4-1-1 Coal (Main fuel for power plant)

i} Domestic COai

a., Maghara Coal Mine

a)

b}

_ Maghara coal will be 600 x 103,t0ns and that 300 x 10

Present Status
Thé_fehabilitation works have been continued sincé the

end of the war, According to the feasibility fépdrt

submitted to Egypt by England at the end. of March

© 1983, it is repotted that the annual préduction of

3

tons céuld'be_utilized for the iron industry and the

_remaining 300 x 103_tons for fuel of power plants, and
_the.cdal mining Facilities and surface_facilities will

be built and the full scale production will be started

from 1987,

éoal Reserve

The coal séams.are ldcated within 400 m.depth below
thé main seam in a 2.5 km? area, and_fhe coai reserve
is as fél}oWs;

Proved Reserve Probable Reserve Total

% 106T x 106T x 106T

_ Coal resérve 39.9 119 51.8

Workable reserve = 27.8 7.8 " 35.6

o

Coal éropéftf »

Thé'cdéi saméies weréjéoiléétedifroﬁ the coal seam in
the tUnnel'in'thé.fféid'QUrvey aﬁd.ﬁefe'éﬁélyzed in
Jaﬁan. fhe cOal_ahaIfSis taken from fhe'liieratﬁre,
the analysis of fhe collected samples,.and'the raw
coal at the mine mouth wﬁich contains‘il% of spoil are

aé shown on Tables 4-1 snd 4-2.



Tabié 4-1 -Naéhara Cdél‘hnalysés

Proximate Analysis

Inherent moisture (%)

ash content TSy

Volatile matter (%)

Fixed carbon . (%)

Calorific value
{kcal/kq)

_Ah#lyéié ‘... Sample

from Egyptian collected in
literature field survey Average
4.9 5.4 5.02
6.5 3.9 5.23
50,7 50.51 50.60
37.9 40.39 39.15
7,270 o 7,140 7,200

Raw cdalfqt
mine mouth
{11% spoil mixed

4.5
14,3

a5.8

35.4

6,510



Table 4-2  Chemical Analysis of Maghara Coal

Constituent -

Proximate Analysis

Moisture

Ash |

vdl%file ratter

foed carbon

Calofific_véiué
{kcal/kqg} |

Ultimate Analysis

Ash
Carbon
Hydrégen
Nitregen
‘Sulphur
Oxygen

Fusibility of Ash

Deformation
Hemisphere

Pour point

Grindability {Hardgroove
Coking Ptoperty

Color of Ash

. Analysis
Literature in Japan
R %
4,90 5.14
'6.50 3.96
50.?0 5¢.51
37.920 40.39
7,270 7,140
6;50. 4.17
70.66 . 73.74
5.67 5.83
1.04 1.22
2,97 2.83
8.?6 1iz.21

1,220 - 1,280 1,290
1,290 - 1,340 1,430

1,320 - 1,360 3,440

Index} _ 51
Strong

Red—broﬁn

Remarks

Literature: Call for
cffer for the reactiva-
tion of Maghara cbﬁl _

mine North Sinai, A.R.E,



Ultimate Analysis of Ash -

Analysis
Constituent - Litéfatﬁre in Japanf Remarks
% ~ . 3 -
si. o - 6.5
Al | - 3.3
Fe | - 40.0
Ca - 4.4
Mg - 0.4
Na - 0.4
s - 6.2
K - Trace
v _ "
p - u
Zn - "
Cu C- ' ' "
Mo - "
Mn - "
Ni - "
Pb - oo



Accordin§ to the production program of Maqharé coal,

300,000 tons of coal Eor.chemicoke and 300,000 tons of .

~fuel coal for the pbﬂér.plant_are to bhe preduced from

600,000 tons of total production, as follows.

Raw Coal

600,000t
Ash 14.3%

qd)

400,000t .
_ ~— Dressing b——-—3 Coking Coal 300,000t
Ash 14.3% - Ash 9.4%
100,000t
Ash 29.0%
200,000t :
: =~ Fuel Ceal 300,000t
Ash 14.3% : Ash 19.2%
Transportation

As the means of transporting coal over the distance of
225 km from Maghara Coal Mine to Ayun Musa, road
tranéportation by expanding the existing road and rail

transportation by building a new railway, are consi-

dered. 1In case of rail transportation, there is the

possibility of . supply stoppage due to moving dunes
burying the railway in sand storms and cost is higher
as compared with tru¢k'transp§?tat10n by road, even
with tﬁe cost of trubké and éxpansion.of roadsxﬁfe

taken into consideration, and thefefore, transporta-

tion by trucks would be advisable. Since the delivérﬁ

of coal is made génerail? in the power plant grounds,
the method of transportation should be considered by
the Maghara Coal Mine Authority, the supplier of the

coal.



2)

&) Cost of Coal

Summary of Feasibility Study‘ Report on the Maghara
coal mine prépatéd by B & ﬁ, England, répéfts that.fhe
estimated unit ‘cost of the coal as te@eived.at the
pbwérﬁplant is LE'AB/tbn;(bS$58.3/£6nji'hdweQer this
is briqhér théh thét'.of_ imported coal, about LE
47.1/ton '(U$$57.5/£6n), from Australia, which shows
disadvéntagebusness:dffdoméstic coal in terms of fuel
‘cost.

Since the coal of low calorific valve after @ressing
process is usea for ihe povwer plant, lower unit.price
should bé considered fot the feasibility study.
Therefore, the coal price of LE 44{6/t6n (uss$ 53.5,,
théh is obtained as aVeraée priée from the coal price
mentioned above and preduction cost of coal at.mine
including. tranépdrtation cost, LE ‘40.5/ton  (uUs$
49,2/tonY,; mentioned in the said report is finally
adopted. This price also Beemé to be.reascﬁabie on

-the basis of the calorifi¢ value of the coal.

‘Imported Coal

The propertiés of céal to be fired in the 300 MW x 2 ther-
mal pbWer plant of the iét'stage ate'decided 6n‘the basis of
Maghata Coal, but if the standard calorific value is assumed

to be 6,500 keal/ky, the annual requirement of coal would be

1,521,500 tons/annum (utilizatibn’factors B0%, plant effici~

encys 39%, station sexvice power ratios 6.4%, installed

 capabity= 320 MW x 2). As the supply capaéity of Maghara

‘coal is 300,000 tons/annvm, the balanée of 1,221,500 tons/



annum of blendable coal of nearly similar prdperties_wiil'have'-

to be imported stably. -

“a.,

_Countties of Origin

.. There are .many coal producing countries that ha#e been
expdffing_br have plans -to export cdél,_Sut in considera-
tion of logations and ,étability of supply, Aﬁstralia,'
U.s.A, '(Eastern and * Western), - Canada (Eastern), South
Africa, Poland and_éﬁlumbia were studied for this Project,
with respedt to fhenproduction, export'records.and type
and'pfdperéies of coal.

Poland has enough exporting capacity, but the melting

"point of ash ié as low as'1,100°C and poses problems as

fuel for the power plant..

The Columbxan coal mine for, export purposes is st111

ﬁnder,dévelbpment, and it is féared that stable supply of

acquirgd quantity may not_be.secured.

As. gastern:Cahada does not-produce_enougﬁ coal and
shortage of coal is.impqrtéd;fit_can not expeét to export
from stterm Canade apmpresent.and'there.is'nq plan fb
export near'.future. Tﬁétéfofa, _Australia,_ ﬁastern and
Western U.S.A. and South'Africa'ére considéred‘ﬁo be the
probablé coal supblief cduntfiés.

Other countries may -be capable to. develop and export

coal dependlng upon the trend of demand, and so the pro-

perties of coal from various countries are shown on Table

. 4 16 for reference.

Stépi}ity.of}Suppiy.

- The yigld]éﬁd_e#p@t;ed'quaﬁgitiesqu_éoalffrgmgthé_

- above supplier countries and'qthér coal pibducing count-



ries are-as-tabuldtéa On'Tables 4-3 and 4-4, and each of
the countrles has plans of . expansion and new development
of coal mines to meet the denmand, and has enough_capacity
for séabie supply of coal.,

The ports of export of coal have enouqh capaCLties for
eXport and hould not 11m1t the export quantlties. Coal
exportinq port facnlitzes and capacities are shown on
Tabie 4—5. Therefore, if Austtalia, Eastern U.S.A,_and
south Africa are to be seiected for 30urce'of_coa1, a

stable supply of coal would be éxpected.
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Table 4-3 Coal Yield by Countries

. {Unit: 106 tons)

Coﬁntr;ear. 1975 1976 1977 1578 '1975 1980 Remarks
Mustralia 64 62 70 7 75

0.S.A. 501 en 'ééé 608 709

South Africa -2 - s 108

Canaaa 52 ) 721 é3. 24 :29 For reference
Poland 172 179 186 193 201 -" -
Columbia - - - - - Under planning

Data SourceE Coal Project {1983), Project News Co., Japan

Table 4-4 Records of Fxport of Coal

(Unit: 106 tons}

Countriear 1975 1976 1977 1978 1979 1980 Remarks
Australia 33 30 35 38 38 42

u.5.A, 60 . 54 49 3 59 82

(éanada) 12 12 13 14 14 14  Western Canada
South Africa 3 6 13 15 23 129

(Poland) 39 39 39 40 a1 3

fColumbia) - ‘- - - - -

Data Source: Coal Préjeét (19813), Proﬁect News Cb., Japan

Major coal mine sités in the world and coal mine sites in major
countries are shown on Fig 4-1 to Fig 4-8,
lLocations of coal mines and major coal exporting pbrts are shown

on Figs. 4-9.



4 - 11

Table 4-5 Coal Exporting Port Facilities and Capacities

Countyy Hame of Port

Australia New Castle

Port Kembla

Sydney

Gladstone

Hay Point

Hay Point (Planned)
Brishane

Abbot Point

{Under construction)

U.5.A. Norfolk

Newport News

Néw Orleans

{Canada)* Port Moody
Hestern Roberts Bank

Neptune Terminal
{Poland) Gdansk
{Columbia) Bahia Portete

South Africa Richards Bay

Max. Ship Loading

Tonnage

{103 DWT) {103t/y)

100

120

55

60

120

60

100

100

60

65
120

125

100

(Planned}

150

Coal Storage

Capacity Loaders Capacity

125,700
19,0600

2,800
28,000
20,000
15,000

1,500

40,000

26,000

12,500

24,000
44,000

{future)

t/hxNo.

1,000x2
2,000x2

- 4,000x1

1,000%2
5,000x1

500x1

2,000x1

4,0GOx1_

4,000x2
6,000x1

1,200x1

1,680x1
8,000x2

4,500x2

1,000x2

4,000x2

3,000x2

660x2
2,000x2

3,500x2

{10* t)
2,040
1,090

280

1,300
2,500

240

1,000

800

1,550

100

440

500

3,200

Data Source: Annual Report on Raw Coal (1981}, Telex Report Co., Japan
*There is no coal exporting port in Eastern Canada.



sl . ll‘n_';_,_-__ - __!l'*‘, R

Fig. 4-1
Coal field map

No.] Country N Country
it} hustcia 23] Zimbabie .
2] Belgium 24§ Bangladash
3} Bulgaria 25§ China
4} Czechoslovakia} 26] Tailwan
51 France 27} India
${ Germany (D.R} 28§ Indocesia
7 Germany (F.R) 293 fran .
8{ England 30§ Xorea (D.P.R}
9t Greece 31] bSrea (R)
10} Bungary 32} pakistan -
i1} Poland . 33} Turkey
12} Rosania 344 Vietnam
13} Spain 35) Canada
141 Yugoslavia 1] G.5.a
15t U.5.5.R 37} Argentina
16} Botswana 1 3gl Brazil
17] Mozambigue 19 caile
18| Nigeria 40} colombia
19} South Africa 41 ] dexico
201 swaziland 42} venezaela
21} Tanzania 43.] Rustralia
22} 2alee 44 New Zealand
R 7 T T S [

37
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Coal kes‘erve In World

4 - 13

(unit: 10° tons)

| oy [ e | oo [
1 | Austria 33 36 [ 23| zibabwe 734 5,820
2 | Belgium 440 2,617 | 24| Bangladesh 242 1
3 | surgarsa | 1,880 1,550 125 | china 99,000 |1,326,000
4. _Czéchos.loi.:vakiar '4,.4‘16 ‘ 6,'472. 26'. ’I"a.'i.waﬁ 1.09. —. o
s | France o sma 227 § 27 | India 13,134 91,232
6 | Germany (D.R.) 17;500 o= 28 Indonesia 234 6,293
7 | Germany (F.R.) | 34,536 |186,300 [ 29 | Iran _ 193 -
8 | England 45,000 | 145,000 || 30 | Xorea (D.P.R.) 534 4,416
9 | Greese 512 | 379 | 31 | Xorea (®) 116 1,049
10 | Hungary 1'545 | - 1,736 | 32 | Pakistan 394 -
11 | poland 30,600 | o1,200 | 33 | Turkey 757 1,016
12 | Romania 413 530 ||'34 | vietnam’ 150 700
13 : Spain 636 3,295: 35| Canada - 4,368 366;215
14 | Yugoslavia 8,740 1,987 36 U.s.A _ 190,890 2,519‘,200
15 | U.5.5.R 165,470 §1,432,400|| 37 | Argentira 117 3,398
16 | Botswana 3,500 | 100,000 | 38 | Brazil 910 11,408
17 | Mozambique 240 156 || 39| chile 924 3,517
18 | Nigeria 132 - 801 " 40 | colombia 1,029 7,726
19 | south Africa | 25,290 | 33,762 41 Mexico 1,500 1,690
20 | swaziland 1,820 3,000 | 42| venezuela 139 8,054
21 { Tanzania 200 1,500 [| 43| Australia 36,302 | 611,600
22 | Zaire 600 - 44| New Zealand 162 2,179

{Pata Source: Coal Noté_1982)
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Fig. 4 —7 Australia and South Africa

AUSTRALIA

e
Flampicr n

A

NORTUERN
FERUITORY

Siys Iasin

- .
sCallide Dasin
Marsbosough
L Basin

Tarong -
Basin

";‘ . S
,' Clasetce
¥ Moreioa
"Basin

WESTEHRY AUSTRALIA _ )
. : Surar Basin

sottn avsTRaa [ -
' — -

: s e ’ Ly 7.
. R, . NEW
L—"\-\, cigh Creed Hasil souin wank

o

Macauzari
MAIATYUET e
Rasin’

. m‘l “iium}n-"uqs Py |
c} PBronn éoal - -

-

7 Geippsland
ry Basin
TASMANTA Fingal Hasin
. Ihdan
SOUTH AFRICA . RuODESIA
1 Messma g nraMrIQUE

3 Louis Trichardt

ROTSWANA

: 3
- Pretarin # Withank
Johannesburge SAB

o, G
" -

il

Nawmeia SWAZILAND

COALFIELDS
Lhampopr
3 Syupansheeg

3 Waterhecy ]
4. 5peinghel Flats . 1]
L Wihank - .

ATLANTIC g.;':y:édfl‘trul!
AN Shptwer

OCEAN .&\':riliigin‘ .

. B0rsigk Free State

toNacal -

e {adwi Moliene

Cape Tont Port Elizabeth

Coalfteld Hat



4--.20

\i

o .MHMZUHJ.. e

~Ivoo snoNmnLieans 74
‘ 7voD 2o snonwnus BEER
AL . ‘
‘ FLIOVIHINY EEo g -
\ - . .
v /. S
_ T AISSIESIA T _
WIMORD 4§ ' H . _ ooixaw | .
. e 90"“0 - e o. <~.(.0th.<,._ . ‘
NG \ o I
B iz..Jozzmv.ﬁ M.nw\.\l.mmh.lﬂmu. g
- 1....:?;\..\.% & mmm_fmzx GYSNYNNY | #.frl ....“ :
- O.%.q.u . & : —— — 4@@01. 'ull :
prrie) . .%.l

SR

one W ,&,c,z‘._‘ b
- B I/;;on.ll:%. -
& fe== "1 vGONVa 8
&R | .._vfﬁsm.mzz_i ;
et A OOGTM h
N ey
b /\. A j . .A,H\I.rov._a.o‘u.
) . -f — i &
L \
{

-] oavaseD

. Y¢S0 8 - ¥ -Bt2




4 - 21

uoTIeRIody TeeD 3O S3Iod Ioley 6—7% "“bra

:2.3?@%&
1w

.vc.u.nniu MON

. nA.seJ_ ,.;&e _ .
UORISN N Keuphg () & urLang
wITIFY YIOOS
o) Lﬁz&ﬂmﬁ AN
PUOLIPUIY (T : i
wiog AR (g) .
BIROL (L) :
TUTEY Y Y.
S . 25
R
e e 3 o /
R R~ . - QRusany
i : ccomq_uoo‘ hw.hu .
L A
.w.n.nﬁou erged ﬂ 2
. - .
S -:uuTO Moy gL .
G e ] LT Wy sop :
. CarepIeN g T : . o NVAYe en___ﬁ.
e s s} e\ - |
: | eacumieg ey o) qeumesey - . fr— reronprn
s Rpooy aasg Ty - aumdon . NI TN
: ’ R, LOANODUTA (B) . ) : -J&EE A

* O apdmy adunag ¢



C,

4 - 22

‘Transportation

Coaler Size
. As aforementaoned the conceivable ¢oal exportlng
countries for the pro]ect are Australia; t.s.a, and-

South Africa. 1In order to transport a huge quantity

of coal wlth a lowest cost from such far away coun-

trles, enlarqement of a shlp and employment of a
spec:al carrier for sea transportat1on of coal, ”a
coaler ars necessary and effectlve. Mass transporta—
tion by the enlarged coaler makes merlts of rationa~

1lzing 1oad1ng and unloaﬁlnq WOrKs and nunimizxng a

"transportation cost as a shxpplng charge per ton inc-
'ludzng personnel expenses and other relevant expendi~
ktures 1s'loWered. HOWever, coalers and cargo ships of

'tonnages ranglng from 30 000 DWT to 70 000 DWT are

wldely used for coal transportatlon.
Because coalers of blgqer tonnages than the above

could enter only ‘ports of a llmited number" The

‘number of ports with enOUgh Wldth and depth for accom-

modat1ng such a. larger coaler is very few and all the-

ports in the coal exporting countriés have not aIWays

be able to. accept such a- larger tonnaqe coaler. S0

far,'only three ports in the exporting countries, two
in Australia and one in South Africa,'céuld accomodate
a ship of 120,000 DHE. Thus, employment of a 120 000

oWT coaler will result in restricting the procurement

. sources of coal.

