6.7 Uiilitics

6.7.1

List and descriptions of the components

Natural gas, oxygen gas, nitrogen gas, plant air, industsial water, potable water, circulation
water, sea water, sewerage water, and fire hydrant

The facilities are described as follows:
{1) Natural gas

Natural gas from the govémmem gas control system located next to the Steel Complex
will be received at the bauéry point in order to meet the requirements of the Steel
Complex and will be supplied to each plant through a pipeline.

(2) Oxygen gas, nitrogen gas and plant air

Oxygen gas, nilmgen gas and plant air will be generated by an air separation plant and an

air compressor plant installed in the Stee} Complex.
(3) Tndustria} water and potable water

Industrial water and potable water will be supplicd from the desalination plant. Potable
water will be supplied directly through a pipeline to consumers by pumps which are
installed in the desalination plant.

Industrial water will be received at the raw water reservoir and stored. Most of the
industrial water will be supplied as make-up water for the cboling water system of each
Process. '

Industrial water will also be sﬁpp]ied to the fire hydrant system from the reservoir,
(4} Cooling water system

Cooling water is used in the Steel Complex (o cool the steel production process.

Two (2) types of cooling systems are used in the Steel Complex.

On¢ is the indirect cooling water system {ICW system) which is not contamninated in the
processes, because cooling waler is cooled indirectly via a wall of equipment such as heat
exchangers, tubes, water jackets,

The other one is the direct cooling water system {(IDCW system) which is contaminated in
the process, and dust, scate and oils are included as contaminants.
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Contaminants are separaled by means of sedimentation, filtration, floatation, dehydration,

ete.
Both cooling systems are re-circulated after being cooled down by the cooling system.

The closed type cooling system consists of plate type heat exchanger made of titanimmn
plate and sea water used as a cooling nedium.

Sea water

Sea water will be fed from Sohar port. The sea water intake system to be located at the raw
material berth wilt consist of a bar screen, a drum screen, circulation pumps, chlorination
equipment and clectrical equipment, .

Sea water will be pumped by circulation pumps and delivered to the Steel Complex

through a pipeline. Sea water will be used as a cooling medivm in the Steel Complex and
then discharged outside the breakwater.

Waste waler

Waste water from the water recirculation system wilt be quite littte and waste water from

the Steel Complex will be almost the same as sea water quantitatively and qualitatively.

Sewerage water

Potable water is used for dsinking, washing, in the canteen, etc. and discharged as live
sewerage.

Live sewerage will be gathered by the pump.ing station located in each office and plani and
transferred to the sewerage water treatment station in the Steel Complex.

The treated water will be re-used in the Steel Complex for plantation and slag cooling.
Fire hydrant

The fire hydrant supply system localed in the raw water receiving station will supply water
1o the outdoor fire hydrant system as per the requircments of NFPA,

Yard piping system
A yard piping system is required to connect supply systems, plants, re-circulation system

and discharge systems.

The pipeline will generally be installed on a pipe rack for easy maintenance.
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Potable water, waste water and firc water main will be laid underground.

6.7.2 Natural gas

{1) Specifications

The specifications of the natural gas system in the Steel Complex is as follows:

- Receiving guantity

- Receiving pressure
- Impurily

- Other composition

-L.HV. MJ/Sm’)
- Pressure
- Standards

- Instruments

: Max. 66,000 Nm’/he,

Av. 54,000 Nm/hr

: 4.0+ 0.1 kg/em®
: None
: Heavy hydrocarbon (C5+) < 0.1 mol.%

Sulfur {as H;s) <5 ~ 10 ppm

1 364

: 4.0 kgflem?

: APl recommended practice 521,1990
: Explosion proof type

(2) Description of process and equipment

Natural gas from the government gas control system ltocaled next to the Stect Complex

will be received at the battery point in order to meet the requirements of the Steel

Complex and will be suppliéd to each j)lant through a pipeline.

A flow sheet of natural gas is shown in Figure 6-7-1.
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6.7.3  Gases (oxygen gas, nitrogen gas and plant air)
{1) Specifications

Oxygen gas, nitrogen gas and plant air will be generated in the Steel Complex.
The specifications for oxygen gas, nitrogen gas and plant air are as indicated in Table 6-7-
1

Fluctuaticns of oxygen gas and nitrogen gas consumption will be absorbed by the liguid

tanks,
Table 6-7-1 Specifications of Oxygen, Nitrogen and Plant Air
ftem Oxygen gas Nitrogen gas Plant air
Supply quantity (max.) (Nm'/hr) 2,000 3,000 10,600
Generating capacity (Av.)
(Nm'he) 6,000 3,000 10,000
Generating pressure (kglem?)’ 20.0 6.0 6.0
Supply pressure (kg/cm?) 150 6.0 6.0
Purity ' ' ,
(%) 99.5 99.99 oit free
Noise level of equipment < 95 dB(A) at } m distance from machine side

- (2) Descsiption of process and equipment

Oxygen gas and nitrogen gas will be generated by cryogenic type air separation plant.

Both gases will be pmducbd‘as‘liquid gas and are stored in liquid tanks respectively.

Both gases are evaporated by vaporizers as per the reguirements of each plant.

Plant air will be generated by air comprcssofs and will be supplicd to consumers in the
steel complex.

The flow sheet of gas generalion system is indicated in Figure 6-7-2.
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6.74 Water
(1} Industrial water

1) Specifications
(a) Raw waler receiving station
Industrial water is made by the desalination plant which is insialled in the Steel
Complex and is stored in the raw water receiving station and then supplied to the
plants as make-up water,
The quality of make-up water will be same as that of product walter from

desalination plant and is indicatcd as follows:

-Make-up water quality and sopply conditions to each plant.
pH: 7.
TDS : < 110 mgflitter
Total hardness : <20 ppm as CaCO3
Chloride iron : < 50 mgft as CaCO3
Turbidity: < L.ONTU
Supply capacily : 200 m’/h
Supply pressure : 3.0 kg/em’

(b) Yice hydrant system
The fire hydrant system will be prepared as an out door hydmant system as per
NEPA

2) Descyiption of process and equipment
(a) Raw water receiving station .
The raw water receiving station is indicated in Figure 6-7-3.
A reservoir in the raw watéf receiving station will have a capacity of 3,000 m® and
this basin will hold about 20 hours consumption in case of water shortage.
Industrial water will be supplied to the each plant directly and chemical dosing
will be done in each plant depending upon the required water guality.

(b) Fire hydrant system
The system will be supplied from the reservoir,
It is pressurized all the time as a system.
The fire hydrant system consists fire pumps (motor and engine driven with battery

charger), a jockey pump, a pressure tank, fire hydmants, hoses and a fire water
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main pipe.

(2) Potable watct

®

Potable water can be supplicd from Sohar municipality pipcline, but a cornecting pipetine
of about 5~7 km is required between an existed pipeline and the Steel Complex.

Potable water will be miade by the desaiinalion. plant together with industrial water which
is installed in the Steel Complex and stored in the storage basin,

After chlorination, potable water will be supplicd to the plants through a pipeline

Cooling water systein

In order 10 reduce consumption of industrial water, two counter measures are taken in the
Steel Complex.
These are :
- Closed type re-circulation system
Indirect cooling water (ICW) is not contaminated in the pfcccsscs, so it is cooled down
and treated chemically, then re-circulated.
Direct cooling water (DCW) is contaminated in the process, and scale and oil are
included as contaminants.
Contaminants are separated by means of sedimentation, filtration, floatation, dehydration,
etc.
Cooling water for the above sj,’st'ems is cooled down by heat exchanger using sea waler
as a cooling medium instead of a cooling tower in order to reduce evaporation of cooling
waler.
Blow down is nceded in order to eliminate condensation of salinity of circulation water

and the use of heat exchangers will serve this purpose.

- Change to other cooling medium

* Sca water

A part of the indirect cooling system will use sea water as cooling water directly,
But corrosion and scale formation will happen in the ceoling system due (o higher
salinily in the sca water. Material selection, application of cathodic protection, dosing
scale inhibitors in the sea water etc. will be taken as countermeasures to eliminate these
problems.

+ Air cooling

All air conditioning system will be cooled by air. -
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1) Specifications

The 1ICW and DCW systems are as follows ; the flow sheet is indicaied in Figure 6-7-
4

~ (a) ICW system

The ICW will be used as a cooling medium for the plant and will require such

chatacteristics as anti-corrosion, non-scaling and non-slime growth so that the

system may be operated without any trouble,

- Chemical dosing is required for the ICW system to eliminate problems.

- A closed circuit using a heat exchanger will be employed instcad of a cooling
tower that may cause evaporation and condensation of circulation water.

- Sea water will be used as a cooling medium for heat exchangers.
Temperature risc of sea water : < 7.0 deg.C

- Required cooling water quantity for each ICW system is indicated in Table 6-7-

2.
Table 6-7-2  Required Cooling Water Quantity for Each [CW System
Required Cooling Water Required Cooling Water
Plant name Quantity Quantity (Emecrgency)

(b} (o)

Direct reduction planl 500 , 0

Lime calcining plant 8 0

Electric arc furnace 5,200 1,600

Ladle fumace 435 100

Conlinuous casting machine 1,363 288

Bar rolling mill 1,000 150

Air separation plant 600 0

Total 9,106 2,138 ]

- The required make-up water quantily : 0.3% of circulation water ICW),

(b) DCW system

- The same as ICW system

- In addition to the ICW system, water quality will be controlled as follows:
Suspended solid  : < 10 mg/l
Qil 1< 5 mgfl
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- Required cooling water quantity for cach DCW system is indicated in Table 6-7-
3.

Table 6-7-3 Required Cooling Water Quantity for Each DCW System

Required Cooling Water .Required Cooling Water
Plant name Quantity Quantity (Emesgency)
(m*h) m*h)
Direct reduction plant 2,500 0
Continuous casting machine 1,440 0
Bar rolling mill 1,200 0
Total ' 5,140 0

(¢) Bstimation of the required make-up water
The balance between raw water and circulation water are calculated as per make-

up water ratio plus the water loss in the plant and indicated in Figure 6-7-4,

{d) Water recovery ratio
As an index to the technologically advanced situation for utilization of water, a

- water recovery ratio is employed.

Water fccovcry ratio (WRR)
= [( Recycled quantity - Make-up water quantity} /( Recycled quantity)) x 100

Water recovery ratio (WRR) in this conceptual plan is calculated as pes Figure 6-
7-4 and the result is as follows:

Circutation water=9,106(ICW)f5,!40{DCW) %14,246 m'/h

Make up water + potable water = 169 + 20 = 189 m*/h

WRR = (14,246-189)/14,246 = 68.7 %

Some steelworks in Japan have maintained a WRR = 95 - 96 %.
The conceptual plan has already exceeded this advanced level.

2) Descn'ption of the process and equipment
(a) ICW system
- System selection

Five types of ICW system are mainly used in the steel industry and their features
are indicated in Figure 6-7-5.

6.7-10



®

Type-4 is employed in GCC countrics and North Africa to reduce the
consumplion of  industrial water.

Type-4 is a closed circuit system and cooling water (re-circulation water) is
subject to evaporation, condensation and contamination from particles in the air
tike open type cooling tower systems (Type-1 and Type-2).

So, Type-4 has lower consumption of industrial water than other Types and is
applied in this project.

- Chemical dosing system
» The chemical dosing systcm consists of corroston inhibitors, scale inhibitors,
and an inhibitor of bacteria growth and coagulation regent if required. Alt
chemicals are dosed automatically.
s Corrosion speed is monitored by an on line monitoring system.
The target corrosion speed is less than 4 millfyear,

+ Monitoring of scaling speed and bacteria count will be done periodically.

