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PREFACE

It is with great pleasure that I present this Feasibility Study Report
.on the Barka Power and Desalination Complex Plant Project to the Government

of the Sultanate of Oman.

This report embodies the result of a fleld survey which was carried out
in Barka, Batinah coast, from January 24 to February 17, 1985 by the
Japanese éurvey team commissioned by the Japan International Cooperatibn
Agehcy'foilowing the request of the Government of the Sultanate of Oman to

the Government of Japan.

The survey team, headed by Dr. Shigeo UEKI, held a series of close
discussions on the Project with the officials concerned of the Government
of the Sultanate of Oman, and conducted a wide scope of field survey and

data analyses.

After the survey team returned to Japan, further studies were made and

the present Report has been prepared.

I hope that this report will be useful as a basic reference for deve-
lopment of the Project, and contribute to the proﬁotion of friendly rela-

tionship between our two countries.

I wish to express my deep appreciation to the officials cbncerned of
the Government of the Sultanate of Oman for their close cooperation

extended to the team.

August, 1985

Sfoud At

KEISUKE ARITA
President
Japan International Cooperation Agency
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CHAPTER 1 INTRODUCTION

1.1 BACKGROUND AND OBJECTIVES OF THE STUDY

1.1.1 Background of the sgtudy

Oman achieved rapid economic growth after 1970 due to increase of oil reve—
nues, with the result that the demand for electricity and water in Muscat
and its surrounding regions soared from year to year. Such_béing'the case,
Shértage in electricity'an& water supplies éppearé inevitable Ey the lafe

1980s.

To avoid this situatioh and‘iﬁ order to smoothly advance its Third 5-Year
Econdmié Development Pfogram.that stafﬁs from 1986, the goﬁernment of Oman
made a plan of construcfing a large-scale power_génerétion'andISeawater
desalination complex plant near Barka in the outskirts of Muscat, and
requested the Jﬂpaﬂésa government - to conduct a feasibility study in connec—

tion with this project.

In response.to the request, the Japan International Cooperation Agency
(JICA) being entfusted by the Japanese government, dispatched a preliminary
survey mission headed by Mr. Kiso Tsuruoka to Oman in order to deliberate
with the Ministry of Electricity and Water (MEW) of Oman on the scope of
the feasibilit& study, and both parties (MEW and JICA) éigned the agreement

of scope of work in carrying out feasibility study on lith, Nov. 1984.

1.1.2 Objectives of the study

The objective of'this feaéibi1ity study is to cdarry out the conceéptual
design of the power and desalination complex plant and its associated auxi-
liary facilities, and at the same time, to check and examine the technical

and financial feasibility of this new project.



1.2 SCOPE AND CONTENTS OF THE STUDY

The study .relating electricity will cover the Capital Area aﬁd the Batinah

coast area, while the study relating water will cover the capital area

only,

{1} Phase I

.

“fhe following describes the scope of the Study, which comﬁfisés two phases:

Phase I comprises 1) reveiw and analysis of existing data and information,

and 2) inspection of proposed sites of thé plant and other comstructions

(transmission lines, substatioms, and water conduit lines).

1) Review and analysis of information, data and reports relevant to

2)

the study.

The social, economic; and industrial development programs im

connection with power and water consumption.
Characteristics of power and water consumption patterns.

Bxisting and planned power plants and water production

facilities.

Existing and planned substation, transmission lines, and water

pipelines.

Existing and planned power transmission, and water supply

system.

Inspection of proposed plant site;will'be made tq'check;

topographical and geological conditions

" soil conditions

tidal and current condition
marine topology and sedimentology
sea water characteristics

environmenta)l effects



3) Field survey and data review of proposed power transmission

routes, and water conduit pipe routes including plant sites.

a. topographical survey
‘b, map review
c. seismic data review

~d. meteorological data review
(2) Phase II

Phase II comprises 1) prélimihary“design of rhe plant and other construc-
tions (transmission lines, substations, and water conduit lines}, and 2)

- economic analysis of the project.
1) Preliminary design of the power plant

a. Selection of number, size, type (gas turbine, steam turbine,
and/or combined turbine), and characteristics of power units,

taking into consideration the optimum ecouomic load flow.

b. Preliminary design of turbines, genmerators, boilers, control

system, communication equipments, and auxiliary equipments.
2) Preliminary design of the desalination plant

a. Optimization study of Multiple Stage Flash {MSF) method versus

Reverse Osmosis (RO) method.

b, Preliminary design of pretreatment, desalidation, and post-~

treatment units.

¢. Preliminary design of water intake facilities, and brine and

waste discharge facilities.
3) Preliminary design of main buildings of the plant

a, Qeneral layout of the plant and facilities

b, Praliminary design of civil and plant structure
4) Preliminary design of tramsmission line and substatioms.

5) Preliminary design of water conduit pipelines design criteria and

determination of route(s).



6) Training program

7) Timing, staging and phasing of the construction of the plant and

auxiliary works,
8) Economic analysis
a. The demand forecasts of power and water up to 1995

b. The estimation of the construction cost of the plant and other

facilities
¢. Estimation of annual operation and maintenance costs

d. Calculation of the cost-benefit ratio. and economic internal

rate of return
9) Financial analysis

a. Projection of income statement, cash flow and internal rate of

return

b. Calculation of adequate price of electricity and water

1.3 EXECUTION OF THE STUDY

In order to carry out this study in the scopes described previously, JICA
dispatched a feasibility study team beaded bf pr. Shigeo.Ueki to Oman
during the period of from January 25 to February 16, 1985. The team con-
ducted field surveys having the contents described below, followed with

surveys in Japan, based on which the Feasibility Study Report was compiled.

1.3.1 Field surveys

Field surveys were conducted by four specialized gfoups.



(1) Deliberation and ‘acquisition of -information and data

Deliberations were held with MEW and information and data were acquired

through. the cooperation of-MEW-aﬁd related organizabions.

(_2)

Visits to various kinds of plants

Various kinds of plants related to the feasibility study were visited, such

as power plants, substations, sea water desalination plants, oil refinery’

and industrial estates.

(3)

Surveying and other activities

1) Surveying of plant compounds

The topograph? and compounds were surveyed at the plant site.
2). Sounding of sea depth.

In order to obtain data necessary for designing the water intake and

water discharge structures for acquiring cooling water for the powef,_
plant's .condenser and feed water for the sea water desalination plant,
the sounding of sea depth in the region surrounding the plant site was

made,

3) "Measurement of sea water temperature and analysis of sea water

quality‘

The temperature and quality of the sea water im the plant sitg region
were measured and analyzed in order to acguire data decessary for
designing the power plant's condenser and sea water desalination

plant.

4) - Survey of water supply conduit route

Survey was conducted to determine the route for the water supply con-

duit by using aerial photographs and through field inspection.



5)

‘Survey of power transmission line and substation construction

. sitasg

Survey was condﬁcted'by-using maps and through field inspection.

.

"1.3.2 Studies conducted in Japan

Various kinds of studies were made in Japan on the bésis_qf information and

data acquired through field surveys in Oman and thosé_acquired in Japan.

The principal items were as follows:

1)

2)

3)

4)

5)
6)
7)

8)

Projection of power and water demands.

Selection of the unit capacities for the power plaht and gea water

desalination plant,-

Selection of the types of power plant and sea water desalination

plant.

Drafting -the preliminary_designs of the ‘power gemeration plant,

sea water desalination plant and théir ancillary facilities..
Drafting the blaﬁt éonstfﬂction s;ﬁeduié;

Estimate of iéquired capital.

Economic evaluation

Financial analysis
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A. SUMMARY

2.1 BACKGROUND AND NECESSITY OF THE PROJECT

‘In the Sultéﬁécé'of’oﬁan tﬁe demands for electric Pcwer'and water have
grown tapidly and are still'grdﬁihgrat_very high pace.Vith'the social and
economilc devclcpmeﬁt of the counﬁfy'énd-the rise of standard of living of
th8-§80p18.7'This will lead to the shortage in. supply capabilities of the
existing power plants and water supply facilities to meet the growing
demands. To cope. with this situdtion the M1nistry of Electricity and Water
(MEW) plans ‘to construct a large scale power and desalination complex plant

near Barka town.

Japan International Ccoperation Agency (JICA), in response to the request
of the Government of Oman, has conducted feasibility study on the above

prdject'and.cdmpiled the results of studies in this report.

This -project is very important for the country, and also it should be
completed_early:aé possible when consldering demand and supply condition,
Therefore, 1t is suggested that the construction work be started in the

{mmediate future.

2.2 PRESENT -CONDITIONS OF ELECTRIC POWER SUPPLY AND DESALINATION

Z;Z.L Existing-powcf'facilities

(1 Power facilities in the Capital area
a) Power statilons

There are three power stations in the Capital area, and thelr
total installed capacity as of the end of January 1985 is 566.] MH

as shown bclow.-
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- FE : Instalied_capacity
Power station Type of plant ' (W)

Ghubrah Steam ‘ 72.5
Ghubrah Gas turbine : 212.5
Sub-total 285.0
Rusail : Gas turbine .. = 249.0°
Riyam Diegel ' _ 32,1
Total . ) 566.1

MEW has a plan to shift diesel units of Riyam power station to
rural areas In the coming one or two years; and td install at
Rusail gas turbine poﬁer station No. 4 and No. 5 units of each 83.0
MW in 1986 and No. 6 unit of 83.0 MW in 1987.

Power consﬁmption-for stétion service ig estimated ét 10.4 MW fof.
Ghubrah power and desalination complex plant and 0.65% of installed
capacity for Rusail gas tulbine power station. Therefore, the
total inatalled capacity. and sending-end capacity in the Capital -
area excluding Riyam power station for 1986 and 1987 will be as

follows:
()

Power - 1986 ' 1987

© Installed Station Sending- | Installed = Station -Sending-
station : : : _

capacity service end cap. | capacity service end cap.

Ghubrah 285.0 1044 274.6 285.0 10.4 - 274.6
Rusail 415.0 2.6 412.4 498.0 3.2 494.8
Total 700.0  13.0  687.0 783.0  13.6  769.4

b) Transmission lines

Two double circuit 132 kV transmission lines run fromthubrah
power station, the one to Wadi Adai substafion and.the other to
Al Falaj substation. Another two double circuit 132 kV lines
run from Rusail power station. They are to Seeb and Ghubrah

substations.
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 The construction of three double circuit 132 kV transmission

lines are scheduled to be started in June 1985.: They are:

- From Rusail power station to Wadi Adai substationm
~ From Rusail powetr station to Barka substation

- From Wadi Adal substation to Wadi Kabir substation

In addition, tender call for the comstruciton of double circuit
132 kV line between Barka substation and Musanna substation is
scheduled to be made by the end of 1985.

33 kV and 11 kV lines are used for power distribution. The
public supply is carried out at 200/240 V, 50 Hz.

c¢) Substations

d)

There are five 132/33 kV substations. of ‘Al Falaj (250 MVA), Wadi
Adai (250 MVA), Rusail (150 MVA), Ghubrah (84 MVA) and Seeb (126
MVA) -

Barka, Wadl Kabir and Musanna substatibns of each 250 MVA are

under ﬁianning.
Interconnection of Musanna, Suwaiq, Rustaq and Mabellah

Plan is bnﬂgoing to supply electricity by 33 kV lines from

planned ﬁusanna substétion to_thrée toﬁné of Musanna, Suwaiq and
Rustaq.' These towns are now fed By diesel power stations. The
interconnection of fhese towns and Mabellah With power system of

the Capital area.is gscheduled to be commissioned in 1986.

