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Thé cooling capacities of the airconditioning system

in .the powerhouse, ' service building and workexrs shift

rooms are considered to be about 230,000 kc¢al/h, 300,000

‘kcal/h and 90,000 kcal/h, réspectively.

1-7-2 Transmission Line, -Substation and Communication System

1) Basic Idea for the Design of the Interconnecting Power System

The interconnecting system between unified power system

and Ayun "Musa Power Station should satisfy the following

operating conditions.-

Qe

d.

The local load-in Sinai Peninsula will not be so much in

- early 1990s. So, the most part of output of Ayun Musa PS

should be sent .tq.‘the unifiéd power system wi;h high
reliability and goodistable‘gondition.

The intercénnécting trahsmissioh system should be caéable
to send the_final output of the power station.

Three new thermal pOWer:étations,-Abu Sultan PS (600 MW),
Ataka PS (600 MW), and Ayﬁh Musa: PS (1,2b0 MW), will be
constructed in Canal Area ﬂétb 1990. The intefcdnnecting

transmission system should be effective for the reiiabili"

-ty of these power stations' 0pera£10n.~—<

A failure of any 220 kV' transmission line which inter-

connect Canal area to the main part of unified power

system, does not affect the ‘stability -and feliability of

trénsmitting the butpht of theése pqﬁer stations,
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Actualiy,.ﬁbu.snltan PS is interconnectéd to Dnifiéd power
system with”threé'ZQU kv tranSmiééiOhliines, for Abu=zéaba1
‘via 10 Ramadan, for Delta area via Manayef.and for Cairo East
via Suez. And Ataka PS is intergdnnébted.td unifieézpbwer
system with three transmiSSioh'lihés; for Katamia ﬁear‘Cairo;
for Cairo South via Sokhna And for Caire Bast'ﬁig Suez,

SO-AYun Musa PS shoﬁid'be'1htér60ﬁnécted.to_unifiéd power
-sysfém with two ér more tranéﬁission routes.
study“ﬁf Alternative intetconnectinq-Piaﬁs

Many .alteinafive -piaﬁS' fﬁi‘ thé inteérconnection between
Ayun Mﬁsa.énd thezunified system were diséussed by cOncernéd
endineets épd JICA Team. Preliminary study of interconnecting
system was séheduled to study only the following four (4)
plans.  (See Table 4-27)

- The following'ccnditions veré considered in.the‘study.
i) The capacity of Ayun Musa PS

lst stage ... 600 MW

2nd75tage ;5.'1;200 M
ii) fhe reiiability of inteicohnetting 3yétem

The'routes of'ihtétcpnﬁecting_traﬁsﬁission'llne should be

.two or.more.

‘If onelfoufe of interconneécting transmission liheé is out

of order,: the“vemained rbptes should transmit fhe whole

-output of Ayun Musa PS8, :
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" Preliminary Study Plans .
Case A: Staée 3 .inﬁerconnéﬁtiﬁg linés[between Ayun-Muéa'PS
_and New Suez SS we. 220 kV four bundle con-
_duCtor-line two (2).lines M branch from exist-
ing Cairo East Suez 220 kvlline to New Suez
_‘.SS'.' |
~Stage 2 New Suez—Kafémia ss 500:kv two lines
Case B:- Stage‘l_.intgfqonnecting‘lines between“Ayun'Musa PS
and.New Suez SS.... 220 kV bundle (2) conduct-
ors four lines X branch from existing Cairo

East-Suez 220 kv lines to New Suez S8

. Stage 2 Same fo CaselA.
Case C:  Stage
Case C: Stage 1 Interconnecting line between Ayun Musa PS
aﬁd Manavef ss; Suezrsé'... 2201k9 bundle (2}
. conductors t%o.(2) circuits, each’
Stage 2 Additional 220 kv two.citcuits between Ayun
Musa'Ps.ané_Hanayef sS ;
500 . kv iﬁtefcbhneé;ing' line betwéen Abu
Zaabal and Maﬁayef_SS‘
 Case D: Stage 1 Inteicﬁnnecting line between Ayuh Musa BS
~ and Kétémiq SS 500 kVﬂtwarlines | |
Stage 2 .Néw Suéz Substation for intefcbﬁne¢ting

canal area to 500 kV systerm
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Study of Constrvction ‘c'os’,_t ’

Construction ¢ost of alternative plans is shown in

Table 4-28,

Case A is most chéapest one, and next is Casé B. Case

. C and Case D are about 20% hlgher than Case A.

The reason of expensive cost - for Case b is that it

-needs . the construction ‘of 140 ¥m length of 500 kV.1line and

Ayun Musa PS's 500 kv sthch yard.

And.the-reaSOh of expensive cost for Ccsé‘c is that it
needs to construct two rcufes of’_canal crossihg cable
lines,

Construction Period
Case A, B and € will need about 22 months for const-

ructidn of Stage 1, but Case D 36 months.

" Reliability of Transmission Line =~

S00 kv line has most reliable for accident. Next is
éase C and Case B,
Stability of Generator

Alternatlve plans have no remarkable dlfference on

- stability of=qanerators at Ayun Musa PS in an‘emergency

‘case which one interconneéting transmission line is trip-

ped out,

Normal Operating Condition

Alternative plans have no remarkable difference on

~ load flow in transmission lines and voltage at substations

in normal condition and emergency conditions. But, the

l1oad flow on Hanaycf-hbu Suitan line in Case A and B

becomes larger than Case D and E in Stage 1.
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In Stage 2, the l@ad‘floﬁ of above mentioned.Section.
in Case A and B becomes to exceed more than GOOIMW. {See
Fig. 4-23, Fig. 4-24)

Short CirCuit_GﬁA at station's Busb$r 

| In all ioop of.220,kv system, the short circuit Gva
arcund Suez aréa in:CASe D is 1GWQr.than others. The
reésbn is that Ayun Musa PS is inteérconnected difectly to
Cairo Area. 220 kv aiternati?e-plans are. similar condi-
tion for short circuit GVA at. station busbar. (See Fiq.
4-25, Fig. 4-26)
Maintenance

Cieaning of insulators should be. done evéry two or
three months for . transmission lines which run through
desert areas for the protection of salt.pollution.

S0 Case D nééds more days of stopping iine.for the

maintenance of. lines.

Conclusion of Preliminary.study

Case B and Case D are selected for the candidated plans
for the interconnection line system of Ayun Musa P5.
More detailed study about the short'éircuit GVA in Stage 2

should be done and then final plan -will be ‘selected.
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1

CONSTRUCTION cusr of ALTERNATIVE PLaHS | o
Co - AR NI s 108 YeN
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# STAGE 3. ' ' |
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A.Husa -- R.Suez 3165.2 3034.0 - -
A.Musa -- A.Zaabal - - - 20436.0
A.Musa - Manayvef - - 3552.¢ -
A.Musa -- Suez S§S. - o= 1554.0 -
" Subtotal 3165.2 30340 5106.0 20436.0
2. Cable. . - o . E
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Fig. 4-26  Short Cifcuil Copacity in 1989 (Cose $-89-2)
' . Conditions: i) Al Loop. _
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3) . Study of Short cireuit GVA at ?ach Substation éﬁébg‘t
La. Cohpafiéon of the Short Circuit éap&city in'i990;‘ ;
when:Ayun Mﬁsa PS ﬁas'beqqﬁe 1,206 W plant (bécember
l996); _Eﬁe sttdy' 6f short cirgpit GVAH was 'cheéked on
foliowing'two céses.-:One i5 Ayun Musa PS is interconnect-
ed.direéily to uhifiéd system ﬁith 500 kv iinés'énd'ano_
lther thé station is interéohneétédwfo Neﬂ:Suéz'SS.ﬁith 220
kv: four circuits and frbm their_étep ﬁppe& to 500 kv and .
'infefcohnected to: uﬁifiéd: éystem. Fiq. .4-277 and Fia.
4-28 show thé distribution of short cifcuit GVA ‘at each
étatidn;b?’each case.
The short circuit GvA at each busbar of main substa-
tion in Cairo area and canal area‘is;§hown'in-Tab1¢ 4-29
from.the calcqiafed data. No distingﬂished difference in
tWwo cases is excéﬁt 220 kv busbar at Ayun Musé PS,
_In.thé case'of 226 kV interéonnecting system, there
_afe‘ZS line circuit breakers in Canél area which its short
. .circuit GVA is in the range of 2 GVA t6 14 GVA. (See
. Table _'4«_30)
Theére aré 13‘breékers at New Suez ss, 4 at'htaka PSS
and 8 at Suez Tr.'SS. 
1t is no problen for the breakers at Néw'éuéé ss énd
.ATaka,PS,;Bécause.they are ‘designed: their capability for
' shért circuit_GVA;af 15 GVA,
.. Four Circuit-breakers=at Suez'Tr.fsS which exceed 10
GVA ave .2 .;;uiits fo£ 220760 kv transformei'. and 2 units for
old "sﬁe.'z PS.. To separate 220 kV system iﬁ'-Opefétion is

one of the countermeasures to decréase short circuit GVA.
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Shbrt circuit GVA . at Suez Tr. SS becomes 9.9 GVA in
separate system éondition from li.S GVA In all 1éop obe—
rafihg.system.

Conclusion

The compafison of Case B and Casé D is shown in Table

4-31, .

. Construction Cost

Case B is cheaper than Case D about $100 million in-
-'1st.sta9e-ahd $70 million in whole stage.
Constiuction Period
Case B is shorter than Case D about'12 moﬁths in 1st
stage. |
Load Flow and Vfol’tage condition
Both casés are same édndition. There is no problem
except Abu “Sultan =~ Manayef iine. The 1line carries
the load more'thaﬁ-SOO M4 in both cases. The reason
is that new powér-plants-are'COnSfructed in Cairo and
Suez areas and the old and minor capaéiéy pdwer'plants
in Alex. and Delta éreas ére stopped in nérmal_COndi-
-tion. 80, the 1bad f1ow oflthe line becomes larger
awount.,
Sﬁo;t Cireuit:GVA_
Ayun  Musa Bus and'zzo kv side Bus of ﬁew'Sdez are
operated ih separate condition in Casé B.  The reason
is to _decreése fhe short clrcuit GﬁA"éf 'statioﬁs
around . Suez. Case B ﬂiﬁ"éBOVe' Opératingﬁ'coﬁdifion
_becores same condition of case b.
Cbhqlusiob ; |
" Case Bf 220 kv-interéoﬁnecfing'éyéte@,.is recommend-~

able for the interconﬁecting system"for Ayun Musa PSs.
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Shorl Circuit Copacity in 1990 (Cose $-90-2)
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Table 4-29
: Short ercu;t GVA : :
Kases of S | 220kV | 500kV B-0 | ®)/0)
| Cese B | Case D | X
Nev Xuez 500 9.6 12.1: -2.5 126
Ayun Husa 500 - 10.9 - -
10 Remadan 7.8 | 7.8 9 100 |
lagazig 5.4 5.4 0 100 | ¢
Canal { Kanayef - 6.1 6.1 0 100 ]
Area | Abu Sultan PS - 8.6 | 8.6 0 - 100
' Suez Tr. 11.5 i1:3';‘ 0.2 102
Suez 01d-PS e | a3 0.1 101 -
Ataka PS 10.6 | 10.6 0 100
Nev Suez S$ 51 11.4 | 11.8 - 0.4 97
Mev Suez SS #2 54 | - - -
Avun Husa 220kY 5.6 10.9 - 5.3 52
{z2 BLS) ) o '
Cement 4.7 | 4.7 -0 100
- A.Zazbal 220kV 12.3 | 12.4 = 0.1 LY
{ Cairo | Cairo East 12.4 | 12,5 - 0.1 o9
Area | Basateen 1.4 | 11.5 -0 og
Cairo South 12.0 12.1 = 0.1 st

Note: The reason why there is no significént difference between Case B.
"and Case D.on Short Circuit GVA
When the bus at Ayun Musa PS and
Héw Suez SS wwo'szide, each, _
is not separated the short circuit
GVA at related station's bus becomes.