- Emergency waler system
* Emergency waler system during power shutdown will be rcquiréd for furnaces
and continuous casting machines so that eguipment witl not be damaged from
higher temperatures,
* Emergency water will be supplied from the head tank using gravity flow before
the diesel drven pump is operated. It takes about 1 ~ 2 minutes to start the
diesel driven pump after the power has shut down.

+ The holding capacity of the head tank will be a minimum 8.0 minutes.
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Figure 6-7-5 Types of ICW System in Operation mainly in the Steel Industry
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6.1.5

(b) Direct cooling water system (DCW system)

Sca waler

DCW will be contaminated in plants during direct cdoling by scale and oif.

Bricf explanation of system is as follows:

(Refec to Figure 6-7-4,)

DCW is discharged to the scale pit and the coarse scale is separated by settling,
Then, waler is transferred to the sedimentation basin and scale and oil are
separated so that water can be fed to the pressure filter.

After filtration, DCW is cooled in the heat exchanger and re-circulated.

In some arrang;tmems, settled scale in the sedimentation basin is removed by crab
bucket cranc and is dricd on a slidge drying bed. Dried studge is removed
periodically to the damping area.

Backwashed water from the pressure filter is stored in the washing pit for about 4
hours where floating suction pipes can suck only supernatant water, and then is
transferred to the sedimentation basin.

The settled sludge is transferred to lhiékcner and is allowed to thicken. Then, the
thickened studge is transferred to sludge drying bed.

il is collected by oil skimmer, thickened by the oil-water separation tank and
then stored in the oil tank.

(1) Sea water requirement for the Steel Complex

Estimates are as follows:

1} Flow quantity

Required flow quantity is estimated in Table 6-7-4.

Table 6-7-4 Required Quantity of Sea Water for the Steel Complex

Steel Complex I8 Power station
(In case of GT/ST combined
e . B : cycle)
Flow quantity (m*/h) 25,000 m*/h 25,000 m'h
184,000,000 m’/year -
~__Unitconsumption 153.0m’/t-steel product 120 m*/MWh

2) Sea water quality
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Sea water temperatare {max.) : < 35 deg.C

{2) Situation of sca water at plant site {Sohar)

)

2)

b

2)

Flow quantity

Sea water is available in Sohar port.

Seca water quality

Sea water sample was taken in Sohar port for analysis.

Marine pollution bulletin No. 27 was received from Ministty of Regional &
Environment.

According to the above bullelin, data of sca water temperature around Sobar area in
1992 was  indicated on map.

Sca water temperature in 1992 is read from map and is indicated in Table 6-7-5.

The maximum design temperature of sea water in Sohar will be 35 deg.C considering
the maximum sea water temperature of Ghubrah power station.

Sca walter around Sohar port can be used for (he Steel Complex.

Table 6-7-5 Sea Water Temperature around Sohac in 1592

Sea water temperature from map ]

[Larly summer _30degC

Winter C22degC

Source: Marine potlution bulletin No. 27

(3) Explanation of facility and clarification of scope of work

Explanation of factity _

Sea water will be led from raw material berth through an underground water channel
to the sea waler pump station which will be located a part of material berth and then
sea water will be pumped up to the Steel Complex,desalination plant and power
station, ' .

Hot sea water will be discharged to the outside of breakwater so that temperature of
intake water does not rise due to mix with hot sea waler,

Configuration of sea water intake system is indicated in Figure 6-7-6,

Clarification of scope of work
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The required facilities will be divided into two parts, one is lo be prepared as
infrastructure and the other one is to be prepared by the Steel Complex.

If big projects have surplus electric power ‘a’, sea water intake system for power
station would not be required in the Steel Complex. The facility which would be
affected by infrastructure prcparali'on is mentioned as Sca water intake system-1I and
the facility required for the Steel Complex is mentioned as Sea water intake system-1.

* The scope of work also is summarized in Figure 6-7-0.

Y_ Steel Complex

- * ~n A M
Ba e fo e Fo Be B A B
JFPower station for the p-———
Stect Cooplex * ]
P

. Sea water
Breakwatee Outfal
A A A A A AN A .
s . I.Al. FO D B A S q.& Lot X
P €a e & o, Sea water o Sohac ko AT AT AT AT ATAT AL
ARG} Teake Systemd latake System-11° X NALNTNT NS
ARG YaaTa wln e d s utside of breakwalersRry s
B A AV A m A A AT A=A AATAT A A ACACATACAZATANASAS A ARA A A A Y A A A AT AT AT ASATALNLASALA A AT AL AL ALA
Infrastruciure Sieet Complex
EATK K X K
o B Ao by Fe -
PRRPUR AP e
v 8- dy o b BL
Sea water fow sheet MR NPNPNINEN

Figure 6-7-6  Sea Water Flow Sheet

(4) Conceptual design of the sea wates intake system
The specifications of the sea water intake system to be installed in Sohar are as follows:

(2) Design critexia
- Raw sea water .
» Design condition : 30 deg.C
s Maximum allowable temperature : 32 deg.C
» Suspended solids : < 5.0 mg/l
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- Intake capacity
* Intake capacity is indicated in Table 6-7-6 and the capacity of the civil
structure for sea water intake sysiem-1 is designed as 50,000 m’/h considering

future expansion.

Table 6-7-6 Intake Capacity of Sea Water

Sca water intake Sea water intake
system-1 systern-i
Steel Complex Power station
{In casc of GT/ST
.| tombinedeycle)
| Intake capacity (m*/hy | 25000} 25000

- Intake sea waler quality
s The qualﬁy of sea water affects the pretreatment efficiency of the R-O type
desatination plant and is clbsely related 1o the membrane degradation, it also
creates biofouting of plale type heat exchanger in the Steet Complex.
« Jeltyfish, oil balls, sea weed, etc., will be removed by mechanical equipment
such as curtain walls and screens.
* Biological growth shalt be chlorinaied in order to free from biofouling.

» Inflow of suspended solid shall be minimized.

(b} Tybe of sea water intake system
Since the sea water intake system will be equipped within a breakwater in Sohar
port, a curtain wall typé is selected as per Table 6-7-7 and a drum type screen is
-~ selected from Table 6-7-8 respectively.

In this conceptual design, the structure of ihe suction’ basin and pump chambers
which are located afier the screen will apb]y the structure of identical ones which
are operating in good condition in other countrics. But a:l the execution stage, a
physical nmiodel test or hydraulic simulation shall be done in order to opilimize the
intake siructure so that the best flow approach to the pumps will be obtained. If
such optimization is not made, abnormal flow such as swirling flow, surface
vortices, submerged vortices, etc. may happen and may cause trouble for the
pumps and the intake syslem,

The sea water intake system is shown in Figure 6-7-7.
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Table 6-7-7  Comparison of Water Intake System in Sohar Porl

Quiting

1. Occupied arca

~ _7§111all

Berth  Curtain wall
L rr
f N
1 ==X
. ] -
+_

2. Water intake

Sohar port will have sufficient depth
and widih at the mouth to be secured 1o

avoid an inflow of surface water

___Buricd pipcline
PRI, v SUUSS—

——

o

Small

Possible to (ake clean and low
temperature water from a depth below

alayer of discontinuity.

3. Wave

Breakwater will be available surround

pott. There is no influence of wave.

the port. There is no influence of wave.

Breakwater will be available surround

4. Inftow of
suspended solids
{sand)

Since the inflow velocity is low |
(approx. 25 cnvs), sedimentation in the

channel and pﬁ nsp Qi'l wilt be small.

Since the inflow vetocity is low
(approx. 20 cnvs). the inflow rate of S5

is small.

5. Volume of

intake water

Easy to accommodate a large volume

of watcs.

Easy (0 accommodale a large volune

of water.

6. Environment
a. Aguatic biota

b. Scenety

Since the construction in Sohar port, no

impact are expected.

7. Obstruction for

hoat_s__

Since the construction in Sohar port, no

impact is expected.

Not possible to stop in front of intake

facility.

The intake head is an obstacle for

passing boals in Sohar port.

9. Maintenance

Maintenance is done easily.

Maintenance of the intake head is very

difficult due the location.

i 1 Q._Conslruction

Construction cost is small.

Conslruction cost is high.

§1. Others
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6.7.6 Wasle water
(1) Specifications

1) Drainage quantity and quality of waste water

Waste water is divided into two types and the details are as follows:

(a) Hot sca water
Sea water after passing through the cooling system will be discharged as hot sea
waler.
- Quantity:
The maximum discharge quantity : 25,000 m’*h
- Quality
There is no contamination in the steel complex.

The maximum lemperature rise is less than 7.0 deg.C.

{b} Live sewage
Potable water is used for live purposes in the Steel Comiplex such as for drinking,
washing, in the canteen, cte. and discharged as live scwerage.
) - Quantity:
The maximum discharge quantity : 20 m'/h
- Quality

Qualily of sewerage water is specified as foYlows:

Quality
Yo Before treatmeal Treated water
BOD{mg/) 200 20
88 (mgh) 250 50

(2) Description of equipment

(3) Hot sea water
Hot sea water is discharged from cooling system and is gathercd in the
underground pipe which is made of steel and tar epoxy coated. Then, the hol sen

waler will be discharged outside of the breakwater by its own pressure.

(b} Live sewage

Live sewerage will be gathered by the pumping station located in each office and
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plant and will be transferred to the scwerage water (reatment station in the Stee!
Complex.

Live sewage is treated by the activated sludge process as shown in Figore 6-7-8.
Waste water is removed from suspended solids, which are easy ta separate using a
grit chamber and flow control basin and is introduced into the aeration basin.

The aeration basin is the heart of the activated sludge process.

The waste water is mixed with the activated sludge retuined  from  the
sedimentation basin and is acrated.

The waste water is scparated into supernatant treated water and setled sludge in
the sedimentation basin.

While some of the scitled sludge is returned for rcuse in the acration basin, the
excess sludge is discharged to the sludge storage basin and wilt be disposed.

The supcrnatant treated water will be re-used for plantation and slag cooling in the

Stecl Complex.
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6.7.7  Organization and personnet

Organization of the utility section is one of the scetions in the maintenance and utilitics
depariment.
Maintenance of utililics requires specific knowledge and understanding about systems as a

whole and the pheromenen of vatious gases and chemicals, therefore maintenance persons for

daily maintenance are included in the utility section.

A total of filty eight {58) persons are required for the utility facilitics and the details are
indicated in Table 6-7-9.

Table 6-7-9  Organization and Personncl of Utility Facilities

Utility Section | Assistant | Engincer Foreman Assistant Worker
Manager | Scction Foreman
Manager
Operation

(shilt) 2%4 B4
(day) 1 1 i 2 0 0

Maintenance 0 0 1 1 2 9
Totat i ! 2 3 10 a1 &)

6.7.8  Equipment list and drawings
(1) Equipment list
Major cquipménl for utility facilities are shown in Appendix A6-7-1.
{2) Drawings

Layout drawings of utitity facilities are enclosed in Appéudix A6-7-2.

