mslh x 30 kg/cm2 each

(4) Reasons of The Seiection
When high viscosity fuel such as crude heavy oil and residual
0il is handled, screw or gear pumps are employed for fuel oil
pumps,
In general, high speed operation is possible with screw pumps,
greater cépacity is algo available,
In addition, compéring ﬁith gear pumps; high pumﬁ efficiency,
less mechanical losses, low noise and less wear can be expected
for screw pumps.
From the above reasons including much experience for similar

particulars, screw pump has been selected.
Forced Draft Fan

(L) Type of forced draft fan
Inlet vane control, double inlet, constant speed and

centrifugal type with backward curved air foil blades.

(2} Number of forced draft fan

Two (2) sets of 30X capacity

(3) Approximate particulars

To be specified by the contractor

(4#) Reasons of the selection
a) 1t is expected that this power station will be operated:

with high utilization factor as the base load power

M-2-2
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Gas
(0
(2)
(33
Air
(1)
)

(3)

station. Therefore, a reliable, easy to operate and
economical machine is preferable.

b) Many experiences show that this type of fan is the most
reliable and durable one. -

é)' Aif.control.will.be achieved readily and accurately.

d) Less msintenance is expectable because the number of‘parts

constructing the fan and damper unit is less.
Recirculation Fan

Tyﬁe of gas recirculation fan
Inlet vane control, double inlet, constant speed and radial

type.

Number of recirculation fan

To bhe decided by the contractor

Approximate particular

To be specified by the contractor
Preheater

Type of air preheater
Regenerative, rotary counter flow type with horizontal or

vertical installation

Numbet of air preheater

Two (2) sets of 50X capacity

Apprbxiﬁéﬁe particulars

Heﬁfing.éufface (gas side) _ 22,600 m” each



6.

7.1

Inlet air temperature 88°C

Outlet gas temperature 142°%

{4y Reasons of The Selectibn
This type of air preheater is widely adopted for steam power

plant.
Soot Blower for Boiler

{1) Type of soot blower
Long, retractable, electric motor driven and steam blowing type.
With automatic sequence control for routine operation, remotely

opérated individually from central contrel room.

(2) Number of Socot Blowers

To be decided by the contractor

(3) Approximate Particulars

Operating steam condition 12 to 14 kglcng

(4#) Reasons of The Selection
Any desired steam pressure and steam flow can be obtained from

the boiler.
Air Compressor
Instrument Air Compressor

{1) Type of instrument air compressor
Heavy duly, water cooled, o0il free with teflon ring, motor
driven, with aftercooler and intercooler (if any) air filter

and silencer etc.

M-2-4
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7-2

7-3

(23

(3)

Air

(1)

(2)

(3}

Number of air compressor

'Threé {3) sets of 30X capacity each

Particulars
To be specified by the contractor in accordance with air

comsumption of the plant
Drier of Instrument Air Compressor

Type of air drier

Refrigerative type
Two (2) sets of 1007 air compressor capacity

Particulars
To be specified by the contractor in accordance with air

consumption of the plant.

Service Air Compressor

(1)

(2)

(3

Type of service air compressor
Motor driven, reciprocating type with aftercooler and

intercooler (if any) with air filter.

Number of air compressor

Two (2) sets of 100X capacity each

Particulars
To be specified by Bidder in accordance with air consumption

of the plant.
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M-3 TURBINE

1.

Turbine design conditions

(1)

(2)

(3)

(4)

Turbine rateq oﬁtput (Economical Continucus Rating.(ECR),
design point)

The steam turbine generator should be designed ‘to have 'a rating
output of 200 MW at the generator'términaIS'at normal steam
conditions, with a spécified back:pressure of 60 mmHg-abs.

This will correspond to the specified design cooling water

temperature of 30°C.

The turbine generator shall be able to generate an output of at
least 200 MW under exhaust pressure conditions which shall -
rorrespond to the maximam spec1f1ed coollng water temperature

33°C with 3z make up water (Capablllty Ratlng)

Maximum Continuous Rating (MCR)

A generator output of not less than 210 MW should be guaranteed
under the specified steam condltlons. at the maxlmum guaranteed
throttle flow and the spec1f1ed back pressure (Refer to Clause

1 of thls sectlon) under normal expected cycle operating .

conditions.

Initial steam‘édndition

In order to achieve high efficiency in éteam turbine design,
high-preséure and temperature initial steam condition should be
adopted. ﬂowever,:considering,the unit size and ease of

operation and maintenance, a subcritical steam condition has

M-3-1
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been adopted.

Initial pressure 169 kglcng
temperature 538°¢
Reheat temperature 538°¢

Design back pressure of turbine

The specified back pressure of (60 mm Hg abs.} should be
selected in order to achieve the most effective cycle
performance throughout annual operafion, by referring to the
maximum, minimum and yearly average cooling water temperatures
as well as the allowable temperature rise of the cooling water

(to be set as low as 7K for environmental protection purposes).

Type of turbine. .

The JICA Study Team has considered adoption of a TCDF (Taﬁdem_

compound double flbw) turbine for the KESC West Wharf Thermal Power

Plant Units I and 1X. The reasons are as follows.

The TCDF type turbine is usually adopted for 200 MW class steam

power plants similar to the Bin Qasim and Korangi Steam Power FPlants

of KESC. This turbine is manufactured by several reliable makers

and excels in operation performance and maintenance ease.