(2) Pawer faciliﬁies in the Batinah coast

a)

Power stations

Iﬁ Musanna, Suwaiq and Rustaq there are diesel power stations of
7.4 MW, 6.9 Md and 7.2 MW, respectively. However, MEW .plans to
supply electrlcity to these towns from the Capital area by inter-—

éonnected tranemission line from 1986 as described before.



b)

“Tn the Batinah coast excluding the above towns:;, there:are three
power stations of the total installed. capacity of 65.8 MW as

shown below:

installed-capacityx

~Location - Type of plant e D)
Copper mine- Gas turbine 51.0
Shinas Diesel _ : 3.9
Khabourah ~ Diesel ‘ - 10.9

Total . R . 65.8

Power station at copper mine is équiﬁpéd'withnfhree gas turbine-
generatﬁrs of each-17.0 MH, Of these_thfeé-UHits; one unit-is of
MEW, one unit of Oman Mining Company and thek;emaining one unit
is operated for common use by MEW and Oman Mining Companyo. iﬁ is
planned that two units of each 27.0 MW gas turblie-gemerator
(MFEW) be added to this power station in 1985 and two units of
each 30.0 MW gas turbine*genératdr (Rural Development Committee)
be added in 1986, Therefore, the total installed capacity at
copper mine will increase to 105.0 MW in 1985 énd 165.0 MW in
1986. '

Transmission lines and-Substations

Energy generated by gas turbine power. station at_copper mine is

transmitted from Magaﬁ substation (66/33 kV) to three substations

of Sohar, Saham and Maiis (each 33/11 kV),

Power transmisslon to the Inland area such as Buraimi, Tbri and

surrounding villages 1s planned to be started in 1986,

2.2.2 Existing water supply system

The planned water supply district covered by this Project is the Batinah

coastal area of 70 km from Muscat to Barka.

Up to the year 1976, the water supply to the Capital Area had-bqen depen—
dent on pumping up of underground water only, To meet the rapid growth of

water demand, the first degalination ﬁlant was comstructed in Ghubrah and
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: enﬁered-sérvice in 1977. 1In 19§3t_the No.2 plant was put into parallel
operation with the above No.l piant; The preéeht water production capacity
of the desalination plants .is 47,730 m3[day;

S VIWétér - _CommisQ
o Name of Plant _ - Production sioning
' ' .Capacity. year
Existing - MIGPD m3/d
No.l MSF Plant 5 (22;730) 1977
No.2 MSF Plant - '5;5:(25,000) | 1983
Sub-total | 10.5 (47,730)
Uﬁdér éénétfuction
No.3 MSF Plant 5.5 (25,000) 1986
No.4 MSF Plant 5.5 (25,000) 1986
Sub-Total 11 (50,000) :
_riétal_  7 7 ' 21.5 (97,730)

Note: Watef'pfodﬁdtiﬁh capécity in the table is the average of
T " capacity at high temperature operatioin and capacity at
low temperature operation.

MIGPD = Million Imperial Gallon/day
! Imperial gallon = 0.004546 m3.

At présent, two mofe'blahts of Ho.Blaﬁd.No.é, each with the same capacity
(25,000 m3/day), are being constructed in Ghubrah and scheduled to be put
into commercial operation in March 1986. Consequently, by March 1986, the
total production capacity of all desalination plants will reach 87,730
m3/day. ' ' '

Hogt_oleellé in theicépital Afea_are located at five ground water regioms
of Wadi Adai, Wadi Hatat, Seeb, Mawallaa, and Al Khawd. The ground water
pumping quantity increased to 23,000 m3/day in 1982. But in order to pre-
vent the ground water from contamination by sea water peretrating into the
ground due to excessive pumping, MEW has a policy to maintain the average
groﬁnd water pumping quantity of 22,000 m3/day ag shown in the following
table.



Ground Water Punping PIah'efter"iQSS

Max. Ayefagé . '
bistrict pumping rate pumping rate | No. of wells
(m /d) (m /d)
Wadi Adai 50,000 '10,000 approx. 30
Mawallaa 2;600 | 1,000 3
Seeb 18,060 o 12
Al~Khawd Dam Well Field 22,000 lb,ooo 14
0ld Governmenﬁ Well Field 10,000 | | 20
Rusail 1,000 1,000 2
Total | 103,000 22,000 approx. 80

2.3 DEMAND FORECAST FOR ELECTRIC POWER'AND.WATER

For both electric poweér and water, demand forecasts for the period from -

1985 through 1990 have been established by the MEW.

Demand forecast for

electricity covers the Capital area and the Batimah coast including Inland

afea, while demand forecast for water.is'fbr.the Capital_afea only.

These

forecasts have been reviewed and extended up to 1995'By-JICA study team.

Results of study.are sumnarized as follows:

2.3.1

Demand forecast for electricity and scale of development of the

Egoposed Barka power plant

In the Gapital_erea, peak load grew from 46.6 MW in 1976 to 135.5 MW in

1980 and 340.3 MW in 1984, representing an average growth rate of 30.6%Z per

annum for the period from 1976 to 1980 and 25.9% per annum for the last 4

yvears from 1980 to 1984,

This highmpaced growth in power demand is due

partly to the construction of various kinds of infrastructure and parLly to

the rapid growth in population.

For the coming several years, the following new loads are anticipated in

addition to the natural growth of the exlsting lighiting load:
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~:Growth in industrial load at cement factory, oil refinery and Rusail

‘ industrial estate, etc.

- Newrbulk loéd which'will-bejproduceﬂ with the completion of Qaboos
..university anq its'hpspitaIQIGhubrah hospital, ete.

—'New residential 1oad ‘which will be produced with the completion of

'community projects. _

- Loads in Musanna,'Suwaiq, Rustaq and Maﬁellah in the Batinah coast
which are scheduled to be connected to the Capital area through

expansion of transmission line.

In the northern half of the Batinéh_poast there ‘are load centers of

Khabourahy Saham,'Sohar, Liwa, Shinas, etc.

Power demand ‘and supply palance for the period up - ‘to 1995 in the integrated
power system including the Capital area and the Batinah coast is forecasted

as follpws:-
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(MW)

 Item 1987 | 1988 | 1990 | 1991 | 1992 | 1995

Peak ‘load
Capital area 703 | 840 ‘1,068 1,180 1,270 1,527
Batinah coast - | c191| 2s8). - 288 . 329 . 468

Total (A) 703 | 1,031] 1,326 1,468} 1,599) 1,995

Reserve capacity

Capital avea 82 82! . 82 82 g2t 82

Batinah (copper . .
mine's power plant) - 301 30| 30 30 30
Total (B) 82 | u2| 12| 2| 112 112

Required capacity

(&) + (B) = (©) 785 | 1,143 ] 1,438 1,580 1,711 2,107

Supply capacity

(Existing and under

planning)
Capital area | 769 7691 769 769 769 769
Bafinah (copper | : :
mine's power plant) - 225 225 225 225 225
Total (D} 769 994 994 994 994 954

Demand & supply balance

(D) - (C) -lé -149 ~h44 -586 =717 -1,113

Note: 1. Supply capacity in the Capital area does not include capacity
of the proposed Barka power station. :

2. Peak load of the Capital area includes loads of Musanna,
Suwaiq, Rustaq and Mabellah,

3. Load of Khabourah is included in the load of Batinah coast. -
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4. Expansicn of copper mine's power plant for the period up to
1986 is already authorized. However, it is suggested that
- additional two units of each 30 MW gas turbine—generator be
- installed in 1986/87 near Sohar town to secure demand and -
supply balance in. the’ Batinah_coast before commissioning of the
proposed Barka power station.

From the above table, it is suggested that'the proposed Barka'power station
" be developed with a capacity of more than 150 MW by 1988 and more than 700
MW by 1991 ' ' -

2.3.2 Demand.forécast-fbr_water and scale of development of the proposed :
Barka desalination plant

The demand forfﬁafer iﬁ the'Capital areé has also grown rapidly in the
recent years with the economic development and the growth iﬁ'populatioﬁ.
- The water production increased from’ 4 555,000 m3 (12,400 m3/day) in 1977
when the first desalination plant was commissioned at Ghubrah to 11,177,000
w3 (30, 600 n3/day) in 1980 and 23,488,000 m3 (64,400 m3/day) in 1984. This
represents an average growth rate of 34.8% per annum- for the perlod from
1977 to 1980 and 20.4% for the perlod from 1980 to 1984 0f the total
water productlon in 1984, 82% was produced by desalination plant and the
;remainlng 18%Z by wells.

In .addition to the natural growth of the existing demands, the following

" new demands are anticipated:

- Bulk demands of the Rusail industrial estate, cement factory,

sports~stadium, Qaboos unlversity and its hospital, etc,

"~ New residential water demand which will be produced with the comple~

tion of commul_'_nity préjects at Azalba, Ghala, Bosher, Lansab, etc.

"~ Growth in demand by use of landscaping and by extension of service-

' area.

Based on the existing and under construction facilities, the water demanﬁ
and suﬁply balance for the period up to 1995 in the Capital area is fore-

casted as follows:
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(m3/day)

CItem - | 1985 | 1987 | 1988 | 1990 | 1991 1995

Required water : : _ '
production (Average) . 99,274 | 136,958 ) 155,088 193,596 | 206,8?7 _.260,000

Peak demand in the C SR EEEE R B o : ' .
. gummer season (A) il4,165 (157,500 [ 178,350 { 222,635 | 237,908 1 299,000
Reserve capacity (B) 30,000 | 30,000 30,000 30,0001 30,0001. 30,000
Required supply
capacity : C . :

(A) + (B) = (C) 144,165} 187,500 | 208,350} 252,635 267,908 { 329,000

Water Supply Capaciéy

PN

Wells . : 22,000 | 22,000{ 22,000{ 22,000{ .22,000 22,000

Ghubrah desalination{ 47,7301 67,7501 97,750 | 97,750 97,750 97,750
plant : ) : :

Total (D) 1" 69,730 { 119,750 | 119,750 | 119,750 | 119,750 | 119,750

Demand & supply 74,435 | -67,750 | ~88,600 | -132,885 | ~148,158 | -209,250

balance (D) — (C)

In the Capital area there is no large dam and reservoir, and the shpply of
watef depends mainly on the desalination plant. Therefore, in order to
secure stable supply of water it is necessary for desalination plant to
have additional one unit at least (30;000 ﬁ3/day) ag the reserve capacity,
taking into account.the lowering of supply cépabiiity due to accidents or

scheduled maintenance.

To meet the growing demand for water, Barka degalination plant should be
commissioned with the shortest construction_period_technically possible.

1f construction works are started in May 1986, Barka desalination plant
will be able to enter service around the end of 1988 with a capacity of

9G, 000 m3/day including-réserve capacity of 30,000 m3/day; This capacity
should be increased to 150,000 m3/day includiﬁg reserve capacity in 1991 to
cover shortage in supply capablility of 148,000 m3/day in the same year.
However, when considering the shortage in supply capébility of 209,000
m3/day in 1995, it will be appropriate for Barka desalination plant to be
developed up to the ultimate capacity of 180,000 m3/day by the end of 1990



in accordance with commissioning date of the power plant from vieWpoint of

economy and stability of supply.

2.4 _ SELECTION OF UNIT SIZE

2+4.1 Power plant

In generai, the larger the unit size of the power plant the less the
constfuctionICOst per kW installed. Therefore, it is appropriate to select
unit size as large as possible in the sténdafdized'size;' Howevér, the
selection of unit size of power plant has a close relation with operation
of power'system;' Taking:thésé into account; the 6btimization study on the

unit size of power plant was carried from two positions.

Position 1: Selection of unit size made by attaching the most impor-
' ' tance to’ the economy of Barka power plant which works as

the main power source in the power system.

-Position 2: Selection -of unit size made by attaching the most impor-
tance to the reliability of power system including Barka

and other power plants.

The results of study show that when economy must be respected the most the
selection of a unit capacity of 120 MW is suitable, but if reliability of
power system must be respected by all means it is appropriate to select a

unit capacity of 60 MW.

As described later, the total coéts_(present worth) of the plant adopting
a uﬁit éapacity of 120 MW will be about 5% less than those of the plant
adopting a unit capacity of 60 MW,

However, influence exerted on the power sjétem_by adopting a unit capacity
of 120 MW is larger than that exertéd By adopting a ﬁnit capaciﬁy of 60 MW,
i.e. the frequency drop of the power system caused by fault of a turbine-
generator in the low load period of January and February in 1991 will be
48,75 to 47.50 Hz for the 120 MW unit and 49.17 to 48.33 Hz for the 60 MW

unit.