1) Figure A6-7-1 Layowt of Air Sepa;’ation Plant and Plant Air §}
2) Figure A6-7-2 Layoul of Desalination Plant and Water Receiving Station ‘
3) Figure A6-7-3 Layout of Water Treatment Station-1 for SMP and CCM

4) Figure A6-7-4 Layout of Water Treatment Station-II for BRM

5) Figure AG-7-5 Layout of Sea Water Intake System-I

6) Figure A6-7-6 Layout of Live Sewerage Treatment Station
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6.8 Maintenance Shop

6.8.1

6.8.2

Oatline

Maintenance should be so planned that operation work in each plant will be kept smooth and
be able to perform their production plan without equipment trouble.
The study team visited in the st field survey, Raysut Cement Co., Oman Mining Co., Sharq
Sohar Steel Rolling Mills, Ghubrah Power and Desalination Plant. Al of them told us that
they had enough maintcnance capability as well as necessary staff.
In this project, the maintenance shop with the nccessary number of engincers and skilled

workers will be also indispensable for smooth and steady production activities.
Organization and manpower

For the purpose of smoothly achieving maintenance work, a department consisting of the
following 4 sections would better be organized to take charge of all the maintenance work as

the Maintenance and Utilities department.

Maintenance & Utilities Dept.  ———— Maintenance coordination
—— Mechanical maintenance

- Electrical maintenance

L Ultlities

- Maintenance coordination scction takes charge of overall coordination among sections
concerned about shutdown schedule, mainlcnancd budget control, etc. In addition, this
section is responsible for drawings, lubsicating oil and overall coordination of repair work.

- Mechanical maintenance and Electrical maintenance sections take charge of maintaining on
plant equipment with close contact ‘with cach plant. Budgeting for spare parts and
consumables, and al? kinds of repair work are important jobs, In addition, the job of
electric power distribution is included in the Electrical maintenance section.

Repair shops including the car repaif éhop will mainly come under the control of these
sections.

- Utilities section takes charge of smdoihly supplying necessary power for each production
plant. At the same time this section performs not only mwonitoring of operations but

planning the maintenance of equipment including budgeting.

6.8-1



Table 6-8-1 Organization and Personnel of Maintenance Shop

SM ASM | Engincer Forcman Assistant Worker Remarks ]
o foreman |
Mainlcnance -
coordination | 1 3 1 2 Drawing control
! —
1 i 3 - 1 2
Mechanical | Porl - Ixl 1x4 1x4
maintenance |1
DRP 1 ix1 Ix4 2x4+1x1
1 .
1 SMP 2 Ixl 1x4+2x1 Ix4+4x1
{
BMP (2 Ix1 Ixd+1xl Fx443x1
1
M. 3 1x1 ixl 4x1 Hydrautic unit
Repair 1x1 2xt 15x1 Machining and Steel fabrication
1
1 5 3 6 24 63
Elcctrical Port - Ixl 1x4 x4
maintenance | 1
DRP | ix1 1x4 2xd+1x1
1 1
SMP 2 1x1 1x4 Axd+4x1
1 .
1 1x3 ixd Ixd+3x1
BMP
1 ! 1x1] 1x4 3x4
Power :
1 2 Ixl 2x1 10x1 Overhaul at maintenance shop
E. 1xi ixl 5xt Cable, Comununication
Repair
1 2 ¥x1 3xt Txl
Instru.
1
1 7 9 8 26 78
Utilities Water ‘
1 1 1 1x1 1x4 4x4 Water treatment
Gas ’
1 1x1 1x4 4xd Gases
Maintenance
ixl 2xl 544
1 1 2 3 10 1
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6.8.3  Maintenance shop cquipment

In order to waintain all the plant equipment, periodical epairs, major repairs and sometimes
cmergency repairs are required.  “These repairs chicfly involve replacement of worn or broken
parts.  The removed parts shall be sent to the repair shop for welding, machining, ctc. and

then stored again as spare pants.

The equipment in the maintenance shop shall then comprise the following in order to respond

to the serving cycle.

- Machinery

- Equipment to assemble and disassemble machines

- Equipment for steel structure, piping and welding

- Equipment for repairing and testing electrical equipment and instrunentation equipment

- Equipment for minor repairs and the checking of vehicles

{1) Machine shop

Main equipment will be as follows:

1) Lathe Im 1
2) Lathe 2.5m i1
3) Lathe Sm 1
4) Milling machine !
5)  Slotting machine : 1
6) Shaping machine ;o1
7} Boring machine M
8) Radial drilling machine 1

(2) Overhaul and assembling shop
@ T_h'is shop will be provided with a 200t herizontal press, assembly surface plate, etc.
(3} Steel frame shop

The steel frame shop shall be equipped with ending rolfs, radial dnalling machines and
various types of welding machines.
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(4) Rlectrical repair shop
Machines such as a winding wmachine will be capable of repairing 100kW DC motor and
200 kW AC molor. Testing devices which would be purchascd by cach ptant shall be
centrally controlled.

(5} Vehicle repair shop

Repair equipment will be capable of camrying out inspection and minot repairs.  Medium

and major repaics will be carricd out by outside companies specializing of in car repair.

(6) Maintenance service vehicles

Some double cab trucks and crane trucks will be provided for common use for the

maintenance work in all sections.
FEquipment list

Equipment list is shown in Appendix A6-8-1.
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6.9 Analysis and Inspection Facilities

6.9.1 OQulline

Analysis and inspection facilities will be installed for the Stecl Complex and be used for

carrying out quality control work including routing analysis of DRI, molten steel, cast billets,

and finished products.

‘The analysis and inspection facilities will consist of two groups of cquipment: onc for analysis
needed for the steel making process and caw materials and the other for physical and
metatlurgical inspection of semi-finished and finished products. The first group of equipment
will be installed in a building (called the analysis center) to be constructed beside the Steel
Making plant. The other group of equipment will be instalied in a building (called the material

testing center) to be constructed beside the BRM building.
6.9.2 Basic plan

(l) Quick' analysis is nceded for the steel making process, an analysis of materials such as DRI,
% iron ore, ferroalloy, bumt lime, slag, natural gas, water, and refractories, and analysis of
semi-finished and finished products will be conducled by the equipment installed in the

analysis center.
(2) Physical and metallurgical inspection of semi-finished and finished producis, DRI, iron
oxide petlets, lump ore, bumt lime, and refractorics will be conducted in the material

testing center.

(3) Samples for quick analysis will be sent to the analysis center by the pneumatic

transportation tube from the EAF, LF and CCM shops.
(4} Gas cutting of cast billets will be conducted in the CCM shop in order to provide the
g analysis and inspection facilities with specimens for sulfur print and macrostructure

inspection.

{5) Bars for specimens in designated dimensions and guantity will be provided from the BRM.
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6.93  Facility plan
(1) Equipment for analysis

A vacuem emission spectrometer, a fluorescent x-ray analyzer, carbon & suifur and

nitrogen & oxygen determinators, an inductively coupled plasma analyzer, and equipment

accded for preparation of specimens such as automatic sample preparation equipment for
quick analysis and an abrasive cut-off machine will be installed for analysis in the analysis
center.

(2) Equipment for physical and metallurgical inspection

Equipment for physical and metallurgical tests and sample preparation equipment will be

instalted in the material testing center.
6.9.4 Description of system and equipment

The system and equipment will be installed to eliminate individual diflerences among

operators and also to avoid, as much as possible, complicated manual measuring so that stable

analysis and inspection results will be obtained.
6.9.5 Organization and personnel

The arganization and personnel are charted below.

Table 6-9-1 Organization and Personnel for Analysis and Inspection

Section | Assist. | Engineer | Foreman Assistant Worker Remarks
Manager |Sec. Mgr. Foreman
1 Lab x4 2x4 [OES* & xray
1x1 2x1 2x i : 1x4 |Chemical Analysis
- 1x4 Sample Preparation
1x1 4x1 |Chemical Analysis €

1x1 Gas Analysis
6xl Mechanical Tesls

1x1 2x1 Physical Tests
4xl Inventory & Data Control
1 1 2 2 6 33 Total 45

* Optical Emission Specirometer
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6.9.6  Equipment list

Appendix AG-9-1 attached hercto shows Equipment List of Analysis and Inspection Facilities.
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6.10 Transportation Facilitics in the Stecl Complex

6.10.1

6.10.2

Outline

Transportation facititics in the stecl works include transporting and storing of scrap, limeslone,
additives, refractories, clectrodes, slag, mill scale, waste materials and others required for
keeping the production of approximate 1,200,000 tons per year of bar products.

Equipment on intra-works transportation will be independently provided as follows.

- Movable equipment such as mobile crancs, forklifts, shovels, ete. for unloading and loading.

- Transportation equipment such as slag pol carriers, dump trucks, trailers, flat deck tnicks,
cte.

- Warchouses and storage yard for inconing raw and other materials,

- Truck weighing equipment required to weigh purchased materials and rolled products.

- Special purpose vehicles, automobiles, elc. required in the works.
Intra-works transportatien low

Main routes of material transportation flow and amount of handling in the steel works are
shown in"l"able‘6.10-l. Scrap will be imposted, and unloaded at Sohar port. Transportation
from the port to the scrap yard is assumed to be done by company dump trucks when a scrap
carrier arrives. As for all other purchased materials such as limestone, ferro-alloys, refractories,
etc., their transportation is carried out from each storage place to re.qﬁircd points.

Most bar products are planned to be shipped from the port by ship, therefore cooled bars will
be transported by trailers from BMP to the port.

l
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Table 6-10-1  Malerials to be transported in the Plant

6.10.3 Description of system and equipment

(1) Intra-works transportation facilities

- Materials Route Vehicle Uy
Purchésed scrap Port-Scrap yard Domp truck 100,000
Charging scrap Scrap yard-SMP -do- 147,000
SMP home scrap SMP-Scrap yard -do- 21,700
BRM home scrap BRM-Scrap yard -do- 26,400
Slag yard scrap Slag yard-Scrap yard -do- 1,300
Limestone Storage yard-LCP hopper -do- 100,800
Additives Warchouse/Storage yard-SMP -do- 59,140
SMP refractorics Warehguse-SMP Flat body truck 15,200
Blectrode Warehouse-SMP -do- 2,300
BRM mill scale BRM—Disposal area Dump truck 9,600
SMP slag (hot) SMP-Siag yard Slag pot carrier 204,000
SMP slag (cold) Slag yard-Disposal area Dump truck 202,700
SMP scale SMP-Disposal arca Durﬁp truck 6,000
Oxide fines PRP Oxide bin-Storage yard Dump truck 48,000:
Lime stone fines LCP hopper-Storage yard Dumip truck 9,900
Burnt lime fines LCP hopper- DRP Fork lift 610 @
DRP studge cake DRP-Disposal arca Dump truck 45,000
DRP classified sludge  { DRP-Disposal area -do- 8,500
SMP dust SMP-Disposal area -do- 20,800
SMP waste brick SMP-Disposal arca ~do- 1,600
Water treated studge Water treatment plant-Disposal érea Vacuum dumper 2,000
Separated oil Water tr¢atment plant-bil company - -do- 600

3

Imported scrap Qvill be unloaded bj; ganiry cranes with lifting magaet, and some of them
will be directly loaded onto dump truck and transported to the scrap )}ard. Remaining,
seraps will be temporarily unloaded on the ground and then lpaded onto dump trucks and
transported to the scrap yard.

Scrap in the scrap yard will be loaded onto dump trucks by crawler cranes with lifting-
magaet and transported by dump trucks to SMP after weighing at the truck weighing scale
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- 6) 111t flat deck truck

()

and dumped into a scrap bucket in the SMP.

Returned home serap from the SMP, the BRM and the slag yard will be transported to the
scrap yard by dump trucks.

Hol slag poured into slag pots from the electric arc fumaces or ladles in the SMP will be
self-loaded by hot sfag pot carriers, transported to the slag yard and self-dumped into the
slag yard,

Limestone will be loaded onto dump trucks by wheel shovels transpoited from the
limestone storage yard to the limestone receiving hopper,

Additives for the SMP will be toaded onto dump tracks by whee! shovels in the additive
warchouse, transported and dumped into the receiving hopper in SMP,

Refractories and electrode will be loaded onto a flat deck truck by a forklift in the
warehouse and transporicd to the SMP,

Major transportation facilities are as follows.