The main features, pending preference, are as follows.

(1)

Number of turbine casing could be two (2) or three (3) casings.
Two (2) casing type congists of one casing for HP & IP rotor
and the other for LP rotor. The three (3} casing type has

independent casings for HP, IP and LP rotor, respectively. For

M-3-2
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(2)

the project, two casing type

limited site space.

The supporting method of the

two (2) methods. One 1s the

provides.the bearings before

other is éingle support type
and support the rotor by the

experience of single support

seems preferable due to the

turbine-generator rotor comprises
two (2) bearing support type which
and after egch cne rotor. The
wh;ch eliminate one side bearing
adjacent rotor bearing., As paét

type turbines shows unsatisfactory

result regarding vibration, this type is not recommended.
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M-4 TURBINE AUXILIARIES

The type and number of turbine and turbine auxiliaries in accordance
with the Basic Design of the West Wharf Thermal Power Station Units 1

and 2 are selected as follows.

The JICA Study Team proposes the equipment and facilities as shown below
from the viewpoints of experiences for domestic and overseas thermal

power stations.
1. Reason of Selection for Major Equipments

(1) Steam turbine
Refer to the Detailed Design Sheets Item No. M-2, titled

TURBINE in this report.

{(2) WMain oil tank
One ‘(1) main oil tank is installed on the first floor in the

furbine room.

{3) Auxiliary oil pump
One (1) auxiliary oil pump is installed on the main oil tank

due to save the space.

:t4)7 iacking-oi1 pumpr(if required)
Necessity of jacking oil_pugp shall_be_decided by turbine-
manufaétﬁférnﬁase& up6n théif design practice. .
Nuﬁbériof pumﬁ is_oné.(l)fset, if jacking oil pump requires.
Beéause, the jagking oil pump is{operated.only a£ the time of

start up and after shut down condition of turbine.

M~4-1



{5y Gland steam condenser

(6)

(N

{8)

One (1) unit

furbine bypass Systém

Turbine bypass systém-wili not be provided for economical

reasons. Nevertheless, without the turbine bypass system, the

units will stil]l be able to change over to house load

operation, that is, island operation, in case of sudden load

rejection caused by transmission line trouble, etc., by

utilizing the FCR (fast cut back) technique.

Surface condenser

(a)

{0

()

The type of surface condenser is one (1) pass, dividéd
water box and horizontal surface type. .

The tube material will be decided after studying.the
water quality inside of Karachi Port and other
influencing factors. Titanium tube material has. been
selected for the final choice.

The condensate oxygen content should be of 0.03 ccfl due

to the steam condition of this class.

Circulating water pump

{a)

(b)

The type of circulating water pump is vertical mixed flow
type. .
The material of pump should be deci&ed after
investigation of the cooling water qﬁaliﬁy other
influencing factors. o

Sea water resistant stainless steelsis adopted fdr tﬁe

main parts.

M-4-2
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{9) Condensate pump
(a} The nuﬁber of condensate pumﬁ is three (3) sets due to
reliability and easy operation.
{b) The each pump has half capacity at the rated condensate
.flow. (two pump operation and one standby)
(c) The type of condensate pump is vertical multistage pit
can type with suctlon strainer from the viewpoints of
_satisfactory experiences.

(d) The kind of material for major parts are as follows:

Impeller : Stainless steel
Casing ¢ Cast iron or cast steel
Shaft. + Stainless steel

(iO) Feed water heater

(a) The type of feedwater heaters for high pressure and low
pressure are horizontal U tube type due to the easy
operation and maintenance.

(b The kind of material for the majof parts are the
following items from the viewpoints of satisfactory
experiences.

Tube material + High pressure heaters
Carbon steel
Low pressure heaters
Stainless steel

Channel and tube sheet: JIS SFSO, 8B46 or eguivalent

{11) Turbine room over head traﬁelling'crane

(a). The type of crane is indoor double box girder one_t:dlly

M-4-3
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(b}

type from the viewpoints of satisfactory experilence.

The lifting capacity should be selected by maximum weight
of turbine and generator parts except the generator
stator because of esconomical design for the turbine room
structure.-

Therefore, the capacity of crane should be decided at the

manufacturing design stage.

M-4-4
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M-5 CONDENSER AND CIRCULATING WATER SYSTEM

1. Condenser

1-1 Design Gonditions of Condenser

(1)

(2)

(3

(4)

(5)

(6)

(7)

(8)

(9

(10)

Type

Turbine exhaust pressure

Inlet cooling water

temperature (tl)

Condenéer tube cleanliness

factor {Cc)

Turbine exhaust steam flow
; . 2 o

{at 169 kg{cm . 538/538%¢)

Turbine exhaust steam

'entﬁalpy

Condenser Eubes
Material

Size

Number of tube pass (N)
Velocity of cooling water
in tubes (V)

Coﬁdensate water tempé:a}
ture (Pressure of .saturated
turﬁine exhaust: 60

mmHg-abs.)

Me5-1

-

"

One pass, hor

type, divided

izontal, surface

water box

Rated, 60 mm Hg abs.

Design, 30°¢

907

" same conditio

577.3 Kcallkg

Titanium
19.05 mm?'D-

{effective)

: one (1)

2.4 m/sec.