.larger than Case D.

T0 decrease the short circuit GVA

in case B, busés at Ayun Musa PS
and New Suez 220 kV side are

separated as shOwn in the figure,

. On this:syétém'bpération;-the _
short circuit G?A'cohditibn in
Case B becomes similar con-

dition as Case D. .

Cement Ataka

Ryun Musa P§
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Table 4-30

Short Circuit GVA by Circuit Breaker Grade

Unit : No. of Unit |

; . RAPTURED CAPACITY (GVA)} | |
CASE - AREA ‘ . : TOTAL
e ' s >9 >8 . <8 | ¢
Central Cairo Area a8 41 T ‘_26" o2
Southern Cairo Area 0 84 g 9 | 102
- Canal Area 0 25 2 . 68 .95
220KV T | - |
- Alex. Delta Area 0 12 12 160 184
Upper Egypt Area . o 0 2 24 . 26
. Total 38 w62 32 287 | 519
Central Cairo Area | = 38 . 43 7 - 24 | 12
Southern Cairo Area 7 7 9 9 102
o Canal Area B SRR 3 2 60 93
500KV | I | _
' Alex, Delta Area 0 12 12 160 | 184
| Upper Egypt Area . '+ 0 2 24 26
Total 45 163 32 211 | 51
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Table 4-31 _ - .
- CASE: 220 ¥F A clccuites i T UEASEr 500 k¥ 2 elrcults
s bt s s T R
Box Bust e e ) s Rua O-E- PV g hies Meed
N > : 1 - K
Canal ‘Taza
Srates Hap Beat ane sutree B
i == .gh-'
Py )
" ant Busge bpen mess b, 4 e ‘magnnta R (N Sron moss 9,000 me
| FO S —— ; 09 vy
ﬂi
[, bl el Canal
. . Ei TR
’ ‘uatl;c:aul‘ B . Satx
Saug TR R
Haln Itess of 1-: suqe . . . ln. Slldl ’ L
Conistructiion 1. Ayun msa rs 300 wox 2 1. ly\m Maisa ?s 300 Hl x 2

2. Hew Suez 55
3. Ayun Musa--Nev Sueg
20 kY & circulta

and su;: .

N .lyunh.:n rs 1, 2001'!(
2. Mevw Zuer vprate to SO0V
suuoal 4 trlr..l }

3 Naw fuez -—Intuu

2. Ayuvn Mosk --Xatania
SO0KY 2 clircults

Zhd Sl‘.lg!

"1, Ayua A PS i.éﬁb ()
2. Kéw Suay 500 kY 3
. (o«ne tra.ns._}

J. New Suez— Su-u. SS 22’.“("

L

500 k¥ /L, T/L two circults
Coastructiog Cost 15t Stage . 1ot Stage
(balt:1073) P lyur-’-hu‘zuu Saez 1. Ayun Musi-Xataala
152248 Yeu ! Aipe -7 12.¢ D E0GRT 2 edicutt 104.2
2. Canal Coossing 20.4 2. Canal croasing 3.5
3. Naw Sues brasch - 3. Ayun Musa IS ;
« Mne Q.2 - incrasse . 15.0
k. New Suez 3 0.1 &, Kateamia S5 10,4
Sub Total 46.6 . Sub l‘oml 14g.1
2nd Stape . . o 2nd Stage
Yo Mew Susz 85 vprate 1. Mev Suer S00KY 3§ B831.9
SOCKY : 8.2 2. Mew Suez-Susz _
2. New Suri-fatala sl . 220k¥ 2 circults T0.4
. S00kY ons line 45.8 30t Total - B4y
M —'—zi—z— Jdetal . 245.4
‘loul 110.8
Conatruction perlod] Mf-_ctﬁrln" 10 80, Marafacturing 12 m.
Erection 12 ®. Erection o,
Jota) 22 »o, Total 34 e,
Load f1ow & Except Aty Sultan « Manayef line, the _
Voltage others are no probles. - ke -

Short .cluult
CYi

In 1330, Aywn Musa BS & ¥ew Sue: 55 220\:'
tusas op-trate -] ug-lrlu bu: mndlt!on. -

¥esi Suaz 220xv b.::. tuet Tr 55 and
Ataks S t:cud 2 1{ttle wore than

' staticon in Cansl arer,

trimd out 1a eaergeniy, there 1_4_9_6
problea to trensait the cutpul of Power

Then, diseributich 8 shoet elrcuit GV 'n W GYA;

sast condition of Case D,
her‘méy carn tne clncult or ent route of Mtertomtcun;

nnn Letween Canal ‘and Calro arsd h

. dltto -
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Detailed Study of 220 kV Interconnectinq System

The follownnq load estlmatlons for 1989 and 1990 by area,

shown in Table 4- 32 and 4-33 are used for detailed study of

ChAse B, 220 *v 1nterconnect1ng systen for Ayun Musa PS. .

a. _Study of Load Flow and Voltage Conditions in Normal condi-

tions

al

In 1999: Ayun Muéa PS outpnt 600 MW (Stage 1)
There 13 three power stations in Canal Area, Ayun Musa

PS (600 Mw), Abu sultan PS (600 MW and Ataka P8 (600

_Hw), and thelr total capaCLty is 1 800 Mw. Addlng to

these new thermal | power statlons, shoubra PS (200 MW)
and Npch Uppef'Egypt ES_(BOO MW} W1l1 be constructed
inléaifo aféé.‘ .

Since these new high efflciency power statlons come
into un1f1ed poweér system, gas engine and inter comn
bustxon enqine genérators, hiqh fuel cost, and old lqw
effibienéy:sﬁhll thermal'pdwéf blahisubeCGmé to ﬁarﬁin:
units. o

So, Alex. and Delta areas where few new power. stations
are constructed, will becOme to receive a big amount

of power from Canal area and Cairo ‘area and inter—_

_conneéting lines,bétween'ateaS]Will-become to Carry'

heavy loads.

Fiq. 4 23 shows the load flow at peak txme in 1989 in_._ ;;

normal condltion.L The output of new thermal poWer -

plants ln Canal aréa arn as follows.
Ayun Muaa PS caaas 560 Mw ‘4:'
Abu Sultan P§ i.5i; seo Mw-'f'

_Ataka PS Py 430 Mw’

P

Total 1 sso M
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Interconnecting iines bétweéh'daﬁal Aréé and pelta
Area, (Abﬁ sultan - Manayef Line)

Tﬁe load f;bw of the line is $57 MW. The'iodd'
f;ow Ofithe.;ine is.afféctéd by ‘the load which is
supﬁlied'from-ﬂanayef‘ss to Delté aréa,]rather
than.thé total oufput‘of:powet étationé in Canal
area, The l6ad flow Case D, S00 kv interconnectf

ing line for Ayun Misa PS, is also about 500 MW.

. The 1oad: flow of " the " line” under the following

-conditions are studied.

Cése'Mfl
~Load at. Manayef 5S ;;. Constéﬁt-'
-Qutput of power stations
»iﬁ Canal area .+» Variable-
Case M-é
Load at Manayef SS ... variable -
a'0utput of-powér sﬁatibns ‘

" in Canal area ' - ... Constant

The result is shown in Table 4-34.

.The 20% of-thé'chaﬁgezéf cutput 6f power stations

is the variation of load flow of the line, and 60%
of the changé of Manayef load is the.variation of

the ‘1ine. : So, it is necessary to install addi-

: tiohai lines a¢cording to thé increase of the load

in Delta area.
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ii) -Intérconnectihﬁ liﬁes between-Caird'area_and anal'

area.
. There are four:(d) 2207kv-lhtér66nn§cting lines

rbetween subjected areﬁs.- That are, Abu sultén - -
10 Ramadan, WNew. Suez. - Sakr . kouridge, A#aka -
Katamia and Afaka - Wadi Hbff-yia Sokhna. The
load'flowé on these lines are no'pybblém in normat
condition by fhe,chénge.of_ouﬁput of power sta-
tibns:in_Canal area é sh@ﬁn in Table 4-35.

In 1990: Ayun Musa PS Output i,zOO'Mw-(Stage 2)

When the oﬁtput_of Ayun Musa PS-bééOmés 1,200 MW on
1920, thejoutput.offﬁorth'Upper Egypt PS is scheduled
'1;200 MW also. - Alex. and Delta areas also have not
any new big- power statiOn,.and have not_édnstructed
any mnew interconnecfing line also. -Accérdinq to fhe
increase of Delta and Alex. areas at Manayef S§, abu
sultan - Manayef line carries more than 600 MW. Fig.
4-29 shows the load flow at peak in 1990 1n'norma1.

condition. Refer to pages D-S and D-6 of APPENDIX-D.

i) Interconnecting line between Delta areéa and Canal

area

The quantiﬁy of'load‘fldw on Abu SUltén - Manayef
line is 630 Hw;_ The quantity.does:n&t'decréasé
when Abu sultan. - New Suez line is éut off as

shown in Table 4-36.
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To. Sépataté'.hﬁu:Sultan - New Sue: tie ié..j.'l‘té good
tor the cduntermeasure of ébc)ve' menfic;ned over
load and for the rehability of system operat:mn.
After 1991. a nuclear -power plant and/or a ‘coal-
fired thermal plant Ads qcheduled to develop in
Al_ex. area or Delta'a'rea. .86, the balance of load
.and geéneration will. be: imprerd remarkably after
these  new developed .powei' 'pianf. . But the load
demand. at Manayef'_SS,' and Port Said Sé .will' ine
:préasé year by year; the-ql..xam.:'ity of loéd fiow on

_ Abu:Sultén r.nanayéf“iiné will kéép‘higﬁ level.
By the rea#on, it is ‘recomme'hdable €0 construct
additional transmission line betwsen thé stations.

ii) Intéré(‘)nnecting' line betweenfairq' area and Canal
area |

__An>addjtiona1 500 kv -line wiil 5e constructed as
an  interconnecting line b.étw'eén Cairo area and
Canal ‘area, - so0, there. is._'nl) problem for load flow
.énd; voltage condition aftgr the increase of output

.- power of Ayun QUSa PS..
Conclusion
There ;i_s no_-pr':oblem. for,.intefconne.(‘:ti'ng li.nes except
Abu Sultan - Manayef line when the output of Ayun Musa
_ p.ow.;e_r p.l‘ant_‘bec_:'omes tﬁé_ final stage, 1,200 M.
;‘Tg_:keep sufficient interconne¢ting'-capaoity between
Ajm Sultan aﬁd M.anayef; "it.; is necessary to construct a

new interconnecting line,
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_th;: Study of Voltage Condition and Reactive Power Control

. Facility

_ XW Balance by areas in 1990 i5 shown in Table 4-28.

Mine features of the balance are és folléows.

. Canal area is sending power to other "areas in all
.round:ihéICIOCk._'

Upper Egypt area is 'sending power to othér areas about

343 MW at péak time, But is recéiving povwer from Cairo

. area about 586 MW. at midnight.

Cairo area is receiving power - from other areas about

760 MW at peak.time, 5ut'is génding  power to Upper

Fgypt area about 381 MW at midnight.

Alexandria and Délta areas are always receiving power

from 912 MW to 423 MW at any time.