£) 35t crawler crane

2) 2m’ crawler shovel
3) 1.5m’ wheel shovel
4) 1.5 forklift truick :
5) 141 dump truck . 10

LS e T

7) M semi-trailes
8} 60t slag pot cagrict

Lo o= T o T

0} Power breaker :
10) Bulidozer |
11) Crane truck

12) Pouble cab truck

13) Truck weighing station

w R M

Crane tnucks and double cab trucks are mainfy utitized for maintenance work.

Warchouse
Refractories, electrodes, additives and spare parts for this project will be stored at
warehouses in the plant.

Warchouses will be as follows:

1) Warehouse for bricks and electrodes : 30mx 140 m x { bay
2) Warchouse for additives © 30mx 80mx 1 bay
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6.104

3)

@

&)

(6}

M

3) Warchouse for spare parts 30 mx 80mx 1 bay

Serap yard

Sceap is purchased at rcglllar intervals and 20,000 te 30,000 tons will be detivered every
two months or so by vessels. Around 10,000m2 is set aside for the storage and preparation
work.

Storage yard for limestone, {luorspar and Fe-Mn

As these materials can be exposed to rain, a 3,000m2 yard is planned outdoors.

Slag yard

204,000 tonsfyear of hot slag will be dumped by sclf-loading slag pot carriers. To protect
the vehicle from hot slag heat, the slag dumping mount shall be elevated from the slag
yard by one step. A metal reclamation work arca afier cooling, and a temporary stockyard

for mctal and slag shall be also necessary.

Disposal area

As shown in Table 6.10-1, a large amount of waste will be generated from each process in
the steel works, and must be disposed of seimewhere oulside the works but as close to the
works as possible.

Truck weighing equipment

3 weighing stations wilt be installed for purchased scrap, charging scrap, shipping
products, ete.

Organization and personnel

Manpower requirements will be detenmined in accordance with the transportation work. A 3-

shift job will consist of scrap handling and hot slag handling in the SMP operation, and

product transportation from BRM to storage area in berth. Other operations will basically be

done by one shift.

The transportation section will be included as ene section in the Purchase and Transportation

department (PTD). The warehouse job will not be included in the transportation section but in
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other sections in the P,
The organization and personnel of the Transportation section is shown in Table 6-10-2.

Table 6-10-2  Organization and Personnel of the Transpostation Section

SM | ASM 3 Specialist Forcman | Assistant Worker Remarks
foreanan
1 i 3 Ix1 3Ixd+2x1 Txd+16

6.10.5 Equipiment list

The equipment list is shown in Appendix A6-10-1.
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6.11 Administration Facilities
6111 Oulline

The constiuction and installation of such administration facilities listed below shall be
considered.

(1) Main office

(2} Training center

(3) First aid

(4) Security office

(5) Fire station

(6) Site offices for;
- Direct Reduction Plant
- Steet Making Plant
- Bar Rolling Mill Plant
- Maintenance Shop

(7) Parking arca

(8) Other

6.11.2 Basic design

The basic design and system of cach facility shall be made in accordance with the

international codes and requirements of local practice and regulation,
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6.12 Civil and Building Woik
6.12.1 Qutline

Civil and building work will cover land preparation and all foundations and building items
required for the construction and installation of such steel plant facilities inchuding utilities,
roads, drainage and administration facilities as are specified in General Layout of Dircct

Reduction Based Steel Complex. The contents of the work is summarized as follows:
(1) Civil work

1) Land preparation

2) Foundations for bu.ildings and struclures

3) Foundations for equipment and machinery

4) Pits and culverts for piping and cable

5) Cellars _

6) Slabson gmdcs

7) Yard preparation for scrap and slag storage, and waste disposal
8) Roads and paving

9) Drainage systems for rain water, waste water and sanilary sewage
{2) Building work

1) Provision, fabribalion and erection of structurat steel
2) Reinforced concrete structural buildin 2
3) Roofing and siding
4) Floor and wall finishings and ceilings
' 5) .Doors and windows
6} Mechanical and electrical work for building, such as
(a) Potable water supply system -
(b) Hot water supply system
(c) Sanitation system
(d) Firc fighting system
(e) Ventifation and air conditioning
(f} Power distribution system
(g) Lighting system
(h) Fire alarm system

(i) Lightning proofing system
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() Intcrnal communication system

6.12.2 Design basis

6.123

‘The design basis for foundations and buil'dings shall be established in accordance with the

relevant clause of the Tatest issue of international codes and standards and their equivalents,
Description of foundations and buifdings
Items of foundation and building work for the following plant facilities shall be considered.

(1) Land preparation including gate and perimeter fence
{2) Raw material handling facility
(3} Direct reduction plant facility
(4) Stecl making plant facitity
(5} Bar rolling mill plant facility
{6) Lime calcining plant facility
(7) Electric power and distribution facility
{8) Uiilities
1) Water trcatment station
2) Natural gas receiving stalion
1) Water intake and discharge
4) Sewage treatment station
5} Desalination plant
{9) Maintenance shop
(10) Analysis and Inspection facility
(11} TFransportation facility
(12) Administration Facility
{13) Road and paving

(i4) Dra'inage' systems for storm watér, waste water and sanitary sewage

6.12.4 Foundation and building lists

The foundation and building for each plant facility and administration facility shall be
listed in Appendix 6A-12-1.
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Chapter 7. PRESENT SITUATION AND FUTURE INFRASTRUCTURE PLAN

7.1

Port and Port Facilities

The present situation and future plans for Sohar port are fnvestigated as follows:

Sohar port is p!'anncd to be one of the most important parts of the infrastructure for the
industriatization of northern Oman, According to the master plan, the construction work will
be completed in the year 2002, As electric power station, a petroleum chemical plant, and an

aluminum refinery are also planned to be constructed behind the port.

I the original plan of Sohar port, the approac.h channe! and the turning basin were planned to
have same depth of —15 m. However, in the present plan, the depth has been changed to —-16.5
m for lhe'appfoach channél and —16 m for the turning basin due to the condition changed to

that the Steel Complex will be constructed at the back of the port as shown in Figure 7-1-1.

At the back of the phasc 1 port area, an exclusive quay wall for the Steel Complex, one war
material berth for 100,000 DWT and one product berth for 20,000 DWT and one product
berth for. 1'0,0.00 DWT are p.lanned to be constructed along 700-m long waterfront line. The
location of berth would ensure a very efficient handling of cargoes toArom the Stecl

Complex.
It is not confirmed yet whether there isa plan to provide tag boat scivices, oil supply services

and other services. However, it is naturally expected that there services will be available at the

time of opening of the pori.
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7.2 Road

The existing road condition is investigated as follows:

Trunk road (Route 1) runs about 4 km southwest of Sohar port, connceting Muscat and GCC.,
However, access from Route 1 to the Sohar Port construction site is a potential problem,
Though a two-lane paved road is available from Route 1 up to existing Majis jetty (which is
about 2 km south of the proposed Steel Complex Site), there is no road between the Maijis jetty
and the Steel Complex. Nevertheless, it is naturally expected that an access road will be also
construcled as part of the port development plan, At the Complex side, a cannection road from

an access road to the Steel Complex would be considered.

7.2-1



&



7.3 RElectrical Power Supply

(1) Power capacily in Sohar region

D

2)

3)

4)

After a site investigation it was concluded that the power capacity in Sohar region is not
sufficient for the Steel Complex. MOEW docs not have plan to provide the required
power to the Steel Complex.

A pover generation plant for the Steel Complex nceds to be constructed by the Steel
Complex or byl the prfvatc sector with a capacily grcd!cr than 200 MW,

In Sohar, other big projects concerning petrochemicals, an oil cefincries and an
aluminum smelters are planned and there is a possibility that one of the big projects
would have surplus electeicity.

In addition to the abave, this power gencration plant would be connected to the power
supply grid between Muscat and Sohar (including Wadi Jizzi pover station)} with at
132 kV line within a couple of years by the Government. If it is connected, the Stee!
Complex would be able lo overcome the difficulties for normal operations of the Steel
Complex, and to have a higher short circuit level (fault level). Total power generation
capacily supplied by the network will be more than 2240 MW by the year 2004,

With the above measures, a short circuit capacity of a min. 3000 MVA - max. 6,000
MVA could be obtained, and flicker compensation equipment to minimize vollage

fluctuation could be reduced.

(2) Conuec(idns at 132 kV between Muscat and Sohar (including Wadi Jizzi power station) at

present are as follows;

1
2)
3)
4)

Wadi Jizzi P/S to Sohar &8 : in operation |
Sohar S/8 to Khabuzah /S (about 60 km): tender will be issued by July in 1998

‘Khaburah S/S to Masanaah S/S (about 60 km) : under design

Masanaah S/S to Muscat System : in operation

(3) Wadi Jizzi power station

1)
2)
3)
4)
3)

6)

Total generation capacity : 278 MW, 334 MW by end of year 1999

Demand : Max. 300 MW (in Summer) min. 90 MW(in Winter)

Fuel : Natural gas { and ol for emergency}

Type and GT frame size : Gas turbine frame No-3 x 3 sets and No-6 x 8 sets

Fault level at 132 kV : Max.1283 MVA | min. 397 MVA at present. 2500 MVA in
2015

Generation cost : 7.6 baiza /kWh
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{4) Sohar sub-station

1
2)
3
4)

Total transformer capacity : 2 x 125 MVA
Average demand : 100 MVA

Max, demand : 124 MW (in Summci’)
Vollage variation : 132 kV to 126 kV

5) Frequency variation : 50 Hz to 49.3 Hz

6) Frequency stoppage (power failure) : twice a year (in past 3 years)

(5) Applicable tariff structure

1} Domestic and governmen? consumers

Stab (kWh) Rate Baiza /kWh
00000-03000 10
03001-05000 s
05001-07000 20
07001-10000 25
above 10000 30

2) Commercial consumers

3)

4)

Flal rate of 20 baiza fkWh

Industrial consumers

(a) Within specified industrial areas
Summer months (May, June, July and August)
Winter months (Sept. to April)

{b) In other areas
Sununer months

Winter months

In Dhofar region : Summer months (April to July)
Winter months (August to Maich)

Agricultural and fisheries

Up to 7000 kWh
above 7000 kWh

7.3-2

24 baiza fkWh
12 baiza /kWh

24 baiza /kWh
16 baiza /kWh

10 baiza /kWh
20 baiza fkWh




®

5y Hotel Mtourism
00000-03000
03001-05000
above 5000

{6) Master Plan Study for the Electric Power Sector

13 baiza /kWh
15 baiza /kWh
20 baiza /kWh

Maximum demand for electricity and plans for future generation are shown in Table

71-3-1.
Table 7-3-1  After Modification by Actual Data -1997
' Unit 1 MW
1997] 19984 1999 | 2000 | 2001 2002 2003 | 2004 | 2005} 2006 | 2007
Peak demand 1373 1447 1521 1 16881 1790] 1890] 1987 | 20658 { 2134] 2206 | 2277
Net supply capacity 1406 15511 1645 | 1833 | 1928] 2022 2157} 2241 | 2241] 2335 | 2411
Reserve margin 1406 ] 1551 1645 | 1833 1928] 2022 2157 | 2241 | 2241 2335 | 2411
Firm generation 1311] 1456] 15501 1738 ] 1833] 1927] 2062 | 2146 | 2146] 2240 | 2316
Balance of firm generation | -62 9 29 50 43 37 15 83 12 34 19
to peak demand : : _ '
Rusail /8 500.4] 594.5]| 688.6| 782.7| 782.7] 782.7| 782.7] 782.7| 7831 783 |782.7
Future expansion 94.1 | 94.1 | 941
o (GT-7)] (GT-8)} (GT-D)
Ghubra P/S 537 | 537 537 537 | 537} 537 | 484.5] 473.6] 4714| 474 j4736
Future expansion -52.5] -105
' o 94.1
Manah P/§ 86.4] 86.4| 86.4 ]| 86.4 | 86.4] 86.4 | 180.5] 180.5] 181 181 |I80.5
*uture expansion 94.1
. wr4l
Barka P/S 0 0 G R 94.1 | I8B.2] 282.3]| 376.4| 376 376 {470.5
Puture expansion. 9411 241} 94.1 | 94.1 94.1
: (GT-D] (GE-D] (GT-3)] (GT-4)] (GT-5)
Wadi Jizzi P/S 281.8] 281.8] 333.21 333.21427.3] 427.3| 427.3] 427.3| 427| 521 |5031.6
Future expansion 51.4 ‘ 94.1 94.1 |-17.8
(GT-12/13) (GT-14) (GTiS)|(GT-1)
Expansion total 94.1 | 145.5] 94.1 {iss.2f 9417 94.1] 8322 94.1 | 76.3

Source : MOEW
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1.4 Waler

7.4.1

7.4.2

History of development

In Oman, the habitants share in the benefit of many wells for water supply as well as the
Faraj Systems, a kind of intake system from ground water zone, which arc in service even
now to supply water to rural arcas.