- 41.5%

.AOO toh!hr. (ﬁéreinéfter the

ns}

x 0.5 mm® x 11,000 mmP



1-2 Condenser Design

1-2-1 Heat duty (H)

{1) Tur

200 MW at 60 mmHg abs. boiler

.

make-up water 37

bine exhaust steam (577.3 - 41.5) = 400,000

"

= 2.14 x 10° (Kcal/hr.) -

{2) Feedwater heater drain, ¢ 1.35 x 106 (Kecal/hr.)

ete

{3) Tot

al H . 2.16 % 10% (Keal/hr.)

1-2-2 Heat transfer rate (K)

The heat

transfer rate (K) is calculated according to the

Standards for Steam Condenser of the Heat Exchange Institute

based up

on the following formula:

K=Cx /VxCt xCnxCe=3,021.9 Keal/m?h°C

where C:

Ct:

Cm:

Ce:

1-2-3 Temperat

t =

where ts

Coefficient of basic heat transfer rate. Judging from
the outer diameter of tube, C = 2,361
Cooling water velocity inside tubes = 2.4 m/sec.
Correction factor based upon the cooling water temperature
(at 30°C) = 1.08
Gorrec#ion factor based upon the materia; and thickness
of tubes =_0.8§

Tube cleanliness factor = 0.9

ure rise of cooling water (At)

(ts - £,) x (1 - —l; ) = 6,08% < 7°%
e

= 41.5%; t, = 30%

M-5-2
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1-2-4

1-2-5

- N.K.L.F.
3,600 x V x Cp.

P = 0,9349; P = 2,546

¢ Number of tube pass =1

3,021.9 Keal/m® hoC

o 7:1 =

e

Tube length = 11.0 m
F: Factor based on tube diameter

T X 0.D
u 14%(0.D-2xT)?
V: 2.4 mfsec.

F = = 234

Cp.Y: Specific heat » specific gravity = 963 kcalim3oc

Required quantity of cocling water ( )

Q= —H— = 32,134 n¥/ne. = 8.92 n¥/sec

At.CP.Y
where H = 2.16 x 108 Keal/hr

At = 6.98°C

Condenser surface area (F)

F =t = 9,568.7 m?
X.m
where H = 2.16 x 108 (Xcal/hr.)
K = 3,021.9 (Keal/m® 1h°C)
_ ts'—"lil-s
t,™ Y
em
m= .
1 91 Q1+11.5
n 92
= 7.47 °R

t1=30.0

M-5-3
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1-2-6 Number of tubes NT

. __F
Ny = S0 pTsL = 14,933

where F = 9,568.7 m2

0.D = 0.01905 m

[
3

11.0m
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2., Galcuiation,of Cireulating Water Pump Head

2-1 1Intake Head Loss (CWP Suction Water Lavel)

(1) + (2) ¢ 0.616 mAq (EL = -1,046 m)
(1) Intake culvert and i 0.454 mAq

open channel head

loss
(2} Screen head loss _ i 0.162 mAq

2-2 Discharge Tunnel Head Loss i 1,012 mAq (Unit 1)

- For further detail, refer to the Detailed Design Sheets, Item No.

CV-3, "Hydrographic Calculation." .
2-3 Piping Head loss

2-3-1 Head loss between CWP and condenser
((a) + () x 1.1 = 1,48 mAq

(1) Pump discharge piping '
head loss ' ' : 0.138 mAgq

(a) Piping head loss (Lang‘é Formula)

‘ ' - 2
_ [ov ) L v?
h={(a+ 16 B ) D 2

¢ : Loss cdeffiéieht
vV : Kipematic Viscosity
(at 30°C)
.V: Velocity
b: :Piping diameter

L: Piping length

M-5-5
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0.138 mAq
0.019

0.008 x 10°* n?/sec
3.92 m/ sec,

2.0m
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Method for deciding the veloéity and diameter of the

pipe

D = ‘/ & (/)
Tr .

Q= 9.5 ma/sec.
V = Approx. 3 m/sec. ---- D = 2.0l m
D=20m V = 3.02 m/sec

(b) Valve and fitting head loss = 0.343 mAq.

45°% elbow: (1.5 m dia. x 2), V = 2.55 m/sec
h=0.21 2 0.332 x 2 =0.139

Y piece: (2 m dia. x 1}, V = 3.02 mfsec
h=0.5 % 0,465 x 1 = 0,233

Expansion joint: (1.5 m dia. x 2)
h = 0.05x 0,332 x 2 = 0.033°

Butterfly valve: (1.5 m dia. % 2}

h=190,3 x0.332 x 2 =0.1992

2-3-2 Condenser outlet piping head loss _ : 1.643 mAq

((1) +# (2)) x 1.1 + (3) + (4)

(1) Piping head loss

2
_ [, L.V
h=(a+ 16 D ) D ‘0.461 mAg

it

2g
v = 0.019 = 0.008 x 10”4
V = 3.02 m/sec. D=2.0m

1060 m

[
f
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(2) Valve and fitting head loss t 0.652 mAq