Further, the number of 120 000 DWT olass coalers'_;

is so limited that these coaler has already been'
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securéed by some cartérers and timely chartering for
the project ma} be very hard. Aas comparéed the in&est-
" ment to the harbbf and unloaﬂing_facilities'af.the
power station, the investment for the 120,000 DWP
coalér.is'three times higher than that for thé 50,000
DWT coaler.

on the contrary, fhé 60,000 DWT coalers can énier
élmost all the c¢oal exporting ports, Brands and
grades of coal can be selected without any reétric-
tion. Thus, the ships of a maximum.tonnage of 60,000
DﬁT vwill be applied for the transportation of imported
coal for.the project.

The comparative studies between the employment of
120,000 DWT and 60,000 DWT coalers aré shown in the

followsing tables.
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Prccufenentlﬁlan

A-p?ocﬂrement pjanﬁcf coal should be made corres-
ponding te the generating plan of the.power plant; On
executing the contract for procurement. of the improted

coal on annual or longer term bas;s, the full consi-

'deratlon w111 be made on terms and conditions such as

_brand, qualxty, quantlty, and cost of coal 1ncludlng

an escalation clauee for long-term contract, delivery,
methcd ef accentance incluﬁing analysis of coal deli-
Vered, demdrrégé;&etc.
Transportatien Plan 
i, Shipping Plan
The shlpp1ng plan w111 be formulated in accordance
wlth the procurement. plan, . With the. following
conditions, the shipping plan is formnlated. .

i} The shippiné plan has ﬁeen formulated on the
basie of use cf Pananax type:(GO +1ely) DWT):and
shlpplnq from major ports in the prospectlve
export1ng countries, namely Austra11a ‘and the
U.S.A, - (Eastern), to the unlcading berth of
the power plent. |

ii) The ocean shippingcfakes leng; more than one
te two monthsﬁ-and the saiiing _scneéule is
susceptible'to.the influence of the:neather
and :6CEan conditions. VTherefore, 'one spare
day is 1ncluded in each sailing and another

spare day in the unloading period
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$ii) The coal loading capacity of each port is
‘given iﬁ Table 4-5, .

iv)'Sinée‘the Shiés undergé thé'anhuéi inépection
requirihq_aﬁéut IQ days, thé aétual work;ng
days a year of a ébéier is gi%.-'

v) A éet.éuantity of impOrted‘céal Wili bé'ship-

| ped‘by7the_sb-éélléd'"pistoh Sailinﬁ" of the
annual ' charter ' linérs between the exporting
: pdrts‘and the powaripiaht;.and'the balance of
_require@ents will be shippé& by tramp coalers.

The following Table 4-6 shows the ¢ondifiohs of
this shipping plan and Fig 4-7 and 4-8 shoew fesults_of
simulétiOn of_traﬁsision:bf Ebal storage quantity for
first S years afe shown on Tables 4-7 and 4-8 on the
condltions descr:bed in the table.

The shipping plan together with the port éntry and
departure restrictions with respeét to the weather
conditions will be advised to the shippinq coﬁﬁany'and
with these information, the shipping &ompany will
arrangc'the coalers.

Review of Shippin;g' “plan

Every quarter: of the year, the coai‘ trénsportation

plan will bé revieWed considering the trends of sto-

rage - quantlty and programmed power generatxon. And

the results will be informed té the mines and ‘shipping

lcompaniés,SO as:tO'atEain stabe fuel supply and kéép
'appropriate stock quantity - through the year wlthout

.any loss by demurrage.
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Coal Storage Quantity

‘The coal stock ‘will be influenced by the following

-factors. And as a result of study, it is confirmed that

the 60-day stockris ;ﬁfficient-for.the continuous opera-
tion of.the plant. .

i) FaétbrsfdeCOai ﬂéliﬁéry corncerned

..°Nbrmal Cbﬁ&itions:

Quantity of delivery, delivéry cycle, and timing of

COa;ers[ entry

°Abnormai,C0nditi0ns:

Sﬁrike at harbours and coal mines, accident, shipﬁreck

and other force majour

°Fai1ﬁre of unloading equipment
ii) Factors of coal dispensary c§ncerned

°*Normal Conditions:'.

Quantity:anﬂ CYole of dispensary -

.“Abnormal Conditionsz.

Eailu{es.of power generating fa&ilities

°0£h¢rs; |

Fluc¢tuation of'péwer demand due to economic and sea-

sonal trends:‘.

._°Failure of_coalidispehéafy équipménfs
Operating:Rénge of Coal-Stérage:

Thére is né.specific_rangefof'coal stoék as a standard
operating quénﬁitf.‘ The fqturefstock is fo:ebasﬁ consi-
derihg cut;ent_stock,‘ship érfanQement;:consﬂmption, etc.
s0_as to atta1n highérrefficiehdy of . the cocal handling
eq&ipmenﬁ. "~ As the tonnage -of §0a1er- emplbyéd for ther'.

pfoject will be 60,000 DWT, the Operatiﬁg range of coai
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sterage_can be set at 160 x 10? £ens-(for 44 days power

__plant operatxon) for maximum taklnq a shipplng volume’ of a

coler into account and 54 x 103 tons for nlnimum storage

quantlty for about 0.5 months which is adopted generally
in Japan. |
Rotation of Stockpile

in theoritlcal point of view on the figures,.'the
hlgher rotat1on rate seemes to be resulted in better eco-
nomically._ However as coal is a solid substance,‘ it5=
handlang {loading and unloadxng, transportation, d1spen—-
sary, etec.) is less efficient than the hand11ng of the
liquid substance 11ke heavy 011 Therefore, reasonable
rotation of stockpile will be B,times per year since ehe_
spontaneous combustion period.of coal is about.two.montﬁs.
Transportatien Plan at Abnermal Condifione |

As an abnomral condition affection to the feel suﬁply,
a general strike by workers at coal mines, loadlng and

unloading ports and Shlp companies is liable to happen.

_A period of strike is usually projected to be settled'in

two months or so at the worst case, it is necessaryrto
prepare the alternat1ve procurment sources of supply and
transportation plans.

‘For the project, the following COnditiens.afe set fét
projec;ien: | |

- The works atISOMe_minee or harbor inVOlving the pro-

- ject. go into a general strike.

- Forecasting that the strike.might continue aboﬁt'ﬁo_
days or so, the power plant side promptly took actions

for hiring a tramper coalers.
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The table 4-9 show the shipping plan, and changes of coal

- strage quantity and estimated period of 6il firing.

_Table 4-6 Major Factor for Transportation Plan

- Items
Type of ship -

Transportqtioh'ﬂis—’
tance (H.M)

Speed (NM/h)
Loaded
Enpty

Loading (days)

Sailing days(days)
Loaded
Empty

Waiting days for
Suez (Canal crossing

- Unloading (days) .

Total days required
(days)

Annual working days
{days) - .. :
No. of times of
sailing per year
Coél trahsported per
year pér ship

{1,000 tons/year)

“Country and Port

Australia

. New castle " Norfork Richard Bay

8,370

28
26

4.5

65
354
5.44

326

U.S.A

Panamax

5,392

18
17

4.5

47.5
354
7.45

447

8. Africa

4,430

4.0

15
14

37.5
354
S 9.44

566

Remarks

incl. 1 spare day
incl. 1 spare day

2 days each both
ways

incl. 1 spare day

éxcl, annual in-
spection days
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simulation Case 1

Tran51t10n of coal storage quantity in case of import 1, 310 X 10 Zyear {3 blandﬁ) from Australia bv

' 60,000 DWT 4 ships

5 years

4 - 33

1. Input conditions 1} Perlod : aen :
2} Periodical maintenance is assumed for 45 days {May 1 to June 14 for No. i Unit and Sept 1 to Oct. 15
for No. 2 Unit), .
3} Equipment fault factor/year: Power plant; 2%, Unloader;,Z%;istackér; i, Reélaimeréfl%i Récéiving coﬁveyor; is,
1 %, dispensing conveyor; 1%. _ ' -
4} Initial coal storage volume is assumed at 5% (133,800 ton) of ¢oal storage capac1ty
L 5} Worklng hour for coal unloading: . 7:00 - 22:00, arrive and departure of ship: 7: 00 - 18:00
rerted T oE 2. Result l) In the second year, variation width of coal storage guantity will be max1mum, however, there is no problem
couitry {srequtar shiglShip for power plant operation. :
'A 1 3 ' 2 3 1. 2
i | | | | |
B H 3 2 "3 1 ‘
Australia | Liner ﬂ “ " E}gpfgs shpws Brand's numbex
Ml T I I ¥
P It | I P | & §
(Honth) 2 3 q s 6 7 8 9 10 1 12
- Assumed Fault
A ] A 3 ; URiT
S 200 4% %) x x & x X X1 X Unloader
' T T } Stacker
i =) 0 ool 0 Reclaimer
i ) & O < Receiving conveyol
HE™ % ® Dispencing conveypy
¥

<5—-1§3r000 ton

Coal strage

.dnaX)

= e R e e i

'>____’_-_

it | v —— Y w—— e [ A m e |-

" PO SRR EEEUV AT Sy S S NS I U JEp, NI .

{Month) 1 2

I
guantity | | E |
(x 1,000 ton) /1\ | [\
. ' :
100 | | —X
Vi \ | | \/
. | | | |
| ; I |
| [ | |
| ! | | ¥ .
| [ | <+ 31,000 thn (min)
| . | I ]
| | | | Ji o
. o ) ! ! et
' ! ‘ : a ' s . 6
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‘ 2 ships and 655, 000 t/year (2 brands) from Eastexrn Arerica by a -ship. -

 simulation case.2. Tran51t10n of coal storage quantlty in case of - 1mport 655, 000 t/year {2 brands) o 50% from Australia by 60, 000 DWT

1. 1Input conditiens 1) Pperiod: & years ' o , .
2) Pexrodlcal malntenance is assumed for as days (May 1 to June 14 for No. 1 Unit and Sept. 1 to Oct. 15 for No. 2 Unit}.

~3) Equ1pment fault factor/year: . power plant, 2%, Unloader, 2% Stacker; 1%, Recla;mer, 1%, .Receiving conveyar; ' L%,
dispensing conveyor; 1%

4)  Initial coal storage volune is assumed at 5% {133 800 ton) of coal storage capa01ty.

5) Worklng hour for coal unloadlng. 7:00 - 22: 00, Arrlve and departure of ship: 7 100 - 18, 00

. -2, Result . 1) 1In the Sth year variation width of coal storage quantity will be maximum. hanver, there is no probléen
mRrsd o ol | " power plant operation. |
Auetralia Liner A : ﬂl l]2- : J]l _ . nZ ' ' lﬂ_ 2“_
] . u ) ’ i 3z ) 2 o ) . . . .
B | .“1 | | “ _ ﬂl . Jl __J 1 Fiqures show Brand's number
u. S. A. Liner . . : '
C 4 : 3 - 4 3 4 4
I N R 1 I ) !
" Irregular D _ ) . \ - =
ship |ﬁ _ ﬂ l
(Month) 2 3 4 5 6 7 8 9 10 1 12
_ _ Assumed Fault
H A ) A A i ' T : i Upit
X1 X . Kx * *» X ¢ 19 X% * X . %X L x P Unloader
- ! HE I T ' Stacker
G D (5} o 0 o \ [0 u) 5] Reclaimeér :
: ; : Receiving conveyoy
% : | #® ! : Dispencing conveypr
| ! i
. —— _ )
200 I L1796, 000 ton '{mai()

Coal storage
quantity

(% 1,000 ton)

VU S U F P
SIS A .o ¥ SN . Y I i

|

]

s .

‘ e | el e el o o o e o g

—_—————

—r— et e — —r——— —— r—— b o i | o] = o - [ ]
RSN | U UGy Y U SRpuSy SR DU U PRp N

|
|
|
__ |
100 N | {
VR AAAY | | i
) | I |
!I I | M- 49,040 ton ib) | | | |
N | | { o N | | |
04— 7 : i t 1 1 : - B Eea—
{Month)

r 2 3 a I 7 8 o 10 gT8 2



v Loaded ship 4 < 35

L - : o e 7 _ o .. % Legend T~ —- Empty ship
Table‘ 4__9 Coal supply schedule in emargency Sit“jaf_i_?_"“(cif‘f whexe ‘fh?}ff‘,’?f'_'ffif‘_s__’f‘f)f[tid froa ‘.’ff'?t.r_f‘_i?)__ T e Unloading
: S —-—Toi Lo
Y . B Liner and Ship 7). : da}" s Preram.. . ’ . Load-lng
Shipping place |;rrequier iner| Name [0 - .80 - 100 150 200 250 3w L3900 365
' % I e e | pss - sob- || ad 455 “bae | . |esok 3,1 355
cloa b | b, 3 N T8 O D . OO A Y - ) 1 L B T O e 1 I
: i T OF _ i P a8 20| | Teasl T | & N S 0
B N T ER R O I ogs 223, oo | SN a5 | [ab || s | M| | [T
: H . B . ) . . Nt S i il | r g lOn__ [~ -_-l'“ N - li_l_ ____1_—5m5 236‘.-~ . ws . 30' 45:{’5 R
e | PRl sty stpeeqd | BY, || O Y 5 B 2 I e 21 O 17 O I O B Y I
Australia Liner* B b Gy S s T 91 &7 —mes | | THtads 4 ~Haas)
: ' ' : & 1335 16 985 P25 IR O 2635 ) : 85 59
[ D : ; ' : ik 1 ==l —F =y 1 e B e F‘———j*‘gn: — 1 PR Bl b e
] . < | NE &0 . 1095 1368 705 203 7195 e 1) 05 333
Irreguler E 1771 % (1 '
Liner F ~__..tli, S |,
& 75 _
G R R W
54 i8S
60 [ JC .
Coal fired 0il Coal fired
fired '
0 a 50 100 50 20 : 2% 300 0 365
Storage 200 g fe s g g0 - 183 —gp—88 - |86 183 (8B B IR 5 e
Quantity R ot ounou R U VRS I SO
18
P /e SR E— e USSR
< A _ - e,
0 o
e __ Loaded ship
Coal supply schedule in emargency situation (case where each SO0t quantity is imported Australia and u.s.a.) Legend - _:—“ Empty ship
: - - "~ Unloading
. ) Liner and .g £ . ' day's program . : : T Ldadiﬁg
Shipping place k. oiuier liner| nams |0 50 100 150 B _ 250 S W _ 350 365
— ——— T - - ' - " g . e .- —q - J wunbiend —'-—}—1
5 ) ; . i 1
Australia Liner A S - < - E?;_n__ SN 17 NN NS L U B N - I DL L™ W N 211 _2_8_ e || 22 LA
585 BED N 5% e ] 1h8s o 3% 2eh (85 | H51
" " 3 li2h. : 15 8 2425 #4175 .
B . - '_?'L:l—' T “-'-‘_""_!‘3'"' -y — — 1 1 -'_'""—2"'3_ A i i & Y "1
44 ny 1195 182 | 26 e 4195 K s
. Loal shp)ly étcppei 95 1735 147 1 o5 22 245 aisl] 292 36 | - 339 _
U. S. A, Liner C . S 1<.-1 3 e | 147 | i rs RN Y g L .} 2y Cead_ |00
o | in 60 days. 103% 128 e i 13 141?9 95 “has 213 oo 2050 Thaak
" " i | ue o Sy 178 U oy ' a8 1wz |
: Fe il =3 . v [~y — " i
U. 5. A Irreguleyr ‘ % &0 [Fed 1455 183 i 3 K14 3365
e Liner E i -—~—ca—6_—— ~—qd” :
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_ ¢ ar 1S
v
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fired
350 365
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Grade of Coal

The above-mentioned coal supplier countries produce a

‘variety of grades and brands ‘of COai, and fhe foiloﬁihg

poiﬂts1sﬁou1d be given-fu11 cohéidefation in selecting the
qrédés and brands.

Since'fhe impqrtéd ¢oal invblﬁes US§i0420/t6n.6f oéeaﬁ
ffeight,,tﬁe'cOal of as.lﬁﬁ.ash cOﬁtent and.as.high calo-
rific value as ﬁﬁssjble-iS'desirablé; and for stable sup-

ply, the brands of larée'yielﬂ and with-interchangeability

. of SOUfces-of.supply should be selecteéd.

~The distribution of brands exported or offered for
export to Japan are shown on Fig., 4-10. Tt is seen that
thé calorific values of 6,500 - 6,700 kcal/kg are most

common. . The typical grade of these brands of coal is as

follovs.