Water consumplion in the Muscat area is increasing year by year, an advanced desalination
project was established to _conslnict the first desalination unit at Ghubrah due to increasing
demand for waler, which was completed in 1976. ‘The total capacity is now 35 MIGPD.

In 1989, the Governmeiit of Omém started to take an active interest to control waler
resources 1o restrict both new well drilling and free intake of water from existing wells.
Recent Government policy on waler can be seen in the Fifth Five-Year Development Plan

(1996-2000} summarized in the following section.
Government policy

The Plan aims towards the provision 6f potable water for all residential areas by the year

2005.

The Plan objectives regarding the potable water seclor are as follows:

- lﬁcreasing the production of waler in order to meel the requirements and demand of
various regions and ensure the batanced distribution of water.

- Furthering the private sector role in the ficld of potable water through its participation in
the operalion, maintenance and implementation of water projects and related works.

- Providiﬁg new sources of water from ground water reserves or by establishing water
desalination plaats.

- Rationalizing water consumption through media campaigns.

- Reducing water loss to 15% the following years.

The main objectives of the Plan concerning the water resources sector are sumimarized as

follows:

- Balancing water uses and renewable resources, and conserving water resources from being
depleted and polluted.

- Providing water for industrial, commercial and agricultural uses within the limits of the
available resources so as to achieve sustainable devetopment.

- Enhancing the role of the private sector in developing water resources.
The privatization program in the Fifth Five-Year Development Plan includes the following
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7.4.3

water projects out of 11 projects :

- Muscat waste water project

- Salalah wastewaler project

- Water desalination and power generation plant at Barka
- Water desalination project in Al Ashkara {Fi.rst phase)

- Utilization of (he water of Al Masarral Basin
Water resources

Compared with the other Gulf Coast Countries, Oman has mountains in the central part of
the country providing comparatively large amounts of rainfall, and there are many well
fields for natural water supply. _

In the Muscat area, however, watéf demand has increased in recent years along with
modernization of the area, and Ghubrah Desalination Plant is now operating with 35
MIGPD water production in atotal of 6 units which were commissioned in 1997, Well water
is restricted to 20,000 m’/d for resources conservation.

In the Sohar area, well water is supplied to the residential area and also Sohar Industrial
Esiate. . _

Total amount of well water is 8000 m’Al (8 wells x1,000 m’d) at present and a desalination
plant will be constructed in fature along with area industrialization.

An expanded potable water distribution network is planned to reach most residential areas
by 2002.

7.4-2
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7.5 Natural gas

1.5.1

7.5.2

Natural gas rescrves

Gias ficlds are located at Yibal, Bank, Saih Nihayda, Séih Rawl and Fahud

Total natural gas reserves in Sultanate of Oman is as follows :

Bxpecied 25.4 TCF (non-associated gas )

Proven 17.7 TCF (non-assaciated gas )

The net balance of Associated gas over next 25 years is approximately zero,
Source : Sohar and Salalah gas supply study , (Long term gas supply plan for Sultanate of
Oman) : Revision 2, February 19928

[Definition}: Expected: (50% chance ,50% chance will be tower)
Proven: (85% chance, 15% chance will be less)
Natural gas exists under ground but needs to be recovered economically.
A 50% chance means that 50% of the reserves could be recovered
economically.
A natural gas exploration program is in hrogress which seeks to confirm if the reserves are
more than 35 TCE.

Natural gas production and its uses
(i} Historical production and utitization of Non-associated gas

Historical production and utitization of Non-associated gas is indicated in Table-7-5-1.



Table-7-5-1 Historical Praduction and Uiilization of Non-associated Gas

(Unit; Million scfd)

Production Utilization
Non-associated gas ]| Domestic & industry |7 Qil ficld injection
1991 166 146 20
1992 179 170 9 @
1993 201 192 9
1994 219 198 2]
1995 222 - 205 17
1996 243 226 i7

Source: PDO -as suppticd to MOG 30711197 Refl:ALG/126/97

(2) Natural gas and forecast

The forecast for natural gas demand from 2000 to 2020 excluding the Steel complex is
indicated in Table-7-5-2

Compared with past production amount, demand for natural gas will increase G}

significantly. The forecast includes major projects for LNG, urea, the aluminum smelter,

poly-olefin and others.

The LNG project represents one of the basic foundations of the economic

diversification strategy from oil to gas and the export of LNG will start from 2000,

Howvever, the steel complex project which uses about 90 Million scfdl of natural gas is

not included due to the F/S stage.

As per the forecast, natural gas production(expected) could be supplied on demand by

the year 2011, after that the shortage of gas could be covered by new reserves developed

by the natural gas exploration program .

Table-7-5-2  Natural Gas Demand Forecast

(Unit: Million scf/d)

Year 2000 2005 2010 2015 2020 G}
Power 411 603 795 904 1014
LNG 712 959 959 959 959
Industry/Others - 82 493 575 575 466
Total 1205 2027 2301 2411 2438
Scurce: PDO



7.5.3 Natural gas pipeline status
(1) Present

The existing Government Gas Systein provides gas (o the Sohar area through a
combined 20" and 36" pipe line from Yibal to Murayrat and a 16" pipeline from
Murayrat to Sohar. (Refer to Figure 7-5-1)

The South Oman Gas Line (norihem part :16™, southern part: 10" ) is dedicated to
PDO operations and connects Saih Nihayda to Marmul. It is fully utilized.

The supply pressure from Saih Nihayda is 7.0 Mpa.

(2) Future

A new gas pipeline project is included in the Fifth Five-Year plan, the ocutline is
summarized as follows:

- LNG project pipeline
In 1999, two new gas pipelines will be commissioned. A 48" pipeline from Saih Rawl

to Sur and a 28" pipeline link from Saih Rawl to the Government Gas System at
Fahud.

- Sohar pipeline
The supply capacily of the existing transmission system to Sohar is fully utilized.
A new pipeline is pfoposed from Fahud to Sohar to meet long term domestic and
industrial demand reqﬁiremems for the region.
The distance from Fahud to Sohar is approximately 300 km.
Front end design for the planned pipeline is based on a 32" diameter and design work
has already been completed.

The construction of new pipeline is scheduled to be completed by the summer in
2001.

753
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Existing gas system

Sohar pipeline

LNG Project pipeline

Salalah gas pipeline

Salalah

Figure 7-5-1 Natural Gas Pipeline Project
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7.6 Telecommunication
(1) Telephone and facsimile requirements

Approximate requirements for normal telephone, facsimile and celllar telephone for the
Steel Complex will be as follows;
- Telephone : 25 lines
- Facsimile : 10 lines

- Cellular telephone @ 20 lines

(2) Telephone (including celtular) and facsimile services by GTO will be sufficient for the

Steel Complex.
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Chapter 8.  CONCEPTUAL STUDY FOR INFRASTRUCTURE AND UTH.ATIES

8.1 Port and Port Facifities

3.1t

812

Port

As mentioned in section 7.1.1, the government would be rcsponsib!é for the construction of
the new Sohar post, of which a construction project plan has been established on the
condition that the Steel Complex will be constructed in the nearby area. However, it is not
necessary to construct the port solely as a part of the Steel Complex construction project as

the porl facilitics would also serve as support infrastructure for other industries.
Berth and berth facilities

It is assumed that the port facilities such as quay walls would be constructed by the
government and that loading facilities such as unloaders and gantry cranes would be erected

as a part of the Steel Complex construction project.
(1) Cargo volume and ship type

1) Raw materials .
There will be wo lypés of raw matecials, namely: main materials (e.g. Iron oxide,
Cokes ) and auxiliéry materials {e.g. mineral ores, sihicon). Main raw materials
would require different vnloading cranes. On the other hand, auxiliary raw materials
~would be handled by the same crancs used for handling products and are unloaded

at the products berth.

Table 8-1-1 shows cargo volume, ship type, ship size, the number of ships, and berth
for each item. '
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Table 8-1-1  Cargo Volume of the Raw Malerial

o Cargo, Total No, of e
Cargo ; Ship Size )
I Ship Fype Volume Sh Berth Used
em b yolomety) ip Type D.W.T) Shin Ao s et
Iron oxide 1,885,000 Ore cartier 100,000 80,000 24 Raw
. matesial
Sceap 98,500 Cargo ship 20,000 10,000 10 Product
Coke tump 42,000 { ° Cargo ship 20,000 3,000 14 Raw
‘ ‘ . | waterial
Feltling 18,400 Cargo ship 10,000 2,000 10 Product
materials
Yerro- 12,000 Cargo ship 10,000 2,000 6 Product
Mangancse
Ferro-silicon 5,300 Cargo ship 10,000 1,000 6 Product
Others 2,600 Cargo ship 10,000 1,000 3 Product
2} Products _
The prdducts consist of stecl bars only. As a sesult of markeling study, export
destination, cargo volume, and ship type are summarized in Table 8-1-2.
Table 8-1-2  Cargo Volume of the Products
. . No. of Ship
Bxport Cargo Volutne . Ship Size Cargo Volume )
- Ship Type o Entry/Arrival to
Destination (Uy) (D.W.T.) per Ship (ton) Port(fy)
Domestic " 39,000 " Cargo ship 26,000 2,000 20
Kuwait 34,000 | Cargoship 20,000 2,000 17
Bahrain 10,000 | . Cargo ship 20,000 12,000 5
Saudi Arabia 30,000 | ' Cargo ship 20,000 2,000 15
Yemen 130,000 |  Cargo ship 20,000 2,000 65
Jordan - 5,000 Cargo ship 20,000 2,000 3
Syria 10,000 Cargo ship 20,000 2,000 3
Kenya 1,000 Cargo ship 20,000 1,600 1
Tanzania 1,600 Cargo ship 20,000 1,000 1
Pakistan 3,000 Cargo ship 20,000 1,000 3
ASEAN 70,000 Cargo ship 20,000 3,000 24
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(2) Berth arrangement

Judging from the expected volume of cargo, ship type, and the number of ship ansivals,

it would be desirable to provide one berth for handling nxain raw materials and two

berths for handling the products and auxiliary raw materials,

1) Ship dimensions

Table 8-1-3  Ship Dimensions
. Ship Size Overali Length Meulded Full Draft Applicable
S 3
hip Type OWT) (m) Breadih (m) () Becth
Ore carer 100,600 250 40.0 14.5 Raw material
Cargo ship 20,000 165 25.0 10.0 Product
Cargo ship 10,000 137 19.9 8.5 Product

2) Water depth of berths .
Using the formula “Pull draft x 1.1", water depth of the berths will be as foltows:

3)

4)

Raw material berth : waterdepth - 16 melers

Product berth

Berth tength
Single berth

Continuous berth

¢ water depth -

12 meters (for 30,000 DWT cargo ship)

: QOverall ship length + 2 times moulded ship breadth
{Result to be rounded off)

(Result to be rounded off)
However, when the ships are of different breadths, the in-

between distance of the two ships shall not be less than the

breadih of the larger ship.