The freduency drop.?isks to give a grave effect to turbine-generator. In

géneral, the allowable liuit of operation freguency in the 50 Hz power
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system is 48.5 Hz, and frequency drop to 47. 3 Hz will require immedlate
shutdown of operation. Therefore, when fault occurs on the 120 MW unit it
will be necessary to exeeute load shedding in order to prevent overall '
failure of the power system. This means that when reliability and stabi-
lity of power system should be secured by all means it is suitable to-adopt-
a unit eapacity of 60 MW.

2.4.2 Desalination plant

For desalination plant also, it is more economic to select unit size as
large as possible. At present, the largest unit size having performance

record of long~run commercial ‘operation is_around-36,000-m3/day. :

Desalination plant musr beHOperated to cope with seaeonal.veriafion of
Water demand and scheduled maintenance. In the Capital area, seasonal
variation of demand for water is about +15£ of the average demand. The
demand variation in 1995 Is forecasted to be 260,000.m3/day X 0.3 = 78,000
m3/day. Therefore, if unit size of 30,000 mS is adopted, it will be
possible to shut down two units for maintenance in the winter season ‘every
year. Taking these into account, it will be appropriate to select a unit
size of 30,000 m3/day,

2.5 SELECTION OF TYPE OF PLANT

2.5.1 Desalination plant

For desalination plant, comparative study was carried out on the multi—stage
flush evaporation (MSF) process and reverse osmosis (RO) process, mainly

from the following viewpoints

a) Actwal results of commercial operatilon
b) Adaptability to large scale:piant

c) Adaptabiiity to dual purpose plant

d) Operation and maintenance

e) Length of construction period

f) Economy

The results of study show that the both processes have merits and demerits,

i.e. MSF process is superior to RO process in actual results of eommercial

2-12



6peration, adaptability to large scale plant'and also adaptability to dual
purpose plant,'while RO process is superior to MSF ppoceés in.operation and
maintéhéhce, Eonstrﬁhtiéh‘ﬁefioduand economy. Hbﬁé#ét;'MSF prbqéss‘is'bre—
dominant for &esaiinafion.ﬁlants in commercial operatidn and especialiy for
large scale plant such as ﬁhe,ﬁropésed:piant._'Thépéféfé;'it is.conSidefed

suitable to adopt MSF process from viewpoint of reliability.

For MSF‘process, the pérformance ratio 8 was judged the most economiéal
both in the extraction turbine alternative and in the back pressure turbine
alternative. Counsequently, it.is suggested that MSF process of a perf6r~
mance ratio 8 be adopted*for”the desalination plant to be jolntly operated
with the proposed power plant. .

2.5.2 Power plant

The proposed power plant should be,capable to correspond to dally and
seasonal large variation of load on one hand and supply continuously steam
in a giygﬁ:quéntity to the desalination plant on the other hand. Taking
these:into account, comparative study was carried out on the 6 combirations
of power plant and_deéalinatioq plant, i.e._ije—A, Type~B, Type-C, Type-D,
Tyﬁe—E and. Type-F. Turbine~genefators of the power plan{ in each type of

combination are as follows:

Type~A
. Gas/steam combined cycle power plant: 360 MW (Power generation)

3 units of each 80 MW gas turbine-generator
1. unit of 120 MW steam turbine-generator

. Steam power plant: 360 MW (Power  generation
and desalination}

3 units of each 120 MW steam turbine-generator
' Type-B

. Gas/steam combined cycle power plant: 720 MW (Power generation
' and desalination)

7 units of each 80 MW gas turbine-generator
2 units of each B0 MW steam turbine-generator
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Type—-C

. Gas/steam-combihéd cycle power plant: 360 MW (Powér.genergtidh
.. Steam power plant: © 360 MW and desalination)
Same constitution asrType~A power plant. _'
Steam feed pipes of both plants are connected
to supply steam to desalinmation plant
y ep

. Gas/stean combined cycle power plant: 360 MW (Power generation)

3 units of each 80 MW gas turbine-generator
1 unit of 120-MW steam turbine-generator

. Gas turbine power plant: 400 MW (Power generation
: and desalination)

5 units of each 80 MW gas tdrbiné—generator

with heat recovery steam generator for
.desalination plant

-Type-E

. Steam power plant: : 160 MW (Power generatlon
and desalination)

2 units of each 80 MW back préssure steam turbine
. Gasfsteam combined cycle ﬁower plant: 560'Mﬁ (Power generétibn)

5 units of each 80 MW gas turbinevgenerator
2 units of each 80 MW steam turbine-generator

Type-F

. Steam power plant: 180 MW (Power generation
- and desalination)

3 units of éach 60 MW back pressure steam turbine
. Gas/steam combined cycle power plant: 560 MW (Power generation)

5 units of each 80 MW gas turbiné"generator.
2 units of each 80 MW steam turbine-generator

2.5.3 Economic evaluation

For each type of combination of power plant and desalination'piant {types
A, B, €, D, E and F), the total costs (construction cost, operation and

maintenance costs, administration expenses, fuel cost, etc.) incurred from



the beginning of the construction works to the end of service life of the
plant were converted to the present worth as of the beginning of 1986 to

celculate the'foll¢Wing ratio and rate:

Benefit/cost ratio (B/C ratio)

Economic internal rate of return (EIRR)

In prihciple, the purpose of feasibility study is to formulate the most
economical project. Therefore, the project which meets the least cost

solution is recommended as the optimum project.

However when equipment consldered has not enough operation record or there
is a spec1a1 condition in demand pattern these conditions should be taken

into account.

In epite of the fact that.ln the desalination sector RO process is more
economical than MSF process, MSF pfocess was recommended in this study,
considering that MSF process is predominant for lafge scale desallinatien
plant in commerc1al operation while RO process has almost no performance
record For power and desalination dval purpose plant. Also in the desali-
nation sector it was planned to adopt the performance ratic 8 because this
ratio is the most economical both in the extraction turbine alternative and

in the back preSSure turbine alternative.

The épecial'condition in the demand pettetn,is for power generation sector,
_and this problem has a close relation with stab1lity of electricity supply
and reliabillty of plant operation.

The overall evaluation of the preoject including considerations on the eco-

nomy and on the reliability of supply is described below.
(1) Benefit/cost ratio and economic internal rate of return.

The present worth of the total costs of each type of combination
(combination of power plant and desalination plant), as well as, the

benefit/cost ratio (B/C ratio) of Type~F combination are as follows:
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Present ‘Worth of the Total Costs and

Gogsts Economized against Type~F Combination

nt rate 84

dnﬁ'réfe 107

- _Discou bisco

Present . | Costs Present | Costs. . .

worth of | economized worth of | economized

the total | against Type—F | the total [ agalnst Type~F

costs combination costs combination
Type-A 756.0 4046 634.9 34,7
Type-B 758.9 37.7 636.6 33.0
Type-C 756.6 40.0 635.7 33.9
Type~D 758.1 38.5 633.1 36.5
TypeuE 78903 703 662.3 7.3 :
Type-F 796.6 669.6

B/C ratioc of TYpe?F combination

Discount rate 8% Discount rate 10%

Against Type—A 0.949" 0.948. .
Against Type-B 0.953 0.951
Against Type-C’ 0.950 " 0.949
Against Type-D - 0.952 0.945
Against Type-E 0.991 0.989

Note: C: Cost of Type-F combination

B: Cost of other type of combination. This cost is regarded
as the benefit of Type-F combination because it is the
expenditure to be saved by the ezecution of Type-F
‘combination. '

Ag shown in the above table, the most econcmical solution is Type-A com—
bination when using a discount rate of 8%. The economic ranking of pro-
jects can be clarified by thé economic internal rate of return (EIRR)‘which
is the discount rate equaliiihg present worths of the total costs of two
projects., When taking Type-A combination as the basis, the EIRR of this

alternative is calculated as follows:
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Against Type~B combination: 11.5%
Against Type-D combination: 8,9% _

Against Type-E combination: Meaningless to.calcuiate_because

Against Type~F combination: EIRR will be more than 30%

Seen from economic viewﬁoints the least.advantageéus_sdlution.is Type-F
combination. This altérnative cogts higher thah.TypeuA combination b&
more than 5% (41 million R.0. in the present worth calculated at the

discount rate of 8%).
(2) Coneideration on the stability of supply

Type—A.ébmbinétiqh 1sg fﬁé mbst écdnomicél. Howefer? in Tybe~A comﬁination,
when fault occurs on the 120 ﬁW tufbinefgeneratﬁr supplying base load;at
the minimum load time in January and Februaf& it is'necesséry Lo execute
partial load shedding in order to prevent overall failure of the power
system, = Such 4 counter-measure is needed for only several years after com-
'miséioning of the-ﬁower plant, and probability of occurrehce of fault at
the minimum load -time in,the winter season is extremely low. Therefore,
when the most importamnce ig attached to the iong—term economy, it ié

suggested that Type—A combination be adopted as the optimum solutiom.

However, stability of electricity supply is the most important for electric
utilicy. Sinée Barka power plant is plamned to play as the main power
source in the integrated grid system covering'the Capital area and the
Batinah coast, the safety an§ ;e}iability of operation'are especially
required for thiérpoﬁér station. When'sténding on this viewpoint, any type
of power plant giving fears of load shedding is gotrdesiréble, and it is
raﬁher suitable to adopt a power plant which is more reliable in operation
and Supﬁly, though it may be less economic. Type~F power plant is the most
suitable to meet requirements of stability of‘supply and reliabllity of

‘operation.
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2.5.,4 Conclusion

As stated before, detailed comparative study was carried out on the six

types of combination of power plant and desalination plant,

Of these six types of cdmbinatipn, Type—~A has a defecﬁ that the influénce
exerted'on the power system is large when fault occufsron its steam
turbine-generator in the minimum load time in the wiﬁtér season, -but has a
merit in its high'economic performance. Therefore, seen from long~term

economic viewpolnt, Type-A combination 1s considered recommendable.

On the other hand, the cost of Type-F ¢ombiﬂat10n is higher than Type—A
combination by around 5%, but the influence on the power system caused by
fault of its steam turbine-generator is the least. This means that this

type has a high reliability in operation.

The merit of high reliability of Type-~F combination, though-iﬁpossible to
express in a quantitative manmer, would be by no means so small, :On the
other hand, when considering economic conditions of Oman at present and -for
the future up to the'end of serﬁice 1ife of the plant, the above excess

cost of 5% would be by no means decisively large amount.

Taking account of the above conditions and the present situation of Oman,
Type—-F combination, though less economic, 1s judged more recommendable than

Type-A combination.

2.6 CONSTRUCTION SITE OF POWER AND DESALINATION.COMPLEXVPLANT

2.6.1 Topography, geology and founddtion treatment

The site for power and desalination complei plant, designated py MEW, 1is
located about 9 km east of Barka town. The land is large enough to obtain

required area (1,000 m x 1,000 m} for the complex plant.

The elevation of the ground is approximately 1 meter above H.H.W.L.
(highest predicted tide at port Qaboos), so that an area of approximately
660,000 sq meters for plant related facilities 1is to be railsed ét least 1
meter from the origimal height, taking into consideration the discharge

plans for waste water from the plant and high waves due to mounsoons.
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‘Seen . from results of borings at Ghubrah desalination plant and borings exe-
cuted héér Barka town_for:thé_prospection.of_subterranean water, the value
N of ;he standard penetrétion test is estimated to be more than 20 at 5 to
6 meters depth from the ground surface. Therefore, reinforced concrete
double 'slab and mat, and reinforced concrete mat are considered suitable

for foundation of civil structures, heavy equipment, buildings, etec.

However, at the stage of definite study, 1t is necessary for_detailed
geoiogical investigations to be executed to determine finally the structure

of foundation,

2.6.2 Sea water depth and temperature of sea water

The sea 1s sghallow. The results of sounding of the sea water depth show

 that gradient of the sea bottom is from 1/110 td‘l/ZBO.