Inherernt moisture 3.0 - 3.5%
ash 14 - 16%
Volatile matter : -.28_— 324
Fi*ed carhon 49 — Sﬁi

Calorific value 6,500 - 6,700 kcal/kg
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Price

a)

FOB Price

At presént,.the coai pfi¢e‘is réther'1ow dﬁe'fc stag-
nant demand and the prices on the spbf market are.also
1ow.':H0we§er, the coal‘ptiCESfmay vary a great deal

in the future by the'iﬁflﬂeQCe of o6il prices and de-

. mand for coal. Thus, it is very difficult to estimate

the ¢oal price into:future.

when plénniﬁg over a long fefiod, it is dangerous to
assume_too low coal prices on the basis of the present
low prices. Therefore, for' this project, the coal
brices as'coﬁsideted ﬁormal on a long range basis,
were adopted,

The‘cpal prices vary somewha£ by the supplier count-
fieé. and the South African coal is the lowest in
price and the price is hiqher in the order of
Australia and the U.S.A. If is a matter of course
that the coal price varies aCcording tB the calorific
value.

In consideration of tﬁese conditions, the FOB price of
6,600 kcai/kg'coal is aSsﬁmed as follows.

Table 4-10 FOB Price

{Unit: US$/t)

Country Australia U.S.A. S. Africa

FOB Price. 40.0 44,0 - 37,0

(as of 1983}
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Fig. 4;10‘ Distribution of Coal for Export by Calorific Valué and Brand

(D Cne Braﬁd)

U. S. A.

i HH HHEH - H oo ]

6,000 6,500 6,700 7,000 7,500
| , .
. o
| o
I | South Africa
1 | '
1. .
| o
R ' !
' _F:]; F:i
6,200 500 6,700 7,000 ' 7,500
. . ‘
| I
| .t _Australia
3 |
e o -~ -
[} . .
H | ——] : ]
o ‘ . ] ‘ L :
“w [ . ‘ .
ZHH L1 -.F"IHH I_“IH[_]
6,100 6,500 6,700 . 7,000 7,500
1 . Calorific Value {Kcal/Kg)

6,500 - 6,700Kcal/Kg
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C1F Price’

The CIF prlces of coal as received at the pOWér plant

are as folloWS.

Table 4-11 CIF Prices of Imported Coal (as of 1983)

(unit: US$/T)

_Australia T ULS.AL S. Africa
Shipping bistance = 8,370 5,392 . 4,430
{nautical mile) 3 P o o
Shipping Days ‘ © 26.8 17.3 14,2
FOB Price {6,600 kcal/kg) © 40,0 44.0 ‘37.0.
CIF Price .= : : I
Type 35? : _ N :
Ocean freight 20.5 17,5 17.0
‘Insurance & Others 2,28 2,29 2,25
CIF 62,78 63.79 56.25
Type Panamax . ‘ '
Ocean- freight 15,0 13.0 12.0
Insurance & Others - 2:.26 2,27 2.23
CIF ' 57.26 59,27 51.23
Type 100 _ - )
Ocean freight 11.4 10,22 8.9
Insurance & Others 2,24 2.27 2,22
CIF 53.64 56,49 48,12
.Type 120 _ o o C
" Océan freight 10.53 9.05 8.10
‘Insurance & Others 2.23. 2.26 221
CIF : . 52,76 S 55.31 47,31

Noteés:

1.

y

*1

*2

The "Others“ in the table is assumed to be US$2/t
Insurance premium is assumed to be (FOB Price + Ocean
freight) X 1.15jx 0;094;
1 nautical miie;= 1}552ikm;
Panamax: ' Laraeét £yééjéf:ship;théticah pasé thaiduéhE
Panaina Caﬁal |
Width of ship :f 32m
Length of Shlp'-f210 - 225 m
Depth of shlp':_wl7 3 -18.7m
Dratt & 12,06 - 13, 42 m

DWT + 60,000 class
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3) Plan of C6a1 fof Ayuh Mﬁsarpowet.bléﬁ£ 
| Prom the overall consideration of coal reserve, proper—
‘ties, method of transportation, price, etc. and the fact that
~ the poewr plgntuisilqcageﬂ on the Gulf of Siez, Austgalia, the
U.S.A.'{Eaﬁtetﬁ) énd{soﬁtﬁ Africd:are cénsideted as_tﬁe sour-
ces of importéd coé1'f0r'tﬁe Ayﬁﬁ Muga Project. |
| South Africa 1nvolves problems in the long stable supply
whlch is the most 1mportant factor for the power plant, even_
though the d;stance Qf transportat;on is short and the‘cost is
1ow,.and.ﬁherefpxe; twp‘countrie3, £he U,S.A,.(Eastern) and
VAuétrqlia ﬁiil béﬂcoﬂsiﬁefed as the,supplier‘cOuntries.
C@nsééueﬁtif;lthe'basic plan for Ayun Musa Power Plant
coa1 will bé‘és,fdliOws,: o |
- a. Crgde'of_gqal_fgr'?OWe: Plént
when,goo;oob_tfbf coking ¢oal and 300,000 t of fuel
coal is produceé ffom GO0,00d t of-raﬁ coal, the grade of
erl'coal 13'6,140 kc@l/kg; aﬁd:thezmost common brands
expofted_Sﬁébl& from suppliet cduﬁtriés are 6)500 - 6,700
kcal/kg.. If 1,220,000 t of shortage of domestic coal is
.fﬁadé.ﬁp‘w{th imporied coal, the'gfade of-bléndéd coal
_would become as shown on Table 4—12.

Table 4-12 Grade of Coal Eor Power. Plant

‘Cal. Value of Imported Coal 6 500 kcal/kg 6,600 kcal/kg_ 6, 700 kcal/kg

Inherent moisture L% 3.4 c 3.4 3.4
Ash .'-_.' .f:,f,,_: S SR 166 . 1509 15.0
Volatile matter % .  34.1 R 32,9 31.4
- Fixed carbon - - %'. _ -_- 35;§ : . | 47.6 o C50.2
Caloxific value Keal/kg = 6,430 6,510 6,590

of blended coal
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B And_théféfdre; the avérage calorific value of coal for
the power plant is planned to be 6,500 Kcal/kg, and the
analysis of ‘the blended coal will have the following

range,  depending ‘upon the properties of coals used in

. blending.
Inhexrent moisture % 2.8 - 8.3
Ash % .o S 17.8
Volatile matter % - 28.1 - 35.1
Fixed cArbon | L 36.8 - 53.4

Ca1orific'va1ﬁé'kca1/kg 6,450 - 6,550 (6,500 £50)

HoWwever, since there arée many brands of ¢oal and power
plant will usge not only 'éoal with a certain range of calo-
rifie value but also blended coal ofinﬁny'brénds, coal

with calorific value' ranging from 6,100 kcal/kg to 6,900

‘kcal/kg can be inciuded in the coal purchase program,

‘- Coal Price at Power Plant

The prices of -domestic coal and imported coal as re-

ceived at the power plant are as follows.

‘Domestic coal  53.5 US$/t = (44.0 LE/t)
R s LE = US$1.215
. Australia S .7187.26 " ' ’
U.S.A. ' S0 0 059,27 "' In case of Type Panamax

s.'africa’ - 5123 v

The prices of blended coal by different proportions of
imported coal from Australia and the U S.A. are computed

as shown on Table 4—13.
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Table 4-13 Coal Prices When Proportions of Imported Cdal Are Vﬁried

- {In case of Type Panamax) : | ' (as of 1983)
Proportions of Impottéd.COal.(%} s 'pricé {Uss/t)
' Imported Domestic Blended Coal
Auéttalia U.S;A. Coai(CIF) 'Co$1. : at.Péwei.Plant
100 | o 57.3 53.5 56.5
90 | 10 57.5 53.5 | 56.7
éo_ 20 57.7 53,5 56.8
70 30 57.9 53.5 57,0
60 40 58.1 53.5 - 57.2
50 50 58.3 53.5 . 57.3

From fhe above table, the price of coal at the power
plant would be at about 57.0 Us$/t in case that 50% §f
coal reQuiréd from Australia and another 50% is imported
from 11.S5.A,

c; Coai Price at Power Plant in Future

The'commissiﬁning of the Project will be in 1988, 1t
is extremely difficult to forecast tﬁe trend of the coal
price into future, because the price is.affected compli-
catedly by such factors as écdnomic situation, demand and
suppiy cohditiéns, 0il price, general political situation,
ete,

As én ekxample, the trend of_cqal price is computed on
.the assumptidn.thaﬁ the price will remain the same until
1985 and.w0uld increaSe‘by 2% pef annum'éfter 1885,

Table 4-14 Trend of Coal Price

{unit: USS/L)

Year . 1983 1984 1985 1986 1987 1988 1989

Coal Price 57.0 57.0 57.0 58.1 59.3 60.5 61.7
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d. Properties of Coal
Properties of Maghara . ceal and - imported coal by

country are as shown on Table 4-15,



Table 4—15 properties of Domestic Coal and Imported Coal

Properties of dorestic coal (Maghara)

) : . Fusibility of Ash Ultimate Analysis of Ash I
o Proximate Analysis Ultimate Apalysis -
Calorific T ; ; Fuel : . ] ;
Cowmntry of Surface . : HGI Softening! Maltd P . !
.y Brand value ) Inherent Volatile | Fixed . . ratio oftening ag | Pour ] . i .
Crigin keal fkg HofstaTe Moisture Ash Matter Carbon Carben  |Hydrogen { Nitrogen] Oxygen | Sulphur i Point Polat | Point SI0, .M‘203 Fe;0;3 Cal Mz0 | 50y Naz0 K0 Tiog PZO_S
i % 4 1 1 x 1 *c c 1 *C : i
4 X . ) : H
Eeypt _ ! _ ) _ P ‘ :
Muerature| Maghara i 7,200 — 4.90 6.50 s0.70 | 37.90 70.66 5.67 1.04 8.26 2.97 0.75 — 1,220 . 1,290 41,320 — — — — —_ — — — o
. . o . . -1,2% -1.340] -1,3600 .
o Japan Maghara ! 7,140 -— 5.14 3.96 50.51 40.39 ! 73.74 5.53 1,22 12,21 2.83 ! .8 51 1,250 1,530 ! 1,440 85 3.3 4.0 4.4 0.4 5.2 0.4 Trace Trace Trace
For power Maghara i 6,140 — 4.2 19.2 43.3 s} — — —_— - _— —_— . : _ _ : ! o o o .
. : . § M
station 1 ' t

Fuel ratio =

Fixed Carbon

Volatile Matter




Pioperties of fmpdrted (o2l (Sowth Africa)

4
. . L . ‘Proxirate Imaly_sls. - - ‘U_-],timte. Analysif : . Fasibilil‘.y of Ash . ' ) i!!tin’a'_:e A;'lalysis of Ash %
Country of Calorific |Surface. |inherent C . | votatile | Fixed : I T B ) Fual SofteningiMelting | Pour i~ IR A S S ) N ) . ] .
Origin Brand value | raistore Molsture Ash . (Matter Carbon - | Carbon [Hidrogén Mitrogen | Oxygen  iSulphur ratic BGL . [Foint . "jRolint 1 Poink” sio '51203-' : i‘ezo; Cal - M50 N Nazo' k0 "rioz PO,
xcal/kg L3 LY L L N LI L . L Y LY : = " e ; . - - ' : :
‘ —ee _ _ - - o Sa—— - - s _ 5
Wit Bank 6,530 7.0 3.0 a6 | 2407 | 528 0.3 . 4.0 | 1.58 2.1 .63 2.23 50 1,260 | 1,400 | 1,460 22 a2 5.7 221 w2 a2 0.3 0.8 1> |2
o . b - . . NN I " : ) T H 54 : ' '
£,320 1.0 3.6 14.3 26.1 56.0 SM.8 - 4.2 1.7 14.0 1.23 2.15 56 1,470 1,500 1,500 42.% 0| 0.2 3.%? 2.} PRI 1.%¢ .32 0.% 1.7 _0-06
. . : . : or more | or more B . ) ) .
Rictspruit 6,310 7.0 3.9 15.0 71.3 | s7.8 10.3. 329 | e | 9.3 0.47 2.48 50 1,280 ‘} 1,345 | 1,460 6.3 2.0 4% | 102 1.t ). 0.’ .5 1.2 ] e®
6,010 1.0 2.3 16.7 26.5 | sdls 1.9 s | 13 123 | 0. 2.06 s8 —— Lm0 | 1,38 3.5 12 | 108 | n® 272 | 88 0.7? 0.8 ) o5 | 272
Natal %,580 1.0 1.2 14.8 23.5 | se.d $9.4 1.6 | 19 8.9 1.21 12.43 57 1,290 proe | 1,30 ) 6.2 102 |96 8.3 | 23 | a8 1 of 1.t 1.9 |68
K : . . ‘ . : : : | : .
South Arther Taylor | 6,687 2.0 1.0 12.0 2.5 | 59.0 1.9 PR W 1.2 0.6 223 54 1,390 31400 |>1000 ] 32 | 95 b a8 8.7 | 21| ¥ 030 0.3 | 1.3 | 1.1®
Afcica . i ) : . : ’ . : . . Sy . . i ) ’ . ) C a9 -
Ermels ' 6,00 3.0 1.0 14.0 30.0 | $3.0 1.7 5.2 0 9 nmt i Lo 137 so Is1,300 [SL300 o300 | ae? ] o.F b 620l 85 | 33 251 642 | 69 - -
Hiddleburg 6.500 7.0 3.0 15.0 3.0 | 3900 81.5 4.4 {109 0.4 S 60 | 1,300 {1,350 | 1400 7 ee? ] st ] R0 5.% 1.? 2.7 0.4 0. — | —
trgata 6,700 7.0 2.3 14.5 22.0 | el.0 6.7 s 1.8 6.1 1.3 277 fss-6s | L2080 {1250 | n30o fe? 7 ! 103 | 1np 2.8 1 400 0.5 1.3 ] 110 1.7
‘ _ . _ i : o e T ‘
optimun 6,900 2.0 1.0 10.5 2.0 | se.5 7.3 s | e 2.8 | o8 1.70 ") 1,350 | 1,450 | ‘L.550 S 2.2 | 0.2 1 4 6.0 120 0| et 0. | 17 1.°
Tavistock 5,630 7.0 3,7 na | s | sea 74.4 1.0 I 1.7 7.2 os i oz s3] 4 bases [sis00 fo2® 1 p® I 1.2 2! 2.? 2.2 0.5 o.> | 2 1.2
wolgedacht 5,600 8.0 2.5 15-17 | 24-27 | 36.0 69.8 1.0 i 1.6 71 belz 232,00 ss 1,300 | 1,200 { 1,300 i at ot 40 9.2 | 20 5.} R ¥ | Lt s
. . : = i . Z r )
Propacties of [m;br_ted Coal {Poland}
H Frotimate Analysis Ultimate Analysis Fusibllity of ash Ultimate Analysis of Ash 1
L ot . . o ruex i i i i ]
Soontny ot l bcand 5.':}‘3:"“ 3::::5‘; Inherent | voratite | Fixea . . ratio - i b
] i T ) ] Moisture A Hatter Caxbon | Carbon Hydrogen| Nitreogen]| Owxygen | Sulphur Softening Point Sin Al_O Fe O y Cao Mgo | S0 a0 K O o, )
’ i kcal/kg 1 Y 1Y [ Y T [} + ) Y Y e 2 273 3 3 2 2 275
| . . b i
] : _ : : ' | :
- H »
IRydaleowy, 6,450 6-6.5 | 2-3.5 | 12-18 | 28-32 46.5-58 } 69-71 | 4.3-4.5 |1.3-1.6 [7.1-10.6 {0.4-0.6 [1.68 48 1,100-1,150 9-30 } 14-23 | i0-20 ! 5.8 3.05.5 1 — |o.e-1.0| 1.5-2.6[0.7-0.9] ——
iWajek Polska, . . ~1.81 HE ' . : .
Brend of i : t ‘ ’
Gottwald i ; ! i :
Foland P L : : . : : i _
iFydultcwy, 7,250 5,2-6.5 [1.e-2.5 7-9 31-31 54.5 77-80 ' 4.7-5.1 |1.2-1.6 l6.1-7.6 Jo.5-0.7 [1.76 50 1,089-1,150 4z | 2402 | 1692 ¢ s-s 3 seat ) i i
ol L : e s g i .5-4. — |o.e-rs | Ls-le o4 —
of Nowywirek 4 |
i '
i i . .
'Ptopertieé of Ioported Coal {Colombia}’
. . — - - ¥ ,
: .ontimte Analysis Vltimate An{!iysis -_Pusibility:o_f Ash ' Ultimate Anxlysis of Rsh %
Cousitry of Calorifie |Total Inherent | - volatile | Fixea ) Faal Softenlng |Heltlng | Pour
Orlgin Brand Valua Molsture : . . catio HGY . . . .
Hoisture Ash Matter Carbon Carbon Hydrogen [Niteogen | Oxygen |[Sulphur Foink polnt rolnt 510 Al O Fe O Caon M0 S0, Na_ O .0 Ti0 .0,
‘kcal/kg L3 L3 1 % L LY ] I 1 [} o oo o 2 273 231 3 2 2 25
Cerrojon 6,310 9.2 _ 8.0 34.9 17,9 —_ — — — —_ 1.37 19 _— —_ 1,240
Colcrbia _ ) ) ’
Cercelon 5,910 2,2 —_— 6.3 15.5 0.0, | 714 4.5 13 6.35 9,89 | 1.45 48 1,299 1,393 | 1,483 | 658 | 13.42 2,7 1.96 2.3 1.09 1.51 1.49 | 0.5 0.13
i Proper:r.le's. of Imported Coal {Canada)
‘ I j - - _ . Proximats Analysis 4 Ultinste Anslysis - Fusibility of Ash Ultimite Analysis of Ash v
Ot‘i’:::" °f, rand Eﬁii::;““ : f,;;::gie inherent volatile | Fixed _ . e f:i}o. wep . Softening | Helting | Pour L .
: I ~ Molsture § Ash Yatter Carbon ' | Carbon . | Hydrogen | Nitrogen] Oxygen { Sulphor'| ™7 : Point Point Point 5i0 A1_O Fe.0 Cad Mq0 S0, 3,0 K0 Ti0 PO,
1 | kcalsky : LY [ S A | % L3 o8 1 N 1 * LY °c s 2 273 3 | : k! 2 e 2 275
o : s : - . _ T 7 : » -
Canads ! Eastern i 6,700 Vo - 1228 | 3032 —_— ] — - — — — _— 65-70 1,316 i —_— I 31.0 20,0 34.0 4.0 l.0 - —_ — — -
j NI L - _ - : .