Ah =T'Hfh V = 3,02 n/sec. (2-m dia.)
2g
. = 2.55 m/sec. (1.5 m dia.)
90° elbow

h = 0.31 x 0.332 x 1 (1.5 m dia.) = 0.103 mAq

0.31 x 0.465 x 3 (2 m dia.) = 0.433 mAq
Expansion joint _
h = 0.05 x 0.332 x 1 (1.5 m dia.) = 0.017 mAq
Butterfly valve. _
h=0.3%0.332x1 (1.5 mdia.}) = 0.099 mAg
(3) Tube ball-cleaning strainer head loss: . 0.15 mAq
{4) Piping discharge head loss : 0.269 maq
v,? -yt
h=1 —-‘EE—"n = 0,269
T =1.0 V1 = 3,02 mf/sec.
-Vz = 1.96

2-4 Condenser Head Loss

2-4-1 Specification of condenser

Tubes
Outer diameter : 19.05 mm
Thickness : 0.5 mm
‘Length ' : 11,000 mm
Number éf passes t One (1)

Velocity : 2.4 nfsec,

"‘M=5-7



2-4-2 Head loss (According to the Standards for

Steam Surface (Gondenser of the Heat Exchange

Institute)
(1) Head loss per 1 m of tube length : 0.32 mAq .
(2) Tube head loss at 21.1°C (Cooling water .
temperature) |

(1) x tube length x pass = 0.32 k 11.0 x 1 = 3,52 mAgq
(3) Water box head loss at 21.100 : 0.8 mAq
{4} Total head loss _

(2) + (3) = 4.32 mhq
(5) Total head loss at 30°C (In case the

correction coefficient is 0.98
{8 x 0.98 = 4,23 mAq

4.5 mAq

M-5-8
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3. Summary of Circulating Water System

3-1 Summary of Circulating Water Pumps

(1)

(2)
(3)
(4).
(5)

Type : Vertical mixed-flow type
Number o : Two (2) sets per one unit
Capacity : 17,100 m3/hr./pump

Total head :  10.0 mAq

Driving motor + 700 kW

3-2 Design Conditions

3-2-1 Capacity (200 MW unit)

3-2-2

(1)

(2)

(3)

(5)

Quantity of condenser coodling

water (Refer to ATTACHED SHEET I) : 32,400 m>/br

Quantity of bearing cooling water

for heat exchanger 1,700 m3/hr
Quantity of water to be used for

100 mB/hr

other purposes

Total L . 34,200 m°/hr
Required capacity of pump

34,200 x —— 17,100 m°/hr

2

{4.75 m3/sec.)

Head (Refer to Fig. 1)

(1)

(2)

Circulating water pump pit water level : EL -1.046
Discharge tumnel water level ' : EL +0.582

M=5-9



(3) Piping, fitting and valve head loss
Inlet side 1.48 mAg : 3.12 mAg
Outlet side 1,64 mAq
(4) Condenser head loss : 4.5 mhq
. Therefore, the required head loss
= (2) - (1) + (3) + (4) : 9.248 mAg

= 9.5 mAq
3-2-3 Driving motor

(1) Required shaft power

0.163 x y x Q x H _ 535 5 (k)
n

where ¢ S8pecific gravity = 1.025
Q: (4.75 m>/sec.) = 285 m/min.
H: 9.5 m

n: Pump efficiency = 0.85

(2) Motor power
| ‘The motor power shall be equivalenf to or more than the
largest value in the following:
Shaft power at design point x 1.2

Shaft power at shut off point

Therefore, the shaft power shall be 650 kW,

M~5-10
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4.

Air Removal Equipment

Removal of air from a steam condenser may be accomplished either by

a steam jet sir ejector or by a mechanical pump.

For the West Wharf Thermal Power Plant, steam jet air ejectors are

planned to be applied.

Capacity and number of equipment are decided according to the H.E.I.

Standard. {Heat Exchange Institute, U.S.A.)
(1) Main ejector

Type Twin element, two stage, steam jet air ejector

with common inter and after coolers

Capacity Extracting air and vapor mixture with 25.4 mm Hg
abs suction pressure and 4.2°F under cool

Dry air  25.5 kg/hy
Number One (1) set
Twin element type means that the sjector has a capacity specified
above with one element operation.
(2) Starting air ejector

Type single element, single stage
Capacity
Air suction capacity 1,850 kg/hr (dry air)

Number _ One (1) set

M-5-12
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M-6 CONDENSER TUBE MATERIAL

.A condenser tube material shall carefully bé selected in
consideration of various techniéal, economical factors for actual
application.

JICA study team is intending'to'édbpt titanium.és the condenser
tube material, aé_tﬁe result-of our investigation. |

The reasons are as follows.

Generally, aluminium brass material hés:been adoﬁted in mény
thermal power stations which use sea water for cooling water
system, because this material has proﬁér.resisﬁance for séé_wﬁter
and having better heat transer coefficient compareﬁ with other tube
materials.

However, the céppér alloy tubes'(alﬁmihium-bfass, copper-hiékei,
atc.) are not throughly corrosion resistant for the éeé“watefr
éontaiﬁing hydiosuified st; amﬁbnié (NH:).'etc..énd have a
'tendeﬁcy to reveal geﬁéfal corrosion'and_érdsion;

The rélaﬁi%é'corfoSioﬁferosion[impingémeﬁf resiétivity for various
materials is shown in the following table.