The sea water temperature was arcund 24°¢ disregarding depth and distance
from sea-shore. This'ié hecause meésureﬁent_of the sea watér temperature
was carriediout in the'wintef seasbn of this couﬁtry (averége ambient tem—
perature' 24°C) According to data, temperature of the sea water at the
surface in the summer season reaches above 30°C. Therefore, at the stage
of definite study, it is necessary to carry out measurement of sea water

temperature in the summer season in order to determine finally sea water

intake system, taking 1nto account gentie slope of the sea bottom and tem-

perature distribution of the sea water.

2,7 TRANSMISSION LINES AND SUBSTATIONS

2.7.1 275 kV transmission line from Barka power station to Khuwair
interconnection substation {60 km)

According to power.demand forecast, the peak load in the Capital area in
1988+1§91, when Barka power station is plamned to enter service by stage,
is considéred to be about $0% of the integrated system peak load including
the Capital afea and the Batinah coast. The site for substation where
transmission line from.Barka power station is connected to the existing
system of the Capital area should be near load centers and favorable for

interconnection. Taking inte account these conditions and also results



obtained from power system amnalysis, it is suggested that an interconnec-
tion substation (Khuwair interconnection substation) be constructed on a
flat area at the foot of mountain about 3 km south of Ghubrah power sta-

tion.

To transmlt a bulk power of 740 MW of Barka power station for a distance of
60 km at 132 kV. several circuits are required. Therefore, from economic
and technical viewpoint, this transmission voltage is not suitable, and

higher voltage should be selected.

.Comparative study wes carried out on the three transmission voltages of
220 kv, 275 kV and 330 kV. As the result of study, 275 kV line was
selected taking into consideration the adaptability to the future extension

of the power system.
The nroposed line route is as follows:

Starting from Barka switchyard the line takes a course southward, across
the highway and then turns to the east to reach Barka substation which 1s_l
under planning. Power for Batinah coast is stepped down to 132 kV. here ‘and
transmitted by 132 kv 1ine. After branch1ng at Barka substation,-the

275 kV line crosses over 132 kV Barkaﬁﬂusanna line, then takes a course for
Rusail and bypasées'Rusail power ststiOn on the sonth Then it takes -
course to the east and reaches Khuwair interconnection substation. At this
substation 275 kV line from Barka is interconnected With two 132 kv lines
from Ghubrah to Wadi Adai, and from Rusail to Wadi Adai.

2.7.2 132 kV transmission line from Musanna 3ubstat10n to Sohar
substation (125 km)

To meet the groﬁing demand for electric power in. the northern hslf of the
Batinah coast (Khabourah, S$aham, Sohar,lLiwa, Sninas, etc.) and in the
Inland area (Buraimi, Ibri and ‘other gmall towns and villages), MEW plans
to increase generating capacity of copoer mine power station iocated about
20 km south of Sohar from the present 51 MW to 165 MW by the end of 1986,
However, as described in paragraph 2.3. l,'additional two units of - each

30 MW gas turbine—genelator are necessary to be installed in 1987/1988. By
this expansion program, power demand and supply balance in these areas can
be secured up to 1988, but in 1989 shortage in supply capacity will be

produced.
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In the Capital area, on the other hand, construction program of 132 kV line
from Rusail power station to Musanna is now on—going° This_line, together
with Musanna substation, is scheduled to enter sérvice in 1986. In con-
sideration. of this situation, it is éuggested to eitendntherl32 kv
transmission line from Musanna substation to Sohar substation. For this
purpose, construction of Khabourah substation and expausion of Sohar

substation are suggested.

In this connection, it-is'tb.be noted'that; apaft'from the proposed pro-
ject,_aﬁother 132 kV line must be constructed betweeﬁ.éopper mine power
station and Sohar substation'By.the.end of 1986, because the existing lines
(single circuit 66 kV line between copper mine pover station and Magan
substation and double circuit 33 kv line between Magan substation and Sohar

substation) are already over- loaded.

2.7.3 Substations

Generai charadteristics of substations to be constructed together with

transmission lines are as follows:

. Khuwalr interconnection 275/132 &V, 3 units of transformers,
substation each 250 MVA : N
132/ 33 kv, 2 units of transformers,
each 125 MVA
. Khabourah substation 132/ 33 k¥, 2 units of transformers,
each 45 MVA
. Barka substation 275/132 kv, 2 units of tiansformers,

each 250 MVA (Extension)

2,8 PRODUCT WATER DISTRIBUTION FACILITIES

2.8.1 Product water reservoir

it is planned to cpnétruqt a product water reservoir in the plaﬁt sité.
Takiné.into account the capaéity of -desalination plant (180,000 m3/day) and
the maximum quantity of well water for blending (36,000 m3/day), the reser=
voir is designed:to have a total capacity of 216,000 m3. ﬁith this capa-

city, the reservolr can regulate supply quantity of product water.
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The product water reservolr is divided into four tanks of each 54,000-m3}

2.8,2 Product watérApumps_

In consideration of variation of supply.quantitj'of'prodﬁct'water and stOpQ

page of pumpé for periddic inspection and maintenance, Seven'unifs of ﬁfd“

duct water pump including one unit for reserve are planned to be installed.

General characteristics of each pumps are as follows:

- Capacity ' 27,5 @3 /min

- Head 100.0 m

~ Revolution 980 rpm _
~ Motive powér ' 750 kW electric motor

2.8.3 Water conduit pipes

The followlng two water conduit pipes are planned to be installed along the

highway between Muscat and Sohar.

Section

(1} Line-A conduit pipe

Barka plant — Ghubrah reservoir

{2) Line—B conduit pipe
Barka plant _ Seeb_town branch valve

Seeb town branch valve - Airport
branch valve

Alrport branch valve — Azaiba branch-

valve

2.9 OPERATION AND MAINTENANCE STAFF

Capacity . Pipe diameter

(n3/day) (mm)

108,000 1,200 (35 km)
1,000 (25 km)

108,000 1,200

70,000 900

38,000 . 700

The estimated required total number of operation and maintenance staff is .

about 350 persons. Clagsification of the staff is as follows:
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Nunber

Common department - _ o .

Plant Manager
Deputy Plant Manager

Others
Adwinistrative departuent 36
Operation department _ 175
Chief - - ' 1
'Operatoi {Power plant) 106
Operator (Desalination plant) . 68
Maintenance department 131

Total 348

Practical training of staff should be executed under the direction of
guarantee enginer from 6 months prior to the test operation of the plant
to the énd of guarantee period, and using operation and maintenance

manuals.

2.10 CONSTRUCTION SCHEDULE

To meet the growing demand for'electricfty, it is necessary for generating
capacity of at least 160 MW to enter service by'the widdle of 1988.‘ In the
desalination sector, even when No. 3 and No. 4 units are installed at
Ghubrah desalination_plant, the shortage in water supply capability will
still continue. Therefore, it is necessary for Barka desalinatlon plant to
be commissioned as early as possible, Taking these conditions into

account,'the works should be started in the following conditions:
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- Definite Study and preparation
of tender documents: Completion by the beginning of 1986

= Award of contract and

start of works: May 1986

If works are started in the above conditions, the increase in capacities of

power plant and deésalination plant will be as follows:

Ttem ' 1988 1989 1990 1991

Power plant (MW)

Commissibning ' © 160 160 280 140
Accumulated total 160 320 600 740

Desalination plant (1,000 m3/d)

Commissibning 60 30 90 -
Accumulated total 60 90 180 180

2.11 CONSTRUCTION COST ESTIMATE

The construction costs were estimated at 1985 prices, and both the foreign
currency portion and local currency portion were escaiated at the rate of
3% per annum. These consﬁruction costs include physical contingencies
(10%), ME“'S administration expenses (3%) and engineefing fee (2.5%).
According to construction price indices for the period from 1980 to 1985 in
Japan and those for the period from 1978 to 1983 in Oman, the compounded
price rise was calculated at about 2,5% per annum, but in this project 3%

PEr annum wWas adopted including margin.

Thus, the total construcfion costs of the p:ojeﬁt at 1985 pfices.weré esti~
mated at 343,28 million R.0. of which 241.60 million R.O. is for electric
power sector.and 101.68 millioﬁ R.O. for desalinétion gsector, When.
applying the price escalation rate of 3% per annum, the construction costs
for electric power sector will increse to 264.12 million R.0. and those for
desalination sector to 109.85 wmillion R.O., tofalling 373.97 million R.O.
of which 320.24 R,0., (US5936.37 million) is foreign currency portion
and’53.73 miilion R.0. local currency portion as shown below {Cost of

power and desalination complex plant fs of Type-F):
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Construction Cost

of Type=F .~

~ (Milliom R.0.)

Local

Seétor Item Forelgn Currency Total
e n T currency |
(Million
Uss)y’
Generating facilities 160,33 | (468.79) | 10,79 | 171.12
Transmission facilities 10.86 | ( 31.75) C4.35 15.21
Substation facilities 19,22 | ( 56.20) 3.64 | 22.86
Electric ‘| - Sub-total (Base direct cost) | 190.41| 556,74 18.78 | 209.19 |
power L . ‘
Physical comntingencies,
administration expenses,
engineering fee 24.27 70.96 8.14 32,41
Total (1985 prices) 214.68 | 627.70 26.92 {241.60
‘Escalated prices 235.41 1 688.33 28.71 | 264.12
‘Processing facilities 51.52 | (150.66) 9.16 | 60.68
Product water distribution .
_facilities 17.88 1 ( 52.28) 9.48 27.36
Desalina- |  Sub-total (Base direct cost) | 69.40 | (202.92) 18.64 88.04
tion . ' '
Physical contingencies
administration expenses,
‘engineering fee 9.14 1 ( 26.72) 4,50 13.64
- Table (1985 prices) - 78,54 (229.64) 23.14 101.68
Escalated prices 84.83 248.04 25.02 109.85
Grand 1985 prices 293,22 | (857.34) 50.Q6 1 343.28
total
. Escalated prices 320.24 1 (936.37) 53.73 | 373.97
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2.12 FINANCIAL ANALYSIS

2.12.1 Conditions for analysis

In this analyéié_TfpemF_combination.was adbpted.for power and desalination

complex plant. ‘The conditions for analysis are as follows:

)

b)

c)

Conditions for funds procurement

Taking into aécouﬁt'fhe terms of iéans:genefally'a&opted by the
export énd import banks of industrial countrieés and some examples
of government loan given to Oman, the followlng conditions were
agsumed for the'procurément of éonstructioﬁ coéts in fofeign

currency:

Interest rate: 7.3% (compounded rate)

Repayment period: 15 years after éommissipning

It is aséumed that the locai cdrrency pbrtion:of.the construction.
costs will be financed by the budget of the gdvernment, so there
will be no interest charged on the project. But, in order to
calculate édequate prices on the cost basis for electficity_and
water, the following loan conditions of Oman.DeveIOpment Bank was

used in the project:

Interest rate: 8.0%

Repayment period: 10 .years after commissioning
Loss factors in supply of electricity and water

The power transmission and distribution loss factor was estimated

at 15% based on data in 1983.

For product water, the loss factor due to leakage and other

reasons was estimated at 207 including un-metered consumption.
Prices of electricity and water

The prices of'electricity and water used for estimating operating

revenues were calculated on the cost basis.
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2.12,2 Results of analysis

Calculations for financial analysis were made over the period up to 2010 as

in the case of econonle evaluation. Results of ahglysis made on the above-

mentioned loan conditions and assumed tariffs for electricity and ﬁater are

as follows: -

a)

b)

c)

Profit and loss calculation and cash-flow

The annual balance will show a slight deficit up to 1994 and keep
black every year after 1995, and accumulated net income will
amount to 279.57 million R.O. by 2010.