Fuel ratio =

Fixad Carbon
Volatile matter.
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‘Fuel ratio =

Volalila Matter

! C Ty Sorf Px’o:izan.r!.mlys!s cie. . Ulelamte dsalysls . Fusibility of Ash . 23e Gleigare _Malysls of Ash X
alor c urface : . . ] .
Country o - - - ; - - Fuel ) . o o . :
Bracd Valoe, Kolsture |4 . o Y TP L #GL softening|Maliin Podé W ’ :
Origin eheceat Volaitle § Fixed ' &F Nit a én | Sulphuz | rstte o .-]zettening ting ] . Youdc i T I ) - : .
grtel kealfxg T |dofgeace | AP fMateer | camben | CffPenfirdfoseaiNiteiges | 08 7 Pofat . |fosué | rotat { s1021| Absds | res0s | Ca0 | wgo o3 | %0 | mpo | mo, | ea0s
i T % _ : ' : L ¢ o ‘ ; _
Kansuba 6,850 6.90 — 10.50 | 35.80 ] és.90 | 7603 5.4 L4 6.2 | 0.75 1.1 49 1.632 - | 1,482 1,482 52.94 1 3467 | 3.30. 1.10 0.20 0.17 0.72 2,13 —_ 0.67
Drumncad 6,350 8.0 — 1o 30} &9.0 18.4 A9 1.4 8.6 0.6 1.58 - | 43 - — 1,343 40.4 - | 29,51 1 13.49 4.7 1.51 4.85 0.67 | 2.0 k.29 4.38
. 3 ' 1,582 | 1,832 | : . P : 1
hmherst JA 7,10 5.97 — 9.2¢ 33.63 | 56.67 15.9 5.2 1.6 5.3 0.80 1.62 50 : 1,654 56.91 .86 .80 | 0.62 0.42 0.1 0.9) 2.59 1.33 6.15
0.5.A. : . . : —_ - — — — — —_ — - .
(Eastern | pypnom 7,555 5.50 — 8.5¢ | 00 | 900 | — — — — | 9.8 .32 - 1,533 : i - - - -
Pare)
King 5.98& — 7.30 5.80 .89 | 45.00 4.8 5.7 1.5 11.4 0.85- 1.07 48:5 1,35 1,365 1.432 £.1 19.2 3.67 5.20 — 2.95 2.35 0.81 — —
e v -~ . —_— 1,430 —_— &5, . .34 . . ; - —
Qrchard Yalley| 6,300 —_ 13.08 3.95 | 35.48 | 45.48 19.8 5.6 1.9 12.3 0.35 1.28 45 . s 5.45 30.82 3.34 8.28 2.28 3.26 6.39 0.45
S . _ 1,540 —— S —_ -— — —_— — — — _ —_
Pevier 5,300 6.6 — 7.8 3.0 50.5 — — —_ _ 0.7 L5S 0 ' ; _ _
Braztah 7,620 —_ t.0 7.94 41.45 46.61 11.56 6.04 1.51 12.10 0,52 1z 50 e — —_— 41,3 11.9 5.¢ 12.8 1.3 —_— 1.% 0.5 1.2 —
M. Gnison 6,560 . 5.8 10,18 | 36.35 ar.46 | s9.as 5.33 .64 | 12.23 [ 0.57 1.29 51 - —_ —_ 47.6 %0 0.3 5.6 1.5 - 2.4 8.9 2.9
Eagle Mire 6,120 — 7.1: 8.72 36.88 51.3_0- 76,03 f.9§_ 1.45 ;3.10 0.45 1,23 47 _— 58,3 22.2 - 0 0.7 . s o o .
Colo ¥yo &,510 —_ 1.8 4.93 | 35.44 50.83 13.22 3.97 1.6 14.32 0.47 | 1.3 50 1.295 1,326 | 1.344 434 21.3 5.¢ 9.4 1.6 _— 3.1 0.5 1.0 _—
Mayden Gulch 6,970 — 9.6 691 | 36.91 47.58 .10 5.9 1.7 14.5 €.52 1.29 50 t.27¢ | 1.290 1.2¢98 39.8 25.3 | 5.0 11.8 3.0 —_ 1.8 1.9 0.7
L W SUECO 6,320 e 6.9 10.6 15.3 46.2 n.o 4.3 1.13 11.4 0.43 1.27 53 1165 | 1.269 1.365 56.0 15.7 $ X 10.7 2.2 — i.8 a.7 6.8 _—
(Western . . . .
pacty  [xalparovits 6,790 _— 1.0 1.87 | 40.9¢ 47.19 71.73 5.18 1.14 12,18 o.;r 1.15 .46 — _ —_— 52.9 12.6 4.5 10.9 | 2.4 — 0.3 0.6 0.9 —
Saneca £,219 —_ 4.1 u.gs 36,50 45.4.4 €6.63 4.64 1.37 12.91 0.91 1.27 kt: ] — - _— " 86.8 24.7 2.4 .1 L1 0.9 1.2 0.2 .
Frary 7,000 — 3.2 $.26 | 39.09 48.35 74.60 5.5 1.25 9.0 0.65 L2¢ 10 o . . .o 16.5 6.5 s .2 s ot Lo L
Corral Canyen 6.230 —_— 5.3 10,43 n_.os 47.19 £8.13- 4.84 1.37 14.6 0.03 1..27 53 _ - —_— $8.1° 23.0 5.0 5.0 1.7 — 0.4 0.1 1.0 —
Platean £,700 _— 5.5 9.45 [{1.48 43.57 67.20 1.€5 1.29 16.09 0. 76 1.05 5 - 50 1.282 | 1.357 1.421 62.2 17.6 35 4.3 1.2 — 6.7 0.9 1.0 —_
¥ing Kine 6.850 — 5.0 |1nar laree jazze | dier s.as | 098 | 9as | es2.| 1oz pr-ee | — —_ — 62.5 18.3 3 1.6 0,2 — 1.6 1.4 1.9 ——
sotidler Creek | ,610 — 2.8 19.3¢ {3776 48,10 71,84 -5.23 1.7 | 12.87 0.54 1.27 13 — —_ —_ 55.0 1.8 2.1 6.1 1.4 0.6 6.3 oo
Fixed Carbon
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- ) Proximate Analyﬂs Vltimate Analysis Fusibility of Ash g:.timate Analysis of Ash X
Covatey of Calarific } Surface — - - - Fuel
Brand Value Holsture JInhecear . volatile | Fixed : . . . ) : 861 Softeaing|Halting Pour.. ' B . 3 ] :
Origia keadfkg z Mofsture A.:.h H'.at;cr Ca;bou Car':m ﬁyd;ogen hitt;gen Orygeu Sulg!mr ratio Foint Point Polat $10 . At,0, &.203 €20 ¥g0 S04 Nz,0 K0 T10, .0,
) . oE e oW
Leaingeon CAD 7.060 7.0 4.0 2.5 39.5 48.0 7.8 4.7 1.6 11.6 0.44 ‘.22 A7 1,450 | 1,510 1,510 14.8 15.1 | 6.3 — 0.5 0.9 0.3 0.5 0.5 9.1
(B) 6,850 7.0 2.3 2.0 34.0 54.0 80.1 5.0 1.7 12.4 0,59 1,59 &8 1,260 | 1,300 1,325 51.1 218 a.5% 5.70 1.60 3.50 1.90 L.42 1.03 0.91
[worx woren 5,670 7.0 3.2 11.4 9.3 53.7 63.1 4.4 1.5 1.1 0.47 1.83 59 1,000 | 1,550 | 1,360 | 5.5 8.} 2.7 — 0.2 0.7 0.1 _ 0.6 —
Buater Yalley 5,800 2.0 3.5 13.5 3.0 49.0 82.2 5.1 1.8 10.5 0.6 1.44 53 1,500 | 1,570 |>1,600 63.6 2.0 2.7 6.7 —_ -— Q.5 1.1 1.1 0.3
tithgow 6,400 7.0 3.2 17.4 23.2 50.2 67.5 4.2 1.5 8.2 9.59 1.12 13 1500 [ 1,500 1,500 60.7 .30.6 0.5 | _ 0.2 1.3 4.1 1.0 0.5 0.1
Tavincible 6,720 3.0 1.5 16.5 .0 51.0 £1.3 5.4 1.9 8.6 0.7 1.70 48 - 55]>1,600 |>1,500 |>1,600 69.1 5.1 0.75 | 0.2 0.27 0.40 0.3 | o.60 — —_—
Crose Valley 6,570 8.0 2.5 17.0 24.5 56.0 84.0 8.5 1.6 9.1 0.4 1,29 50 - 55]>1,600 |[>1,800 |>1,806 66,2 12.0 0.71 0.09 0.22 0.93 0.3 0.60 _— -_
Dlan 7,010 7.6 3.3 10,8 33.4 §2.5 75.1 4.3 1.6 8,3 0.5 1.57 i3 1,560 | 1,500 1,500 80.42 13.87 | 2.81 t o658 | 0.5 0.98 0.06 0.28 0.64 0.1t
Austratfa . - :
Vasbow 6,700 9.9 3.0 14.0 12.0 51.0 82.9 5.5 1.6 9.5 0.5 159 47 - 51| 1,280 | 1,400 1,460 67.8 18.6 5.7 | oLz 2.23 1.66 0.53 1.07 — —_—
Blair Athol 6,540 16.0 7.3 a.2 21.6 s6.7 82.2 4.6 1.9 10.9 0.3 2.0% 70 1,590 | 1,550 1,600 §2.4 3.7 2.0 1.1 9.3 0.4 0.2 0.2 — —
South . : . .
Blacivater (A} | 6,370 8.5 6.8 10,5 78,1 58.4 10.7 17 1.28 132 0.28 2.40 n 1,500 | 1,560 1,540 50.8 35.0 3.5 9.3 0.8 2.2 0.4 0.3 .3 0.5
(B { 5,960 1.0 6.2 13.1 27.4 53.3 6.7 4.2 1.4 17.4 0.33 L95 so 1,480 1,500 1,500 $4.1 1.6 5.91 1.50 0.48 0.05 1.7% G.51 2.08 0.91
. Qr oore or moge ) .
{maggabri 7,510 7.0 4.0 5.2 | 35.8 55.2 78.5 5.0 1.7° 9.0 8.4 1.55 52 e — -— 67.3% 22.2 3.4 1.0 0.4 0.4 0.3 0.9 1.5 0.4
Clended) 7,510 7.5 2.8 13.5 33.1 50.9 — — — — 4.8% 1.5% 47 - so| - — _— 61.5 2.9 6.1 0.63 .91 1.07 a.51 0.61 1.76 —_
Mt. Arther Sout§ 4,800 7.0 1.5 14.¢ 3.0 52.5 66.7 4.3 1.7 10.7 0.5 1.74 st - 53] — _ S £9.36 14.81 £.70 8. 17 1.36 1.72 &.51 - 0.95 0.63 .54
: ; - .5 - 1.05 - | 0.65 - | 0.06 -
[#allanatce 6,550 7.0 s | e | 0 | szs — — — — 0.6 L8 &7 -— ] — — fes - -2z a6 pacsapaena [N M1 | Tes
Saxocbale §,530 7.0 3.8 16.1 27.3 52.8 70.8 4.4 1.49 6.2 0.5 1.93 87 1;465. 1 1,500 1,500 7.8 20.3 1.1 0.3 0.3 0.1 0.3 1.6 0.5 0.1
. O more Qr [oCE
aup §,590 1.0 1.0 | 5.6 30.9 50.5 0.1 4.7 1.72 7.0 0.4 1.63 52 1,355 | 1,500 1,500 66.2 23.1 4.1 .9 0.7 0.3 0.8 1.2 0.9 0.7
) or more | or more ) . '
Black i1l 7,610 1.0 1.9 7.9 27,3 63.1 719.8 5.0 1.94 4.1 1.09 2.33 58 1;500 | 500 | 1,500 8.1 8.8 5.15 0.50 0.42 043}  0.17 0.47 1.79 0.85
. X or oote| or more of more ;]
Kewlands 6,800 8.0 1.7 4.9 ¥5.8 57.5 T 8A.% 5.0 1.7 8.4 0.51 1.13 54 1,550 { — >1,600 53.5 7.5 2.4 0.7 0.5 0.4 0.% 0.5 1.8 1.3
Briglow 6,120 8.38 | 9.3 12.5 £0.5 kY ) 67.1 5.1 0.85 12.6 0,46 6.93 i 1,310 | 1,500 1,520 54.9 3.3 3.8 5.7 1.4 2.85 0.95 0.40 — 0.1
Theodore 5,500 7.0 4,5 13.7 3.1 50.2 63.5 5.6 1.7 9.1 0.8 1.53 56 -— —_ — 55.52 15.64 8.49 3.84 1.3 1.3 0.2 1.63 0.6) 0.53
Wandcan 6,150 7.06 1.9 10.5 0.5 £0.9 77.2 5.1 0.94 15.5 0.3 { 1.0 il —_ —_— — 52.05 5.0 322 5.2 1.93 —_— 2.14 0.56 1.32 o
Winchestec Soutd 7,180 1.0 2.} 12.0 23.0 62.7 7.1 4.1 1.36 5.1 .44 .71 15-80 1,230 | 1,400 1,400 _ —_ —_— —_ —_— — —_— — — —
Westfalen 5,106 9.4 7.9 20.9 8.9 £4.8 64.4 4% 1.15 8.3 0.21 .55 52 1,370 | 1,600 — 55.6 30.7 3.29 2.64 .61 1.49 0.14 0.41 2.13 0.40
Fized Cacton

Fuel ratio =

Volarile matter
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4-1-2 Heavy 0il ana Gas
1) Heavy 011” .
Pettblegm_ is one of .ﬁéjOr- minetai .productg_ in Egypt.
- Production has'inbreased year by year and'cénsidefablé qﬁanti_
ty is'expoipéd.. | N
Théfé Esrthe refinery in Suez city, and sﬁpbiy.of fﬁél oil
is sufficient. | | |
Prodﬁdtian of oii is és:shown.in Tablé 4;16.

Table 4-16 . 0il Production

1976 1077 1978 1979 . 1980
Crude oil (103 tons) 19,000 20,800 24,300 26,506 29,400
Mazout of1 (10> tens) 5,056' 5,254 5,437 5,536' | 6,413
Ligﬁt oil (107 tons) 1,717 1,961 2,190 2,280 2,519

Pata source! Statistical féar Book of Egypt, July 1981

Domgstic heavy oil will bé stbféd'as the st#ndby fuel, as
‘stated before, “against such unforeseeable 'sifuation as the
stéﬁpaqe'bf coal supply, and thé du$1 tQpe power plant will
continue operation on Heavy oil.'.HeaQy oil.is used also for
stabilization of flame at low load of the Boiler, namely,
heavy oil will be used at unit start-up time until coal is

- fired at‘éBOut:25% 1oad, In case coal of iow éalorific value
 i§ firéd;iheavy'bii wonld be used:éubpléméﬁtarily to help

maintain flame.
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a. Properties of heavy oil

- Plash point
Viscosity
Pour poiné

Carbon residue

Moisture (water content)

Ash
Sulphur
Specific gravity

- Calorific value

Analysis value
200 F° (93,3°C)
170 cSt’a£ 50°¢
35 °C

11.0 wts

O.é vol %

0.1 wt

2.3 wt %

Aver. 0.94 15/4°C

10,500 keal/kg

b. Heavy oil consumption

Standard Value

Min

150 °F (65.6°C)

RI at 100 °F (37.8°C)

Max

Max_

Max
Max
Max

Max

Hax

Min

2,000 sec

100 °F (37.8°C)

11 wt &

1=

0.1 %
2.5 %

0.99 15/4 °¢

10,000 kcal/kg

{low calorific'value)

1,000 x 103 kl per year in case of exclusive heavy oil

firing.

c. Tranéportation of heavy oil

Heavy 011 15 transported from the reflnery in Suez by

5,000 k[ tankers or barges to the unloading pier of the

power plant, where the olil is received through the pipe

line.

.2) ‘Gas

' Natural gas is- produced at Abu Garadic in the Western

'Desert on Malnland Egypt and there 15 the plpeline to Helwan

near Cairo.