-Alex. and Delta areas become to lower opératiﬁg_voit-

age and Uppef_quPt area also becomes lower voltage condiQ_.

tion at midnight, if no ¢ountermeasure facility is instal-~

led.

Table: 4-37 and Table 4-38 show the balance of reactive

power by area of which voltage conditions of stations-aré

kept in the range.bf {220 kv -5%).

Man: features of - voltage ' condltion by aréa are as

- follows.

- a) Cairo area Qill be able: to contrbl'voitégé'condition

by operating generators in’ the area 'and synchronous

- .- condenser at Cafro 500 sS,”

‘b)

" The voltage condition: in Canal area is higher com-

pérably in any time, bperatihg,Qenefatofs"in the area

mﬁstfkeep high powér factor, upto 1.00.
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" Alex, aréa is'necessary'about 400'MVar static con-
denser to 1mprove the lower voltage conditlon. But

. after 1990, a nuclear power plant and/or a coal fired

pover plant will. be 1nstalled in the ‘area - and w111

improve the condltion. 50, 1t is necessary to check

L:_f more detalled study for the 1nstallat10n.-'

”Delta area is necessary to-install 500 Mvér éﬁatic_

condensar fox the improvement of lower voltage condi-
tlon.' There is no. plan to 1nstall a new blg thermal'
power plant. The;plan for the 1nsta11ment of static

condenser should be checked as soon as poss1b1e.

_Upper qupt area Hlll be able to control the voltaqe

cqndlthn by generator's Var output and the cOntrol of
on load taé changer. But it is dgéirable to study lhé
insléllmen£36ff$§itch at the.hgad:of‘shunt reactor at
High Dam. |

Figs. 4-30 and 4-31 show the voltage condition at peak

“and midnight in 1939 and 1990.
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2} study of Emergency Case of Transmission Line

a. Study of Short Circuit GVA

a}

Studied Caseés

The short circuit GVA calculation of power system in

1990 covered following 8 sysfém Eéonditidné;- The

following 10 buses were assigned as a-sYstem separat-

ind point and studied pbwer system was cOmpdsed by thé

éombinétioﬁ of bus separating points.

(Point for system'sepération)

#1

#2

#3

#4
#5
#6

#7

#8

fo

10

Shoubra PS Bus (for system separation)
Bassous $S bus, ( - ditto )
C 500 $§ - N. Tebbin 220 kV line (for opening)
C. South ~ Haram S8S 1ine { - dltto - }
Abu Sultan PS - New Suez $S line { - ditto - )
Ayun HuSa ¥S bus (fOr system separation)
Néw Suez 220 kv #2 Tr side: For Suez ss.a cir-
| Acuifs-"
kl.Tr éide: For other 226 kv 1iﬁes
New Suez - Suez 1ine 1 route (two circuits) open
Hellopoise - ¢, Bast line (for open1ng)

Abu Zaabal S§ 220 kv bus - Sakr SS {fOr opening)

(Studied.Cases)

© 220 kv buses at New Suez SS are always separatedrﬁi Tr

Bus and #2 Tr Bus.

_(Condition 1)  All loop: See Pig. 4-27

(Condition 2)- Separatinq po;ntss Combinat1on of #1

& #2, See'?iq. 3-32 and page D-7 of

_APPENDIX D.:

(Condition 3) Separating pointst Combination of #1, :



b)
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- {Condition 4) .  Separating point§: ‘Combination of #1, -

- #2, #3, #4'& #7
(Cbhdition'S) Separating points: Combinétioh of #1,
42,43, #4, & 08 |
(COndition 8) Sepératinq poinisE Combination of #1,
#2; #3, #4, #7 5 #3
{Condition 7) Separating points: Combination of #1,
#2, #3, ¥4, 47 #9 5 §10
See Fig. 4-33,
{Condition 8} Separétinq'ﬁoint§= Samé as Case §-90-4
Bassous §§: 500/220 kV Tr. 500 MVA x i

See Fig. 4-34,

" Results of Study

Table 4-3% shows the variation of short circuit GVA by
system ééﬁdition.
1) éénéition 1 (All loop)
Cairb area: Most of substation and PS buses have
short circuit GVA ‘more than 10 GVYA. More highest:
value is 16.6 GVA at C. 500 SS 220 XV bus.
.The quantity of short circuit GVAibecomES more
than 10 GVA at substations near around Suez SS in
’ Canélraréa.
The short circuit GVA at Damarhour PS and Bahateem
SS only éxceeds 10 GVA in Alex. and Delta Areas.
ii} Condition 2 ({Ssparate at-shouﬁra PS and Bassous
88)
.Mahy"substations in’ cairo area’ decrease their
‘short circuit GVA from 3% to 40%. Even ihough,
short circuit GVA at 12 substations exceeds more

than 10 Gva.



iii)

iv)

v

vi).
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-Short circuit GVA at stations in Canal area de-

creased a little. But that of New Suez 55, Suez
Ss and,htaka PS exceeds more tharn 10 GVA yet.

Short circﬁit-GVA at bDamanhour PS exceeds more

“than iO_GVAa
'Condition 3 - (Condition 2 & €. Socuth separate from

. C, Hest system)

The number of substations where short circuit GVA
excéeds more than 10 GVA becomes only 6 in Cairo
area. The only one substation where short circuit
GVA exceeds 10 GYA is new Suez SS #1 Tr. bus.
Damanhour PS is only one where short circuit Gva
exceeds 10 GVA in Alex. aréa.

Ccondition 4 {System condition nearly same Condi-
tion 3 excépt New Suez 220 kV bus arrangement)

The condition in Cairo,. Delta and Alex. areas is

same as Of Condition 3. :

-Short circuit GVA at all stations in Canal area is

_below 10 GVA.

Condition 5 (Two circuits of New Suez - Suez line
off, others are same as Condition 3)-

No remarkable change on shoxt circuit GVA compared

_to Condition 4.,

Condition 6 (Adding Heliopolise - C. East line off
to Condition 4) |
short circuit GVA at C. 500 SS, C. West PS and Abu

Zaabal SS exceeds 10 GVA in Cairo area,

. Other areas are same condition of Conditien 4.
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vii). Condition 7. (C:- South systém.éeparate from C., West
" and é. ﬂorth systemn)
éaifo 500 SS and C. West aré only two statioﬁs
 where short circuit GVA exceéeds iO GVA,
viii) condition 8 (Bassous ss inStélled, system condi-
tion is _'sagné. as Condition 03]
ﬁo'remarkabie change oq¢ﬁrs in short circuit GVA
compared to Condition 7. |
_The most éffectiﬁe syétem configuration to'dééréase.éﬁort
circuit GVA is Condition 7 or Condition 8. The load flow
in two cases are calculated and the ﬁeéults are shéwn in
Figs. 4-35 and 4-36. There are no problems in load flow

condition. Refer to pages D-8 and D-9 of APPENDIX-D.
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Short Circuit Copacily in 1890

{Cose 5-90-3)

Conditions: 1} Bassous ond Shobm Buses Open.
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Fig. 4-33 " Short Clrcu|l Capoacitly in 1990 : (CoseS 90 -4 )

Cond:hons ' c)Bass-ms und Shobm Buses Open.
: i) AMusa-N.Suer 220 k¥ T/L.

o “iii) N Suez 220%¥ Bus Seporate.
-go O AN N
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Fig. 4-34 Short Circuit Capacily in iQQD B
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Load Flow 1990 (Pesk) Case L-90-4

Condititns: ) Bassous Shobra ' Bus Sepacate,
i) C200- H Tebbin, Haram - C.5, Hel-CE,
A Zobal- sewr Lines Open

i) New Suez 220 kv Bus Separsle
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Fig. 4-36 Lood Flow in 1990  (Peok) Cose L-90-5
CondiHons 1} Bossous, Shobva- Bus Separate.
11} €200- N.Tebbin; Horom- €5, Hel = CE4 A Zobol-Saky Cines Open
I} Bossous 5¢0/220xv Step Down Te. Iy |mmu¢
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Study of Load Flow in Emefqéncf'Casé

When theiéﬁtput.of-hfun MusA:PS'is 600 MW, only Abu
Sultan - Manayef line exceeds the load flow than rated
capacity at one Circui£ fault., But, when the output 6f
the power station bec¢démes 1,200 MW, many lines become
overload condition at oné circuit fault as shown in Table
4—40,

In calculation, the capacity of Ahu'sultan - Manayef
line is assumed as bundle conductorszline. The probabiii—
ty of load fiow more than S0% of line Capaéity'is 99.5%.

This means that existing single conductor line carries

more than its rated capacity around the clock. Some lines

in Alex. and Upper Egypt éfeas eXceeds the rated capacity
in emefgency case. More détailéd study will bé necessary
to discuss.future expansioﬁ plan about thése lines.
when one circuit related to Ayuh'Muéa PS ié tripped
out, including 500 kV New Suez - . Katamia 1ing, and one
route of.ﬁhésé'lines is ttipéed'bﬁt,”tﬁe variatioﬂsiof
other.concerned iine‘s load flow are shoﬁn in fable 4-36
and rafer to Figs. 443‘_7 and 4-38.
i The main chéracteristiés are as follows.
3)5 one circuit and two circuits'fault on 220 kv line .
' Max. load flow at.500;kv New éuéz ;‘Katamia liné is
only 540 MW, : H
When one circuit of Abu_ Sultén - Manayef line is
tripped out, the load. flow of Abu Sultdn - io_Ramadan
iine becoﬁes 438 MW (91¥'of raféd éapacitf) aﬁd that
| of New Suez ~ Sakr 1ine_bec9més 365 MW (7@% of ragedl
capacity). The other Iines are hélow 60% of rated

‘capacity.
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b) When 500 kV New Suez - Katamia line is tfippéd out

New Suez - Suez line v 332 MW
Ataka - Ka§émia 1ine_ +a. 363 MW
Ataka —.Sokhna line ....334 MW
New.SUez —'éakr line vee 333 MW

New Suez - Abu Sultan line ... 322 MW

The ioaé flow in emergency case is below 77% of rated

capacity.

S0 there is no probiems in concerned linés;£0 Ayun
~Musa PS inm emergeﬁcy cases é€Xcept Abu sultan - Manayef

tine.
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Study of Transient and Dynamic Stability in Fawlt Condition |

Transient and dynamic stabiiity of "generating units at
Ayun Musa PS was studied on two cases, One is the output of
Ayun Musa PS is 600 MW and another 1,200 MW. The fault condi-
tion arée 3 phase groqndinq fault and feclbsing OK or nbf. The
fault point are selected nearer to Ayun Muéa PS in each case.
The angle change was checked until 10 sec. after fault occur-
red for dynamic stability study.

The results of study are shown in Table 4-41, and in Fig.
4-39 to Fiq. 4-45.

Thére is no problem in transient and dynamic stability of
generating unit in 1,200 MW output with.ézo kv interconnectinq
system.

Conclusion

The following'interConﬁecting system is recommendable for
the interconnecting system for Ayun Musa PS from above men-
tioned detailed studies.

a. The capaciiy of Ayﬁn Musa PS is 600 MW.

Between Ayun Musa PS and New Suez S§

220 xV AAAC 620 mm?.l x 2, 4 circuits {2 circuits tower 2

route} |

{including Cable 2 km ¢rossing c¢anal through Ahmed Hamdi

Tunnel}

Branch from Existing Sakr SS - Suez line
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b. Thé Capacity of Ayun Musa PS is 1,20 MW.
Between New Suez and Katamia
ISQO kv ACSR 500 mm? x 3, one_circuit
Branch from existing Abu Sultan - Suez line
New Spez 55 500 kV/220 kv Tr.
750 MVA X é
Above_system configﬁrations‘are shown in Table 4-42,

Recommendation for 220.kv System .