Due to interest during construction, deficit in the accumulated

cash balance will continue up to 1999 and turn to black in 2000,
Rate of return

The rate of return, that is the ratio of operating income to the

fixed assets in operation is as follows:

—~ For the first 10 years after completion of the pfoject: 6.17%
~ Qver the whole service life: N S O ¢

Rate of net inconme

The rate of net income, that is the ratio of net income to the

fixed assets in operation is as follows:

~ For the first 10 years after completion of the project: 0.75%
~ Over the whole service life: 6.27%
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(1)

(2)

(3)

(&)

B. RECOMMENDATION

In view of the ciming of initial opération in 1988 ‘of both power plant
and desalination plant it is necessary for tender documents of the
project to be prepared by the beginning of 1986 and for construction :
works to be started at the latest in May, 1986. Therefore, it Is

suggested that experienced engineering companies be selected as soon

‘as possible to carry out definite study including:

— Measurement of sea water temperature in the summer season,

- Detailed geologlcal investigation (boring and others)

For the procurement of funds, it is suggested to cdntact finandial

institutions abroad.

In order to secure power demand and supply balance in the Batinah
coast and in the Inland area, it is suggested ﬁhat two ﬁnits_of each
30 MW gas turbine-genmerator be‘installed,near.Sohar town in_1987/1988,
and 132 kV transmission lime be constructed in 1986 between copper
mine power station and Sohar Substation to cover shortage in

transmission capactity of the existing facilities.

The following facilities are excluded from scope of study of this pro-
jeét, but their construction should be carried out in parallel with

the construction of the proposed power and desalination complex plant.
—- Facilitles to supply natural gas to the plant at Barka.
-~ Well water supply facilities for the desalination plant,

- Accommodation facilities for plant personnel.
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C. GENERAL CHARACTERISTICS OF FACILITIES

Facilities _ ' General characteristics

(A) Power and Desalination Complex Plant

1, Civil works

'(l) Water intake channel:

Iﬁtaké quaﬁtity:  40 m3/sec

Strﬁct&fe: V dpén_channel with dredged waterway and
dykes '

Waterwéy: o Length: 850 m, Width: 65 m

Dyke: . - Length: 2 x 850 m + 210 m = 1,910 m

{Max. height: 11.5 m)
(2) Seawater Intake Facility: Intake and Pump Pit

Structure: ' Reinforced concrete oﬁen channel ,
curtain-wall type

Length: , o 60.00 m
Width: . 73.00 m
Height: . 13.20 m
(3) Watef Diséharge= l
Facilities: Discharge Pit and Discharge Channel
Structure: _ Reinforced concrete openr channel
.Léngth: _ 130,00 m
Width: . 8.00 - 21.00 m
Heighf:- 5.80 - 8.50 m

(4} Product Water Reservoir:
Capacity: . 54,000 m® x 4 Units

Structure: Reinforced concrete mat, 1ncluding
soll stabilization
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Facilities ' Genaral characteristics

2. Buildings

(1)

(2)

(3

(4)

(5)

Power Plant Main Building (for Stéam Turbine Generator)

Foundation: . Reinforced concrete double slab and mat
Structure: Steel construction, 3 stories
‘Scale: Building area’ 17,341 m?

Building volume 138,000 m3

Administration Building (Common Use Building)

Foundation: Reinforced concrete mat, including soil
stabilization '
Structure: Relnforced concrete construction,
2 storiles
Floor area: 2,940 w2

Power Plant Gontrol Building

Foundation: Reinforcéd concrete mat, Iincluding soil
stabilization
Structure: : Reinforced concrete construction,
-2 stories, partlally with mezzanine
floor
Floor area: 8,183 m?

Desaliﬁation Plant Control Building

Foundation: Reinforced conecrete mat, including soil
. stabilization '
Structure: Reinforced concrete comstruction,
one story
Floor area: 540 m?

-Other Buildings (Chemical injection bullding, product water

treatment building, common use building)
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Facilities = General characteristics

{6) Self-=standing stack (3 units)

Foundation: ' Reinfofced cdncfete'mat,'including soil
stabilization
Struéfufei . Steel construction
'Heightd ' 7. 80 m
Top diﬁmeter: | . 2;4 m

3. Power Plant (Type F)
3.1 Steam turbine-generators
(1) Steam generator (3 uﬂité)

Tyﬁe: Natural circulation module type finned
: water tube :

Evaporation: ca.400 t/h

Steam pressure: ca.80 kg/ cm?
Main fuel: ' : Natural gas

{2) Steam’turbiﬁeu(3 units)

Type: . Impulse.type

Rated capaclty: 60 MW
Inlet steam pressure:  ca.830 kg/cm2
Speed: - 3,000 Tpm

(3) Generator (3 unité)

Rated capacity: 75 MVA
Power factor: 0.8
Short circult ratio: About 0.5
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Facilitieé : '  General characteristics

3.2 Gas turbine-generator

(i) Turbine (5 units)

Tyﬁe: _ Heavy duty industrial type
Rated capacity: 84 MW (50°C), 109 MW (15°C)
Speed: 3,000 rpm |

{(2) Generator (5 units)

Rated capacity: 140 MVA
Power factor: 0.8
Short circuit ratio: About 0.5

3.3 Steam turbine-generator for gas/steam combined cycle
{1} Heat recovery steam generator (4 units)

Type: Natural circulation module type finned
: water tube ' '

BEvaporation: - ca.l60 t/h
Outlet steam pressure: ca.60 kg/cm®

(2) Steam turhine (2 units)

Type: Impulse type.'

Rated capacity: 80 MW (50°C), 85 MW (15°C)
Inlet: ca.bl kg/Cm2

Speed: . 3,000 rpm

{(3) Generator (2 units)

Rated capacity: 110 MVA
Power factor: 0.8
Short circuit ratio: About 0.5
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Facilities

General characteristics

4-

Desalination plant (6 units)

1y

(2)

(3)

(4)

(5)

Evaporafor

Type:

Stage No.

Brine heater
Type: -
Deaerator

Typet

Performance:

Venting equipment (per 1}
Steam ejector:

Vent condenser
(1 wnit):

Ejector condenser

{1 unit):
Main process pump {per 1

Bfine recycle pump
(1 unit)

Brine blow down pump
(1 unit)

Distillate pump
(2 units)

Condensate pump
(2 units)

Cross tube rectangular type

" Heat recovery 20 stages
Heat rejection .3 stages
Total 23 stages

Horizontal shell and tube type
Vacuum packed tower type
Dissolved oxygen, Max. 20 ppb

uwnit)

Twin 3 stages type

Horizontal shell and tube type

" Horizontal shell and tube type

unit)

Cap. 13,150 m3/h, Total head 50
Cap. 1,812 m3/h, Total head 20
Cap. 1,500 m3/h, Total head 20

Cap. 198 m3/h, Total head 35
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Facilitdes ™ o _ General characteristics

{(6) Product water treatment equipment (Total 1 unit)

Type: ILime stone filter type using the
exhaust gas from the evaporator

Treatment capacity: _ Total 180,000 m3/day

Total havdness of S :
treated water: 60 + 10 mg/1 (as CaC03)

(7) Auxiliary steam generator {Total 2 units)

Type: Water tube outdoor service
Evaporatioﬁ: | 300 Tons/h (per 1 unit)

Steam pressure: ' 10 kg/em?e

Steam temperature: - 183°¢

ﬁuel: | Natural gas {Heavy oil for étand~by)
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-FaciiitieS' : : : General characteristics

(B) Transmission Facilities

1. Barka — Khuwair 1ine

{1) Section andflength

Barka PS - Barka S8 ' 13 km
‘Barka 55 - Khuwair 55 47 km
(2) Voltage: 275 kv
{3) Number of circuit: 2
(&) Cénductor : .- CAAAC 400 mm® x 4
{(5) Supporting facility: Double circult angle steel tower

2. Musanna - Khébourah —'Sohar line

(1) Section and length

Musanna S5 - Khabourah 8§ 60 km

Khabourah 85 - Sohar S§ 65 km
(2) Voltage: 4 _ 132 RV
'(3). Nuﬁbéf of eircuit: 2
(&) Conductor;‘.- o AAAC 400 mn? x 2
{5) Supporting facility: | Double circuit angle steel tower

{c) Substation Facilities

t. Kuwair interconnection substation

(1) Transformer capacity 250 MVA 1125 MVA
(2) Voltage 275/132 KV 132/33 kv

(3) HNumber of unit 3 2
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Facilities

General characteristics

Khabourah substation

(1)
(2)
(3)

Barka substation (Extension)

Transformer capaclty
Voltage

Number of unit

(L)
(2)

(3

Transformer'capacity
Voltage

Number of unit

45 MYA
132/33 kv

2

250 MVA
2757132 k¥

z .

Product Water Distribution Facilities

Product water reservoir (Refer to (A} 1.(4))

Product water transfer pump

(1)

(2)
(3}
(&)
(5)

Number of uﬁit

Capacity

"Head

Revolution

Driver

Water conduit pipe

(1)

Line—~A conduit pipe

Barka plant - Ghubrah
reservolr

7 (6 Units: Working,
1 Unit: Stand-by).

27.5 m3/min
100 m
980 rpm

7506 kW electric motor

Capacity . 'Pipe diameter
(m3/day) © (mm)
108,000 1,200 (35 km)

and 1,000 (25 km)
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Facilities General characteristics

(2) Line—B'conduit pipe

Barka plant - Seeb town '
branch valve 108,000 1,200

Seeb town branch value - _
Airport branch valve 70,000 900

Airport branch-vélvé -
Azaiba-branch valve 38,000 700
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CHAPTER 3  NATURAL AND ECONOMIC CONDITIONS

3.1 TLAND
3.1.1 chatioh

The Sultanate of Oman is located at the south-eastern corner of the Arabian
Peninsular between latitudes 16°40'N and 26°20'N and longitudes 51°50'E and
59°40'FE, having a coast line stretching about 1,700 km from the Straits of
Hormuz in the north to the frontier_with the People's Democratic Republic
of Yemen in the south-west. It is bounded in the north-east by the United

Arab Emirates and in the south-west by the Kingdom of Saudi Arabia.

3.1.2 Geographical features

The country has a total area of approximately 300,000 sq km, and geographi~

cally falls into the fellowing areas:
{1) Capital area

The capital area is commercial, industrial and administrative center of the
country., Having a coast 1line of about 90 km from Barka in the north to

Yiti in the south of Muscat, the area is composed of the following‘regions:

Muscat : includes Muscat, Riyam, Sidab, Al Bustan, Yiti

Mutrah : includes Greater Mutrah, Ruwi, Wataya, Hamriya

Bawshar: includes Qurum, Medina Qaboos, Khuwair, Gﬁubrah, Azaiba
Seeb

This area is the most densely populated in the country. HNear Muscat there
are two ports (Port Qaboos and Port Al Fahal). Seeb international airport

is situated about 30 km north-west of Muscat.
{(2) Batinah coastal area

The Batinah coastal plain runs from Shinas to Barka for a stretch of about
240 km, It is situated between the coast and the Western Hajar, varying
from 10 to 30 km in width. Cultivation is limited to a narrow strip of
less than 3 km in width, adjacent to the sea. The Batinah is one of the
most populous areas of Oman. The main towns are Barka, Musanna, Suwalg,

Khabourah, Saham, Sohar, Liwa and Shinas,.

3-1



(3) Western Hajar area

In parallel with the Batinah area, the Hajar mountain range runs from
Musandam in. the north to Sumail Gap in the scuth. The highest points are
in the south-east, the Jebel al Akhdar with peaks rising up to 3,000 meters

in height. The main towns on the seaward side of the mountains are Rustaq,

Awabli and Nakhl, -
{4) Eastern Hajar area

The Eastern Hajar is the continuation of mountains from the Sumail Gap to
Jebel Jaalan in the south-east, covering a distance of more than 200 km.
The highest elevation is 2,100 meters. The principal towns on the seaward

edge of the mountains are Sur, Tiwi and Quriyat.
(5) Oman Interior area

The Oman Interior area is a cemtral plateau sloping from the Jebel al

Akhdar in the north towards the desert in the south. There are four maln
valleys: Wadi Sumail, Wadi Halfeen, Wadi Batha and Wadi Bahla. The Wadi
‘Sumail and the Wadi Halfeen together form a natural gap in the main moun-
tain range. This gap is a traditional route between Muscat and the Oman
Interior, as.well as being oné of the most populous areas of the country.