However, the distance from Helwan to. the power

plant site is 120 km, and there are_mountains; desert and Suez

Canal to be crossed, and the usé of this natural gas as fuel

for this'power plant can not be without trouble,



4 - 50

Another source of gas sﬁbply is thé petroleum gas at Ain

Sukhna, but agaiﬁ the.disténée is.about 80 km and the pipeiine
. route must . pass through Suez City, Suez Canal and the steep

mountain area, maklng the constructlon w0rks difficult.

Thus, use of natural das as_the Standby fuel for Ayuﬁ_Musa
is not gqnsidered iﬁ thié:frbject.

Thé:properﬁies of‘thé natural gas‘afe.shéwn in the follow-
'ing table, fof referenéé.

Properties of Natural Gas {for reference)

_abu Garadic
{Western Desert) Ataka P.S

Carbonic acid gas  3.68 0.688
{vel %) (COZ) :
Nitrogen (vol s} ) 0.45 . 0,385
Hydrogen Sulfide . -
{vol %} (HZS) _
Methane (vol %) (CH, ) 85,09 92,776
Ethane {vol %) (c2 H) 8.44 4.117
Propane {vol &) (C3H8) 2,17 1.211
Butane (Vol %) (c “16’ 0.16 0.529
Pentane (vol %) ‘05“12’. 0.01 0.165
Hexane {(vol %? (C6H14} - o _0.138
specific Gravity 0.6556 0.607
_ _ o at 60 °F
" calorifi¢ Value (kcal/Nm3) 9,506 9,545
' - kcal/m3

at 60 °p
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4-1-3 . Light ol 7
| 'Liéht.bii is uséd.ét'thé'unit Statﬁfup'from the boiler iight_
off untii the generator islSynChréﬁized;:éhd.also light oil is
uSed‘ih“Ehe-eﬁergency qas:tUrbiné qeﬁerator:
. Light oil.of diffeienf gfade”is nse&-foi the'bulidozers'fdr
coal handiing. |

1} Pproperties of 1light oil -

_ : Gas.Oil ) pidsel 6i1 Light 0i}
specific Gravity (15/4°6) - Min. 0.82 ‘Min. 0.840 Min, 0.85
Max. 0.87 - o -
Color ASTM | _ Max. 4.5 ) g _ -
Flash Poinfié.M.Closed (°c) Min. 55 Min. 65 | _ Min, 65
Viscosity Réd 1{d) 100 (°F) Min. 30 R .
(37.8%C) Max. 45 Max. 60 ”_!: -
Pour Point (°¢) Winter(z) Méxi _4;5 Max. 13 .  Max. 4.5
. Summer (?)l..ﬂax.'.io | Méx._l& o Hax. 1?;5
sediment (% wt)  Max. _6.01 Max, 0.1 . -
Water Content (% vol.) Max. ?6,i5__ Max, 0,25 .  -
" Ash Content (%_wt)' - ~ Max. 0.01  Max. 0.03 -
Conradson Cgrbéh {3 wt) | -xax. 36;1(}). Max. 2.0 Max. 0;08
 Tota1 Sulpﬁu¥:Content.(%‘wt} _Ma#. iiSﬁ Max,_ 2_ - Max. 1;0
Calorific Value (Gross) 10,550 keal/kg 10,250 keal/kg 10,900 kcal/kg

Note: (1) On 10% residue from distillation
(2) winter: From 1st of November to end 6f,March

Summer: From 1st of April to end of October
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2) Light oil consumption
For 10 starts and stops from cold state per yeari - 700 k1

For 7 days_operatibn'of émergency gas turbine genérator

per year: o ' o 1,100 kt
Total: =~ T 1,800 k1
For bulldozer operation per year: - - - apptéx. 50 k1

3) Transportation of 1i§h’t oil
Light o0il is received frém‘the'réfinety fn Suez by tank
lorries, | |
Pipe line transportation of.heaVy 6i1.ahd 1ight oi} from
thg refinery to thé power plant is not considered because of
such problems'as the ‘route tﬁféhdh Suez City and'Crossing of
the Sﬁez.Canal.
4-1-4 Dpecision of Standby Fuel
As shown in Table 4-16, heavy oil.ﬁrodubtiqn is ihcreasing
'yeér by.year and is exported. 'Thé'oil refinéty is sitﬁated in
Suez City, aﬁprokimately 10 km by sea.ftom thé.power blaht site.
Howevef, sihce.théfe are problems in pipeline route through the
City-ahd.acrosé the Suez Canal,; the installation ¢ost of the pipe-~
.line_wiil be high.
stébie oil.fs.uppl.y. will be main‘tai'nga' by transportation with
oil tankeré or.berQes.' :
As for the ga§ a$ a stadnby Euei,“thefe are'ﬁrbblems in gqas
_ transportation pipeline.:route, cohsgfhction-.COSt,, eté. as des- .
,cripea'in subse@tion-4—1-2,.2) aﬁd in Additibﬁ; the conétructibn
.qost- fof fhe-,pipeline'-ﬁill- be  bigh,‘ ¥2005000/m ‘équivalent to
- u$$370/m'(i US$=¥230) . Therefo}e, ﬁeévy?dil'is'sélected for the

standby fuel.
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4-2 POWER PLANT AND HARBOR SITE, TRANSMISSION LINE ROUTE AND

SUBSTATION SITES -

4-2-1 Selection of Power Plant_apd Harbor Site

'1) Conditions of Site Selection

For selection of the project site, the following con-

- ditions are consideréd;

G

b.

Sufficient'watér for'cbndenéer cooling is avéilable.

_Industrial water is abundant and easily obtained. In case

that the industrlal water 1s unavailable, a desallnatxon-

plant to secure;fresh Water-for power p]ant operatiOns

7.wi;1_be estébliéhe&,

The site including areas for coal storage and ash disposal
can be acquired and the'configutatlon and area is adequate

for expansion and for reasonable layout of the plant

. equipment, but HOC:SUSCePtible to natural disasters such

as flood, high tide, salt damages, storm, etc.

. Convenient for transportation of fuel. In c¢asé of trans-

portation by sea, the cdést 60nditibns at the site'éuch'as

moorage space, water depth, wave, etc., are favorable and

suitable for constructxon of fuel unloadinq facilitles.

_In case of transportation by freight (car, access to the'

site is easy,

Thelpqwer plaptlméjorféQuipmeﬁt.will be lécated on the

__fbunﬁatipn.with qn_optimum=soil/tq¢k conditions to;avoid

. damage due to hon-unijrm éettlement-bf.the foundations,

'ff;

SQbstaEiQn ﬁill_bg_loéated‘at_éité where arrangément fbf

) 'ingoming/othOing transmiééidh 1ines‘isjeaéy and’ cénstruc-

tion wdiks are simplér.
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g. The length of 1nterconnecting transmzssion line to the
existxng trunk 11ne will be short and the constructlon

cost w111 be low.

h. Transportatlon by sea and land is convenient for delivery'

of the équipment and the constructlon equlpment and mate-
rials. |

i. Countermeasures for envirénmantal iméaatsﬁby”duSt, smoke,
vibratiOn;_noise, etc..ﬁill'bé considéred |

j.. wOrkers for constructlon works are readily available.

Selection of North Ayun Musa Site

_Four sites vere proposed for the powar'plant site, that -

_ is, North Ayun Musa, SOuth'Ayﬁn Musa and Abu Zenima, on Sinai

Peninsula, and El Galala and Zafafana on the Egyﬁt.Mainland,
and El Arxsh at Medlterranean Sea side on Sinai Peninsula, El
Dekhela and Damietta at Meditefranean Sea side on the Egypt
Mainland as well as the above four sites were proposed‘for the'
sites of harbor fadilities,jbut it was decidad fiﬁally that
the proposed sites would be limited within the Gulf of Suez.
How the power'plant and the imported coal uaiqading harbor

will be in the Gulf'éf Suez and thé transmission lines from

the pbwer plant will be'interéonnected with the existihg 220

kv x 2 circu1t trunk line to Cairo via Suez City. nd thus,
the power plant site was selected on these conditions.
As 1t_is not echlecal to select‘the sites for péﬂer

plant and ha:bdr faéllities at separate.placés, the basic idea

that the power plant and harbor facilities should be located

on the same site is adopted
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As a result 6f site survey and céréfhl studies on oceano-

logy, géocgraphical an&.qéoléﬁical fe&tuféé,:transmiSSion 1line

route, Suez Canal crossing ﬁoint of transmission line and

locafibn'ofisdbstation; NOrth'Ayun‘HﬁSa'waé selected for this

pProject,

The features of MNorth Ayun Musa Site is summarized the

following.

a. Gebgfaphical and geological conditions

Ay

Power=ﬁléht.3ité and Tréné@ission Line Route
The power plant site is located on the plain land with
an area of 500 m x 1,200 m along the national road 66,

approximately 1,700 m south-west from the survey point

"No. 10 to No. 17. The elevation of the site is appro-

ximately 2 m éﬁbﬁé sea ievél, and about 2-ﬁeter of

banking for E144.00 m of power plant ground elevation

will be néedéd,'énd'cﬁtting off will be needed on the
side of national fbad; |
Constrhcfiohubf:téﬁb&fary'facilitieérfor'const;uction
and use of édnétfﬁcﬁidh eéuipmént wi11'be very easy.
About one metér top soil of fine sand'wi11 have to be
rehovéd('but fﬁé soii.déépér tﬁan;3_ﬁ§ter§ is suitabie
for foundation Qf ﬁbﬁex'plaﬁt_équipﬁent and buildings,
(of. Figs. 4-11 and 412y
Béafiﬁg-éapé3i£§'éf‘fhé?éoil.deéﬁéf'thénjlo meters is

expected to be éuf?ihiéhtﬂfof équipménﬁﬂfoundationi

“but for ééfeﬁy; Qd-ﬁéteriﬁfiiﬁéiﬁiii'bé made for foun~

“dation of major power plant equipnént.
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As for_txansmissidn line;ithe_site is almost flat and

setting of suppprts=and stringing works of oﬁerhead

tfahSmiésion:line will be easy. . Suez Canal croséing
poinﬁs_areidn alwost the same élevatioﬁ, and_géblogi-
cal COnditions are game_as at the powér plant site,
and s6 20-meter piling will be sufficient fér.fhé
fouﬁdatiﬁns;‘ Thé span. of transmission iiné for eanal
crossing point will ﬁe appro¥imately 1,600 meters,
with the possible future widening of thé canal taken
ihto.considération.

Site for NHarbor Facilifies

The sea coast is a shoal beach from the_powér plant
site to 2.7 km offshofe at a depth of © umters, and
theréfpre, the location pf fuel unloading berth will
be 2.7km offsﬁore, and causeway for transport_of coal
is nécessary. Geological cbnditioné of'tﬁe bottom of
the sea ére'almost the same as those of the power
plant site, formed mainly of sand, sandy silt, elay,
ete, |
Theréfore, dredging works of approximately 3,90ﬁ,000
m® from the'appfbach channel to Suez Canal to the
unloading poft will be relatively easy.

The soil producéd by the dredging works will be used

- for banking of the ¢auseway for fuel transportation up

to power plant, and thus the construction cost will be
minimized and the problem of diéposal of the dredged

soil will be solved.
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As seen in the above, it was confirmed that North Ayun
Musa Sité was the:beSt'oﬁithé‘overall,'anﬁ after con-
sultation wit.h‘l'-:EA, it was decided to proceed with the
sinai céal—fi;;ea Thernal Power Project to be located
at Nﬁrth ﬁyﬁh'ﬂuéa.

The ' comparison of the proposed sites on the basis of

the field survey is given on the following tables.



Pable 4—17 (1)  Summarized bata for Site Selection
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“x -
loxrth Ayun Musa south Ayun Musa © Abu~-Zenima Zéfal_fana Remarks
1. Location Gulf of Suez coast on Gulf of Zuez coast on Gulf of Suez coast on ‘|Gulf of_Zuéé coast
Sinai Péninsula Sinai Peninsula Sinai Peninsuia on Mainland Egypt
Straight line distance Distance from base town
from Zuez City : _ . for construction works
_ Approx. 6 km Approx. 18 km Approx. 120 km Approx. 100 km and point éf intercon-
' nection of transmission
lines.
Sea route distance fronm _ Distanée from point of
ez Port A _ . ) : .
Suez Appro¥. 3.5 miles Approx. 7.5 miles ApproX. 65 miles Approx. 52 miles ?“SFPm °1e?r?“9? of
{5.6 km) (12.1 km) (104.7 Xm) {83.7 Km) ;mpgrted equipment and
uel. :
Distance from Maghara _ _ Stable supply of fuel
Coal Mine - Approx., 230 km ~ Approx. 240 km Approx, 320 km Approx. 260 km (by land) [and transportation cost,
{by land} {by land)} {by land) 35 km (by ship)
Route length of Approx. 42 km ApproX. 54 km Approx. ig7 km AppYoX. 130 km Construction cost and
intexconnecting T/L {across Suez Canal} {across suez Canal) (across Suez Canal) {along nationai highway on maintenance of /L.
: : mainland)
Rank (1) (2) (3) (4)
2. Site conditions - Land of 1,200m x 500m for Problems rélative of

1) Power Plant

1,200 MW Pover plant can
be secured.

- Ash disposal area can be
"obtained.

- No special working method
necessary.

-~ Land slopes'down gently

over approx. 2,000m from
National Highway.
{El, approx. 11 m)

- Favorable for access road,

construction works and
operation of plant after
completion,

Same as left

- El. approx 40 m near National
Highway, El. 30 - 40 m at
power plant site, steeply
sloped coast line.

-~ Land formation is relatively
expensive.

- Access road approx. 5;000 m.

-~ NHo particular problem in con-

struction works and operation
after completion.

Same as left

- Convenient location along
National Highway.

- El. approx., 20 m, gently
sloped to coast,

- No particular problem in
land formation, access road

"~ and operation after comple-
tion, '

- Many sedimental rocks, and
land formation and foundation
works are rather expensive,

Same as laft

¢ .
- ConVenfent location along

National Highway on Maintand.

{
- Plateau of El. approx. 30 m,
and coast line is rather
steep. - :

- Many sédimental rocks, and

land forration and foundation

works are rather expensive.

plan, design, construc-
tion cost and execution
of work.
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. North ayun Musa

South Ayun Musa

.Abu-zemina

. Zafarana

Remarks

-~

2) Harhor

_The shore is shallow and _
it is 2,700 m from the shore

line to depth of 6.00 .

4,700 m to apprbach channel
to Suéz Canal.

< Theré are no waiting area -

or dredged sand dump near-

:bY| 1

1. 00 - 5.00 m of surface
of 'séa bottom is covered
mainly with sand sandy SLIt,
and little déveleoped coral.

. Lower layer is of mudstone

and partially linestone,

Length of . jetty; 2,700 m
and dredging volume:
3,900,000 m3_ for 60,000 DW“
coalers.

- Not so shallow as at North

Ayun Musa, and about 500 -
1,000 m to6 a depth of 5.00 m,

‘Coral has developed in widths

of 300 - 500 m along the
shore-line.

Waltlng area for ships pas-
sing the canal is located

néarby. Also there is the
dump area for dredged sand

_in the approach channel to

the canhal.

Geology is similar to that

at North.Ayun Musa, but
coral has developed and there
is fairly large quantity

of limestons, and dredging
and foundation works for

the ¢oal unloading berth
would be costly.

Length of jetty: 1,000 n
and dredging volume:
4,500,000 m?_ for 60,000 DWT
coalexs,

- Good lécétioh in the bay

is already occupied by the
petroleum port.

There is a;railway along

the shore line and shore
is ‘shallow with c¢oral on

. the south side, and this

sxde is not suxtable for
the site.

on' the north side of the
petroléum port, 10.00 m -

depth is reached in 500 m
from shore line,

Coral has developed and

no waiting area nor dredging

sand dump nearby.

proteciotn system for intake

is necessary due to contami-
nation from petroleum port

Max. wave height of 4.00 m
should be con51de1ed in
de51qn‘

: Length of jetty:. 300 m
‘and dredging volume::

500,000 m3 for 60,000 DWT
coalers,

- Length of jetty:

;Mountalns of sandstone,

11mestone and mudgtone dlaw
neax the:shore, and. the. sea

7 shallqw EO some distance
- with sedimeéntal rocks of

the Mesozonic and Paleozonic
Eras. o

The depths are 10.00 m at
2,500 m from the shore line
and 20. 00 m at 3 500 m.

Theré is:a_mllltary jotty

‘adjacent to proposed site.

'Sand.andisandy”silt deprosit .

thin on the bottom, and

there are limestones underneath.

Dredging may be difficult,

There is no waiting area
neéearby.

- Max. wave height of 4.00 m
. should be considered.

2,500 m
and dredging volume: .
1,500,000 m3 for 60,000 _DWT
coalers.
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North Ayun Musa

South Ayun Musa

Abu-Zemina

Zafarana

Remarks

Comparison of Construc-
tion costs

1)  Equipment

2) .Civil & Architec-
“tural

3) Harbor Facilities

4} Transmission &
Substations

(393.4

{95.7.

" (43.5

{56.1

(88.8

x 10% ussy
1.00 ~ Base
Rank (3)

.