Admiralty Aluminium 90-10 70-30 Stainless

Subject brass brass Cu~Ni. Cu-Ni _ steel Titanjium
General Corrosion 2 3 _7 § & 5 6
Erosion-Corrosicn 2 oz b - 6
Pitting (Operation) 4 L& 5 . .5 6?1) 6
Pitting (Shutdown) 2 2 5 . 4 s:i) 6
High Velocity Water 3 3 4 5 6 6
.Inlet Attack 2 | 2 3 4 6 6
Steam/Drain Attack 2 2 3 '#_ . 6 ) 6

:ﬁf54i




Stress Corrosion 1 1 B ¢ 5 B

€1~ Attack 3 ' 5 6 5 1
NH3 Attack 3 2 4 5 6
Note: 1., =I: For seawater use

2. Number shows resistivity 6 (Max) - 1 (Min)

3. For stainless steel and titanium, seamed tubes are applied.
From the above table, the titanium tube shows excellent resistivity
compared to the other tube materials. Recently,_titanium tﬁbe
matefial has been adopted in many thermal power stations not only
in Japan ﬂut also in many other countrigs_in order to have more
reliable condensers, resulting to achieve more increased plant
utilization factors.

The Experience list of all-titanium-tube condensers is attached in
the following table.

Heat.conductivity of titanium i; not so high as aluminium brass and
cupro—niékel, however, in case of.titanium_condenser tubgs, thinner
tube wall thickness can be adoptéd because of its matgrial
reliability and higher cleanliness factor can be appliedryith_its
corrosion/erosion resistivit? and expected good cleaning result by
aéplying the ball cleaning device and more ‘over higher cooiing
water velocity can be selected.

Consequently, reasonable and not much different heat transmission
coefficient can be obtained for designing the condenser.

{Refer to Fig. 1 attached)
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Table 3 All Titanium-Tubed Condenser Experience List
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Fig. 1 Heat Transfer Coefficients referring to (1) Tube Material & Wall

Thickness (2) Cooling Water Inlet Temperature (3) Tube
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f‘ig. 1 Heat Transfer Coefficienté referring to (i) Tube Material & Wall
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Thickness (2) Cooling Water Inlet Temperature {3) Tube Cleanliness Factor
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In this comparison, outside diameter of 25.4mpé 19 applied for
the all cases . :
"wt" means tube wall thickness In me

"CL.E" means cleanliness factor .

“T{taniun" shows both of ASTM B338-78 (JIS H4361) Gr.1 (TTHZB)
and Gr.2 (TTH35)

5P5" ghows both of ASTM A249-81 Tp.304 (JIS 63463 SUSIN4TR)
and A269-8L Tp.316 (SUS3L6TB)
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M-7 FEEDWATER HEATING SYSTEM

1.

General

For the West Wharf Thermal Power Plant Units 1 and 2, a seven feedwater

heating system (Case 2) is selected due to its superb cost performance,

" and is as described in item No. G-5, "Numbér of Feedwater Heaters".

Condensate from the condenser hotwell is pumped up by two 502
vertical, constant speed condensate pumps through three stages of low
pressure feedwater heaters arranged in series, to the deaerator,
which is installed on the fifth floor of the auxiliary bay of the
main power house.

Feedwater from the deaerator storage tank is pumped by two 502
capacity motor-driven feédﬁétef”puﬁps through three high pressure
feedwater heaters to the econmomizer inlet of the steam generator.
Each low pressure feedwater heater is a horizontal shell and U-tube
type heat exchanger.

Heating steam is extracted from the turbine and after heating

feedwater in each heater, is condensed for drainage and led to the

' next lower pressure heater, thereby making effectiveness of its

heﬁt; Tt is then accumulated in a drain tank and finally pumped up
into condensate line or dire&ﬁly led to the condenser from the

lowest pressure heater.

The three low pressure heaters are mounted on the floor of the

‘auxiliary bay.

M<7-1




The horizontal deaerator with a storage tank receives condensate
from the low pressure heaters and provides additional heating and
deaerating of the condensate by utilizing a extraction steam from

the main turbine as heating steam.

Each high pressure feedwater heater is a horizontal shell and U-tube
type heat exchanger and utilizes extraction steam from the main
turbine as heating steam, similar manner as the low pressure

heaters,

The drains from each stage of feedwater heating, with the exception

of the deaerator, are cascaded to the next lower pressurg heater.

Alternate drain paths should be provided, however, to ensure
trouble-free drainage in any operation case, including in an

emergency operation.

The last stage high pressure feedwater heaters are mounted on the
4th floor of the auxiliary bay and the other heaters are mounted on

the lower floors successively.

“,»""'»\
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Tube Materials

Tube materials to be adopted for the feedwater heaters should be .
carefully selected considering material reliability (resistance
against corrosion and erosion, etc.) heat transfer rate (heat

conductivity of the material) and their cost.

Tube material of feedwater heaters is highly susceptible to corrosion

and erosion due to mechanical and chemical effects imposed on their

M-7-2
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outer and inner surfaces during operation, if the proper materials

“are not selected.

The widely used materials for feedwater heaters are shown in the

attached list (Standard for Closed Feedwater Heaters, H.E.I)

For units similar to the West Wharf Thermal Powser Plant Units 1 and

2, the following tube materials are recommended.