Arrangement plan

Overall shiﬁ length + moulded ship breadth

The berth length for Steel Complex is about 700 m, Figure 8-1-1 shows the

arrangement plan for one raw material berth and two product berths.
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(1) Berth facilities

Unloaders would be provided purposcly at the raw material berth to handle the
unloading of Iron oxide and Coke laump. The number of unloaders to be provided witt
be two (2) to shorten the time for unloading, thus saving transportation cost, and to take
into account the difficulty in finding measures to cope with the malfunctibning of the
unloader(s). At the produél berlh.'gantry cranes would be provided for the purpose of
loading products and unloading auxiliary materials. One crane can be used both as a
loader and unloader. A total of two cranes will be provided, of which two berths can

share one crane,

The specifications of the cranes are as follows:
.Unloadcr _
There are two types of unloader; the rope troltey grab bucket type and the
continuous bucket conveyer type. The rope trotley grab bucket was selected
because the continucus bucket coaveyer though productivity is high, is more

expensive and repair of damaged parts is very difficutt in Oman,

Type : grab bucket unloader
Capacity : 1,000 vh.
Rail gauge 125 m

Ganiry crane

Type ~ Bridge type crane
Capacity (Max. lifting load}: 20 t
Rail gauge :20m

(4) Calcutation of berth occupancy rate

1} Target occupancy rate
Less than 60%

2) Annual operation days of berth
Annual operation days of berth is taken to be 345 days in consideration to

operation stoppage due to strong wind and waves.
3) Cargo distribution to each berth.

The items among the cargoes listed in the Table 8-1-1 and 8-1-2 will be distributed
as shown Table 8-1-4.
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Table 8-1-4 Cargo Volume of cach Berth

Berth No. 1 (Raw material berth)

Tiems Type of Ship Ship Size Cargo Volume per No. of Ships per
(DWT) Ship{ton) Year
Tron oxide Ore carrder 100,000 20,000 24
Coke lump Cargo ship 20,000 3,000 14
Berth No, 2 (Product berth)
Ship Size Cargo Yolume pe No. of Ships
Item Ship Type (I)I:.\ﬁ') gShip (ton) N per Yearp
Steel bar Cargo ship 20,000 3,000 . 24
Steel bar Cargo ship 20,000 2,000 130
Stec) bar Cargo ship 10,000 1,000 . 3
Berth No. 3 (Product berth)
fiem Ship 'i‘ype ~ Ship Sizg Cafgo Volume per No. of Ships '
| (DWD Ship (ton) per Year
Scrap Cargo ship 20,000_ 10,000 10
l’ettlin& materials Cargo ship 10,000 2,000 11}
Ferro-mangangse Cargo ship 16,000 2;000 6
Fermo-silicon Cargo ship 10,000 1,000 6
Others Cargo ship 10,000 1,000 3

4) Productivity of cargo han‘dlihg

According to the data obtained in Japan, the productivity of cargo handling for

different items is 1aken from Table 8-1-5.
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Table 8-1-5  Productivity of Cargo Handling

Hem Productivity  (tWerang)
Tron oxide 600,
Sceap 60
Coke lamp 200
Tetiling materials 30
Ferromanganese a0
Steel bars 100

5) Calculation of occupancy rate

No. of occupying days per ship X No. of ships pet year
Operation days per year

Occupancy rale =

w Tp

No. of occupying days = . +
Pying cay PxNxTw 24 hours

: Cargo volume per ﬁhip (ton)
: Productivity of cargo handling (ton)
: No. of crane

: Working hours per day (21 hours)

Fz=z>=

: Prepara(ion time {the total time between ship entry the port and starting
operation, and between completion of operation and leaving the port) - 4

hours

The calulated results '_as indicated in Table 8-1-6 below are within the target
occupancy rate for all berths.
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{5) Preliminacy Design of Quay Wall and Crane Foundation

1} Design Conditions

Design conditions will be given in Table 8-1-7.

Table 8-1-7 Design Condilions

Raw Materinl Berth Products Berth
Design Ship Size 100,000D.W.T 30.000D.W.T
Water Depth -16.0m -12.0m
Quay Cope Level +4.3m +4.3m
Tidat Level
HW.L +2.4m +2.4m
M.S.L +{.5m +1.5m
EW.L +0.8m 1+0.8m
DL +ﬁ.0m +0.0m
Surcharge 3.0¢/m2 5.0t/m2
Seismic Force nol considered not considered
Berthing Velocity 12 co/sec 15 cmfsec
Tractive Force
Bollard: 200t 100t
Bil: 100t 70t
Cranc Type Unloader Gantry crane

‘2) Structural Design

In order to ensure an economical, casy and safe construction work, concrete block
construction will be adopted as the structural system for the quay v&al), and steel pipe
foundation will be adopted as crane foundation. - Fig. 8-1-2 shows the typical
section of the raw materials berth construction while Fig. 8-1-3 shows the typical

section of the producis berth construction.
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2.2 Road

The government is proceeding with a plan to construct access road from the existing frunk
road {Rowte 1)} to the port area. In addition, it is expected that main roads in the port area
would also be constructed by the government. Therefore, construction of access reads from
the Steel Complex site to these main roads will be the only concern of the Steel Complex

construction project. Although the details of the construction plan of the main roads within the
porl area is not yet available or still unknown at present, it is assumed that total lincar length of
the roads, which should be constructed as a part of the Stee! Complex construction project, is

relatively short,
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8.3  Electrical Power Supply

8.3.1

Pawer requiremeant

Approximate power requircinent for the Steel Complex will be as follows;

- Maximum demand 1 200 MW
- Average load ¢ 164 MW
- Supply vollage D132 kV
- Number of line s 2-tines

- Short circuit capacity of incoming power @ at least 1500 MVA at 132 kV
Concepiual design of power plant
The conceptual design of a power plant capacity 200MW for the Steel Complex covers basic
mallers, including the power generation system, equipment configuration and equipment
specifiéations.
(0 Dcsign conditions and fuel
E) Désign conditions ‘ _
The conceptual design of the mechanical and electrical facititics of the power plant

will be based on the following design conditions, standards and crileria,

(a) Design conditions

Atmospheric temperature : 50°C maximum, 5°C minimum, 30°C average, 50°C

design

Sea water temperature @ 35°C maximum, 30°C design

Relative humidity : 100% maximum, 40% annual average, 100%
'design

Rainfall : 100mm annual average, 80mm maximum in 24

hour period
Maximum wind velocity : 40 m/s
Number of thunderstorm
days (IKL) : 20 days/year
Elevation : Maximum of 1,000m

(b) Voltage classifications and wiring method
Voltage : 132kV, A3kV, 11KV, 6.6kV, 415V, 240V

8.3-1



Frequency » 50 Nz

Wiring : 3-phase 3-wire system, but 3-phase 4-wire system
' for 415V and 240V
Earthing : Direct earthing system on the primary side of the

power transmission transformer and resistance

carthing system on the secondary side

(c)} Applicable standards and criteria
International Elcclrotéchi)icai Comniission (IEC)
Japanese Electrotechnical Committee (JEC) Standards
Yapan Electrical Manufacturers” Association (JEM) Standards
Japan Electrical Association Code (JRAC) |
Japanese Cable Makers’ Association Standards (JCS)
Japan’s Blectrical Standards (issued by MIT1)

2) Fuel and fuel supply

{a) Fuel _ |
Fuel for the 2as turbines in the combined cycle plant shall be as follows.
* Main fuel : Natural gas {(lower heating vatue 35,800 kl/kg)
* Emergency fuel : Distillate oil (lower heating value 42,915 kl/kg)
Table §-3-1 show the compbsilion and basic data for distillate oil.

(b) Fue! supply
The Ministry of Oil and Gas shall install a natural gas pressure reducing station
and connecting pipelines at the project site. All facilities up to the pressure
reducing valve (and filter) will come under the jurisdiction of the Ministry of Oil
and Gas. The power plant will need gas pipes leading from the pressure reducing
valve. The natural gas supply must meet the plant’'s required
pressure and volume condifions, namely :
* Service pressure : 20 kg/em’
* Service quantity : 42,000 kg/h {per GT vnit)
Main fuel (natural gas) data shows in Table 8-5-20f chapter 8.5.
A distillate oil tank will also be installed to supply emergency fuel to the plant.
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Table §-3-1 Bmergency Fuel (Distiliate Oil) Data

Description Figures

Density - 0.8377
Kinetic Viscosity at 40°C (¢8) 19
Cloud Point (CC) -6
Pour Poini ("C) -15
Su) phtnr (% weight) .44
Ash (% weight ) 0.005
Flash Point ("C) 114
Water Content Nil
Scdiment Nil
HHVY (kIkg) 45,700 {10,918 kcal/kg)

LHV (kl/kg) 42,915 {10,252 kcal/kg)

Source : JICA 1994
(2) Selection of independent system power plant

1) Criteria and system selection :

The sfslem must sﬁpport'sighificant load followup and frequent start up and shut
down functions. It must also mainlain.high thermal efficiency during partial load, to
reduce the consemption of natural gas fuel, while generating electricity in response
to load fluctuations. A combined cycle power generation system which maintains
high llhcrmal'efﬁciency is important because the électricity load becomes the base
toad for the plant. We lherefore recommend the combined cycle for the power
plant.

2) Combined cyclé power plaat outline and characteristics
A combined cycle power generation system uses a gas turbine based on the Brayton
cycle, in which the fuel’s combustion heat is used as the heat source of the high
iemperature cycle. The combined cycle system also uses a Rankine cycle, which uses
the exhaust gas of the gas turbine as the heat source of the low temperature éycle.
The combined cycle system uses these combined cycles as a heat engine to control
the operating temperature, thus improving the total thermal efficiency.
Figure 8-3-1 shows the basic configuration of combined cycle power plant.
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The characteristics of combined cycle power generation system are as follows.

(a) High thermal efficiency
The heat balance chart in Figure 8-3-2 indicates that while the gas turbme s
thermal efficiency is 31% and thermal power generation is 40%, combmcd cycle
power generation achieves a total thermal efficiency of more than 48% at the @
generalor end (at the LHV base: 50°C). The short start up and shut down time
minimizes heat loss, saving more than 10% in fuel costs, when compared with

conventional thermal power plant.

(b) Short start up and shut down time
The combined cycie power plant comprises small capacity units, This ensures a
large tolerance to load changes, and enables a shorl start up time of about one
hour, compared to a iwo or three hour start up tine for conventional thermal
power plants. The combined cycle power plant also enables independent gas
turbine operation, further reducing start up time to 15-30 minutes.