To solve tﬁe bottle neck of 220 kV system, it is necessary
further study to establish countermeasure plan.

&. To increase the capacity of Abu Sultan - Manayef line

A new line construction including T branch.system from
Abu Sultan - 10 Ramadan line should he studied.

b. There are ﬁany transmission lines in Alex. and Upper Egypt
areas which load flow in emerdency case exceeds the rated
capaéity.

Fof these lines, it is necessary to check'the load
estimation and check the counfermeasure for the overload

conditions,
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Table 4-42 Out Line of Final Plan
CASE: 220 ¥V 4 circuites
. ~ 1lax stege  ayun Huu. £00 pu
Haw Suar | ) 270 WY ‘ : . Ayun My
CILI}.
Saks .
System Map g Suex
Aby Selkan
_ ind 5tage  pyun Musa i,zoo bt
Kat. ¥New Sus3 ; '
|-D——c Ay
-{i E} —C) - e, O
| L@lc»ﬁ a
540 W [~O—— 120 iV '
el vy )
& Aun Hesa
Canal '
A4 Sultan . :
Sake =t8j5ue:
Main Items 0;". _ . : lst Stage
Construction : 1. Ayun Musa PS 300 MW x 2
' : ' 2. Hew Suez SS
3. Ayun Musa--New Suez
220 kY 4 circults
2né Stage _ ‘
1. Ayun Musa PS 1,200 MW
2. Mew Suez uprate to 500KV
Station{ 2 trans.) .
3. Mew Suez .-Katamia
500 k¥ T/L
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4-8  PROCEDURE OF DEVRLOPMENT
1-8-1 Time Schedule Prior to Commencement of Construction Works
1) For matefialization of the Sinai Coal-fired Thermal Power
Project, EEA should commence the preparafion of the implemen-
tation prbgram neéessary for the apﬁlication for fihancing of
the fund for the Project, as soon as they receive this Feasi-
bility Report.

As this Projéﬁt is of a large scale, the construction
works would be carried out in three phases as shown below, and
the fuﬁd would be financed by more than one financing organi-
zation.

First Phase

Construction of harbor facilities, fhe.power plant site

reclamation works, detailed design of main équipments

énd matérials of the powér plant for 300 MW x 2, founda-
tion works for the boiler, turbine and generatof, con;
struction of powerhouse for‘ No.l Unit and New Suez

Substation
Second Phase

Ménufacturinq and.érection of NB; 1 Unit and rélated civil

and archiiécturai works for No,1l Unit and foundation works

and construction of povwerhouse Eor Ne.2 Unit and. con-
struction of 2 circuits of 220 kV transmission lines out
of 4 ciréuits\finéluaing Suez Canal crossing)

Third P§g§g l

ﬁanufactﬁring and erection of No; 2 Unit and rélated civii

éﬁﬁ architectural works for No.2 Unit, an& cﬁnsfruction oﬁ

remaining 2 circuits of 220 kv transmission line
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2} EEA will hire the services of a.consuitant for this Project.
The services of the consultant will ¢over the review of the’
FeaSibility Report, preparafion 0of the tender documents in-
cluding detailed design, assistance in teﬁdering, assistance
in tender evaluation, assistance in contracting, assistance in
construction.5upervision, etc.

3} EEA will call tenders by the tender documents piepared by the
coﬁsultant, and after evaluation of the tenders, will conclude
the contract with the selected contractor.

Construction Works
Upon conclusioh of tﬁe contract, the contractor will carry out

the design and manufacture, and when the equipment are manufactur-

ed, will sﬁip and deliver to the site after obtaining the export
license.

During the périod from the start of manufacture to the deli-
very to the site, the contractor will carry out the preparatory
works on the site, such as the construction of temporary facili—
ties for construction works,

The time period from the consultant services agreément to the

taking over of No. 2 unit {5 estimated to be 57 months.












CHAPTER 5. PRELIMINARY DESIGN OF MAJOR EQUIPMENT

DESIGN CONDITIONS FOR MAJOR EQUIPMENT
Design cenditions

1) Ambient Temperature and Humidity

a. Average Température : 22.4 °C
b. Maximum Temperature :t -35.9 °C
{Average) + {(27.8 °C)
c. Miniﬁuﬁ Temperature : 9 °C
(Average) : {17.7°C)
da, Maximum Humidity : '64%
{Average) . {39%)
e¢. Design Temperature
For Bdiler o : 30 °C
For Blectrical Equipment : 40 °C
- For Underground Cable : 27 °C
For Transmission Lines’
Max. : 42 °C
Min. : 5 °C
f. Design.ﬂumidity for Boiler : 52 %
2} wind“Velocity |
Max. : 35 m/s
Min : 8.2 n/s
3) Seismic Coefficient _ : V=0,05%W"

{v: total lateral force, W: total weight above ground level)



4)

5)

6)

Sea Water Temperature -

Max,

Design

Tide level and ground level

a. Mean low water spring (L.W.L)
b. Mean low water neap
c. Mean sea water level
{Gulf of Suez)
d. Mean sea water level
(Alexandria Port)
€. Mean high water neap
f. Mean high water spring
g. Maximum wave height
h. . Design wave height
i. Ground level
Power Station
Piex
j. Max., Velocity of tidal flow
Rain fall

Monthly average

Monthly max

"

"

Y

"

-

"

L2}

e

-

28 °C

27 °¢

+

+

1.

'1-

0.4m
0.7Tm

1,205m

1.145m (BL & Om)}

i.6m
1.9m
2.5m -

i.Sm
5.145m{EL + 4.0m}
4.145m{EL + 3.0m}

5 knot

2004

23.,5mm



7) Fuel Analysis

a. Coal
Blended Coal Single Coal
Calorific Value keal/kg 6,500 6,100 - 6,900
Surface Moisture . % 6.2 - 8.8 6.9 - 9.2
Proximate Analysis
Inherent Moisture % 2.8 - 8.3 2.5 - 9.3
Ash % 8.9 -~ 17.8 6.3 - 19.2
Volatile Matter % 28.1 - 35.1 24.3 - 43.3
Fixed Carbon % 36.8 - 53.4 37.7 - 58.4
Ultimate Analysis
Carbon : % 68.5 - 82.3 67.2 - B4.4
Hydrogéen B : % 4.1 - 5.6 3.7 - 5.8
Nitrogen % 1.0 - 1.7 0.9 - 1.8
Oxygen . Y 7.4 ~15.3 - 6.2 - 16.1
Sulphur % 0.8 - 1.3 0.3 - 2.9
Fuel Ratio 0.9 - 2.1 0,9 - 2.4
Hard Grove Grindability Index 41 - 8 38 - 712
Ash
Softening Point °C 1,260 - 1,600 1,260 - 1,600
Melting Poiﬁt : . °C 1,300 - 1,600 1,300 - 1,600
Ash Analysis
sio0, S $ - 45.3 - 73.4 40,4 - 75.5
A1203 ; 3 15.1 - 30,7 18.1 - 37.5
Fe,0, o 3 1.3 - 11.6 0.6 ~ 13,5
Cal . 2 1.0 - 5.4 0.1 - 5,7
Ti0 % 0.4 - 1.8 0.5 ~ 2.3



Mgo %

S0, %
P,0, %
Ha,0 3
K.O 2

b.  Heavy 0il

Flush Point

- 0.7

0.2 - 2.2

0.1 - 4.9

0.1 ; a.9

0.1 - 1.9

0.3 - 3.9
Ma#, 150°F

,Keinemgtic'viscésiﬁy Haxq 2000sec{R1l at 100°F)

_ Pour Point
Carbon Residue
Moisture |

- Ash
Sulphur

" Specific Graﬁity
Calofific Value .
(Low Calorific Value)

é. ' 'Liq.h:_tr 0il

Flush Point

 Pure Point

Sulphur
‘ Carbon Residure
~ pistillation
‘V;Kinémggic ViScoSi{y
_specific Gravitf.

l[Calorific value {(Gross) )

Max., 100°F
Max. 11 wt%

Max. 1 vol%

Max. 0.1 wt%

Max. 2.5 wt%
Max. 0.99 15/4 °¢

Min. 10,000 kcal/kg

Max., 65 °C
Méx.,d.S °C {Winter) -

Max. 12.5 °C{Summer)

‘Max. 1wt

Max. 0.08 wts

90 Vols at 360 °C "

6.2 cst. at 30 °C

Min, 0.85

10,900 kcal/kg



8) Sea Water Ahalysis

PH | ' 8.2
.Condﬁctivity {micro mho/cimn} . 61,600
Turbidity (pém) _ | : 2.1
M-Alkali (ppm as caco'3) ' | 130
Chrome-Ion (ppm as Ci’ - B 24,000
Tbtéi hatdnegs.(ppm_as‘éaéaa} 7;?46
~ Calcium Hardness.(ppmlés_CaC03) 1,230
. ﬂaﬁnecium Hardness (ppm as CaOO3) | 6,510
sulfuric #ﬁid Ion (ppm as Sod} : 2,500
Siliea Ion (?pm as Si02) ' 0.1

Design Standavrd
The foliowing standards of Japan in principal andfor inter-
nationally accepted similar standards wiil be applied to design,
manufacture and construction of the Project
. Japanese Induétrial Stahdards
. Jépanesé Elecﬁrotéchnical Comﬁittee
. 'The.sténdard'éf Japan Elecﬁriéal Manufactures' Association
. Japanese Electric Association Code
. Standard of Architéctdral institute of Japan

. Standard of Civil Institute of Japan

*+  Technical Standard of The Japan Port and Harbor Association

. Technical Standard of The Japan Road Association



Table 5-1 Properties of Domestic Coal and Tmported Coal

Propetrties of dorestic coal {Maghara)