(1) Low pressure heater

Arsenical copper ASTM B111-80, C14200

Admirvalty ASTM R111-80, G44300
C44400
C44500
Carbon steel ASTM A179-80
A210-80-
A556-80

Stainless steel ASTH A213780 TP304

(2) High pressure heater

Monel metal ASTHM B163
Carbon steel ASTM A179-80

A210-80 -

A556-80
Stainless steel ASTM A213-80 TP304

Among those materials, mixed use of copper alloys and ferrous alloyé

is not recommendable, as the feedwater treatment suitable for copper

alloys is not négessarily adequate for ferrous alloys, and vice

versa.

Boiler feed water and condensate should be strictly controlled to

keep their quality within the limits specified by the standards for

M~-7-3



Boiler feed water and condensate should be strictly controlled to
keep their quality within the limits specified by the standards for

feedwater quality control.

For boiler protection, the PH value of boiler feedwater for units of
this class should be controled between 8.5 - 9.5, though a higher PH

value is preferable'for ferrous materials and their_ailoys.'

It is easier to control the feedwater quality suitable for the
feedwater heating system having ferrvous alloy tubes only than to
control the quality for tubes which adopt both copper allojs and

ferrous alloys.

Ferrous materials and their alloys which are adoptable for feedwater

heater tube material are carbon steel and stainless steel.

For the West Wharf Thermal Fower Plant Units 1 and 2'the'féllowing

material are recommended.

(1) Low pressure feedwater heater
Stainless steel
(2) High pressure feedwater heater

Carbon steel or

The reason why stainless steel is recommendable for low pressure
heater is that carbon steel tube is eaéily susceptible to
corrosion and erosion without pfoper blanketing (Nz sealfsteam seal)

in shut down period.

Carbon steel tube for high-pressufe héatefs has a thicker wall

M-7-4
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thickness and could be covered by pnrotective oxide film formed under

the operating conditions with proper design and water treatment.

Nevertheless, carbon steel- tubes should be carefully protected by
practicing hot blowing, N,-gas seal or steam blanketing while they

are out of operation.
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M-8 TYPE AND NUMBER OF BOILER FEED PUMP

1.

Outline of Boiler Feed Pump

Since a boiler feed pump is one of the most important auxiliaries in
a steam power plant, excellent performance, durability and
reliability are highly required for the pump throughout the plant

life.

In other words, the pump must have characteristics so as to with-
stand high pressure and high temperature even in a rapid load
change. Moreover, easy operation and less maintenance constitute

major factors in selecting an optimum type of the feed water pumps.,
Prime Mover for Boiler Feed Pump

There are two possibilities for the West Wharf Thermal Power Plant

Units 1, 2 to select the prime mover.

One is a motor driven type and another is a turbine driven type.

The.turbine driven type boiler feed pump will usually be adopted for

the unit capacity of larger than 300 MW as shown in Table 1.

2.1 Motor Driven Feed Pumps

For the motor drivgn feed pump, there are two combinations. One is
the directrcoup;ed'?ype With a pump aqd:a motor, and another is the
tybe haQ;ng‘a boﬁster pgmp-énd-a speed increasing gear set between..
.tﬁé.pﬁmp $nd thé motér. | |

(1) Pump.+ Motor

- (2) Pump + Speed increasing gear + Motor + Booster pump

M-8-1



In general, the boiler feed pump of the combination (1) without
booster pump is not suitaﬁle for higher operating pressure of
boiler, because the pump size becomes large.

In the case where the motor driven boiler feed pumps are adopted
for Units 1, 2, the above combination (2) should be selected.
The booster pump in the COmbination'fzj is prepared in order to
decrease the required NPSH., Thereby, it will be possible to

install the deaerator on the proposed level.

2.1.1 Advantage of the Motor Driven Pump
There are the'féllowing édvantagés for the motor driven boiler
feed pumpsz
(1) Easy fo'operate the pump
{2) Easy to start up the pump
{3) Easy maintenance

{4) Easy to install the pump.

2.2 Steam Turbine Driven Feed Pumps
In case of turbine driven feed pumps, steam source is taken from
main turbine extraction in normal'operation. At low load, steam
sdurce is taken from main steam pipe 5nd the exhaust steam is.led
to céndénser or feed water heatefs depénding upon thé proposed

plant design.

2.2.1 Advantage of the Steam Turbine Driven Pump
(1) It is possible to get high speed revolution easiiy without
speed iﬁcreasing gear set according to the réquirement of

the pump characteristics,

M-8-2
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(2) Throttling loss
It is exﬁectable to get less throttling loss comparing with
the'tﬁrottling feeﬁwater by a feed water regui#ting valve.

(3) It is possible to manufacture.the boiler feed pump with a
large capﬁcity. | | |

{4) Required electric péwer for auxiliary power supply can be

reduced, .

Selection of Prime Mover for Boiler Feed Pump

Table 1 shows the particulars of boilef feed pump in Japanese
electric power stations.

In general, the motor driveﬁ.féed water pﬁmps are adoptéd for the
unit capacit§ up to 300 Mﬁ as shown in Table 1. The step-up gear

types have been adopted for the whole motor driven feed pumps. We

can expect advantages of steam turbine driven feed pumps mostly in

larger units having capacity more than 300 MW,

Therefore, the motor driven boiler feed pump with one set of speed
increésing gear and a booster pump has been selected for the Units
1 and 2 from the viewpoints of the geperal tendency of the feed
ﬁump selection and the advantage of the prime mover.

Furthermore, variable speed control pump is preferable, reducing
power loss due to throttling of feedwater. For this reason, a
variable speed puﬁp with fluid coupling device will be adopted for

the West Wharf Units 1 and 2.