« 10° uss)

1.00 - Base’

Rank {2)

x 10° Us$)
1.00 - Base
Rank {3}

x 10° Us$)
1.00 - Base
Rank (1)

x 10° us$)

0.67

- 0.16

0.07 -

1.00

.'0;98 Mainly, bei£ conveyér_

(2) 1,700m shorter

1.03 Mainly, land reclama-

(3) tion cost higher

1.30 Mainly, dredging
(4) volume 600,000m3
bigger

1.11 /L length 12km longer

(2}

0;95
(1)

0.98
1)

0.60
(1}

2.14
{4}

Mainly; belt conveyer °

2,500m chorter

Mainly; intake and

_ discharge length

shorter
Mainly, jetty length
2,200m shortex '

T/, length §25k
longer .

1.60
A3)

1,00
(2)

0.20

(2)

1.46
(3)

Mainly, diedging
volume 2;400,000m3
smaller

/i léngtﬁ 88km
Longer

See Chapter 7.

for construction

costs in (

).
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Table 4 -17 (4) Rank Table

South AYuh-Mﬁsa'

Abu Zenima

North Ayun Musa Zafarana

Rank : - o :

Locatioh (;) ).  (3) (4.
Construction
Cost ) :

Equipment 0.67 0.66 0.64 0.67

Civil & , 'y L

Architectire 0.16 0.16 0.16 0.16

Harbor 0.07 0,09 0.04 6.06
/L & S/S 0. 10 0.11 0.21 0.15
Fotal 1.00 1.02 1,05 1.04
Rank (1) (2) K3 (4)
Overall Rank (1) (2) (3) {4)
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rig. 411 -GEOLOGICAL MAP OF AYUN MUSA REGION
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Fig. 4--13 °  general I';a'y'out-‘_of‘l,ZDO M
. Coal-Fired Thermal Power Plant
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Surveyed bata for Proposed Site



Table 4—18 comparison Table of Power Plant and Harbor Sites

NORTH AYUN MUSA

SOUTH AYUN MUSA

ABU-ZENIMA

ZAFARANA

1. LocétiOn

- Approx. 8 km (straight—llne dis-
tance) south-east of Suez Clty.

' Appfok.-3.5 n.m by sea route from
Suez Port :
Appiox; $ n.m. by sea route from
Adabiya Port
Approk. 21 n.m. by sea route from
El Galala

- Approx. 18 ki (stralght l1ne dis-
‘tance) south«east of Suez City,

 Approx. 7.5 n.m.-by sea route from

Suez Port

Approx. 9 n.m. by sea route from:
Adabiya Poxt

ApProx. 18 n.m. by sea route from
El Galala

approx._l?ﬂ km from Suez Cxty by
Nat10na1 nghway 66,

_Approx. 65 n.m. by sea route from'
Suez Port

Approx. 6S:n}m. by'séa'fdute £ com
Adabiya Port

Approx. 33 n.m. by sea route from
El Galala ; :

- Approx. 120 km (straight-line dis-
tance) ‘south-east of Suez City, and

= Approx. 100 km {stralght -line dis-

" tance) south of Suez City and approx.

135 kin from Suez City by National

tighway 44,

ApproX. 52 n.m. by sea route . from
Suez Port :

Approx. 53 n.m. by sea route from
Adabiya Port

Approx. 38 n.m. by sea route from
El Galala
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NORTH AYUN MUSA -

SOUTH AYUN MUSA

ABU—ZENIMA & o

ZAFARANA

2.

¢onditions around
Proposed Site

- Lotated between National Highway 66

and Gulfi of Suéz and is surrounded
by the desért, There are militaxry
camps on the othex slde of the
highway.

- Located near Ras Misalla on the Gulf
of Suez side of National Highway 66,
and is in the desert, Theré is no
house nearby. :

- There are sea- bottom oil pumping

- Apartment housing is under con-

~ Abu-Zénima is a:smallztownaofzzoo -
300 houses;-and.there is a small
berth nearby for shlpplng of &)
manganese ore. o .- ;

rigs off: Abu-Rudeis at about 20 km
south of Abu-Zenlma.

struction in Abu-Zenima, and coast-
line of 20 « 30 m depth ({(by sounding
‘map) is already occupied.

The north side of the proposed site
faces shallow sea.

- There are'practicaily‘ﬁd houses near-

- Located between National Highway 44
and Gulf of Suez and on the opposite
shore across the Gulf from Abu—
Zenlna.

by. There is-a military berth

(400 m . % 8 m W x approx. 5 m deep)
at about 1 km sovth of the proposed
site, guarded constantly by the army.

3.

L.and

(lj-AVailabiiity'of
necessary area

(2): Topography

{3) Gecagraphical

features and
geological
conditions

- Necessary area for the power plant

6f approx. 1,2 km x 500 m for ulti-
mate capacity of 1,200 M4 can be
acquisitioned.

~ Ash disposal aréa can be obtained

in the sea in front.

- The land slopes down gently from

the Highway (El +B - 11) towards.
the sea.

~ Two or three raised tétfaCes ‘of

dlfferent leévels at léss than
40 m in elevatlon are formed.

- Edges of terraces. make steep

Cliffs.

- Geoloqy is Miocene sediments,

plioc¢ene sediménts and pPleistocene~
Recent sedlments.

= Favo:able'conditions_féf ﬁoﬁer

plant foundation,

~ Necessary power plant area can be
obtained.

- Ash disposal area can be obtalned
in the front sea.

~ The elevation is abont 20 m higher
than North Ayun Musa Site. The land
is highly undulated and grading will
be expensive.

Same conditions as at North Ajdn
Musa.

I

- Necessary power plant area can be

=~ Ash disbosal area can be obtained
~ The land is flat.

—'Platform of less than 30 m in.
- Geﬁlogy is Miocene sediments; and

f Favorable conditions for power

obtained.

in the front sea, but influence of
. waves must be considered..

elevation.
Pleistocene—R9cent_sediments.’

- plant foundation.

TS

- Necessary power plant area can be

'h.Ash disposal area ¢an be obtained

- The land is flat, but the ground

- Piatfotm of less than 30 m in

- GeoloGy is mainly Miocene sediments
~ Haxd Miocehe sediments crop out.

- Hard MlOCene sedlments may be

‘obtained.

LY

in the front sea, but 1nf1uence of
waves must be considered. '

level is low, and some filling may
be necessaxy in consideration of
waves.,

elevation.

’ dlfflcult to excavate.
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i
i
i

4. Meteorology' The meteorology of all the 4 proposed: gitds iStsimllar to eaéhtother:u3NoKLh(ﬂ;nQ,pngd .J,ﬁj;é T P SO
dominates, and NW and NE wind is the’ sec0nd dominant windxorAccording: to the.data . col- iy - v - e
lected, the NW, N and NE winds are 72 < 77% ofthe winds:and séuth wind- is: vexy xare. i°

The strong wind direction has the same ‘terdency, butiﬂlndfveloeity ‘af: moxe thanf3 B LVA=RD ¥ R T AR ST

very rare. The. maxlmum gust of w1nd i85 insthe nbrthlwhsteuly ﬂltéotlQﬂ and appnqxxmately ':f T TR
29 m/s. _ '
The enterlng and leaV1ng of port by sh1ps and loadzng andrunloadlngswquld be affected— T S RO R S R

very little hy the wind.

Temperature, rainfall and humidity conditions are omitted. CRNYTIn 5L Zren Dol oln U iniowlc e Loariaan

LA & . L .
' The shore within the bay is composed
_of small gravels and sand; .and slopes
;_sharply down into the sea..

The shore is composed of fine sand and
the sea is shallow for some distance
from the shore. Thérée are sand banks.

The conditions of:theiséa coast:are: -~
similar tothosé at North:Ayun:Musai -

5, Conditions of
‘Sea Coast

Gently sloped shore’ contlnues 1nto
the sea at' a slope of- less than 16°,
and the sea bottom is sloped sEill

more gently.

There 'i& a rather steep slope ‘at
600 - 1,000 m from the shore, over-
which. the slope is gentle agalﬁ
towards Suez Chahnel, ~The depth
reaches 5 m at 1,200~ 1,700 m off
shore. At low tide, 400 - 500m
distance from the shore is dried,
showing hardened asphalt at places;
sometires including small gravels.

The shore of the proposed site is

3Lconposed of sand, angd the sea is

shallow for some dlstance from the

shpxe._,The marine chart shows distri-
- bution of coral reef. .

There is a 500 m long jetty with the
tip bent in the south, which was built
by the army and used for unloading.
The base of the jetty is buried in the
sand.
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6.

“conditions of Sea

and Soil Conditions
at S¢a Bottonm

Suez Channel ruhs at 2 5 3 4 o km offt

the" coast ‘1ine: and theréare; 2 wreckLl

‘ed ships at thé middle: of. the dis-
S tancé
qls a-relatively deep inlet! of +5 - =&
L10m depth in front of -the site, but'h
© it was’ conflrmed in the field: survey RS
" that this inlet had been' buried with'!

. According to: the’ chart there

dredged sand at: the time: ofrrepalr of

“tha Channel and there is ' no: 1n1et

any more. . BE LT
If a pier for 60 000 DWT vessels is
to be built, a large quantlty of
dredqlng would be necessary, or the

..\ t

" pier has to be built falrly off the ol
- coast, line, requiring a long coal
- hauling distance.
' DWT vessels, the dredging quantity

~would be still greater, and theé plaﬁ'

If it is 120, 000

might be affected by the Suez Channel
exXpansion plan,

ﬂqrth sadqjoﬁ:the fxohbfsed:areh w8 w3,
maddg a. dunpmg aveas 1‘I‘h‘e rated 2043 km,oot,
off the:coastiis a Walﬁlﬁq raxed f&ﬁi o
shlps passing sthe Suez gChamfeL :I‘hq got
maring chart indicdted thati:the 'slope .. .
of the ssed -bottom is faikly: stehp'hbﬂn:dd
the northern:parxk whergfcorahfreefihas,g

:|developed o the depthw1nc‘reases)suddenly;i

-

--ThUS tha north 51da«is hottsu1tedffor

constructioon : Of Jport facilities :fori .

~b|1avge .vesselgirorRather p: thefsouthas%de -
lissuitable ;fon thd port:fovlarge il ..

vagsselsalic Iﬁ%lQDSOQO’UWT clasdkvessels-ﬁﬁ
are ko be:considered;/sitiwonld he ei—

Jxoute unléSSILttds:planned on the’South
side. Lobia ,;u

R S

at the edge Dfuthe kEef\ 1909 a2 3a‘i¢ <3

vrhe sea” area: within the gently curuad
: bayrare: alteady occupied by. vested
ifrights and paralleél piers, :jetties,

+ and :othel: port. facilities. have been

> biiltws? Only: . the: anoccupied area
‘mentioned before can be: considered
nas the site. ; The: sea- bottom is sloped
verys gently antil 1,0 = 1.5 ki off the

coral sea. ‘ SRR

ERE LN

.......
,,,,,,,,

A

tremely difficult ﬁdxestabilsh‘theu: ﬂfi_i};

to the mariine chart, and is’ relataVely

coast. and becomes abruptly. deep, show-‘
iring: the characteristzc features of

There  are no obstructlons in’ the front
sea area.

The sea abounds in coral reef accordxng

shallow as far as 1.5 - 2.0 kin of f the
shore, where it gets suddenly deep.

The conditions are supposed to be Simi~
lar to those at Abu ~Zenima. o '

Here, too, the coal handling d1stance
would become long if port facilities
are to be . built, and break watér faci-
litiés would be needed, with increased
construction cost, :
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SOUTH AYUN MUSA

ABU-ZENIMA.

ZAFARANA

Soil conditions
at sea bottonm

'Acéotdiﬁq to data telated_wifh the

dredging of Suez Channel, the sea
bottom is composed of soil containing
sand, mudstone and some coral, and

dredging can be made with 5,000 PS -

9,000 PS pump boats.. However, as
there are limestones at some parts,

such limestone areas should be avoid-

ed when planning the shipping lane
and mGoOring area.

In formulating the constfuction pro-
gram, boring test, test piling, load-
ing test, etec,, should be perxformed.

;The north side has widé=spréad cdral
‘reef, but it was learned that the coral
‘reef in Suez Bay is gerierally thin in

The conditions are supposed to be more
or less similar to North Ayun Musa.

the layer and would cause practically
no obstacte to the construction of port
facilities. '

The samé tests as for North Ayun Musa
should be performed in formulating the
construction plan.

The soil' is considered to be composed

‘of sand and coral, but as stated

before, the coral reef in Suez Bay
and Suez Gulf is génerally thin in
layer and the hardneéss is not too
high, :

It would be possible to dredge in this

area with the dredger for hard soil
layers.

The same tests as for North Ayun Musa
should be performed here, too.

The conditions and ¢ountermeasures are
practically same as Abu-Zenima.
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7. Mariné Climate

7.1 Wavés

Sueéz Bay is surrounded by land on the
north, east and west, and waves enter
the bay only from the south.

The sea is calm with occasional waves
of 0,5 - 1.25 m wave hEIth

Very seldom, the maximum wave helght
of 2.5 m Seems to oceur, but the _
SLgn1frcant wave height is a matter of
1.5 m, and liable to éccur in surmer
most frequently, and next in winter,
and very rarely in spring.

Since the wave height is small and
frequency is also small, the port
facilities and unloading works would
not be affected by the waves .,

The sea on the north is the same as
North Ayun Musa.

Thée south eidé has 6peh sea to the
south-east and the wave. helght is a
little larger than at Noxth Ayun Musa,

but the frequency seems to be as small

as at North Ayun Musa. There would be
practically no 1nf1uqnce on large
vessels, but with me@1um and small
vessels, mooring and other facilities
plan may need some consideration to be
given to the waves. '

The site is located on the vestern
part of Sinai Penlnsula, ‘and the sea
opens on NW, W and SW, and therefore,
the influence of waves is much larger
than at North and South Ayun Musa.

The maximum wave height of approk-
imately 2,5 m has been observed, and
the frequency is larger than at Ayun
Musa.

Judging from the records of wrnd the
frequency of sW and W waves is small,
but the fréquency of NW Waves would be
fairly high. It is estlmated that the
51gn1flcant wave helght may be 1.4 -
2.4 m. Some’ countermeasures agalnst
waves would be necessary for medium
and small vessels. :

.of Marnland Egypt on Gulf of Suez, and

_The wave helght would be samllar to
“Abu Zenima.

The site is located ‘at the eastern part

the sea opens on the NE, E and SH.
Therefore, the influence of waves is
large as at Ahu- ~Zenima, :

The max imun wave helght of 2.5 m or
$0 is observed and the frequency is
fairly high.

It was learned in thé field survey
that waves of 4 m order occurred in
March - April season.

Since the sea faces the Red Sea on SE,
the entrance of swell from the Red Sea
is conceivable and some countermeasuvres
of wave breaking would be needed for

medium and small vessels. Even large
ships may be affected by the swell in’
loading and unloading with resulting

decrease in the availability factor,

limitations in entering and leaVan the
port and staying might occur. The ‘team
was told that waves of 4 m would cceur
in March-April.
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7.2 . Current

There seems: to be no comprehensxve Same as at North Ayun Musa.
record of current obsérvat1on, and
according to ohservations by ships
sailing the channel, the currént is
1.5 knots at the spring tide and 0.5
knots at neap tide. The direction of
current is towards north whén fléwing
and towards south when ebbing. "

Judging from the drift of the sourding
boat (about 32 GT), the ¢urrent of the
afora-mentioned order was felt by the
team., The current would not affect
the operation of boats.

It is supposed that theré would not be
much difference from Noxrth Ayun Musa.

It is supposed that there would not be
much difference from Ayun Musa,

7.3 Littoral Drift

As far as the natural coast line was observed, no noticeable littoral drift
was seen. However a considerable deposit of sand was seer on the north -

base of the jetty which had allegedly been used by the British Forces.

As there was entitely no data on littoral drift, no clear judgement could
be made. Theré is no source of littoral drlft, such as rivers, on the land.
on the other hand, it is said that there was no phenomenon of burying accord-
ing to the comparison of sounding results before and after the maintenance
dredging of Suez Port.  According to the observation in the Gulf of Suez,
there scems to be some 11ttora1 drift but not very conspicuous.

After construciion of harbor facilities, the littoral drift may be somewhat
accelerated due to the change of sea bottom, but the detalls rnust be verlfled
by model test.

The waves that constltute the energy ‘source of the littoral arift phenorenon
are relatively small and not freguent, and the current is also small, and
consequently, no large change in a short period is expected.

Some littoral arift is conceivable,’
because the waves are higher than at
North and South Ayun Musa. There is
ne river supplying sand for littoral
drift, but flying sand and collapse
of sand banks are considered to be
sources of littoral drift.

The conditions are generally similar to
Abu-Zenima, but ¢onsiderable littoral
drift due to swelling is obserxved.
Especially in front of the site, the
sand bar extends far into the sea.
The base of the pier constructed by the
army is buried in littoral drift.
Careful consideration needs to be given
“to the littoral drift at the time of
construction of the harbor facilities.
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8. Avéilability of
Hater

(1) Condenser Qir—
culating water

(2} Industrial water

- Water ¢an bé takén from the Gulf of
Suez in front of the power plant.

- Water can be taken from the Gulf of
Suez in front of the power plant.

- Excavation in the coral reef would be
" necessary for the water intake.

- Recirculation of warm discharged

 water. ¢can be prevented by locating
the coal receiving bérth in between
the water intake and discharge.

- Approx. 2,000 tons/day of fresh - Same as left

water is not available, and instal-

lation of a desalination plant

would be necessary.

(Sinai Development Authority has a plan to supply watér from the Nile to Ayun Musa and
Abu-Zenima via Suez (25,000 t/d initially and 50,000 t/d secondary), but as it is stild
in the planning stage, EEA intends to built its own desalination plant for this Project,

- Water can be taken frbmeulf of Suez
in front of the power plant,

- Water can be taken from Gulf of Suez
~in front of the powey plant.