“The main towns are Nizwa, Bahla, Izki, Manah, Adam and Sumail.

{6) Dhahirah area

This is a semi-desert plain, sloping from southern flanks of the Western

Hajar into the Rub al Khali Desert in Saudi Arabia. The main towns in the

area are Ibri and Dank.
(7) Buraimi area

This is the northern extension of the Dhahirah area. In this small area,
population 1s concentrated around the irrigated date cultivation area of

the Buraimi oasis.
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(8) Shargiya and Jaalan areas

The Shargiya is an area ofksandy plains and valleys, laying on the inland

side of the Eastern Hajar. The main towns are Ibra, Mudalbi and Samad.

K

The Jaalan is also sandy plain forming the southern extension of the
Shargiya and extending to the Arabian Sea. It is bordered on the northern
side by the Eastern Hajar and on the southern side by the Wahiba sands.
The principal towns are Bilad Bani Bu Ali, Bilad Bani BQ Hasan and Kamil.

(9) Southern area — Dhofar

The southern area occupies almost one—-third of the area of the couniry,
Dhofar is composed of two different climate zones. The narrow coastal
plan, extending from Raysut to Taqa is nowhere wider than 8 km, but the
fertile soil is well watered between June and September by the south-west
monsocon. The monsoon also reaches the wooded Kara Mountains rising up to
1,500 meters in height behind the coastal plain. In the north of the moun-
tains there is very little rainfall and the area has desert vegetation.

The principal towns are Salalah, Raysut, Taqa, Marbat, Thamarit, etc.
(10) HMusandam

This 1is the northern-mest of the country having an area of about 2,000 sq
km, separated from the main body of the country by the United Arab
Emirates. The land consists of rugged mountains rising up to 1,800 meters

in height. The main villages are Khasab and Bukha.
(11) Masirah Island

The Masirah Island is situated about 60 km offshore in the Arabian Sea.
The other important islands, also in the Arabian Sea, are the Kuria Muria
group, the largest of which is Hallaniya. '

3.1.3 C(limate

(1) Capital area

In the capital area the wet season continues 6 months from November to

April but annual rainfall is only about 100 mm.
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The maximum temperature in the summer seascon which continues from May to .
October sometimes exceeds 45°C, and In the winter season the minimum tem-

perature sometimes falls down to below 10°C.
Humidity is very high, sometimes exceeding 95% in the summer season.

Monthly rainfall, temperature and humidity measured at Seeb International

Airport and Sohar are shown in Table 3.1.
(2) Southern area

In the Dhofar area where rainfall is concentrated in the summer season,
annual precipitation is about 110 mm in the coastal plain and 550 to 600 mm

in the mountainous ared.

In this area, temperature does not rise so high even in the summer season

due to cloudy weather., The climate 1s more moderate throughout the year.

In the coastal plain, humidity is very high, sometimes exceeding 957 like

in the capital area.
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3.2 ECONOMLC BACKGROUND

3.2.1 Population and manpower

No unationwide census has so far been conducted in Oman. The Government
estimates the total population at about 1,500,000, but in a report of the
United Nations its population is estimated to have grown from 674,000 in
1971 to 920,000 in 1981 and 950,000 in 1982 at an average rate of 3.15% per
annum. The population growth in the urban areas is said to be about 5% per

ANNUM .

About one-third of the total pophlation inhabits the Capital and Batinah
coastal aréas, and a half small villages and towns scattered in the inland
areas. In the Dhofar area there are about 100,000 habitants and in the
Musandam area about 5,000 habitants. No city has a population of more than
100,000,

As described later, one of the economic characteristics of Oman is a heavy
dependence on expatriate manpower. A report of the Development Council
shows that as at the end of 1982, of the total government employees of
51,402 (excluding Defense and Police) the expatriate employees were 20,639
(40%) and the labour cards issued by the Directorate General of labour
Affalrs to expatriates working in the private sector were 186,821. There-
~fore, the total number of expatriate workers in 1982 was 207,460 (22%) of
the total population of 950,000.

3.2.2 Economic development

The era of economic development in Omar began in 1970 when the Sultan
Qaboos took over in order to initiate the transformation of Oman from
internationally isolated and medieval soclety into a prosperous modern
state, The achlevements realized since then are very remarkable: Oman's
economy today stands on a firm ground and the standard of living of the
people continues to rise. The sequence of economic development after 1970

can be divided into the following periods:
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(1) Preparation for economic growth (1970-1975)

The first half of the 1970's was the preparation period for economic
growth., Although no concrete economic development plan was formulated,
emphésis were placed on the construction of infrastructure, such as power
stations, water supply facllities, Qaboos port, Seeb international airport,
roads, schools, etc. During this period, GDP grew from 125.1 miilion R.O.
in 1971 to 724.2 million R.O. in 1975 at an average rate of 55% per annum
(at 1972 prices the growth rate was 447 per annum). This rapid growth is
mainly due to rapid increaseé in oil export revenue caused by price hike of

crude~oil in 1973.
{(2) Switching over to diversification of Plan (1976-1980)

Experiences during the period from 1970 to 1975 led the government to
establish the Development Council in 1975 and launch the First 5-~Year Plan
for the period from 1976 to 1980 under the guidance of the IBRD.

Emphasis of the Plan were placed on the a) keep of crude—oil production at
the previous level and encouragement of natural gas production, b) economic
development of the Dhofar and other rural areas, c) development of small -
and medium scale industries, d) encouragement of investment in the private

economic sector, etc.

During this period, GDP grew at high rate of 23.6% per annum (at 1972
constant prices the growth rate was 13,6% per annum) due mainly to rapid

increase in oill export revenue caused by price hike of crude-oil in 1979,
(3) Dbiversification of industries (1981-1985)

The current Second 5-Year Plan for the period from 1981 to 1985 has a
characteristic of supplementing the First 5-Year Plan. Aiming at growing
GDP from 2,066.6 million R,0, in 1980 to 3,824.4 million R.O. in 1985 at an
average rate of 13.1% per annum, emphasis of the Plan are placed on the a)
diversification of industries, b) encouragement of investment in the pri-
vate economic sector, c¢) acceleration of rural development in the Musandaw,

Dhofar and other inland areas.

It is worth mentioning that the amount of public investment realized so far

during the years 1981, 1982 and 1983 exceeded fairly the projected disbur-
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sement during the same period, and that crude-cil producticn in 1983 was
maintained at the rate of 389,000 barrels a day as opposed to the previous
(1982) target of 330,000 barrels a day.

The main projects already completed in the framework of the Second 5-Year

Plan are the following:

. Commis—
Project Production Location sioning
0il refinery 50,000 b/d Al Fahal 1982
port
Cement factory 620,000 b/y Rusail 1983
Copper mining
and smelting 20,000 b/fy Sohar 1983
Industrial '

astate 172 ha (109 plots)  Rusail 1984

The above projects were all undertaken in the Capital and Batinah areas.

At the population growth rate of 3.15%, the total population i1s forecasted
to grow from 890,000 in 1980 to 1,041,000 in 1985. Since GDP is antici-
pated to grow from 2,066.6 million R.,0. in 1980 to 3,824.4 million R.O. in
1985, the per capita GDP is estimated to grow from 2,322 R.O. (US$6,790) in
1980 to 3,667 R.0. (USS$10,720) in 1985 which is almost equal to GDP per

capita in Japan at present.

The growth of GDP registered during the First 5-Year Plan period from 1976
to 1980 and the first 3 years (1981-1983) of the Second 5-Year Plan is
shown in Table 3.2.

3.2.3 Prices

Oman was hanted by high inflation during 1973 and 1974 due partly to the
world price hike of commodities caused by the oll erisis iﬁ 1973, and
partly to the planless investments executed from 1970, However, emergent
measures taken by the government in 1973 and 1974 and its prudent develop-

ment policies taken thereafter had an effect of controlling inflation.
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The consumer price index rose from 100 in 1972 to 176.3 in.19?3 and 226.7
in 1974 but fell down to 172,2 in 1975 and 159.3 in 1976.

When adopting 1978 prices as the basis (=100), the consumer price index
rose from 85.0 in 1976 to 124.0 in 1982 and fell down to 118.6 in 1983,
Thus, the annual average price increase rate over the period from 1976 to

1983 was 4.9%.

Year Consumer price index
1972 100.0 -
1973 176.3 =
1574 226.7 -
1975 172.2 -
1976 159.3 85.0
1677 164.4 87.7
1978 187.4 100.0
1879 198.6 108.5
1980 223.6 119.3
1981 229.9 122.7
1982 234.2 124.0
1983 - 118.6

Source: Statiscal Year Book 1983

3.2.4 Characteristics of economic structure

The eéonomic structure of Oman has the following characteristies:

a) Heavy dependence on oil production
b) Heavy dependence on expatriate manpower

c) Sluggish development of private economic sectors

Of the above characteristics, the most important is the heavy dependence on
0oil. The share of oil revenue in the total internal revenue shows clearly

the fact. ¥t was 89% io 1981, 90% in 1982 and 88% in 1983 as shown below:

(Million R.O.)

Internal 1981 1982 1983
revenue
01l revenue 1,125.4 ( 89%) 1,117.3 { 90%) 1,187.6 ¢ 89%)
Other revenue 136.8 ( 11%) 118.1 ( 10%) 146.3 ( 12%)
Total 1,262.2 (100%) 1,235.4 (100Z%) 1,339.9 (100%)

Source: Directorate General of National Statistics
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The shares of categorical economlc sectors in the GDP are shown in Table
3.2, According to-this table, of the GDP in 1983 share of petroleum pro-
duction was 49.5% against shares of construction and trade of 6.8% and
11.5% respectively. Coﬁtribution of manufacturing to GDP was only 2.3%.
Share of government administration and national defense is relatively high,

namely 13.17 of GDP.

3.2.5 Activities of main economic sectors

(1) Petroleun production

0il reserves in Oman is not so large. In 1980 they were estimated at about
2,440 million barrels of which 70% is of the northern oil fields, 21% of
the southern oll fields and 9% of the central oil fields as shown below:

01l fields Reserves (Million barrels)
Northern fields 1,718 ( 70%)
Central fields 216 ( 9%)
Southern fields 506 ( 21%)

Total 2,440 (100%)

However, with discovery of new oil fields in the recent years the reserves

are now estimated to be more than 2,600 million barrels.

0il production began in 1967 and has shown a rising trend since the begin-~
ning of 1970, and the levels of production reached their peaks in 1976 and
1983 when daily production reached 365 thousand barrels and 38% thousand

barrels, respectively., O0il production for the period from 1975 to 1983 is

reported as follows:

Annual preduction Daily production
Year (Million barrels) {Thousand barrels)
1975 124.6 341
1976 134.7 365
1977 124.1 340
1978 114.7 314
1979 107.7 295
1980 103.3 282
1981 119,7 328
1982 122.,7 336
1983 141,9 389
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At the rate of production of 350 thousand barrels a day, Oman will still be

able to enjoy benefits from its oil reserves for more than 20 years.

36-inch main pipeline (capacity: 385,000 b/d) runs from Fahud in the
northern oil fields to Al Fahal port for a stretch of about 250 km, and
another pipeline of 565 km {capacity: 70,000 b/d) branches from hélfway of
this main pipeline to the central and southern oil fields.

Petroleum Development Oman (PDO) was the sole oil producing company in Oman
until ELF-Sumitomo-Wintershall group commissioned a field in Butabul in
1980. The crude of this group is exported by piping it to Al Fahal port to
be blended with PDO crude according to an agreement between the two com—

panies.
{2) PNatural gas produection

Natural gas is the fuel of the future as far as Oman 1s concerned. Gas
reserves are located in the north, Central and southern oil fields in asso-
clation with crude oil and alsc in dry gas reservoirs, There are also
small reservolrs in widespread localities. The gas reserves of the PDO

concession area are estimated at 183.3 billion cu meters.