3. HNumber of Boiler Feed Pumps

In the case where the motor driven boiler feed pumps are adopted,

the folldwihg factors are tazken into account in selecting the number

‘M-8-3



and capacity of the pumps:

(1) 2 sets with each 100 capacity (One set for étandby)
(2) 3 sets with each 1/2 capacity (One set for standby)_'

(3) 4 sets with each 1/3 capacity (One éet for standby}

Generally, three {3) sets of boiler feed pump with each 1/2 capacity

are adopted for the pump with a capacity of more than 200 ton/hr,

For West Wharf Units 1 and 2, three sets of boiler feed pumps having

502 capacity each will be adopted. : ' s
Specification of Boiler Feed Water Pumps

Type: Motor driven, variable speed, horizontal, multistage
centrifugal barrel type with booster pump and water
injection_seal system

Number: Three (3) sets {(One (1) set for standby)

Capacity: 50% each (350 ton/hr. x 21o'kg/cng)

Speed: Variable speed up to 6,000 rpm with step-up gear (Speed

increasing gear set) and fluid coupling

M-B-%
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Table 1 Particulars of Boiler Feed Water Pump in Japanese Electric Power Stations

Steam

Qutput Name of Press Boiler Cap. Rate of Feed Pump 3i:§:arge Speed Prime’ Number of
MW Stations (kg/cmz) tfh Cap. Cap. t/h (kg/cmz) (tpm) Mover (kw). sat
S 125 A 127 430 1/2 228 177 5,070 1,650 3M.
125 B 1 127 435 1/2 228 167 1,630 1,570 3M
2 158 2,975 1,600 3M
175 ¢ 5 190 590 1/2 310 279 3,875 3,750 ©3M
6
175 L 169 590 1/3 220 203 5,180 1,900 4
265 E 1 169 908 /3 333 210 6,797 2,600 4M
2 ' :
265 F 1 169 900 1/3 320 193 6,797 2,600 4M
3
350 G 5 169 1,126 27% 305 206 7,000 2,580 2M
1/2 610 - 199 5,850 4,400 2T
350 H 6 169 1,130 27% 305 210 7,100 2,500 1M
1/2 610 207 7,120 4,250 2T
175 I 1 169 590 1/3 211 197 5,180 1,750 4M
125 J 1 127 435 1/2 240 168 7,840 1,600 M
2 | 234 165 7,690 1,600 3M
250 K 3 169 840 142 450 221 6,750 1,650 + 2,650 M
3,900 2T -
220 L 1| 169 700 1/2 350 243 7,100 3,310 3
220 M 4 169 730 1/3 269 216 6,050 2,100 &M
5 .
6
—
220 N 1 169 730 40% 300 216. 6,000 2,100 4M
2 .
3
250 L 1 169 860 1/2 450 204 6,800 3,750 1M
_ 3,500 27
6 o
220 0 1 169 710 1/2 380 193 6,037 2,900 M
Abbreviation M: Electric Motor
T:  Steam Turbine
M-8-5
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- BEARING COOLING WATER SYSTEM

{Unit-Auxiliaries Cooling Water System)

Outline

Bearing cooling water system is one of the most important system for

stable operation of the plant.

The system is different from main generating cycle and consists of

'manﬁ'different kinds of equipment having respective properties.'

2-1.

JICA Study Team has studied on bearing cooling water system of
different kinds and evaluated their systems economically and
techniéally. As the results of the study, closed circuit type is

adopted.
Comparative Study.of Closed Circuit Type and Open Storage Type

Comparative table is attached hereunder.

Closed circuit type or open storage type

Closed circuit type  Open storage type

(1) Volume chamber - . Stand pipe . Head tank and
Underground tank
(2) Type of BCWP . Horizontal . Vertieal
(3) Total head of BCWP . System head loss . System head loss
o plus static head
- (4) Contact area with . Small . . ‘Large

atmosphere .

M-9-1



2-1

2-2

_Closed circuit type Qpen'sforage type

{5) Emergency case . Filled up with . Gravity emergency
(all A.C. failure) cooling water with flow of cooling
no flow rate water, depending
Unit should be ' on storage

going teo shut -down capacity of the

in principle hgad tank in
ﬁ:inciple
(6) Spacelléading . Small | . Large
on structure
(7) System (return) + A little bit . Lower -
pressure level : higher

Note, BCWP: Bearing Cooling Water Pump

From the above comparison study, cleosed circuit type will be

recommendable, vesulting from following merits.

Lower running cost

Closed circuit type gives lower running cost resulting from smaller
capacity of BCWP motor and less inhibitor consumption due to lower
pump total head requirement and smaller c¢ontact area with

atmosphere.
Easy maintenance

Maintenance of horizontal pump is easier than that of vertical
pump, and there is less tendency of resonance between the critical

speed of its structure (especially motor support) and its

M-9-2
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2-3

2-4

revoluting speed.

And it is easy for water quality control since contact area with
air is limited only in small area of upper water surface of stand

pipe.
Lower capital cost

In open storage type, considerably deep underground tank is

" necessary and BCWP should provide an appropriate NPSH and both head

tank and uﬁderground tank shall have considerably large capacity to

give large storage water capacity for emergency cooling.