«©) Maximuin output changes with almospheric temperalure
A combined cycle power plant primarily comprises gas turbines, The maximum @
oulput changes with the atmospheric terperature; the lower the atmosphiric
temperature, the greater the generator output (a single gas turbine unit with a
rated output of 100 al 50°C, operating at a temperature of 15°C will prodirée
almost 130 - an output increase of 30%) In contrasi, a steam turbine following a
drop in atmosphenc temperature will increase the quantity of steam generated
by the heat recovery steam turbine generator (HRSG), increasing the maximum
output from that component (a rated output of 100 at a temperature of 50°C will
produce a maximum output of about 110 at a temperature of 15°C).
A multi-shaft, combined cycle plant comprising one gas turbine and one steam
turbine, with a 100% shaft duiput at an atmospheric temperature of 50°C, will
increase output to about 120% when the temperature drops to 15°C.

(d) Low hot water discharge é

The quantity of hot water discharge is 60-80% that of a steam power plant of the
same capacity.

3) Plant dynamic characteristics during load fluctuations
Another strong characteristics of the combined cycle power plant is its excellent

load follow-up capability. Making full use of this feature requires an understanding
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of the dynamic characteristics of the plant in connection with changes in the fuel

ralio of the gas turbine. These dynamic characteristics are as follows:

{a) The gas turbine load will immediately follow-up in accordance with changes in
the fuel ratio.
{b) The BRSG steam generation quantity will include a delay in transmission caused
by ducts and pipes as well as a delay caused by the heat capacity possessed by
~HRSG. The delay will be for a few minutes,
(¢) The steam control valve is kept open, Therefore, the generator cutput will be

proportionate (o steam quantity.

To compensate for the delay in the response of the steam turbine, the gas turbine
must have quick response characteristics within the range of the atlowable change
rate. The gas turbine’s maximum output changes with atmospheric temperatore: the

greater the temperature, the simaller the maximum oulput, These points must also be
reflected in plant operations.

- {3) The Combined Cycle Power Plant System and Basic Plant Structure

1) Combined cycle system

Combined cycle power generating systems are classified depending on the

- combination of gas and stcam turbines, The exhaust heat recovery cycle and
exhaust supplementary firing cycle mainly utilize gas turbines, while steam turbines
are employed in lhe‘i‘,xhaust_reccmbustion cycle, super charged boiler cycle and
feed water heating cycle. ;
These cycles have particular characteristics. The system will be selected with
consideration to plant output, types of fuel, and operating and site environmental
conditions. As exhaust gas temperature increases with rising gas turbine
temperatures, an exhaust heat recovery cycle is the most efficient system.
Figure 8-3-1 shows the operation of the exhaust heat recovery cycle, in which gas
turbine exhaust gas is led to the heat recovery steam generator (heat exchanger
HRSG), where HRSG generates steam lo operate the sleanﬂ iurbine. This is the

simplest of all combined cycle systems and is used at many plants around the world.
The system’s features include;

(a) A high proportion of gas turbine output than steam turbine output.
(b) Increasing thermal efficiency as the gas turbire inlet temperature rises.
{c) Short start-up time,
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2)

3)

(d) Low level of hot water discharge per plant.
(e) Low level of CO, discharge per plant.

The combined cycle system cnables installation of gas turbines in the first phase,
with HRSG and steam turbines added in the second phase as clectricity demand
increases.

As exhaust heat recovery systems promise increased power output and improved
thermal efficiency, this plant structure will be used for the Steel Complex.

Single s'haft and multi-shaft systoms

As Figure 8-3-3 shows, the combination of equipment under the combined cycle
plénl can be classified into either single shaft or multi-shaft. The single shaft system
directly links one gas turbine with one steam turbine by a common shaft to create
one unit, and combining several of these units creates a ltarge capacity plant. The
multi-shaft ss-slem combines one steam tarbine with more than one gas turbine. The
characteristics of the multi-shaft arrangement ate;

(a) Powr;r generation can’ continue 'Qghere HRSG qr: steam lurbine generator stops by
independently operating the gas turbine (GT) (closing the HRSG inlet damper
and operaling the GT outlet Bypdss damper). Independent gas turbine operation
is not possible in single shaft a’rra.ngemenls.‘

(b) As one gas turbine unit and one steam turbine meet minimum load operations,
other gas turbines can be stopped.

(¢) Each gas turbine unit can be started and loaded sequentially. Steam is allowed
into the steam header when the HRSG-generated steam conditions malch those
during operations.

Due to the above mentioned reasons, a mulli-shaft arrangement will be adopted.

Single and cohl'plex (dual) pressure types

The single pressure system has one pressure level (high pressure) for HRSG and
steam turbine. The complex pressure type adds a low pressure steam system (o the
HRSG to éffeclively recover exhaust heat energy and tead low pressuie steam to the
steam turbine’s low pressure section. The complex pressure type has a higher
energy ulilization rate and offeis befier efficiency and energy use economy. A

complex pressure type will be used on this power plant.



4)

3)

Basic steucture of the power plant

The operation of cach unit in an organically combined plant can be controlled,
cnabling swift response to toad changes through rapid start up and shut down, and
ensuring high pattial load efficicncy. The plant utilization rate will increase because

there are few areas for equipment faitvres.

Gas turbine

Gas turbincs are the most important element in the exhaust heat recovery systeim of
the combined cycle plant, accounting for about two thirds of plant output and
having a significant impact on thermal efficiency.

Gas turbines employ high-temperature and high-pressure gas (o make the blades
revolve through an cxpansion process. As gas is not subject to phase changes,
heating atone cannot provide heat encrgy. The gas must first be compressed, so the
turbines incorporate a compressor and a combustion unit. The special features of

the gas turbine are,

(a) There are few rows of blades as the cxpansion pressure deop is small.

{b) High témpcralu'rc gas is used because of the major impact of working media
{empératurc_ on thermal efficiency.

(¢) As the working media temperature is exteemely high, about 1,100°C, an ulira

heat-resistant alloy is used, in association with measures such as air cooling of
the blade.

The special features of the gas turbine power generation system are;

{a) Short start up time of 15-30 minutes for quick response to load changes.

(b) Low construction costs.

(c) Cofnpact, standardized and lightweight plant requires shorl construction period,
and small building, foundation and installation arcas.

{d) Simple operation requires only a small number of operators.

(e) Simple structure and few components ensure high reliability and short open
inspection period.

(f) Requires a smatt amount of cooling water (no treated water is required).
This Steel Complex’s gas turbine design specifications are as follows. As the gas

turbine output will be significantly affected by atmospheric temperature, the design
temperature is set at 50°C and the rated ouiput at 130 MW .
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0)

Type 1 Axial-flow

Quantity : 1 unit

Rated output : 130 MW (at 50°C atmospheric temp.) 163 MW {at 15°C)

Compressor : Axial-flow

Fuel shift . Automatic shift between main fuel (natural gas) and emergency
fuel (distillate oil)

Heat recovery steam gencrator {(HRSG)

The HRSG basic design guidelines are;

* Excellent thermat efficiency

* Ability o performy continuous and long-term operations

* Safely :

Strength and anti-corrasion characteristics will also be considered. Thermal stress
must be examined to ensure the HRSG can withstand the frequent, rapid start-up
and shut down characteristics of gas tuebines. Design considerations and factors
which affect the HRSG's functions are;

(a) Exhaust gas cd_mponcnls

(b) Exhaust gas temperatore and flow rate

{c} Steam temperature

(d) Pinch point temperature difference and approach poih! temperature difference

{¢) Exhaust gas pressure loss

HRSG performance is assessed through boiler efficiency by examining the ratio of
heat output to heat input. Heat output is the amount of heat abserbed through HRSG
working media, white heat input is the amount of heal supplied by the gas turbine
exhaust gas.

HRSG efficiency increases as the HRSG exhaust gas temperature drops. This
requires

a large thermal conductive area. However, large-scale facitities and problems of low

temperature corrosion mean that exhaust gas temperature will be restricted.

Figﬁre 8-3-4 shows the complex pressure natural circulation-type HRSG's main
system to be used for the Steel Complex power plant. The design specifications are
as follows;

Type : Fin tube system natural circulation model (module
structure)
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Quantity : 1 unit

Pressure level 1 Complex pressore
Rated steam flow rate 1 220120 th

Outlet steam pressuee 1 80/9 ala

Outlet steam temperature : 510/230°C

Economizer inlct feed

water temperature : 164°C

Exhaust gas temperature @ 170°C

Exhaust gas pressure loss @ 250mmH,0 {(atmospheric temperature 50°C)
Efficiency : 82%

Nete : The complex pressure system’s high-pressure and low-pressure values are

on the left and fight of the slash respectively,

Steam turbine and condenser

The high-pressure and low-pressure steam generated by the complex pressure

system HRSG is sent to the steam turbine to gencrate power. Exhaust steam from the

steam turbine flows into the condenser and is conveded into waler by vacuum

deacrating.

The feed water purnp increases the water pressure before supplying water to the

HRSG’ s economizer. The steam turbine is designed to mitigate heat stress, and is

adapled to frequent, rapid start up to improve the plant’s thermal efficiency under a

complex pressure system. The design specifications of the steam turbine and

condenser are as follows.

{a} Steam (urbine

Type 1 Water condensing, single flow exhaust system, axial-
‘ flow model
» Cuantity 1 unit _
Rated output ;70 MW (SO"C atmospheric temperature),
83 MW (15°C atmospheric temperalure)
Number of revolutions : 3,000 rpm
Steam pressure in the
first slage 80 ata
Steam temperature in
the first stage 1 510°C
Exhaust steam pressure : 90 min Hg
Efficiency P31 %
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N

{b) Condenser

Type
Quantity

Cooling water flow rate

Condenser load
Inlel temperature
Condenser outlet
temperatore

Degree of vacuum

Generator

. Surface type

: 1 unit

: 25000m’h
130 Gealth

¢ 30°C

: 49°C
: 670 mm Hg

The generator will employ air cooling, and is structured to convert the steam

turbine's revolution “energy into high-efficiency clectrical energy. A quick-

response static excitation system will be used to ensure system stability.

The generator’s design specification are |

Type

Quantity

Rated capacily
Power factor
Voltage
Frequency
Number of phases
Number of poles
Number of revolutions
Insulation
Cooling system
Short circuit ratio
Reactance
Excitalion system
Peak voltage

Response time

: Indoor type, horizontal, axial, cylindriéal, rotary, fietd
winding lype, lotally enclosed air cooling type
: tunit ' '

: 88 MVA (for ST), 163 MVA (for GT)

: 08

: 11,000-15,000 V
: 50 Hz

: 3

: 2

¢ 3,000 rpm

: Fclass (B class leniperaiurc ‘raise used)

: Air cooling (stator and rotor)

: 0.5

: Xd-200 %, Xd’-20 %, Xd*-15 %

: Static type
¢ LS pu
: Less than 100ms (at 95% of peak voltage)

Electrical and control system

(a) Electrical system

Fleclricity generated at the Steel Complex power plant is increased to 132 kV

transmission voltage from the terminals the gas turbine generator and the steam
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generator to the unit transformer. The electricity is then transmitted to the Steel

Complex. Figure 8-3-5 shows the single line diagram.

{b) Conlrol system
Rapid automation of operations has been promoted in the combined cycle
power plant control system in response to such requirements as man-machine
communications to reduce the burden on operators and the need to diversify
and advance operations based on the power supply and demand situation.
Conscquently, the control system shall be built according to the following
concept. Figure 8-3-6 shows an example structure. The figure shows a controel
system for one systcm comprising one gas turbine, one HRSG and one stcam

turbine.

a) Standacdized and distributed control system structure

b) Central operation panel with a compact struclure for single operator control

¢} Load control and unit operation sysiems to suit the large number of plant
units

d) Rational application of digital technologics

{4) Sea water and Wasle water,
Sea water is requiced for the power station and the required facility will be planned as sea
water intake system-H.
Capacity of sea water intake system-1I is 25,000 m*h and is same capacity of sea water
intake sy.ste.m—l for Steet Complex.
The conceptual design of sea water intake system-11 is almost same as in chapter 6.7.5
except the length of the sea water supply pipeline and waste water line. For conceptual

design please refer lo chapter 6.7.3.