(Billion m3)

Reserve Associated Non—associatéd Total
North Oman 24,6 109.2 133.8
Central Oman 5.3 23.8 29.1
South Oman 14.2 6.2 20.4

Total 44,1 139.2 183.3

Out of the PDD concession area, there are additional reserves of some 133

biliion cu meters as described later.

The major users of natural gas are:

o Minlstry of Electricity and Water
o (Uman Mining company (Schar)
o (man Cement Company (Rusail)

o Ministry of Defense

The Yibal gas reservoir is the sole non-associated gas reservolr supplying
these electrical and industrial needs of the Capital area and the Batinah

coastal area, Its reserve is estimated at about 77.3 billion cu meters.
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A 20~inch gas pipeiine from Yibal to Ghubrah for a stretch of 325 km was
commissioned in 1978 to allow substitution of natural gés for imported
diesel oill for electricity and water production in the Capital area. The
designed capécity of this fipeline is 4,73 willion cu meters a day without

compression.

Tn 1982 a 16~inch pipeline of 227 km branching from the Yibal-Ghubrah pipe-
jine to the north-west was commissioned to feed copper mining and smelting

plant of Oman Mining Company located in the inland of Sohar.

According to a demand forecast of natural gas, the reserve of Yibal can
supply the needs of the above-mentioned users for 20 to 30 years but it is
insufficient to supply large volume industries in the long term, such as

fertilizer, methanol or aluminium smelting plants.

However, it is worth mentioning that out of the PDO concession area there
are gas reservoirs discovered by ELF Group, Guif 0il Co. Group and bther
concessionnaires. These reservoirs are in the Straits of Hormuz (Oman/Iran
offshore) and in the north-west of the country. A study also indicates
that geological and selsmic surveys show that additional reserves of some

133 billion cu meters are probably available at relatively small depths.

A1l oil concessions granted by the Government of Oman to international c¢il
companies stipulate that any natural gas discovered remains a government

property and is not subject to the concession agreements.
(3) Mining

Geological surveys alming at prospecting for mineral resources have been
carried out since 1966 and especlally from the start of the First 5-Year
Plan. Although the whole aspect of mineral deposits 1s not yet brought to
light, the available geological surveys indicate the existence of copper,
iron ore, manganese, nickel, coal and large deposits of limestone, gypsum,
asbestos, marble, ete. It is said that there is also possibilities of

existence of uranium in the Dhofar area and in the Ras al Hadd area.

In Oman which depends on oll production only, the mining sector 1s expected
to substitute oll sector in the future. Therefore, the second priority is

attached to the development of wineral rescurces.
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In 1978 Oman Mining Company was created by the Government to COngentrate

efforts to prospecting for copper in the inland of Sohar.

As the drill-proven deposits of copper in Al-Baida, Al-Asail and Al-Arja
reached 13 million tons, it was decided to start a copper mining and
smelting project, while continuing the drilling to ascertailn further quan-
tities of raw materials. The indications of the existence of further guan-
tities of copper deposits are abundant., The discovefed raw materials
contain 2.1%7 copper. This project was coumpleted in 1983, and at present
about one million tons of raw materials are extracted annually to con-
centrate and smelt it in order to produce and export about 20,000 tons of

COppeYr per annum.
(4) Industry

Up to 1978 when a flour mill factory of a capacity of 45,000 tons a year
was constructed at Mutrah, industrial activity in Oman was very limited.
There were only small-sized handicraft industries engaged in producing
food, soft drinks, gold and silver articles, tailoring and textiles, fur-
niture and wooden products, cement blocks and floors for construction pur—
poses, or in processing iron parts and products. However, during the Firsf
5-Year Plan period the private investments in the industrial sector
increased gradually. The main feature of these investments was that the
majority of the projects were orlented to producing intermediate goods

required for construction and related activities,

In the Second 5-Year Plan the Government takes the following policies in

order to develop and diversify the industrial activities:
¢ To give financial support to the private sector

o To exempt companies engaged in industry from the corporate inceome

tax

o To give higher priority to industrial projects which use local

materials and high percentage of local manpower

o To encourage forelgn investors to join in the industrial projects

which produce the benefit of a relative advantage In export markets

Supported by these policies, Rusail Cement Factory (Oman Mining Company) of
a capacity of 620,000 tons a year was completed in 1983, This wlll undoub-
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tedly facilitate and pfomote construction activitieé in the country.
Another impressive achievement is the completion of Rusail Industrial
Estate in 1983. 1Its total area ié 172 hectares, consisting of 109
industrial plots which will be offered to the private sector industrial

" enterprises.

Share of industrial sector in GDP is small at present, but good economic
performance of this sector is expected to be realized in the future. How-
ever, there are some difficulties in the industrial development of Oman.
Firstly, difficulty of implementing large scale industries due to small
Jocal market may lead to relatively high commodity prices as compared with
those of imported goods and materials. Secondly, shortage in local man-
power and insufficlence of technical discipline may bring about dif-~

ficulties ip the operation of undertakings.
(5) Agriculture and fisheries

Before oil was discovered, the Omani economy was supported by agriculture
and fisheries. Some studies estimate that about half the population 1ives
in agricultural communities and finds means of living in agriculture. The

population engaged in fisherles is estimated at seven to elght thousand.

However, due to rapid and continuous improvement in the standard of living
of the people and to the natural increase in the population, the country
.has to import large quantities of food stuffs. The total imports of food
stuffs in 1983 amounted to 108.9 million R.0., i.e. 12,6% of the total
jmport amount (860.9 million R.0.), while the exports of food stuffs
(dates, lime, fish, fruits and vegetables) in the same year amounted to

7.14 million R.O.

Because agriculture in Oman relies on underground water, cultivated land is
scattered in small and numerous plots, depending on the avallability of
water. However, some studies indicate that productivity of agricultural
land in Oman can be doubled. Hence, efforts are made towards reaching this
objective by establishing extension service centers and research stations.
These centers and statlons provide various services to the farmers
including the provision of improved seeds, tractor serviée, insecticides,

fertilizers, water—-pumps and other equipments.

The ultimate target of the Government in the agricultural sector is to

secure the self-sufficiency of foodstuffs., For this purpose, a) further
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increase in productivity of the existing farms, b) reclamation of addi~
tional agricultural land by development of new water resources and c)
impfovement of the traditional "falaj system” are undertaken as the main

tasks for the future.

Fisheries are still an important source of employment and also important
source of protein, They have a large potential for substantial growth
because Oman enjoys some 1,700 km of coast line on the ocean; rich with all
varieties of fish such as sardine, snapper, cuttlefish, anchovy, 1obéter
and abalone. Accordingly, the Government assigns top priority to their

development.

In accordance with the above policy, the modernization of this sector is
being accelerated by establishment of fishing centers which include cold
storage, lce-plants, refrigerated trucks, boats and motor repair workshop
and by establishment of fish-marketing center. One center was established
in Mutrah which was also provided with four trawlers for deep-water fish-
ing. The other centers were established in Salalah, Musandam and Masirah,
as well as, a repair workshop in Mirbat and a fish-marketing center in

Buraimi.

For the development of agriculture and fisheries, the Government estab-

lished an agriculture and fisheries credit bank in 1981.

3.2.6 Balance of payments

The balance of trade keeps black every year due to large export amdunt of
crude—-oil. Revenue from oil export holds about 95% of the total export
amount. Services and private transfers show defiecit every year, but the
overall balance of payments including official loans and transfers and oil
sector investment keeps substantfal black every year. Detail of balance of
payments is shown in Table 3.3. Both in export and import, Japan occupies
the first place almost every year. Of the total oil production about 40 to

50% 1s exported to Japan.
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CHAPTER 4 PRESENT CONDITIONS OF ELECTRIC SUPPLY INbUSTRY,
LOAD FORECAST AND PQWER DEVELOPMENT PROGRAM .

4.1 ORGANIZATION

4.1,1 General situation

When the Sultan Qaboos came to power in 1970, the power generating capacity
for pﬁblic supply in Oman was only 4.98 MW of Riyam diesel power'station in
the Capital area, while aunnual water production was only 386,000 cu meters
in 1971, At this time, urban water was produced by wells only. In a
report of the United ﬁations the total population in 1971 was estimated at
about 674,000."This peans that in 1971 power generating capacity and
annual water production per capita in Oman were only 7.4 Watt and 0.57 cu

meters, respectively.

Therefore, immediately after pelitical change in 1970, the government had
to begin tackling the problem of providing people with enough power and
water., Efforts made by the government up Lo present have brought about
brilliant results. As far as the Capital area is concerned, the total
installed capacity. of the government power stations grew from 4.98 MW in
1970 to 566.1 NW in 1984 and the total water production from 386,000 cu
meters in 1971 to 19,698,000 cu meters in 1984.

Establishment of power development programme, generation, transmission and
distribution of electricity are directly undertaken by the government
through the Ministry of Electricity and Water (MEW) which was formed in
1978 from the former-Ministry of Cdmmuhication. Construction of water
supply facilities and supply of urban watef are also undertaken by MEW,
while.the Ministry of Agriculture and Fisheries implements water projects

for irrigation purpose.

-Supply of electric power and water in the Musandam area and in the Buraimi
area falls under the jurisdiction of the Musandam Development Committee and
the Rural Development Committee, respectively. In the Southern area MEW is
responsible for supplying electricity but not for ﬁater.

4-1



Petroleum Development Oman’ (PDO) and Oman. Mining Company (OMC) possess and
operate their own power stations, and the Ministry of Defense has also its

own power stations for stand-by use.

Up to April 1976 when the first desalination piant was commissioned at

Ghubrah, urban water had been produced by wells only.

4.1.2 OQrganization and function

(1) Organization of MEW

Electric power snd water supply systems of the country comsist of a)
Capital area system, b} Batinah coast system, c) Southern area system (not
including water supply) and d) all rural systems. Organization and func4
tion of MEW are set up to conform to the respective characteristics.of_
power and water supply undertakings and to the above geographical divisions

of supply systems.

Under general management and control by the Minister of Electricity and
Water, five directors general of the following directorates general are

responsible for daily business operation of MEW:

~ Directorate General DIWAN

- Diréctorate General'sf ?rojects

- Directorate General of Electricity'
- Directorate General of Water

- Directorate General of Electricity - Southern area

Directorate General DIWAN manages administrative, personnel and financial
affairs of the whole MEW. Directorate General of Projects manages ﬁowér
and water prdjects from the stage of pianning to the end of execution of

contracts.

Directorate General of Electricity is directly responsible for managing all
technical matters including construction of power facilities, generation,
fransmission and distribution of electricity in the Capital area and in the
rural areas, and also manages relating.administrative and financial

affairs.

Directorate General of Water is directly responsible for managing construc—

tion of water supply facilities and supplying urban water to the people in
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the Capitai area and in the rural areas, and also manages administrative

- and financial affairs.

Directorate General of Electricity - Southern area is responsible for
managing construction of power generating facilities and supply of power to
the southern area including Salalah, Raysut, Marbat, Sadah and Taqa, and

also manages ielating administrative and financial affairs.