This arrangement induces higher tank cost and civilfarchitectural

cost.
PH control

PH checking/control of every 1 week will be sufficient for once-

through type.

3. Basic Bearing Cooling Water System {BCWS) Arrangement

Following sheets show the BCWS basic arrangements applied in the

West Wharf thermal power plant.

Abbreviations:

: TCVf:')Temperature.Control Vélvé

PCY : Pressure Control Valve

LGV : Level Control Valve

TG MOC ¢ T.G. Main 0il Cooler

.M-9~-3



HzGC

BFP OC

BCWG

BCWP

Vac.P.SWC

CPH

St. CHC

EXC. AC

IPB,

CBP.

GSE.

HDP.

AC

BRG

BRG

s

-

"

e

BRG :

M.BFP.OC

GAH

BCP

Pl

Tl

PTT

TTT

TC

PG

LS

PS5

X

£ K

..

.

Hydrogen Gas Cooler

BFP 0il Cooler

Bearing Cooliﬁg Water Cooler

Beafing Cooliﬁg Water Pump

Condenser Vacuum Pump Seal Water Cooler
Condensing WaterIPreheater

Stator Cooling Water Cooler

Exciter Air Cooler

Iéoléted Phasé Bus Duct Air Cooler
Cohdenéate Booster Pump Bearing

Gland Steaﬁ Exhausfer Bearing

Heater Drain Pump Bearing

Motor Driven BFP 0il Cooler

Gas Air Heater (Regenerative air heater)

Boiler Circulation Pump

Pressure Indicator

Temperature Indicator

Pressure Test Tap

Temperature Test Tap

Temperature Controller

Pressure Controller

Level Switch

Pressure Switch (for stand-by BCWP auto-start)

Gate Valve

Globe Valve

Butterfly Valve

M-9-4
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Parabolic Globe Valve

Pneumatic Actuator Valve

..

Electric Motor Valve

Solenoid Valve

Non-return Valve

..’

Flow Sight

Flange for Flow Balance Adjusting Orifice

Stand pipe

| L B 1”;_7 ~
'rcv% ch# % T
e B .
) h ‘L" . ~ 3}
i b U 0
(=) a g —t ﬂ . %a Q
18013113 B a1l 3] P
— S I T B 1 O B I H % LCV  Make up
8i. 8l-1381 Bl 18] 12u 48 : water
. © Sél 1d &gt | B
@ e & sal o 55 g
al = /M wmoal 1M mEp 1 08
T Tl T TT
E® % FX % %% X
PV } Fm_iﬁ_J#;J;__Lh_L__q
B | I
T _ ]
Condenser Primary cooling I
vacuum puwmp. water i
if applied) %
TCVR G | $(' " " R |
r*éﬁf] quup\r»4w$wr—fxwa(:)bql—~a~u—~
[ }
r b
S S S RV RPN ALy I
: #'Similéf afféngeménf T 375 MW, ASG'MW,'GOGIﬁW
% Typical feature ~t+ In case of once-through type;-NPSH aﬁ;'fdf

 BCWE is given by stand pipe
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* Tempetrature control : On outlet of BCWC

* Pressure control : On outlet of BCWC

* Stator cooling water: Stator cooling water (démineralized water =

secondary cooling water of stator cooler)
is controlled and primafy cooling water
{BCH) of the stator cooler isn't

controlled.

(1) Pcv

(2)

The PCV is used in order to keep the flow rate of overall
system, however, the PCV can not be used for flow balancing of

each line.

It is not necessary to keep thé flow rate of overall system in
all operating conditions and in this regard, preparation of the

PCV is not so worthy.

If PCV is applied, it will be more worthy to provide the PCV on
main feed:pipe line to prevent excess flow rate for non-
controlled equipment.

TCV# (three way valve)

The TCV# is available for prevention of overcooling -of non-

controlled equipment and to keep the design temperature of all
equipment in the system. Design of size and range-ability of
each temperature control valves (TCV), other than the TCV®, is

performed accordingly.
However, the TCV*s ig rather worthless in case there is no

" M-9-6
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(3)

(4)

possibility of overcooling of non-controlled equipment and
primary cooling water of the BCMC is nearly constant all the

time.

And it is necessary to adjust setting temperature of the TCV¥

during the turbine-generator turning operation in some cases,
Stand pipe

The stand pipe is necessary for not only control of the BCWP
suction head but also, as surge tank, to avoid water hammer
phenomenon accumulating inertia force of water . in the system

when the BCWP is started/stopped.

From this reason, stand pipe outlet iscolating valve will not be

necessary.

Water level control for stand pipe

‘Continuous level controller is applied in this system, however,

on-off control (two-position control) by level switches (not
continuous contrel) may be enough since the purposes of the
stand pipe are aiming surge tank function and to keep the BCWP

suction head within appropriate range.
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M-10 MAIN STEAM AND REHEAT STEAM PIPELINE ROUTE

The typical main steam and reheat steam pipeline routes are plammed as

shown in Fig. 1.
This figure shows the plan for the ﬂnit .

The routes for the Unit 2 will be arranged as mitror image of this

arrangement..

This drawing shows qnly a typical idea and the actual route of each
pipeline will be designed in more detail in the construction design
stage considering thermal expansion stress, accessibility for inspection
and maintenance, movements of the pipeline under operation, interference

with other equipment & structures, etc.

M~10-1
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