Fusibiliey of Ash

Ultizate

. Proxigate Adalysis Uitimate &nalysis . Aoalysis of Ash I
Calerific g )y * y T T 1 Fuel
Countzy of Surface N . BET ~ , . x
Brand value Tokerzat p Volatile | Fixad racto Softening] MeIein P - C 4 : .
igi - g 3 » 2 out X
origia KcalAg Hois;ute HoLsture A.;h Matéer Carbon Ca:‘bon Eyd;ogan .\It;oaen Cx{;eu Sullxthut Potnt Polat Folnt Sit, A0y Feg0y €ao MO S03 Nay0 %20  TiDg Bz05°
1 1 “c *c ‘c
Egyet - .
literatere Maghara 1,230 _— 4.30 §.50 3.7 37.30 70.66 5.67 1.0% 8.2% 2.91. Q.15 —_— 1,220 1,230 1,320 — — — _— S - N
1o fapan Maghara 7,180 —_— .14 198 | so.sa | 0039 | ars | s.e .2 ) una | 28| os s1 LB o) LIS g 1.3 5.0 s | o £.2 2.4 | teace | Trace | Trace
for pover Mzghara 6,140 —_ i1 13.2 431.3 33.4 _— -—_— _— - — - - :_‘_‘. .__ i . . .
atation ) o - - - " -
. o _ Fized €arbon
Fuel ratio Yolatile Macter
Properties of Imported Coal (Australdia)
' Froxfmate Anslysis Ultizate Analysis Fuatbillty of Ash Uefmate Azalysis of Ash %
Coustey of Calerific [Suzface ~ - = Foel - % -
Brand Falue Molsture |Lgherect - Volatile | Fixed . . . BGE Softening|Meleing Fouft . . :
Grigtn Teallky x wotsture | A% Trareer | carvon | C2hom [Hréfeses|Nitesgeo| Oaggen | Selphur) xacie | Point  |rolnt gotar | st0 Aty0y | ee;0; ) ocao w0 S0y ¥2,0 | K0 110, 2,04
z 1 4 : 40 i “c
Leatugton 6,850 i.c 2.3 8.0 35.0 56.0 80.3 5.0 1.7 12.% 0.59 1.59 48 1,260 § 1,300 1,325 51.7 22.8 9.55 5.70 1.60 3.50 1.99 e | 1o 0.91
Work H’ozlh. 8,670 1.0 . 3.2 13.8 9.3 53.7 §3.3 4.5 -3 n.1 0.47 . 1.83 9 1,400 1,550 - 1.560 5.5 18.1 2.7 — 0.2 6.1 0.1 —_— .6 —_—
Hunter Valley ‘,EM 3.0 . 3.5 13.3 35.0 &3.0 82.2 5.1 1.8 10.5% 0.8 1.44 55 1,500 1,%7 >1,500 8.6 2i._0 2.7 Q.7 —_ - a.5 1.1 1.1 a.3
Lithgew 6,400 10. | 3.2 17.4 29.2 50.2 §7.5 8.2 1.5 . | 8.2 .59 1.72 3 1500 fusco | wsoo | eor |05 | o6 — } 02 1.3 9.1 1.0 0.3 0.1
Iaviccidbla 6,120 3.0 2.5 16.5 30.0 51.G 83.3 i.ﬁ. i.9 B.& 4.7 1.70 58 - 53 |> 1,600 [>1,600 > 1,600 6%.1 25;1 O.FIS 0.2& 0.27 040 0.30 .60 — —_—
Crose Valley 6,590 8.0 | 25 17.0 2.5 55.0 #4.0 [ 1.6 2.1 0.4 2.29 | s0 - 35 > 1,600 [>1,600 |>1,500 ¢6.2 2.0 A 0.63. 1 0.22 Q.93 0.30 .56 | — —
Australia " :
Washow 6,700 9.0 3.0 14.0 2.0 51.0 82.% 5.5 1.5 ?.5 Q.5 1-5% 47 - 51} 1,280 '] 1,400 1,460 67.8 1B.6 5.1 1.72 2.23 1.66 0.63 1,07 — ——
South : . . - -
Blackwater 6,310 3.5 £.8 10.5 24.3 53.% 0.7 37 1.28 1_3.1 0.8 2,40 1 1,500 1,540 1,540 50.8 35.0 1.3 o3 0.8 2 a.4 ¢.3 2.1 0.8
Saxochale 6.57 1.0 1.8 16.1 7.3 52.8 70.8 8.4 1.49 6.2 0.4 1.93 a7 1:665. | 1,500 1,500 7.8 20.3 1.7 0.3 0.3 0.1 0.3 1.6 9.5 0.1
B . orf Wore orC DOEE
BHEP 6,636 7.0 1.0 15.6 .9 54.5 70.1 5.7 1.72 1.0 0.4 1.53 5t 13.355 . | i.500 1,500 65.2 3.1 5.1 1.9 0.1 0.3 0.8 1.2 T 0.9 0.7
- | or’ woce | orf more
Fewlands §,800 4.0 2.7 15.0 5.8 s1.5 5.4 | 5.0 1.7 8.4 o.51 7.23 55 Lsso | —  fere00 | sas .3 2.8 6.7 0.8 0.4 ok o.5. 1.8 1.3
Briglow 6,120 3.38 9.3 12.5 49.% kT ] 61.2 5.1 0.8 1.6 .48 .93 i3 1,370 1,500 1,520 54.9 28.3 3.8 5.7 B4 2.6% 4.56 [R1) -_— ¢.1 -
. Fired Carbon
Fuel ratip = “Volatile catrer
properties of Irported Coal {U.S.A.)
- . " Proximate Analysfs Ulttazte Analysis Fusidility of Ash Gltimate Analysls of Ash 3
C‘o‘ .ttr of Calorific | Surface ) . - Feel - . : : <
un o N B
Braad Valse Hofstfuie ] : 361 Softeatpg)Ma P ‘
Ocigia Ichereat Volatile | Fized _ Nitiogen sa | Sulphur ratio eafrg Iting | Pour .
8 kcatfig z otsture | A% raveer | €acbon Carbon  [Hydrogen Sitoos Orvaea | Sule Polot  |Pofet Pofat { sio2 1 ats0g Fez6; | €a0 30 50, ¥a,0 X0 rio; 105
: 4 H ) *C ‘e ' .
_ ' 492 | 1,082 . . ) ‘ ' ) . '
.54, Kanawhi §,8%0 6.90 — 19.50 35.80 £5.90 16.3 5.4 1.4 6.2 0.75 1.1 L5 1,482 52.94 k11 6.? 3.3 1.10 ; Q.80 o.17 0.2 2,13 0.67
{fasteca : ’ N ’ :
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5-2  PRELIMINARY DESIGN OF POWER PLANT FACILITIES

5-2-1 Plot Plan

1)

2)

3)

The plpt_pian was prepafed by the following basic“plah;.
Ground Area |
A sufficient ground area of 60 has. (Sdﬁ'm ® 1,é00 m) will
be pxepared for the dGual type power plant (capéblé of exclu-
sive coal firing and exclusive Qil firiné)_of 1,2OD.MW {300 Mw
x éU 6r 300 MW x 20 + 600 MW x 1U) of ultimate piant output
with appurtenant facilities of coal unloading and storage,
fuel oil tanks, switchyard, etc;
Powerhouse
In consideration of future exteéntion of _unit(s)' and
preveﬂtion of coal dust scatteriﬁg, thE'powerhousé will be
located on the northern windward area of the site.
Coal Storage Yafd
a. Coal storage yard_wili have sufficient length and width
for operation 6f_stackers and reélaimers for speedy hén~
dling of large quantities of coal to store and'coal re-
claimed.

The.doméstic'coal and imported coal will be stored
separately and coal blending facilities will be installed
for blending of coalzto thenrequired calorific vaiue} The.
general layout will be considered on the basis of ¢oal
piles of 50 m base width and 15 m héiqht, and the storage
area wiii_be required for 6?O'x 103 tons (60 days opera-
tibp of 1,2QO MW generatihq units). In consideration of
wind airection, the storage area will bé_arranéed'on the

southern part of the site,
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5)

6)

)

b. The domestic Maghafa coal will be'tfanspértéd by'i:_ruc}'('s,'=
and the coal receiving facilities will be located near one
end of the coal yard so that receiving and handling of
coal is easy, and the exclusive éentrance gate and road

will be prepared.

c. - The slope of conveyors will be less than 15° of the angle

:'bf‘réPOSe of coal by locating the convéyOr.transfér houses

at strategic points.
Heavy 0il Tanks

Heavy o0il storadge tanks: with ;apaciéies'for 36 days opera-
tion at 600 MW will be installed on the inland side of the
coal yard in line with the layout of_existinq power stations
and so that direct séa wind may be aVoided.
Light Oil Storage Tank

In consideratién of convenient receiﬁihg and supply of
‘1ight o0il, the light oil storage tank Qill be installed on the
seaside space betweén No. 1 boiler and No. 2 boiler.
Condenser Circulating Water

Circulating water will be taken from oné side of the coal
unloading pier -and discﬁarqéd on the other side, so that
recirculation of dischaféed water méy'bé prevented. |

No bﬁilding or structure will be built on the intake pipe
.lineé and discharge channél“iine;"
Water Plant

Seawater desalina:ion'blaﬁt;'raw'ﬁater_taﬂk; demineraliz-
ing . plant, deminerélized water_fank'wiil bexlocated in one

section for casy arrangement of water Flow.
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10)

11}

12)

13)

14)

Gas Turbine Generator

In consideration of convenient location for the gas tur-

bine generator operation, it will be arranged near the central

control room énd 1ight 0il storage tank bgtﬁeen No..l.béiler
and Ho. 2 boiler. |
Serviée'Buildiﬁq

the service building will .be located adjaceht.'to the
powerhouse faciﬁg to the front gate for the sake of appear-
ances aé a power plant.
Warehouses

Four warehouses will be built for parts for the pericdical
maintenance, boilers, turbines  and elecirical equipment,
respectively, and.they.will be locatea colLéctively'ih the
wareﬁouse area, tbgéther with the lubricatiﬁg 5i1 warehouse,
garage and gas cylinder store.
Machine Shop

Two buildings for the machine.shop and one building for
the_workers-station will ﬁe'prepafed as the machine shop.
Outdoor Switchyard .

' ;The outdoor switchyard will be located strategically in

consideration of effective utilization of land, future ex-

~ tension and arrangement of transmission line lead-outs.

Workers Stations

_WOfkgrg stations will be brepared éeparétely for different
trgdes_and will be located near the work places,
Green Belts

Since‘the power'planté is located in tﬁe desert area where
there are no greéns and practically no rain, green belts will

be created around the powerhouse, roadsides, between the main -
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gate to the service bﬁilding .and in front of the service
building, planted with iocaliy-suited trees and grasses and
watered with the waste water from the péwer plant.
Fuel Receiving Berth |

Fuel receiving berth will be planned so as not to be an
obstaclé for navigable part of Suez Canal and to minimize the
eXcavation required.
Ash DiSpOsal Area

Ash.disposal area for 320 x 10° tons of disposed ash for

the initial 10 years operation of 600 MW units will be pre-

pared in the shallow sea to the south side of the power plant

site. The area of approximately 1,000 m x 950 m will be

encircled with seawalls in consideration of minimizing the

- construction cost.

Unlecading Quaywall

By use of the dredged sand and pebbles produced from thé:
power plant site and the berth, fempﬁrary road with a width of
100 m and unloading quaywall will be constructed on the north
side of the ash disposal area for_unloading‘bf construction
materials and éduipment; especially heavy wéighteé equipment.,
Location and Area for Residence

The housing area for estimated 854 émployees.for”tﬁe 1,200
MW power plant will he sufficient for the résiﬁeﬁt‘hoﬁSes,
communitj service faciliéieé,-énd havé an aréa of 400 m x
1,750 m, and will be located betWeén'tﬁe poﬁef'plént site and
the national road in'considefqtion of Qind éirection, prevént—

ion of noise and dust,
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5-2-2 Outline of Power Plant

1)

2)

3)

Qutput -

No. 1 Unit 300 MW (ai main trénsformer'end)
No. 2 Unit 300 MW - (at main transformer end)
Steam Conditions

Main Steam Pressure (af turbine inlet) : 169 kg/cmig

Main Steam Temperature : _ : 538 °C
Reheated Steam Temperature ¢ 538 °C
Condenser Vacuum 1 - 710 manllg

As steam conditions of this 300 MW class power unit, steam
§ressure of 169 kg/cm?g and steam temperatute of 538°¢/538°C,
which have been widely adopted with hijh reliability is adopt-
ed,

Boiler

a&. Dual type boiler
Boiler will be plannéd to use c031.as'the main fuel
{approximately 20% domestic coal:and 80% imported coal),
_ but in cbnsideration of unavailability of importated coal
due to unanticipated situation of foreign countries, it
will be of dual type, capable of operating with éxclusive
uée of substitute fuel. As the substitute'fuel, heavy oil

will be adopted by the following considerations.:
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Transporﬁation facilities for gaé are difficult to
realize sincg the gas transmission piﬁeling will bé 0f 
very lérge scale,

Heavy oil makes the design easier and is more gconomi-
cal, and handling éf 0il is easier and safer than qas
since the measures  against inflammable gas explosion
are not needed to be considered.