- Because Qf_thé littoral drift in the
front séa area, special care must be

exercised in the selection of con-
denser tube materials and others.

- Same as left.

9. ‘Fuel Txansportation

{1) Coal

~ The transporting distance bf &aghara
coal by truck is approx. 232 km,

- It is planned that the domestic coal
from Maghara will be transported by .
truck. The transporting distance is
approx. 200 km.

- The transporting distance of Maghavra
coal is approx. 320 km, and the road
near the entrance to Abu-Zenima
needs ‘improvement (unpaved at
present).

- The transporting distahce of Maghara
coal by truck is approx. 340 km. -
About 75 km of the road from Ain
Sukhma to Zafarana is narrow ang
unpaved and needs improvement,
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(2) Heavy o0il

- Transportatlon by tanker or Barge

from the reflnexy in Suez City
is considered.

- The,distahcexfrom Suez City is 45 km
by land and 3.5 n.m. by sea.

- Transportatlon by tanker or Barge
from the reflnery in Suez Clty
is considereéd.

- The distance from Suez City is 57 km
by land and 7.5 n.m. by sea.

- Though there are 6il wells 1n the
sea Off Abu—Zenlma, there is ho
refinery. Therefore, it is neces-
sary to transport oil from Suez
City. :

- The distance from Suez City-ié
approx. 170 km by land and 65 n.m.
by sea. .

~ Transportation by tanker or Barge
Suez_City'is considered,

- The distance from Suez éity is =

.approx. 135 km by land and 52 n.m.
by sea.

10. Transportation of
Equipment and
Materials

{1} Unloading port

(2) Inland trangs
portation of
- locally procured
eguipment and
materials

- If the equipmént and matérials are
unloaded at Suez Port or Adabiya
Port, they have to be transported
on land through Ahmad Hemdi Tunnel,
and in this case ‘large equipment
such as the generator and boiler
drum cannot pass the tunnel, There-
fore, custom clearance only will be
made at Suez or Adabiya Port and the
cargo would have te be transshlpped
by LST directly to the site,

~ The road from Suez City.to Mohamad
Hamdi tunnel is narrow (about 4 m)
and has hair-pin curves, but a new
road 15 under constructlon

~ The road in sinai Pen1nsu1a to Ayun
Musa is wide and presents no pro-
blem,

~ Same as left

- Same as left

- Same as left

- The road along Highway 66 is good
upto El Garandal, but about 30 km
from there to entrance of Abu-2enima
is unpaved and bad. Especially, the
road at G. Hammam Faraum pass near
the entrance to Abu-Zanima i§ steep
and conditions are bad with gushlng

" water.

- Because of very poor conditions of
National Highway 44 for inland trans-
portation of equipment and materials
from Suez Port or Adabiya Port,
transportation by LST directly to the
site after custom clearance at Suez
Port or Adabiya Port would be neces-
sary.

~ The road conditions are good over 55

km from Suez City to Ain Sukhna, but
_-about 75 km from there to Zafarana is
not paved and abounds in hair-pin
curves, and some improvement is °
- necessary for transportat1on of
equ1pment

- The route from Ca1r0 along the Nile

and across the desert from El Wasta
has good road conditions with enough
width.
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11. Environmental
Impact

- The site is approx. 6 km in straight
"line distance apart from Suez City,
and there would be no direct influ-
ence of the flue gas dlscharged from
:the stack.

~ The stralght line dlstance from the
site to Sueéz City is 18 km, while the
maximum concenttatlon reachlng the
ground surface of the flue gas from
the stack is 18 km on the lee. Thus
some countermeasure must be taken
against the influence.

~ As the power plant will beIRCCAted
adjacent to the town area, counter—
measures against flying dust and
noises from the coal yard should be
considered rather than the 1nf1uence
of the flue gas,

~ As there are no dwelling houses near-
by, no special environmental counter-
measuré neéds to be considered.

Summary
{Power Plant)

- The conditions are the most favor-

-able among the 4 proposed sites,
and there is no critical problem as
the power plant site.

- Additional cost would be requ1red for
the environmental countermeasures and
grading of the site,

~ A large scale improvement of

National Highway 66 would bhe neces-
sary for transport of the equipment
and materials and the domestic coal.

. - - /
- As the site is near the town area,

the cost of environmental counter-
measures against flying dust and
noises from the coal yard would be
high,

= A large scale improvement of National
Wighway 44 would be necessary for
transport of equipment and materials
and the domestic coal.

- Countermeasures against littoral drift
due to waves would be necessary and
special material for condenser tubes
such as titanium might be neceded; re-
sulting in cost increase.

-~ Land filling will be necessary because
the existing ground level is low.
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Summary
{Harbor Facilities)

- From the view point of harbor plan*
" ning, the 0ceanograph1c condltlons
" are best among the 4 sites, but the
' sea area’ condltxons are rather less

favorable. Namely,_the necessary
dredging quantity would be larger
and the sea transport distance of
coal would be longer.

~ The north side is not suitable for the

haxbor, because there are already the
durmping area, Wwaiting area and other

vested interests in the front sea area.

The south side i§ a little inferior
_oceanogxaphlcally to North Ayun Musa,

but superior to the other two sites.

The requlred dredglng quantlty is less
than at North Ayun Musa and coal trans-
portation route is shorter than for
North Ayun Musa,

As the oceanographic conditions are
not favorable, wave breaking me¢asures
and counterméasures against littoral
drift woild be necessary.

The oceanographic conditions are not
favorable; probably less favorable
than Abu-Zenima.  The construction
cost of harbor facilities would run
considerably high, and the rate of
operation may be lower than at the

other sites.




Table 4 1% Comparative Table for Coal Center

a -9

Conditions of the
Seashore

Conditions of the Sea

ITEM ADABIYA EL GALALA
Location Approx. 16 km from Suez City by land, approx. 5.7 n.m. from Suez Port by sea. | Approx. 55 km from Suez City by land, approx. 21 n.m. from Suez Port by sea.
Approx. 6 n.m. to North Ayun Musa by sea Approx. 21 n.m. to North Ayun Musa by sea
Approx. 9 n.m. to South Ayun Musa by sea Approx. 18 n.,m. to South Ayun Musa by seéa
Approx. 6.5 n.m. to Abu-Zenima by sea Approx. 53 n.m. to Abu-Zenima by sea
Approx. 5.3 n.m. to Za Farana by sea Approx. 38 n.m. to 2a Farana by sea
Topography This sité is a néarly fiat plateau fécinq Suez Ray on the east. There are The site faces Gulf of Suez on the east, continues on the flat desert to the

mountains of 200 - 300 m height at several km to the west, and there are guar-
ry sites of Suez Canal Authority at the foot of these mountains, The site is
nearly flat, and slopes down gently to the seashore. The land for coal yard
can be secured.

The seashore consists of coral mlngled with gravels and the shore is contami-
nated_with heavy 0il. The land from the shore-line has deposit of fine sand.
The slope of the sea-bottom is rather steep. The coal hauling route would be-
comeé rather long, because of the existing jetty for cement and fishing port.

on the south, theré is Adabiya Port beyond the cement jetty and on the north
there is Ataka fishing port. The offing on the north side and the south side
is a berth area for ships entering Suez Port and passing the Suez Channel. It
is a matter of 1.1 km from the coastline to the -15 m depth ljne and the site
seems to be rather favorable for less 50,000 - 60,000 DWT ships in Suez Bay.

This area is planned for a recreatlon area in the future plan of Suez City.

of the site is already occupied by the petroleum facilities and ¢losed to the

west and there stand steep mountains of 300 - 500 m close on the south.

The land is nearly flat and slopes gently down to the seashore,
necessary land for the coal yard would be easy.

Securing of

As approach to the site was prohibited, it was impossible to examine the condi-
tions of the seashore. And judging by the marine chart, the sea in front of the
site is formed of-sand and coral reef, and shallow into a distance from the
shore., Whexe the mountains on the south closes on the seashore and the highway
Yuns close to the shore, the shore is foimed of limestone gravels and the slope
of the bottom is steep. The ccal hauling route will be considerably long.

At 2. places in the offing of several km from the coast, there are oil rigs and
the oil is sent to the land by: subrerged pipes. Consequently, the south side

public. And there.are scattered military areas around the proposed site,
Judging from the conditions of .the seashore and the oceanographic conditions,
the construction of harbor facilities would prove expensive here.
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ITEM

ADABIYA

EL GALALA

Soil Conditions at Sea
Bottom

According to the information regarding the dredging at Ataka Port, the bottom

secms to be sand, coral and partly limestone. It is saild that dredging with
6,000 - 9,000 P.S. dredging boats would be possible.

Meteoxology

The soil near the surface of the sea-bottom is formed of sand and coral, and the
deep s6il may include limestone judging from the mountains on land, but dredging
would be possible by the use of dredgers for hard soil.

Nearly same as at Ayun Musa.

Same as Ayun Musa.

Oceanographic Conditions

Waves

Curxent

Located within Suez Bay, the conditions are similar to those at Ayun Musa.
Rather, as this site is better than Ayun Musa topographically, there would be
no concern about waves. The rate of working on the sea is expected to be very
high,

No record of cu;rent observations was available, but it is estimated that the
current would be a matter of 1.5 knots to the north at flowing tide and 0.5
knot at the south at ebbing tide.

Similar to Za Farana, the influence of waves would be fairly large. Swell might
come from the Red Sea, even though not freguently, and 1.7 - 2.B m waves are
conceivable. Also, wavés of N and N.E. directions may occur frequently with
high winds. Roughly estimated, waves of 1.7 - 3.5 m would have to be expected
and refuge facilities and breakwaters would be necessary. The cost of construc-
tion of port facilities would be high and the rate of working rather low.

It is estimated that the current would be similar to that at Adabivya.
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ITEM

ADABIYA

EL GALALA

Littoral Drift

The conditions seem to be similar to those at Ayun Musa, There is no parti-
-cular source of supply of drift sand, and the energy sources for littoral

drift, such as waves, current, etc., are very weak, and the phenomenon of
littoral drife is practically inconceivable. There is no sign of littoral
drift observed on the seashore nearby.

Similar to Za Farana, the influence of waves is large, and flying sand, desert
sand and fine sand from the shore make the supply sources for the littoral
drift. The conditions of the sea bottom and seashore would change if the
harbor facilities are built, and the phencmenon of the littoral drift may be
accelerated. It would bé necessary to study the littoral drift by model test
before planning the construction. ' '

Gthers

Road Conditions

Working Area

Thefe is an asphalt-paved road of 8 m or so from Suez City and the reoad condi-
tions are good. There is also a road connecting to the main highway between
Suez City and Cairo City.

The'acquisition of areas for working, batcher plant, materials storage, etc,,
is possible. )

There is an asphalt-paved road of 8 m or so from Suez City to El Galala via
Rdabiya, and the road conditions are gocd.

The acquisition of areas for working batcher plant, materials storage, etc.,
would be easy.

Summary
(Harbor Facilities)

The oceanographic conditions are very favorable and the marine conditions are
good, and this site is considered to be quite suited for the port facilities
for ships of up to 60,000 DWT.

As both the oceanographic and marine conditions are not favorable, breakwater
facilities and countermeasures against littoral drift would be necessary, and
conseguently, the construction cost of the harbor facilities would run high and
the rate of operation would be low as compared with Adabivya.
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4%2—2. Tranémission.Line'RohEerahd Substatioﬁ“éitei
- The . ‘site . of the . power station in the Praject is determ1ned
considering the f0110w1ng condltions that Aydn Musa Slte is most
preferable one.
: i}ﬁ Transportation cOnd1t1on from Haghara Coal Hzne ‘
. i1) Construction of coal handlinq harbor for imported coal |
.iii)_ Cpnstrugt;on of txansmission Systém'to-the unified power
__sfstem : |
Ttansﬁiésioﬁ lines route and substation site selected for tﬁe
Project are as follows.
,i) Trahsmission L;ﬁé Route
a. géiﬁai Peningﬁlalside
A flat daseért land is located between Ayun Musa power
:plant site; and the canal crossing point, east s1de of the
bank‘ The transmissxon liné should go around the outside
~of the Suez city's expansion plan, as the governorate
des1red.' so the canal crossing point should be located
near the Ahmed Hamdi tunnel. The distance'between deer
station and canal crossing pbihﬁﬂié'éﬁ.5 km. There is.a
wadi, .width.. about 1 km, in the ‘cénter of the route, But
it looks no problem for the constructiOn of 220 kv trans-
mission line._: . . .
~¢:The1east side bank"éfzﬁhé éanalﬁaf'cfbééinﬁ point is
=hot éo ﬁigﬁ. But around the bank, about 1 km w1dth and
_10m depth, the deposit sand of dfédging form the canal is
iaid on, The transmisslon'line route will be sellected
along the road as near as possable considerlng construc-

tion WOrks and malntenance.
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There are foﬂr.over crossing points_df'highway in the
route.. But ~£o _Keep the héight.-OVer'3£He "road is no
: problem,

Plénned route of_'transmiséion line ‘runs toward the
“north aloﬁglteh canallfrom‘Ayun'ﬁﬁsQ to 142;8:km point.of
_Sué;'Cana1~neaf the tunhél”éﬁﬂ_tﬁén;jturﬁing to the east,
_c;ossés the _éaﬁal-, after t.hal_:-.the line extendé-tdﬁards th.e
southwest éhd tétﬁinates at the eastern slope of Geb61 
‘”Ataka;g |

-Since-£he zone7aiong trénSmisSiOn line:fbrms‘ﬁlétfbrm
iéss than 40 meters in altitudé-,- 'top()qraphicél figure is
qocd Coﬁéitibn- for foundation ‘of transmission tower.
. GeOiégicé11y§-M10cene-sédiments-which-aré.distributed at
tower point is arfaniable-for.founaétibﬁ;aﬁd c0nstrﬁcti0n.

_ Asfdescfibed¢the;bove, there exists ﬁ6 difficulty in
: items should be invesﬁiqaééd;
ji_)j._}i‘h_ickn_ess 6f'uncénsdliaaie‘sttétumi
ii) ziieter_ogenéi_ﬁy dfgstratum
-,.:iii} . Presence of-limes;oné
b. . The canal crossing .point
The plan of overhéad trénémiésibmalihé*cfbssinq ovef
~_the cénap.'i_slrejectéa.by -'th'e-"&:lahal A‘uéhdrity with the
. _reason_.._tﬁ!a.t it is'ﬁo.l_:‘. desirable f_b_f?;‘he safety of naviga- :

.. tion Qf-ships through the-éanal;fi'ufr.r. aud
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Then the method of crosqing canal should use cables

'through the duct whlch locates under thé dr1Ve way of -
- tunnel The length of cable is 2 km 1ncluding drau-Out :
.duct at both ends of tunnel. The chSSSection figute at'

west side entrance and topcgraphical'lhyénts of both

éntréncés of tunnel are.shown b Fig.-4-15, 4-16 and

4-17,

From tﬁe west éidé bank of canél t6 New Suez substation:
':é cable'system:thrOugh‘Ahmed'ﬂamdi iunnel 15 Osed for?ﬁ

the crossing canal frdﬁ.sinai péniﬁsﬁla_fc west side main

. land. Cablé terminai_sféfibn at west side locates near the

managing office of thée tunnel. The transmission lines run

.d{teatly western direction from the terminal station and

turns left to south aftef crossing suez-lsmailia high way
uP£6 ﬁéﬁ Suez SUhstatioh. Thellength of the line is 16.%
km. | | . |

There afe'tbw railway cfossiﬁg poiﬁté, three highwaf

crOSSing‘poiﬁts; one crossing over point for_a small ir-

rigation‘éanal widtﬁ 10 m, and one-crossing point over

existinq 60 kv transmisslon line.

Front New Suez ‘Substation to a tapping point from the

existlng 220 kv: transmiSSLOn iine

The subjected area is a flat desert land. But two 220

"kV transmission lines, one Sakr - Suez line and another
 ‘Abu Sultan—Suez line,_run parallel'in the southern side of
_the area. 'So,_tb be {appéd frdm Sakr - Suez line should

: cross over Abu Sultan - Suez line.

The route of candidated transmission 1ine is ‘shown in

.the map (see: Fig. 4 18)
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The Seleéﬁién of Site for Neﬁ Suez Substation

220 kv 2 CirCUits; 2:1iﬁes between Ayun Musa Pover Stétion
and_the_substatiOn‘draw outrfrOm the #tatidn, and 220 kv 2
cir&ui£5'eagh for Sakr Substation and for sﬁez Subsﬁation draw
qut; alsd.: That is the suﬁstation is the .iﬁtéfCOnneofiﬁq
statibn between Afﬁh Musé and power station and the Unifiéé
poﬂef_sYstem oﬁ the Js£ étaéé of tﬁe beject. (The capacity
of ayun M#Sa Powerisfafion.is'ﬁoo MW.)

When ﬁyﬁn Muéa:?dwaf Statioﬁ.has an additional 606 MW
uﬁit,.560/220'kv transformers will be installed in the sub-
station,

a. TLocation of_the_candidated'sites

There are two candidated sites for the substation, one
is A site and another B site, as shown in Fig 4-18.