Waste water is also the same as hot sea waler of the Steel Complex, so please refer to
chapter 6.7.6 .
Outfall of hot water is also same place of that of the Steel Complex.

{5) Drawing list -
Figure 8-3-1 Basic Configuration of Combined Cycle Power Plant
Figure 8-3-2  Heat Balance Chart Comparing Combined Cycle Power Plant with

Conventional Thermal Power Plant (LHY base, 50°C)

Figure 8-3-3  Comparison of Combined Cycle Power Plant
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Figure 8-3-4

Figure 8-3-5
Figure 8-3-6
Figure 8-3-7
Figurc 8-3-8

System Diagram of Power Plant with Dual Pressure Natural Circulation
Boiler ‘

Single Line Diagram for Combined Cycle Power Plant

Configuration of Control System (Exafnptc)

General Arrangeiment of Combined Power Plant -

Proposed Location of Power Plant for the Steel Complex
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Figure 8-3-1 Basic Configuration of Combined Cycle Power Plant
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Figure 8-3-2 Heat Balance Chart Comparing Combined Cycle Power Plant
with Conventional Thermal Power Plant (LHV base, 50°C)
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GT: GasTurbine
HRSG : Heat Recovery Steam Generator

ST Steam Generator
C: Condenser
G: Generator

Figure 8-3-3  Comparison of Combined Cycle Power Plant
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Figure 8-3-6  Configuration of Control System (Example)
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1 : Gas Turbine Generator Package
2: HRSG '

3 : Steam Turbine Generator
4 : Electric and Control House
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6:132kV GIS

7 : Water Treatment System
8: Fuel tank

Figure 8-3-7  General Arrangement of Combined Cycle Power Plant
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8.4 Raw Water Supply
8.4.1 Potable water

(1) Steel Complex requirements

B

1) Volume of potable water
200 m3/day (200 liters/person x 1,000 persons}

2) Watér quality
Water quatity will be as per the Omanian standard or WHO Guideline for drinking
water quality 1984,

(2) Patable water al the plant site (Sohar)

1} Volume

Sufficient potable water required by the steel complex is available in Sohar.

- @ 2) Water quatity

Data on the quality of potable water was collected and is indicated in Table 8-4-1.

Table 8-4-1 Analysis of Potable Water in Sohar

Tem ) o _ Unit

Origin of watersample | Schar polable water o

Color 1 Clear-colorless .

Temportwe s e

Electrical conductivily i 461.5 1 uSkem

pH .82 ]

| Totathardness L~ 1478 | mgf(asCaCOy |
3 ] | Totelalkalinity | 128 mgfi(as CaCOy |

) fon Y 0.066 ) ~mgil(as Fe)

Source: Sohar Development Office.
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3) Supply facilities |
Potable water is supplicd from the &-wetls (1000m*day in each well) and supply
capacily is 250 m*h . The distance from the existing dislrihulion nel wosk to the
proposed site is approximately 5 km for the 4” and 7 km for the 127 pipeline.

8.4.2 [Industrial water
(1) Fresh water requireiments

1} The volume of fresh water required by the Steel Camplex and the power station is
estimated as follows:
200m’/h, 4,800 m¥/day, and 1,200,000 m¥fyear respectively.
Unit consumption: 1.0mt-steel product x 1,200.000 tfy

2} Water quality
Water guality as make-up water for cooling purposes as recommended by the Japan

lron and Steel Federation is indicated in Table 8-4-2.

Table 8-4-2  Water Quality as Make-up Water for Cooling Purpose

Hewn Recommended value for cooling water

o ~unit {mg/1)
pH 1 <15
BOD i < 1.0
. __cop <20
Turbidity < 10.0 (NTU) B
Total hardness <500degC ]
77777 Fleetric conductivity < 150.008/cm |
M alkaliniy - < 50.0
L Chloride ion o <156
__ Ammonivmion : < 1.0
Fe < 0.5
Free chlorine N <05
'~ Temperalure . < 40degC

Source: Japan Iron and Steel Federation
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(2) Fresh water at Sohar

Fresh water for industriat use is not available in Sohar .

The maximum requircmchl of fresh water for the steet complex will be approximately
5,000 m’day and quantity of TSWis 3,000 m’Alay in Sohar, therefore the needs of the
Steel Complex will not be met.

Installation of a desalination plant for the Steel Complex will be considered for Sohar.
There isa possibi.iily that one of the big projects will have surplus eleciricity and water to

give to other industries.
(3) Required facilities and scope of work

1} Facilities
- One desalination plant
- A connection pipeline for potable water
(For instaliation of a desalination plant, potable water can be supplied from the

desalination plant, therefore, a connection pipeline is not required.)

2) Scope of work clarification
Some facilities will be prepared as infeastructure and other facilities will be preparcd
for the Steel Complex.
If big projects have surplus water, then a desalination plant would be not required
for the Steel Complex. Facilities which will affected by preparation of the

infrastructure are inclnded as the infrastracture and summarized as follows:
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Product water

Industrial water to power sfation

- 4 o 4
Sea water P S S
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Industrial water to the Stecl Complex

Potable water

Reservoir

Potable water

Infrastructure the Steel Complex

A A AAAAMLSMAR
* »

8.4.3 Conceptual design of the desalination plant

pipeline

Speciﬁcaliohs for the desatination plant to be installed in Sohar are as follows:

1) Desalination plants
(a) Criteria
- Raw sea water :
Design condition : 30 deg.C

Maximum allowable temperature : 35 deg.C

Others : As per Table 8-4-3 Sea water analysis in Sohar
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Table 8-4-3  Sea Water Analysis in Sohar

ftem Unit QaIuc

Furbld:ty S B NTU S '-<l.{]

Conduc;lgr;l;;;' sca;ja:ﬂ'_ o M Slcrmr | 54,100

Total dissolved solid (TDS) S mE!I 1 40,500
pH T 8] o
Chloride ion I mgfl 20,500 o

|caciomion mgh | 400

-M;gi;aﬁcs:l‘um ion L-—-m* mg/l 1 t,430

Source . Water sample was collected from seashore of Sohar proposed pont
and was analyzed in Japan on July 15 1998,

- Product water qualaly
Product water quality shall conform to the standard quatity of drinking waler in
the Sultanate of Oman (0S8 8/1978).
Further more, the quality mentioned below shall be cleared.
TDS : < LHO mgftitter
Total hardness : <20 ppm as CaCO,
Chloride iron : < 50 mg/l as CaCO,

- Production capacity : 5,000 m*d

(b) Typé of desalination pfant
R-O (Reverse Osmoc;s) and MSF (Multi Stage Flush) type of desalination plant are
mainly operating in the world, as shown in Table 8-4- 4 which is excerpted from
“ Desalting Plants Inventory Report No. 14” 1996 by International Desalination
Association {(1IDA).
R-O type desalination plant is selected in this Study as per Table 8-4-35,
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Table 8-4-5  MSF vs R-O Compasion

S L. B —

1. Reliability of operation and

maintenance

2. Bconomics

a) Construciion cost

b) Water production cost

. MSPProcess

High rcliability is confinned
through the operatien moords

~ R-OProcess
Few past experiences, some
fatlures occurred; but 1eliability

is significantly inproving.

Ghubrah No.S unit (with power

gencration plant)

49 M.R.O (127 M$)
2.91 baiza/gallon

Same capacity plant as MSF
{(with power generation)
36.1 M.R.O (93.7M%)
1.96 baiza/gallon

3. Delivery time

MSF mily 1 2.5 years

Power plani : 3 years

| {independently)

R-O: about 2 years

4. World operation recopd

68.4 % of Iérgc scale plants by
capacity. .

22.4 % of large scale of plants
by capacily.

5. Operation

Constrained fo power genesation

Free operation due to the
independence of power
gencration and the desalination -

plant

6. Environment

With same capacity as R-O, for
product water and power oultput,
fuel consumption is about 1.5

times R-O process and much

CO, cffluents,

Advanmge of fuel consumption
‘saving to about 2/3 of MSF '
process, including CO, effluence

reduction.

Source: JICA Report 1994 (Barka Power and Deéali.nalion Plant Project) and Mtem-4. World operation

record was updated by “Desalting Plants ln'ventorleepori No, 14. 19956”.

(c) Plant specifications

The main specifications of the desalination plant (5,000m’d) are indicated in Table

8-4-6.
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‘Fable 8-4-6 Main Specification of Desalination Plant

No. Lquipment Q'ty Specification
1W-001 Pressurc filter 5 Filter media: sand
Including: backwashing system Capa: 240 m'/h,
IW-002 | Back Wash Pump 2 Type: Centrifugal
Capa; 300 mYh
IW-003 | Filtrate Water Basin ! Type: Rectangular/RC
Capa: 360 w’
IW-04 |RO Suphly Pump 4 Type: Centrifugal
Capa: 240 m/h
IW-005 | Cantridge Filter 5 Type: FRP
IW-006 | tst Stage RO Unit 3 Type: Spiral Wound RO
Membrane
IW-007 | High Pressure Pump with Pressure 3 Type: Turbine
Recovery Turbine Capa: 70 m'/h, 608 m head
fW-008 | Ist Stage Treated Water Tank 1 Type: Rectangular/RC
Capa: 360 m’
1W-009 ] 2nd Stage RO Unit 3 Fype: Spiral Wound RO
Membrane
IW-010 | RO Supply Pump 4 Type: Centrifugal
Capa: 85 m/h, 30 m had
TW-01t - | 2nd Stage Treated Water Tank 1 Type: Rectangular /RC
Capa: 360 m®
IW-012 | Chemical Dosing Systemi 1
Including:
1-pH Control Unit
1-Chemicat Cleaning Unit
§-Chlorination Unit
IW-013 | Potable Water Tank 1 Type: Rectangular/RC
Capa: 500 m’
1W-014 | Polable Water Supply Pump 2 Type: Centrifugal

Capa: 30 mh, 35 m head

8.4-9




{d) Process outline
The process flow is shown in Figure 8-4-1.

A R-O desatination plant consists of three sections pre-treatment, reverse 0smosis,
and post treatment,

- Pre-treatment
The sea water passes through the pressure filter and suspended matter in the sea
waler is removed. The filter consists of dual layers of anthracite and a lower layer
of finc sand, and is regenerated periodically by backwashing.
The filtered sea water runs next through an adjusted safety filter where remaining
minute particles in the sea water are removed to prevent the membrane from
clogging.

Reverse-osmosis -

t

The sea water is pumped by the high pressure pump at a pressure of 60 kg/em’ and
passcs_lhrbﬁgh ‘the Ist. reverse-osmosis module where 35 % of the water is

permeated through the membrane. The remaining 65% of the brine is discharged g :
as wasle through .an energy recovery turbine to reduce energy consumption,

The quality of the permeated water will be 600 ~ 1,000 mg/l of TDS which is within

the limit of potable water of Oman.

Further more, the permeated water is pump'ed by pressute pump and passes

through the 2nd reverse-osmosis module in order to meet the requirements for the

Steel Complex. ‘

The quality of the product water will be 130 mg/l of TDS.

Past treatment _

The product water will be transferred b'y the pumps to the Steel Complex and the

power s!étion

The product water also stored in the potable water storage basin is dosed, sterilized,

then the transferred as potable water to the Steel Complex and power station. @ :
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