Average calorific value of 6,500 kéal/ké for the
boiler design blended coal of domestic and improted
coal will be adopted for this plant, and on the other
hand, simple coal with a calorifiéIValue rahging from
6,100 kcal/kg to 6,900 kcal/kg will be considefed in
the boiler design. With regard to the imported coal,
selection of the coal will be made in consideration of
the market conditions, the effect on boiler such as
éalorific value, ash contents, fusing point, grind-

ability, etc.

outdoor type hoiler

As the unit size gets'larger, the boilér size also

becomes larger, and construction of the boiler walls has

been improved to be of skin ‘casing type or welded panel

type with reduced gas leakage, From the view points of

economization of construction cost and shortening of the

erection periods, more and more outdoor type boilers are

adopted, and for this project the ocutdoor type boilers

will bhe adopted.
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Drum type poiler

BOilérs are classified into the ‘drum type {natural
circulation and forced circulation) and the OnceFthroﬁgh
type {sﬁhcritiCal and supércritical). For the relatively
easy operation, maintenance, boiler water quality manage-
ment, and less construction cost, thée drum type bhoiler
will be adopted for this power plant.,

Effect of coal characteristics on boiler and mill

a) Effect on boiler
i. Abraision of heating surface by ash
Various measures against abraision by ash are con-
.sidered in the boiler design.
It is said that much abxaision is caqsed by higher
ash volume and larger contents of such components
as $10,, Fe,0,, AL,0,, etc, in ash,
Oon the other hand, since abraision progress is
affected largely by gas speed, .lowez‘ gas speed
shouid be selected, -and it is necessary to sece
that partial increase in gas speed and ununiform
gas distribution will not occur in the;furnace.
Thérefoxe, the folldwing measures wili be céonsi-
déred against abxaision by ash in the design,
. Selectibn,of suitable gas speed:
. Uniform ash distribution in gas
. Installation.of suitable abraision prevention

material



5 - 14

b) Effect on Mill

i.

Palﬁerizing capability of mill -

- Coal characteristics (carbonization, grain size, :

_water content’ and grindability), fineness, drying’

alr temperature, etc. affect the grinding capa- -

ii.

bility of mill.
Espg@ialiy, in case of .coal with an extremely
smallEHatdQIOOVe:index, é'considarably-biq capa-
citf of mill is neceséary, and.use'of sﬁall grind-

ability index cdal‘is not économical, and there-

: fo_re, Hardgroove index should be'éarefullyche-:‘:ked

at the seiection of coal. Prior to the sélection
of coal, the Hatdgrbéve'index should be taken inio
consideration from the view’ point of eéonohic
aspects.’

Abraision of wmill

Components of coal such as Si02, Feé03, A12O3,

- ete. affect abraision of mills.

As fértabraision of mills,-it'is generally 'said
that the higher contents 6f the ahove components
reguit in iargef.aﬁraision; ey

However, the abraision 1oss has not beéen clarified
by quantitative analysié;Landfitais estimaﬁed by

manufacturer’s own method. .

_And the cOunterméaSures"aQaihStf:aﬁréision have

' been taken in accordance with the above estima-
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In this project, céuntbrmeaéures aqdiﬁst'abrdiéion
such as inner lining with wear resistaﬁt rmaterial
and buildup welding of ‘wearing parts will be

taken.

" Consideration on Boiler Design

o a)’

‘Countermeasures against slagging

“Slagging_is'caﬁséd by deposits of melted ¢oal ash on

furnace wallé'andéother heating surfaces subjected to

radiant heat, and the depésits will gradﬁally-increase

by accumulation of deposited ash in ‘case of relatively

" low melting point of ash and high ‘coking property of

coal used.

-since troubles such as lbw'héat'absofptioﬂ; c¢logging

of opéning parts in the furnace will occur, the coun-~

termeasures against the troublés should be considered.

- Countermeasures

Gas temperature in the. furnace should be 16héred below

the melting point of the ash to prevent slagaing.

. The following countermeasures will bé considéred in

fhis plant,

i.

NS § TR

REEER

Suitable f&rnaee sectional area will be adopted for

-decreasé’of'thermal load of the furnace and uniform

. heat transfer.-

Reduction of thermal load “around 'the burner zone by

1owefing of capacity of-individﬁal burners.

. Superheater will be installed on“{he”ﬁpper part of the
‘furnacérfdrfIOWeriﬁqfthe'furnaée'éutlet temperature

than the meliing point of ash.
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v, ,Suitable 'width.ﬁwji1; be féonsidergd “for the pﬁrtion
'_Qhefe:radiahtiheat is”appliéd fdf ﬁrevention df_c;oq-
qinq.qf gés;path due:to_ciinker gfowth.
v, Suitéblé‘sodtblower to be adopted.
b) Countérmeasureé agaihst f&ulipg;
quling is §auséd_byia§h deédsits on heatinQSSurfaceé
not di;eétli éubjécgédlto'rédiant heat from the fur-
‘nacQ,_ané it occuré:in.casé-wheré the Coal'indluding
nuch basic éalts_such as s0diﬁm'is.used.
- Countermeassurs aqainst'foﬁling.sﬁdﬁld be taken sihcé
;theﬂfouling ﬁill affecﬁ Eﬁé Bbilér performance.

Countermeasures

Fouiing, in principle, will be prevented:by suitable
..operation of soot bloweré,'énd fﬁé following measures will
:_be considered as countéfméaéures'égainst fouling.

i. widening of tube pitch of convection part.
ii. Seiection,of svitable tube thickness. .
' iii.'SuitabLé'arraﬁgémenﬁrof soot blowers.
d, Combusﬁioﬁ eQuipmént_
.a) Fuél Ménaﬁement
i, Coal .
i)ﬂ-Cbal cqnsumptlon‘and:characteristiQS'
For mahagément of the uhiﬁ-Performance, it is
.necessary“toi¢ghprehend thé:ééal'cﬁnsumptiOn
and chaféctefistics;. |
. For the-saidfpufppse,'coal scales with infeg-
‘rating meters,.wi:.ll." be .;-_ihséal 1ed",'-:: and the eoal
consumbtiqn_wiii-Be.ﬁéﬁéged wi£ﬂ £Hé aid of

the scales. As'fof the'éoa1_characteristiés



i)

114y

iv)

5 - 17

such as moisture content, .cal¢rific value,
'etc., pqal-sgmplanq units.will'be-installed
 and:thg‘¢pai will be:analyzed in thé }labora-

tory. .

Moisture content'bf coal

Normally, ¢oal is pulverlzed by m1lls after

drylng. ‘Heating alr,tempgrature at mill inlet

~will be controlled s6 that the ¢oal with ﬁigh

moisture content can be dryeﬁjsufficiently.
Particle size of pulverized coal -

In case of pulverized c¢oal combustlon, partl-

_ cle size will affect the  combustion condi-

tiqﬁs.. For Suitable'particlé size, suitable
pulverizers will be seélected, and for suffici-

ent management of pulverizer perEOrmancé,

partlcle sampling unlts will be installed at
.Lthe pulverlzer outlets.-
. Burner area | _

It is véry impprtan; that the better fuel
_cbmbustion.[will_lbe maintained by suitable
‘egcéss.gir ;gtio,_,

_ With:tééatﬁ'to design of burner area, second-

ary cémbustion air. will be distributed su1t-

- ably so that opt1mum ‘excess air ratio can ke

. obtained‘
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, 1%, Heavy'dil
‘-1) oil .'consumpﬁion “and ct;are_.'i:t‘e*fistiés‘
In the same ménﬁétVaé;CGai;idil”consumption
: integfatin§ metég;ié eéﬂibpéd in the liné, and
- management of fﬁé‘loii"consumptibn will be
" performed by:thé ﬁéterL'
* For éhélyéis.bf'bii Chéfactéfistiés such as
-~ sulfur jcontént_-.,  calorific value, etc., oil
-Qémpliﬁqluhit will be installed.
£1) Heavy o1} burﬁet-
:Tﬁ'increasé contact surface 6f'6if with air,
6i1-shbdid.bé'at0mizédf  Optimum‘éXCesé air
ratio should be maintaine& for the éqmbustiéh.
b) Combustion Managément
i. Excéss Air'Rafio"
“The most important point iﬁ the combustion control
is to nmiﬁtain goodfcombﬁétiédJBY‘éhltable air
excess ratid. For deciding fhe’dﬁtimuﬁ'excé%s aif_
ratio it is nedessarf‘tb_Cdﬁdﬁét.a combustion test
for e;ch  unit, ‘to 'aﬂjﬁét"'vaiiﬁié'tpértiqns of
boiler auﬁomatic cont;o}iérs Lahé'ito'-dbtain"thé_
best conditions of.cdﬁbuétihq.ébhaitiéﬁéi flﬁe gas
qénditidns‘énd-therﬁal?éffiéieﬁdflf
. The excess air fétio*ﬁéfiéé'gf‘tﬁé'édﬁditiohs of
the fuei_injected-iﬁto fhe furﬁaéé{}ﬁixture.of-
.fﬁel with air,  etc. Delicate COntfoi of the
COﬁﬁhsEiéh equiﬁment is reQﬁired'f§f maintaining

the optimum excess air ratio.
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 Inlcasc'0f céai:fireé boiler, particlé.size of
. pulvelized coal affect 1arge1y the conéit1on
:of combustion, and management of m111s is Very
_1mportant. _If-the'puIVerlzrng nmchanism of
_ mrll'ls daméged partlcle 51zes are.not uni-

__form and coal can not be completely pulverlz-

ed, and thus unstable and incomplete combus-

ticn will result. Non-uniform pulvarized_coal

distribution frcm ,nill to the. respective

burners due to abra131on of . pulverized coal

_ distrlbutor w111 cause unstable combustlon.
tIn the case of fuel oil fi;lng, fuel atom1z1ng

condltions are affected by burner condltlons,

number of burners, 0i1 de11very pressure, oil

temperature and 50 forth

Whén burners are used for a long time, combus—

tion becomes inferior due to dep051tion of

. cerbon, wear of t_1ps and so forth, Therefore,

- cleaning. of guns and replacément of tips

should be carried out at suitable intervals.

Tips'require strict ccntroi besed on inspec~

'tion of wear and deEormation of hole bore,

cracking and dents as well as capacity test
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Suitablenumberof burnersshould be selected

in ‘aécbfééricre" with the’ 1656;,'? and it is im-

‘portant to use each burner in the range of oil

pressure '6f qgood . atomizing characteristics.

Atomizing becomes'inférior wh_én_thé' o0il pres-

sure drops. In' an extreme casé, black smoke

is ém"i:'tliédizwii':h ‘unburnt components.,

For mixture of fuel with air, air ‘flow should -

be suitably distributed by the adjustment of

the air. d'aimb.éi"u (or ‘air register) for each

pburner, ‘and efforts should be :mad:e to opérate

with as low excess air as possible in the

:"ranq.é;'ir‘_l which good combustion can be main-

" tained.

Typical relationship between oxyg_éﬁ content in exhaust

gas and generator end thermal efficiency deviation is

shdsir’n in
TYPICAL

GAS AND

-

'éﬁé-"f’éildwing' figure.

RELATIONSHIP BETWEEN OXYGEN CONTENT IN EXHAUST

GENERATOR END THERMAL EFFICIENCY DEVIATION

Efﬁcjency ‘deviation at generator end (%)

100% load
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. Exhaust, Gae TemperatUre . - S Kﬂ

The target value of the exhaust gas temperature is

determlned by the metal temperature dn the cold

. end of the regeneratrve air preheater (AH).