A site is located along Cairo-Suez high way and B site
along the branch way for Mohamed.Hamdi tuﬁhel. It will ke
easy for the £ranspOrtation of construction materials and
équipment at both sites., Top&gréphié méps for each site
are shown in Figé:4f19, 4;20; Both sites are located in a
flat desert land and‘éaSy for their land reclamation. The
area of each site is cﬁnsidered 600 x 600 sq. meter con-
siderin@ future 500 .kV yard extension and_ many 220 kv
trahsmiésion.lines' drawing.outs.

b, characteristics of A éhd ﬁ sites

a) Tie liné.fér Ayun Musa poWer"ﬁlant

The lendgth of line is 40.5 km for A site and 30.5 km

for B gite. B site is shorter than A site.



b}

c)

d)
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The line from existing 220 kv Yine

‘The length of line is 1.5 km froia A site and 7.5 km

from B sité. A sité is shorter than B site.
500 kV future tie line for Katamia shbstatiqn
The length of tie line is almost same length for both

site,

The cha?aéteriéticS for Microwave channel

There is no problem_fér both'sifes for the channel
routé to Sakr substation, |

Considering the route of for Ayun Musa'power piant, A
site will be necessary for :its roﬁte becavse many
industrial factories are'ldcatgd between p&wer station

and substation.
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. Fig, 4-19 _ :
TOPOGRAPHICAL SURVEYING. ,

A SITE (ALCNG. THE SUEZ-CAIRO NATIONAL HIGH WAY )
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Fig, 4—20
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" e) Operation of substation

The loéétioh of A site ié Saﬁe side to Suez city that.
of Suez ty substaiidn. B site is.located northern
‘corner of Suez city. In future aistribution of powét
for Suez city, B'éite has some flexibilities more than
A site. |

Comparison of construction cost

The constructien costs of both sites are shown in

-Table 4-20.

a) 2 route tapped Systém .

A site is cheaper about 628 million yen than B site.
b) 1 route 5ranch and 1 route drawing in system

A site is cheapef about 268 million yen than B site.
¢} 1 route tapped syétem‘ |

B site is cheéper about 91 million yen than A site.
conclusion |

In future'stage, the'dutput of Ayun Musa power plant
will become 1,200 MW. EEA is scheduled to construct one
500 kv line from New Suez substation to Katamia substa-
tion, It is enough to interconnect to existiné 220 kv
lines with "one route tapped and one .route drawing in
éystem“ from the load flow study.

The_c?nstructioﬁ éost for the system is cheaper than
"two route tapped sfstém.

For these:reasons.:"one route ¢ fapped and Oﬁé route
drawing in system" ié recommendébie for the system,

A site is better ﬁhan.B site in this sfstém confiqu-

ration,
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Table 4—20 Cqmparisbn of Construction Cost Unit: million Yen

A Site

B .Site

& | PSS - —f—
TTes 2 routes)t route |i route 2 routes [l route 3 route
..branchil draw in|branch -, branch 1 draw in branch
Ayun Musa PS-.
Ngw Suez ss N . B o , '
400 "X 2; 3,245.5] 3.246.5|) 3,246.5] 2,434.9| 2,434.9} 2,434.9
4 circuits: )
Suez canai crossihg 1 . L c
0.H.L. 543.8 543.8 543.8 543.8 | 543.8 543.8
220 kV branch L. 7 e
288 216 144 1,728 1,295 864
C.B.;D.S. 3 ] B
' 408 306 204 408 - 306 204
Relay system = : : : ‘
{for branch) 1,168 876 584 1,188 376 534
P.L.C. . o _ :
o 340 300 170 340 300 170
TOTAL ‘
: 5,904.3 5,488.3| 4.892.3] 6.622.7 5.756.71 4,800.7
NOTE: -
"2 routes  branch 1 route 1 route  branch
. 4 " 'draw in :
Suez Suez Suez
N.Sucz
N.Suez _ N.Suez
ASul  Sakr A.Sul. Sakr . Sake  A.Sul.
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4-3 . SELECTION OF UNIT CAPACITY OF 1ST STAGE (606 MW)  OF SINAL COAL-
FIRED.THERMAL ﬁowsk pLaNT
1) BéserVe_Capaéity
As sﬁéﬁed_ip Sectibp 3-4, it is desiféd'ftéhlthe electric
demandrsﬁppiy_ balance tﬁat= 600 MW will be instélied .in
1988-1989 and.aﬁother 666 M@ in 1990 undér this Project. Two
alternatiVe unit dapécities of 300_Hw:x 2 and 600 MW x 1 were
compared for the.fitst 600 MW from the view point of supply
reliability in Egypt.
a. Power Sources Defelopmeht Program
Case i represents the developmeﬁt prégram described in
Secfion 3-4 in which the unit capacity of 300 MW is_adbpt—
ed for output requirements of over BOOIMw'in'the 1958—1990
_ﬁeridd, and Case 2 representé the case where the unit

capacity of 600 MW is adopted for 1988-1990.

Case 1 : Case 2
up to 1982 4,077 MW o 4,077 MW
1983 - 1987 300 MW x 5 300 MW x 5

110 MW x .2 - 110 MW x 2
150 MW x 10 150 MW x 10
1988 - 1990 300 MW % 8 600 MW x4
Output in 1990 10,118 MW 10,118 MW

b. Peak ﬁéﬁd

The peak load in 1990 is assumed to be 9,000 MW,
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~¢. Supply Réliability‘.
The number of allowed suﬁply'ShOrtage days is set at
0.6 day/month/year (basic shortage probébiliﬁyz 0.02),
“and it is assuhed that thé:.sdpbly' réiiability will be
maintained b?'seéuring the:stand-by'capacity to make up
this shértage;
Note: Standard scheduled shutdown rate for the whole
facilities: 20%
The basic shortage probabilityiéf.ﬁ;bﬁ corresponds
to the unit shutddﬁns excepting the scheduled
shutdowns, and does not include the standard
sqheduled shutdown rate.
d. Outage Rate
The outage rate of the thermai.power plant is assumed
to be 'as follows, from thé past "records( refer to

APPENDIX-E ).

Unit Capacity =_  dutage ﬁate

100 Mﬁ c1a951' - _ ' 6.018
;56 MW class | 0.015
300 MW class | 0,020
600 MW class 0;020

ﬁnder the above cOnditioﬁs and with the demand variations
of £ 100 MW'taken into account, the probabilities of troubles
for the whole facilities become as shown in the following

table.
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Table 4-21 Probabilities of Troubles for Combination of Facilities
Peak Load : - .. 9,000 MW
Case . : : : case 1 - ~Gase 2
110 MW x 2, 150 Mit % 10

Generators 110 M7 % 2, 150 MW x 10

Developed from 300 MW x 13 300 MW x 5, 600 MA x 4

1983 to 1990

Failed éower érobability' probability

1,000 MW - 0.0000944 0.0001818

950 0.0047774 0.0091403
900 0.0122162 0.0205377
850 0.0151526 0.0232334
800 0.0152712 0.0233874
750 0.0168380 0.0267912
760 © 0.0187882 0.0310201
650 0.0195325 0.0325802
600 0.0352494 - 0.0638913
550 0,0511699 0.0952956
500 0.0519031 0.0961426
450 0.0606694 0.1004326
400 0.0715627 | 6.1057054
350 0.0757355 0.1076604
300 0.1635396 0.1467252
250 -0.2524322 0.1871678
200 02936792 0.1906100
150 0.3426700 0.2438754
100 0.4115256 0.3100379
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 As seéﬁ in’the’table,_wifh.case i'fof 6.02 of basic shoy t-
aje probability (016'daY/month/year), the'probabilitj'is‘abOut
0.0352 for 600 MW of power failure and 0.0195 for 650 i, I
other words, the pfobability figure ‘is larger than the basic
‘shorfagé.probability_féf 600 MW, showing that 600 MW is not
sufficient to cover the powei shortage. Consequéntly, with
Casé 1 the reserve capaéity should be 650 ﬁw or 1arqer'sb;that
the pfobability may be less than 0.02,

- With'Case_Q,'aé against 0.02 of the.bgsiC-shortagélbroba~
bility, the probability of. failure is 0.0205 for 900 MW and
1 0.00914 for 950 MW, and 900 MW is somewhat short as the re-

serve capacity. Therefore, 950 MW or larger reserve capacity

. would be needed.

. From the above the ﬁeéessary reserve capacity would be 650
Mw1or over for Case 1 (the case whére 300 MW unit capdcitf is
adopted for all 300 MW or larger units required in 1983 -
i987}, and 950 MW or over . for Caseé 2 (thé case where 600 MW
‘unit capacity is adopted for all 600 MW or 1arqer.units re-
quired in 1988 - 1990), and as lcng:as thé xesgrvé capacity is
conce;hed, Case 2 requi;es aﬁ éxtra.instailatién of 300 MW (or
about 223 x 10° LE of construction cost of an equivalent ther-
mal éQWer plant).

- Thus, both Cése 3 énd Case 2'are.téchnica11y possible for
a stahlé powér Suppiy With-possible_reSeth éapacities;“ aAnd
,ther@fore, for Sin&i Poﬁer Plant to be commissiongd in 1988/
29, Case 1 or 30@ Md x 2. units, requiring smaller reserve

capacity, should be adopted from the econonic point of view.
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Economié Comparison between 300 MW x é'Uﬁits_and_sod MW x 1
Unit | |

In deterhihiﬁg thé unit.capacity for the present projec;,
an.écénomic cOmparison of Case 1 and Caée 2 was made by the
generating cost (ﬁilliméé/kﬂh) |

The results are shown in Table 4- 22

The qeneratlng cost at P/S transformer end ié ~8.23_
millimeés/kWh with Case 1 and 8.30 mlllimes/kwh with Case 2,
and Case 1 of 300 M X 2 is more economlcal than Case 2.

Case 1 is more advantageous than Case 2 in the cofrparison
of the annual operable hours of 300 MW x 2 and 600 MW x 1.
| The salablée energy at consumer end is 3,700;2 GWh with
Ccase 1 and 3,467;4 GWh with Case 2, and the annual revenue is
56,7 million LE wifh Césé.l and 52.9 nillion LE with Case 2,

and Case 1 is more advantageous, in this point too.
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Table 4~22 Generating Cost Comparison betwéen |

300 MW x 2 and 600 MW x 1

, Unit Capacity MW
Maintenance Period days
Forced Outage 'days |
Availability s
Annuél Gross kWh =~ % 106 kWh
Statibn.Setyiée Loss . %
Annual Available X 106 kWh
Energy'af ?/S‘Tr.'ﬁna .
Plant Efficiency %
Construgtion_Cost _ xHIOQ_LB

exoludihq_T/L -

Fuel Calorific Value kcal/kg
Fuel Consumption x 16> ton
Unit Price of Fuel  1LE/ton

' 6

x 10 LE

x 106 LE

Fuel Cost ..
Operation & Main-
tenance Cost
Administration Cost x IDG_LE

. ) 6
Depreciation % 10" LE
Annual - Cost pd 106 LE
Generating Cost  Millimes/kwh

at P/S Tr. End
T/L and D/L l.0ss %
Saltable Eﬁetgy

at Consumer End X 106 kWh
Salable Unit Millimes/kWh
Price

Revenue/kWh Millimes/kWh
Annual Revenue b4 106 LE

860 x E

‘Formula

100X (365-B~C) /365
A % '8.760 % D/100

E % (1 - F/100)

HxJ _# 100

KRrLx 107

I x 0.02

I % 0.005
/30
M+N+O+P

0/G x 10°

G x {1 - §/100)

VxTx 1073

© Case 1

Case 2
'320x2 638 x 1
43 52
29(8%) 36 (10%)
80 15
4,485.1  4,191.7
6.25 6.0
4,204.8  3,940.2
39 39
464 .2 441.0
6,500 6,500
©1,521.6  1,422.0
4.9 4.9
7.5 7.0
9.3 8.8
2.3 2.2
15.5 14.7
34.6 32.7
8.23 8,30
12 12

3,700.2  3,467.4

23,556 23.55
15,32 15.25
56.7 52.9
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Conclusion

ii,

iii.

With respéct,to (1) tesérve'capaci£9,‘CaSe‘l can realize
the same éhpply réliabiiity as Case 2, with about 300 MW
smallexr reserve capacity.’

In the economic comparison in (2),-a1though the construc-
fion cost Qf Case 2 is 5§ lower £hap Casé 1, the generat-
ing cost of Case 1 of 8,23 milliméé/kwh is more édvaﬁtége~
ous than Case 2 of 8.30-mi111més/£ﬁh. And, thé énhual
salablée energy is 3,700.2 GWh ﬁith Ccase 1 and 3,467}456Wh
witﬁ:Case 2, aﬁd the annual revenue is 56.7 million LE and
52.9 million LE, respectively, and Case 1 is more advan-
tageous.

Thus, with Case 1 o6f 300 MW x 2 units; nore flexlblé'épé-_
ration and maintenance are poasible than with-CaSeﬁé,”ahd
the supply reliability is higher.

In conclusion, even though both the cases are not much

. different ecoh@mically, it is recommendable to adopt 300

MW ox 2 units for this Project from the view points of less

rYeserve capacity required, lower generating cost and more

flexible operation in the total Egypt system.
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THE SCOPE OF THBE PROJECT .

This Project cov’érs the coal-fired thermal power plant of 300
MW ox 2 units,.the harbor for imported coal, the transmission lines
from the power plant to the intérconnecting point in the existing
grid and other appurtenént facilities,

That is to say, the following Ffacilities will be included in

this Project, .

Access reoad, land reclamation, embankment; intake and dis-
charge facilities of condenser cooling water systen, seawater
desalination plant, boiler, turbine-generator and auxiliaries,
coal unloading and transportation facilities, ash disposal faci-
lities, drainage water treatment facilities, fuel oil facilitiés,
coal stérajé yard, ash disposal pond, serviée building, machine-
shop} warehouées, transmission lines and substation facilities,
communication facilities, fire fighting facilifies,"all safety
meaéures,_etc.

The minimum reguired facilities for future extension of 600 MW
plant, namely, : land recilamation, coal unloading and transport
facilities, and intake and discharge facilities will be included

in the scope.
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ENVIRONMENTAL MEASURES
Basic Conception of Environmental Matters
In considération of environmental impact of the construction

of the thérmal power plant, the environment of the construction

- site, 1living conditiohé, reliability of technology of pollution

control, construction ¢ost, etc. will be judged overall, and the

most effective and economical pollution prevention measures will

- be taken.

In connection with this'Pr&ject, the preésent situation regard-
ing- environmental problems in Egypt are takén into account, and
countermeasures égainst atmospheric polluEiOn,:'hot watef dis—
charge, waste water treatment including oil ieakage, noise, and
ash disposal waste water are considered.

Air Pollufion Countermeasures

The greatest problems of alr pollﬁtion with a coal-fired éhér--
mal power plant are dust and socot (SO.) prdblems.

The countermeasurés are described in the following.

1)} . bust Countermeasures
Generally speaking, with pulverized cocal-firing boilérs,
ashes mayfbe divided into bottdm ash fallinq;into clinker
hoppexrs of boilers. énd fly ash caught at air preheaters and
duét collectors, the ratios of the ashes being roughly 15 to

25% for bottom ash and 75 to 85% for fly ash. Therefore, in

this Project, dust collecting apparatus will be installed to

catch fly ash and prevent ash from scattering from the stack.

There -are mechanical dust éollectors and electrostatic dust

collectors, and for this Project, the electrostatic precipi-

tators wiil Be adopted in coﬁsiderationlof these high collect-

ing capacity.
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Size of pust

Dust Collector Type Particles Collected
Electrostatic | Latger than 0.05
Mechanical ‘ Larger than 10

Soot Countermeasures

Regarding soot problems, the influence on the environment

- of sulfur oxides (SOx)_dug to c¢combustion of the sulfur content

in coal was studied on the basis of criteria in Japan,
Generally, theé influence on .the environment. of sulfur
oxides in exhaust gas can be judggd from the relation between
max imum grouhd concentration of 50, and the environmental
quality standard value for Sox.- The maximum ground concent-
ration of SOx in this Project, when calculated by the Sutton-
Bosanquet formula is 5.4 x'l{)~2 ppn that the environmental

quality standards of Egypt and USA EPA are amply satisfied.

Warm Water Discharge Countermeasures

The temperature of the condenser cooling water will rise 7°C

through the condenser. This warm water will be cooled down to the

temperaturé of the surrounding seawater by mixihg'and heaf dis-

sipation to the atmosphere.. Relatively high discharge velocity

will bergdopﬁed in an effort to increase the mixing dilution ef-

fect and to limit the affected area by the warm discharged water.
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4-5-4 Treatment of Waste Water Cdntaining 0il

In general, problems in waste water tréatment at”h'thermal

power station are with water from stacks,'aif prehéatéfs and boil-

ers during periodic inspections, discharge of regeneration water

from the water treatmént plant, and waste water ftOmaarOund the

light oil equipment containing oil. ' The counterméasures for these

are described below.

1}

2)

Countermeasures for Stack, air preheater and boiler wash water
These wash water discharges are of fairly high pH values

at the early stages of washing., The wash water is led to a

neutralization tank and neutralized te about pH 7.0 through

injection of caustic soda (NaOH), after which it is dischatged
to the_discharge'tunnel.
Countermeaéures for Regeneration Water Discharge from Water
Treatment Plant

Of the water discharged daily, the greatest volume is made

up of the regeneration water from the water treatment plant.

This effluent water is produced at the time of regeneration of

ion-exchange resins, and is alkaline.
The effluent is led to the neutralization tank, neutraliz-

ed thréough injection of sulfuric acid (Héso4) oY causti¢ soda

(NaOH) , and discharged to the discharge tunnel.
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