Contamlnation and corr031on of elements oceur - due

to the lnfluence of SO3 centalned in the exhaust

'gas. In order to prevéﬁt these problems, it . is

neceesary to.keep.the celd enq.temperature {rmean
teﬁpereture of . geei.dutletr‘teﬁberetﬁref aﬁdi air
inietftemperetere:=lceld end metel tempereture) of
the element at a level that is equal to or hlgher

than the dew p01nt of 803

.The measured dew poant of the exhaust gas added
.with a safety factor is determlned as the target

_meteL temperature, butrlt_is néCessary to deter—

mine_a_SUitable.tempereture level with corrosion
loss Qf'the_hﬂ element;periedicelly measured.
for daily centrolllkeep'the_exhaust_éas tempera-

ture at the target value by suitably operating the

_steam air preheater (SAH) . Ferthermore; monitor
;}the drefthloes;end,temperatere efficieecf of the
__Aﬂuahd_eﬁfectively execute soot bleﬁ to keep heat
o trenefer sqrfeeesrcleen. in.edqition;—periodieal-
-1y q@eepre;the_oﬁygentcohtent af'aﬂ.outlet to
;Lgreeerthe,AH.leekegrair ceusée'by damage to Al
3 Seal :piat,e_.s, or :Qt}ier-: ;éas_on,- ieg_order'_to keep it

‘at'thé centroi'terget'or.iess;nzThese items should

;j'be COntrolled as tOtal thermal effioiency of the

plant, is affected, not only the power loss of the

draft fans._,,’
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'i‘ypi(:al 'relation's_hif) between exhanst gas témpera-

- ture and genei‘atér end’ thé’rfnél efficiency devia-

tion is shown in the following fiqure. 3

TYPICAL RELATIONSHIP BE'I‘WEFN EXHAUST GAS TEMPERATURE

AND GENERATOR END 'I‘HERMAL EFFICIE?\CY '

e
oo
rir
.

© 047

025

0.6

Elficiency deviation at ge'ncm.tor end {%) :

0.8 o
=75 % load ..
[ SO% ioad
02 255 load
0

110120 70

Exhanst gas température

04

03 -]

‘Steam Pressuré and Temperature -

Rise of steam pressure and steam temperature is

' very effective for elevation 'of thermal eoffici-

"ency.i it {s, therefore, necessary td make efforts

R e keep the steam pressure and steam temperature

at spec:.tf:.ed levels,

_Combustion' control of a boilér in general is made
so that the stéam pressure is always maintained,

'-a’nd. when the boiler: fé’éﬁd g ;éﬁéﬁcj’eéi{ combustion

- control (fuel and air) mesting the change is made. ’

But steam temperature 'varids in  accordance with

steam flow rate (1oad); Fuél, combustion airflow,

" combustion gas‘-'flbw'," 's'pfay'f;ate-.f“ It éléd varies

_1n accordance with factors such ‘as contaminatlon'

o Gf the furnace. As & qeneral trend, when the load
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;isés,'the,hot éqs flow increases and steqm tempe-
rature rises. When the load decreases, the hot
an'lflow_fdec:eaées ‘and  the .Steam temperature .

drops. 1In additi@n, thg fact that fime'cbnstanté

.pf=pﬁilgrs_gteAvgry31afge is'cbnsidered_to be a

diffiéultiboiﬁt of steqﬁ temperature,COhttdi. In
order tq‘lnaintaiﬁ the steam temperature at the
operation target yaiue;‘thefeeré, it'is necessary

to_nmnitor the stéam-température, to:qrasp'thé

characteristics of the bdilerragdito:maké.SUitéble

adjustménts as required.

Pulverized coal fifing'eduipment

" For firing pulverized coal, there are thg alrect

firing systém__and the bin systen, and the direct

firing system of siﬁple: system formation, easier

operation and lower construction cost will be adopted

for this ppwér plant.

Ccoal pulveri;ef {coal mill)

i.

ii.

Mill type

There are vertical bowl mills and horizontal tube

wills, and the vertiéalubowl.m;;ls_will be adopted

for its merits of less power. consumption, better

load response and lower noise.

_Nurbers and Capacities of Mills and Burners

i) 1in the deterﬁinétibﬁ,bf nurbers and capacitiés
of milig;agd burners, the number of burners
'_willfbe ﬂeﬁgrmined:aftet'thg.dgterﬁination of

 mumber of mills.
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as for the determination of number and capac-

'ity of mills. esp901a11y, necessity of standby

mill and the minimum 10ad ‘of the unit should

bea takén‘iﬁto'coﬂsidérafidﬁ;

© In general, étandard"caﬁééity'of:mili will be

‘deternined based on size of mill crushing .

part, and thén the capacity will be restudied

" based on grindability and grain size of the
coal used,’
'In'éqﬁsideration éf'a case of uéé of ibﬁ giade

coal, the mill capac1ty w111 be determxned

with some marg1n ‘SO0 that the mill may be

* operated stab1§;

Generally, four to six mills will be installed

for base load powér plant from the view point

‘of equipment layout in the powerhouse,

the - following consideratiphé;wiiizhe'made on

the determinatidn of'hﬁmber of mills;
. Preventlon of slagglng due to hlgh thermal

load in burner ZONE.

" . Prevention of'iﬂcreaséaiﬁ burning time and

uncbﬁbUStibléulbsé‘aﬁe'Eo:éﬁcessivé:cépéc_
ity of burnerf_'

Normally, allowable heat input to a burner is

" approximately 43 ¥ 10° keai/h.
“‘Burner “érrangeﬁeht;“ﬁilf?:bé aérermiﬁed in
’00n51deration of uniform héat distribution in .

the burner 7one and casy’ operation of burners. -
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There are three_types of burner arrangement,'
the tangential firiné; the.ppﬁored.firing and
the ffont or.near fitihg systems. |

These three systems are of simiiar performanbé -
and rﬂiiabi]ity,.and if. is'd{fficult'té say
 which system is better. The bdijer'ménufacd
turers adépf their ownfs&étems'baééd on their
past expériences. Therefore, when tﬁe boiler
méhufacturér 35 determinéd: tﬁé'ﬁurnef arange-
ﬁent wilf be determined of pecessity, and it
is véf&'rare that a boilér manﬁfactupét adopts

a burner arrangement not of their own.



Table 5-2 Burner Arrangement and Construction
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Tangential Firing

EOEPE N .

.Opposéd_ﬁiting

TR Front or Rear Firing

 Puiverized coal nozzle

Y , :
E = =
o SEDI T
Plan side view " Plan Side view .
_ I ignter Alr resister TR _ Adjustablée air vanes -
) —~0il nozzle Coal & primary air Ring dampers
% Windbox Coal nozzle _ B
H : 0il burner
g Secondary-air
S nozzles
b ' Secondary-air o :
L dampers Side ignitor - Burnéy
a nozzle . throat
B Ll L Y : . - TS Compustion zone
§ | Qil nozzle p Z < ; MY ﬁyﬁ N
ﬁ Damper dirve Coal nozzle .- 3 ? = ) q ’ i J coal ndzzlé
8 unit - . Primary air and * ‘Secondary .
Warm—up oil gun pulverized coal cormbustion =
v : air &
1

Windbox

Outline'Features

~ partitions.
flames form a vortex -in the: furnaCe.

This system is called the coyner firing, and the bur-
ners are located on thé_fQUI'COrnérs, The pulverized
coal nozzles, the combustion air nozzles, and the
heavy oil nozzles are arranged alternately-in verticall
arrangement, and each nozzle is separated with
Different from tha other systems, the
“In this system,
the movable tip of the nozzle allows the flame

angle to beadjusted % 30° up and down for steam
temperature control.

. Burners are located on the front wall and the rear
wall. This system is sometimes called the opposite
system, and is adopted for large boilers, '
Burners are designed so that both pulverized coal and
‘o1l can be fired mixedly.

In this system the pvlverized coal nozzle, heavy oil
nozzle and combustion air nozzle compose one burner

. structure and necesaaxy- reirber of such burners are
Jnstalled. o P

il

. Burners are located either on the front wall or
on the rear wall, and sometimes on the side wall.
This system is called sometimes the single wall
firing SYStem.

Burners are of similar constructlon to the opposed
firing system and necéssary number of burners are
installed,







e)

.f}
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Primaxy air fan

Primary air fan is used to send hot air (pr1mary air}

r

to the coal pulver1zer for coal dlyinq and blowing the

pulverized coal to the burners._ There are two sys-

tens, namely the coal air system where the pr:mary air

fan is located upstream of the a1r preheater and the

hot air system where the primary air fan is IOCated'

downstream of the air preheater.' And the cold air

system w111 be adopted for this power plant because
the air handled is clean and at lower temperature and

consequently smaller number of fans are requ1red as

compared w1th the hot alr system.

Heavy oil f1r1ng equ1pment

i. At0m1zing system | |
The atomizing system is classifledrinto two, the
pressure atom121ng system and the medlum atomizing
system (steam atomizing and air atomlzing). The
'med1um atomiz;nq system requlres IOWer oil pres—
sure than the pressure atomlzing system, the
maintenance of the system belng easier. and c€an
make the atomlzed fuel particles finer for better
mixlng with the combust1on azr. | o
Therefore, the medium atem1zxng system 1s adopted
for this project. | -
The atomizing medlum for heary oil will be steam

and that for lxght oil (for'start-up) wlll be air.



content in the fuel.
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iild Heavy oil pump
“ There are’ centrifugalupunps and screw punps for
the heavy oil pump, and the screw pump better
suited for h1qh viscosity 011 will be adopted.
Balanced draft system
For the draft system of the b01ler, therehare'the

forced draft system with the use of the forced draft fan

only and the balanced draft system W1th the use of the

forced draft fan and the 1nduced draft fan. And for the

pulverized c0al flring b011ers, the balanced draft system

w1th the furnace qas pressure sl;ghtly lowpr than the

atmospheric pressure is usually adopted in cons1deration'
of gas leakage from the furnace.

The balanced draft system w111 be adopted ‘for this

pIOJect.

Air preheater and steam air preheater
There are two types of air preheaters, the regerera-
tlve type (revolvinq type or stationary type) and the

conduction type, and 1n the utility power statxons, the

- ,‘i

. regeneratlve type is used almost exclusively.- Thus,lthe

“_

regeneratxve type w111 be adopted for thls project.
A steam air preheater will be installed upstream of

the regenerative air preheater for the purpOse of prevent-

_ing corrosion of the low temperature elements of the atr

'preheater by the sulphuric acid formed from the sulphur'

o
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The steam air prcheater will keep the'regeneretiVe_ein

‘preheater inlet air temperature higher so. that the tem-
perature ef__. the “}if)w_'._tempe?etqre _etemen_ts' of the __air;-_' g_:te-

'_heeteruwodld.net qe telew theldew point ef.the flﬁe”qas.
Tn additlon,_although there are two types of air - pre-

' heater: one 1s separate type for heat1ng mill prxmary air

and secondary combustlon a1r, and the other is. three—path

_type which heats the above two kands of air s:multaneous—

' iy, more economical three-path type will be adopted to

‘ thls pr0]ect comparlng thh the separate type.

Boiler feedwater pump -

For driving the' boiler feedwater pumps, electric

motors and steam turbines are used As the unit sizes get
.larger, the feedwater pump driv1ng power also gets larger,

‘and in thlS connection, steam turbxne drlven pumps are

moreé popularly used, in consaderetlon of reduction of
statibﬁ'serVice poWery and henCe the stetien service trans-
formar ceeacity édd-thetﬁeltage drop at the time of start-
ﬁp of the EeedﬁaterIEUmps.

For this Pro;ect, “the steam turbine driven boxler feed
pumps will be adopted for normal operatxon and the elect-
ric motor driVen pumps will also be installed for boiler
start—up and as’ stand hy units.

Two turbine-dr1Ven pumps of .55% capaelty each and one

'electric motor—drxven pump of 55% capacity will be instal-

led per unit.
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Dust collector
For the dust collector in coal-fired thermal pover

plahts,'tQO'types of cdlléctors; oY the electrostatic pre-

~cipitator and the bag filter, are posSibie. ‘As for the

electrostatic prééipitatbr;"fine.Vﬁéftic]és' smaller ithan
0.1 rm in diameter can be easily ééilecﬁéd and the fange
of aépliééblé handling gas characteristics is wide.
Furthermore, thé'pressuré.loss and the Opetétinq.cost_
are low and, it can be bperatéd'fOr'sévefal.yéars without
special maintenance. Therefore, eleckrostatic pfecipi—
tators have beén a&oPted for large ﬁoWer plants.
- On the other hand, performance of the béé filter type
dust collector, is not affebte& by the.kind of c0aI used
and gas volume and it can bé operated with higﬁ efficiency

as indicated in the following curves.

Bag filter

100
o8

Efficiency (%)
[# ]
[es]

sap S venturi scrubber

Y, 5 | ] .
8% e 768055 Too— 110

Gas volume Q/0n (%) :
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HOWéver, thexe are several problems of_hiqher_pressure

loss, wider installatien space and short service life of

the bag.

In this project, it is reCOmﬁéndablg tof adopt the

electrostatic precipitator in consideration of the fact

that this power plant is planned to he operéfed with fuel

0il as well as coal and the following reasons:

a)

b)

c)

ay

- Bag filter type dﬁst'coilector has disadvantages in

high pressure loss,.latge_instéllqtidn spéce_and high
equipment cost, and fregueﬁt maintenance like réplace-
ment of bags.

Since combustion gas of fuél oii, in general, contains
approitimately ld% of moisture and approximately 20 ppm

of sulfuric anhydride-(so3) and the dust particle size

is finer, the specific surface of dust is targer and

ﬁhe particlés absorb much sulfuric anhydride, the bag
filte; suffer cloqding.

fhe average sizes of Ehe barticles produced by pul-
verized coal and heavy oil combustion are approxi-
mately 25 ‘icrons and ;15 "microns 'réspeétiﬁély.
Thereforé, smaller size of particle produced bj heavy

0il combustion are unsuitable for dust collection by

bag filter,

The bag filter type dust collectors have not yet been

actually applied to oil?fitéd thermal power plant.
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Table 5-3 Comparison table of EP and Bag filter

1. Efficiency (%)

2, Codllectable par-

ticle size (micron)

3. Pressure loss
(rm Hzo)

4. Utility consumption

a. Electricity
. b. Steam

5. Equipment cost
6. Maintenance Cost

7. Operation
a. Start/stop

b. Deterioration

8. Maintenance
a, Monitoring

b. Inspectionuand
répair during

" periodic over-

- haul

9. Reliability

10. Adaptability to
coal '

100 {base)
100 (base)

100 (base)

100 (base)
No problem
Decrease ih'perfOIQ

mance due to dust
deposit on eléctrodes

. Charging conditions
and hammering

Bag Filter
90 - 99

20 - 0.1

- 100 - 200

210
220

117

180

Moisture absorption in
bag may occur in case of
frequent unit start and
stop.

Filter to be replaced
because of decrease in
performance due to clog-
ging of filters.

. Pressure 1loss
(damage of bag)

" . Reverse purging devices

. Internal inspection

of plates, insuvlators

and hammering devices

High

Some limitation de-
pending on coal

. Internal inspection of
réverse purging devices

. When the bag is da-
maged the filtering
. Chamber shéuld be
switched to spare
chamber

No limitation
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~with electrostatic pfecipitatdrs, there are the hoi
temperaturé type inétalled'upstreém_of the air prehéatef
and tﬁe ldw.témperaturé t?pé'locatéd downstfeam of the air
ﬁreheéter. Thé Hiéh temﬁeratﬁfe type is larger in sizé
and:invoiveé4lérger'héaf.lbés due to radiation and larger
electric powar'éonsﬁmption thaﬁ the low temperature t?pe
and special cénéideféfion mnsi be made with the materialé.
Thérefore, the low temperaturé.tybe will be adqpted for
this project.. .
Compérisoh of cald-side EP and hot-side EP is shown in

the following table.
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i. Ash disposal equipment

i)

ii)

Bottoﬁ ash and fly ash:disposal'équipmént
F&r dispdsal of fhe bottom asﬁ and_th§ f1y ash, there .
are mapy systems‘py_the combination of tﬁe contihuous
type and wet type, etec. ‘And_fdr.this projéct, in
consideratioh of the féct that tﬁe ash disposal area

is prepared adjacent to the power plant, the most
suited method of the intermittent water sluicing
tﬁrough piping will be adopted for disposal of bottom
ash and the intermittent vacﬁum transport and water

sluicing for fly ash.

Furnace bottom ash disposal system

furnace bottom ash disposal system is classified.into
two; batch disposal system and continucus disposal
system. These.two systems are, furthermore, classi-
fied into the dry type and the wet tYpe;

Here, ash disposal systems by water sluicing in slurry
form widely adopted in Japan and the USA and by water
pit belt conveyor édopted in Eurcpe and America are
compared in the foliowing tables.

Utilization of fly ash

.Fly ash is used for earth filling, roadway subgrade,

cement, fertilizer, agricultﬁral landg, concrete aggre-
gate, etc. However, further studies'includinq market-
ing balance in Egypt should be conducted for future

utilization.
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Sinc¢e the demand of fly ash'céuid hotlbe %6ie6as£,:f1y
ash collecting éqhipmeht'wiil.notibe forécast,.fly ash
collecting equipment will not be installed 'in:this
stage,.bﬁt in considéréfion of fﬁture.utilization of

the ash, space for the equipment will be considered.



Table 5-5 Comparison Téble of . Furnace Bottom Ash Disposal Systems 5 - 39
System Water Ejectlon System in. Slurry Form " Water Pit Belt Conveyor System
Iteﬁs Direct Ash DlSpOSﬂl Ash Re«utillzation Direct Ash DisPOSal Ash Re-utilization
In thié SYStem, clinker hopper made by welded steel plates with In this system,: cllnker is cont1nuously conveyed outside by chain
heat resistant and vear resistant 1ining is installed in the furnace conveyor immerseéd in bottom wacer. The clinker is 1nstantaneously
. bottom, Water is filled in the ‘hopper to cool down fnstantaneously cooled down and crushed into ash, and then the ash is dewatered at
the hot clinker dropping from the ~ypper portion. the ramp of the chain conveyor and transported by conveyor to clinker
_ - Stored élinker is discharged fxom the lower gate at 8-hours interval, crusher. ‘ o C o _
outline of and crushed into ash with a size of 10 to 20 mm by clinker crusher. . Since the system is opexatéd continuously, maintenance is difficult
Ash Disposal Then, the ash in slurry form is transported by hydraulic exhaust pump during normal boiler operation, and maintenance frequency of the
s posa through ash disposal pipe. Since the operating time is short (1 - chain conveyor is relatively high because of wear of the chain.

2 hours), maintenance can be conducted during boiler operation.

In this system, ¢linker ash in In this system, c¢linker ash is In this system, c¢linker ash is In this system, clinker ash is
slurry form is directly transported transported to dewatering hopper, c¢rushed into ash with a size of crushed into ash with a size of
by hydraulic exhaust pump up to and after dewatering the clinker 10 to 20 mm, and then transporteé 10 to 20 mm, and transported to
ash disposal area, ash only clinkér is transported by hydraulic exhaust pump to ash clinker storagé hopper once and

outside by truck. disposal area. ’ then transported by truck outside.
. Batch Batch : -
8 hour . i
Operatlon/' (1 to 2 hours) {1 to 2 hours) Continuous Continuous
_ _ . _ Chain Conveyor Chain Conveyor
Ash Transportation Hydraulic Exhaust Pump Hydraulic Exhaust Pump and Truck Belt Conveyor Belt Conveyor
o Hydraulic Exhaust Pump Truck
TrénépOrtable Int diat t diat Long
Distance ntermediate Long Intermediate né
Disposal of L :
Waséz)Water Much Much Less Less
Power Consumption Intermediate Intermediate Much Less
Maintenance Easy Easy Difficult Difficult
Maintenance : : ) :
'Frequency Low Intermediate High High
‘General Ceonclusion () 43.' X ' X




Fig. 5-1 Coal Ash Utilization
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Stack

There are stacks of independent type (1 stack per 1
boiler) and collective type for thermal power plants, and
the céilective_ type zwill “be adoﬁted for its merit of
bhetter dispension of sulpﬁur oxides by th¢ higher effec-
tive height due to thé'colléétive effect of the flue gas.

The height of stack is determined to be 85 m by the
maximum concentration of S0x reaching the qround surface
and distance of maximum concentration on the ground sur-
féce and alsé in.conSideration of the‘wind.tose and other
local conditions in the area, and steel made collective
iype stack will be édopted gince steel madé collective
type has advantages of less construction period and.lower
construction cost than that of.concrete made.self-support_
ed_ﬁype. As for the decision of stack height, reéfer to
subséction 4-5-7, Stack Height in Chapter 4, Comparison
of concréte ﬁade self-supported stack and steel ‘made

collective stack is tabulated .in the following.
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Comparison of concreté made self-Suppoxted stack

and steel made ¢ollective stack

1. Flue gas flow : 1,052,000 to 1,196,000 m>/h/unit
Design 2. Gas velocity i 28 m/sec :
conditions 3. Gas temperature: 135 °C
4, Stack height . : 85 m
\“\\x; Stacks Self-supported Stack -
ltens ~ - ‘ collective stack
T~ One unit Two unit
o : : 500 (steel) + 490
Upper parts 2,300 4,600 (lining) = 990
Load Foundatiogl: 3,400 6,?39?_-_‘— 2,280
{ton} T i i
Total 5,700 11,400 3,270
Foundation . 2 2
Erection Upper part 6 3
schedule | e
month) |4 i ning & (brick) 4
Total 14 £
Foreign 419 % 10 838 x 10° 710 x 10 °©
currency S .
Cost Domestic 140 x 10 280 x 10° 130 x 10°(15.5%)
{yen) currency
. : 6 6
Total 559 x 10 1,118 % 10 840 % 10
More than SOIyears
_ (Repairs of external
"Service life More than 50 years painting and inter-
nal lining are
needed)
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4) Turbine

[

Tandem Cdmpound Type '
Types of turbines are classified into _Ehe tandem
compound type and the cross compound type. The tandem

compound type, economical in c§n9truétion cost and easy in

operation and with many records will be adopted for 300 MW

class turbine,
Turbine Bypass Line

The turbine bypass lihe is provided not only in case
of the once-through type but in caée of the drum type
boilers, for metal-matching and protection of reheatér
tubes at the time of Uﬁit étart—vp and for shortening 6f
staft-up time. The turbine bypass line will be adopted
for this préject, too.
Coﬁdenéer

The condenser will be of the single-path surface type,
and will be designed for 27°C of seawatef temperature, 85%
cleanliness facfor_and condenser vacuum of 710 wmmHg.

Condeﬁser tube materiais_of high heat conductivity and
high corrosion fesistivity will be selected.

the condenser baék wash systém and copdenser tube
clganinq system will be'provided for periodic cleaning of
condenser tubes aﬁd removal of organic groﬁths and depo~
sits of foreign matters inside the tubes to maintain the

condenser vacuumn.
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