Organization chart of MEW as of the end of January 1985 is shown 1n Talbe
4.1, '

(2) Operation and maintenance system

The operatioﬁ and maintenénce of power staticns and desalination plant are
cafried out by fdfeign companies based on contracts between MEW and thése‘
companies. For example, Rusail power station and Ghﬁbrah power and desali-
nation plant'are operated and maintained by John Brown Engineering Company
and SOGEX, respectively. The operation and maintenance staff are directly

employed by these companies.
(3) Meter reading, billing and collection of charges

The meter reading, billing and collection ofvcharges for electricity and
water are carried out by Oman Investment and Finance Company baséd'on-
contract between MEW and this company. Payment of charges is made in bank
remittance every month by general consumers and every three months ﬁy

ministries.
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Table 4.1 Orgaﬁizétion chart of MEW

Minister of
" Electricity and Water

Advisers

Minister's Office

‘Under Se

cretary

Under-Secretary's Office

Directorate General Diwan

Directorate General of Projects

Chief Engineer - Energy

Department of Administrative'Affairs

o Public relation and services
section '

o Archives and typing section

o Carpentry workshop section

Department of Personnel Affairs

o Persomnel affairs section
o Organizing and training section
o Files and registers section

Department of Financial Affairs

o General accounts section
o Subseriber accounts section

o Contracts and purchasing section

Chief Engineer ~ Water

Department of Administrative
Affairs

Department of Financlal Affairs

Planning Department

Contract Department-Tender Offlce

Directorate Gemeral of Electricity -~ Southern Area

Department of Technical Affairs

Department of Administrative Affairsg

-] e 0 44 & O a o

(=]

-]

Planning section

Construction section _
Operation and maintenance sectio
Equipment test sectlon :
Salalah power generating section
Raysut power generating section
Marbat power generating section

o Public relations and services section
¢ Personnel affairs section

o Transport section

¢ Archives section

o Maintenance section

Department_of FinancialhAffairs

Sadah power generatimg section
Thaqa power generating section
Salalah distribution section
Raysut distribution section
Marbat distribution section
Sadah distribution section
Thaga distribution section

o General accounts section

o Stores accounts section

o Salaries and treasury section
e Stores section

o Purchasing section

o Accounts section

Directorate General of Water

|

Directorate General of Electricity

Department of Administrative Affairs

Department of Administrative Affairs

o Personnel affairs section
o Public relations section
o Transport section :
o Archives section

Department of Financial Affairs

o General accounts section

¢ Stores accounts section

o Salaries and treasury section
o Purchasing section

« Stores section

Department of Technical Affairs

Muscat section

Mutrah section

Qurum section

Seeb section

Al Ghubrah section
Pumping station section
Excavation section
Maintenance section
Qutside area seéction

e & &« & o & ©v o O

Directorate of Rural Water

o Personnel affairs section
¢ Public relations section
o Transport section

¢ Archives .section

¢ Riyam vehicle section

Department of Financial Affairs

o General accounts section

¢ Stores accounts section

e Salaries and treasury section
o Stores section

o Purchasing section.

Department of Technical Affairs

Planning section

Construction section

Operation and maintenance section
Equipment test section
Generating equipment section
Riyam power generating section
Ghubrah power generating section
Rusail power generating section
Distribution section
Distributing section emergency
Distributing Ruwi emergency
Distributing Qurum emergency
Distributing Seeb emergency
Distributing Barka emergency
Street lighting section

e & o o

¢ 2 & o ¢ o © O

o ©

o

Directorate of Rural Electricity
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4.2 FEXISTING POWER FACILITIES

4,2;1 - Power facilities in the Capital area

(1) Power stations

There are three power stations in the Capital area, and their total

installed capacity as of the end of January 1985 is 566.1 MW as .shown

below: .

- Power station

- Ghubrah

Installedhdapatity

Ruséil

Type of plant (MW)

Ghubrah Steam 72.5
Gas turbine 212.5

Sub-total 285.0
Cas turbine 249.0

Diesel 32.1

Total 566, 1

MEW has a plan to shift diesel units of Riyam power station to rural areas

in the coming one or two years, and to install at Rusail gas turbine power
station'No. 4 and No., 5 units of each 83.0 MW in 1986 and No. 6 unit of
83.0 MW in 1987. ° ' '

Power consumption for station service is estimated at 10.4 MW for Ghubrah

power and desalination complex plant and 0.65% of installed capacidy for

Rusall gas turbine power station. Therefore, the total installed capacity

and sending-end capacity in the Cabital area excluding Riyam'powef station

for 1986 and 1987 will be as followa:

. T . (MW)

Power 1986 1987
© Installed Station Sending~ | Installed Station Sending-

station

capacity service end cap. | capaclty service end cap.
Ghubrah 285.0 10.4 274.6 285.0 10.4 274.6
Rusail 415.0 2.6 412.4 498.0 3.2 494.8
Total 71060,0 13.0 687.0 783.0 13.6 769.4
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(2) Transmission lines

Two duuble‘circuit 132 kV transmission 1ines run from Ghubrah power sta-
tion, the one to Seeb substation and the other to Al Falaj substation.
Another twe double circuit 132 kV lines run from Rusail ﬁdwer'statibn.'

They are to Seeb and Ghubrah substations,

The construction of three double circuit 132 kV transmission lines are

gcheduled to be started in June 1985,  They are:

~ From Rusail power station to Wadi Adal substation
- From Rusail power station to Barka substation

- From Wadl Adal substation to Wadi Kabir subsfation

In addition, tender call for the construction of double circﬁit 132 kV line
‘between Barka substation and Musanna substation is scheduled to be made by

the end of 1985.

33 kV and 11 kV lines are used for power distribution., The publlc supply
"is carried out at 200/240 v, 50 Hz.

(3) Substations

There are five 132/33 kV_substations of Al Falaj (250 MVA), Wadi Adai
(250 MVA), Rusail (150 MVA), Ghubrah (84 MVA) and “Seeb (126 MVA).

Barka, Wadi Kabir and Musanna substations of each 250 MVA are under.

planning.
(4) Intérconnection of Musanna, Suwaiq, Rustaﬁ and- Mabellah

Plan is on-going to supﬁly electricity by 33 kV lines from Musanha substa=
tion under planning to three towns of Musanna, Suwaiq and Rustaq. These
towns are now fed by diesel power stations, " The intercomnection of these
towns and Mabellah with pQWer system of_the Capital area is schéduled.to be
commissionéd in 1986. | 7 o '
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4:2,27'Power:facilitiés in the Batinah coast’

{1) Power stations

In Musanna, deéiq and Rustaq fhéréfare diesel powér'staﬁioné of 7.4 NW,
6.9 MW and 7.2;MW, respectively. However, MEW pians'to supply electricity
to these towns from the Capital area by.interconnected transmission line
from 1986 as described before.

In the Batinah coast excluding the above towns, there are three power sta—

tions of the total installed capacity of 65.8 MW as shown below:

Installed capacity

Location Type of plant (MW)
Copper mine Gas turbine 51.0.
Shinas Diesel 3.9
Khabourah Diesel 10.9

Total 65.8

Power station at copper mine is equipped with three gas turbine-generators
of each 17.0 MW, Of these three units, one unit is of MEW, one unit of .
Oman Mining Company and the remaining one unit is operated for common use
by MEW and Owan Hinihg Company. It i1s planned that twé units of each 27.0
MW gas turblne-generator (MEW) be added to this power station in 1985 and
two unite of each 30.0 MW gas turbine-generator (Rural Development _
Committee) be added inm 1986, Therefore, the total installed capacity at
copper mine will increase to 105.0 MW in 1985 and 165.0 MW in 1986,

(2) Transmission lines and substations

Energy generated by ‘gas turbine power station at copper mine is transmitted
from Magan substation (66/33 kV) to three substations of Sohar, Saham and
Majis (each 33/11 kV),

Power transmission to the Inland area such as Buraimi, Ibri and surrounding

villages 1z planved to be started in 1986.
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General characteristics of power facilities in the Capital area and in the

Batinah coast are shown in Tables 4.2 and 4.3, respectively.

Transmission line map of the Capital area is shown in Fig. 4.1,
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Table 4.2  Power facilities in the Capital arvea (January 1985)

1, _Power stations . . . ) N (MW)
L Type of Unit capacity Installed Commissi-
Eqwer_station ‘ power plant x No. of unit .. capacity oning year
Exiééiqgl' o - . s 7
Ghubrah Steam 3x 7.5 22.5 1976
' Steam" 1L x 50.0 - 50.0 1977
~Gas turbine 9 x 17.5 157.5 - 1978-79
Gas turbine =~ 2 x 27.5 55.0 1982
Total ' 285.0
Rusail Gas turbine 3 x 83.0 -249.0 1984
Riyam Dlesel’ 1 x 4.98 4,98 1968
. Diesel 1'x 1.40 1.40 1972
Diesel 1 x 2.40 2.40 1972
Diesel 1 % 2.98 2.98 1972
Diesel 3 x 6.78 20.34 1974-75
Total 32.1-
Grand;total 566.1
Under planning 7
Rusail Gas turbine 2 x 83.0 166.0 1986
= Gas turbine 1 % 83.G 83.0 1987
2. Transmission lines (132 kV) .
. Line
Section Length(km) Conductor
Existing. _ _ -
Ghubrah P.S. - Wadi Adai S.S. 14 AAAC 400 sq am x 2, 2 cct
Wadi Adal $.5, - Al Falaj 8.8, 4 AMAC 400 sq mm % 2, 2 cct
Ghubrah P.S. — Rusail P.S. 22 ACSR 240 S5q mm x 1, 2 cct
Rusail P.5. - Seeb 5.8, 14 ACSR 240 sq mm % 1, 2 ect
Bidded or uner planning _ _
Rusail P.5. — Wadi Adai 5.8. 34 AAAC 400 sq mm x 2, 2 ecct
Rusail P.S. - Barka S.S. 22 AAAC 400 sq mm x 2, 2 cct
Barka $.8. - Musanna S.5. 48 AAAC 400 sq mm x 2, 2 cct
- Wadi Adal 5.5, - Wadi Kabir 5.8. 4 AAAC 400 sq mm x 1, 2 cct
3, Substations
: No. of unit
Substation Voltage (kV) x capacity (MVA)
Existing
Al Falaj. 132/33 2 x 125
Wadi Adai 132/33 2 x 125
Chubrah 132/33 2 x 42
Rusail 132/33 2x 75
Seeb 132/33 2x 63
Bidded or under planning :
Barka 132/33 2 x 125
Musanna 132/33 2 x 125
Wadi. Kabilr 132/33 2 x 125
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Table 4.3 Power facilities in the Batinah coast (January 1985).

1. Pdﬁer_stations

)

IR Type of Mo, of unit % Instailed  Commissi~
o power plant  unit capacity  capacity ‘oning year

Existing ' o

Copper mine Gas turbine 3 x 17.0 51.0 - 1981

Shinas Diesel 2 x .465 " 50,0 1979

Diesel 1 x 3.0 A 1984

Khabourah ‘Diesel 4 x J465 55.0 - 1979

" Diesel 1 x 3.0 - 1982

Diesel - 2x 3.0 10.9 1984

Total : _ __65.8
Bidded or under planning _ N

Copper mine Gas turbine 2 x 27.0 . 54,0 1985 (MEW)
Gas turbine 2 % 30.0 60.0 1986 (RDC)

Note: 1In addition there are three power stations at Musanna (7.4 MW},
Suwaiq (6.9 MW) and Rustaq (7.2 MW). These towns are planned
to be fed by interconnected transmission line of the Capital
area from 1986, : :

2. Transmission lines

Line

Section length (km) Voltgge (kV)
Existing
Copper mine - Magan S.S. 22.7 66
Magan 5.8, - ILiwa S5.8. .33
Magan $.5. - Majis 5.5. 5.5 o 33
Majls S.5. -~ Sohar 5.5. 21.0 ' 33
5.5. - Saham S.S. 30.0 7 33

Sohar

Under planning

Copper mine — Ibri

3. Substations

Substation Voltage (kV) Capaclity (MVA)
Magan 66/33
Liwa 33/11 3
Majls 33/11 3
Sohar 33/11 _ 10
Saham . 33/11 ' 10
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4,3 POWER GENERATION AND ELECTRICITY. TARIFF

4.3.1 Power generation in the'Capital area

" Even the Capital area had remainediundér~dévaloped_until 1970. However,
since tﬁen onwards “and espeéially after discovering new oil fields arbund
the middle of the 1970;5, considéréble sums of public and pri#ate funds
have Been spent on-iﬂfrastrdtture-inciuding roads, schoois, offices, resi-
dential accommodations, Qaboos port; Seéb interﬁatibnal airport, etc., and
the population of the;Capital area ha6 grown from 53,000 in 1970 to 241,000
in 1983, raising the standard of liviﬁg; These developments have led to a

very rapid growth in demand for electricity..
{1} Energy generation aﬁd'peak load

Main 1oad'éenters of the Capital area are Muécat, M@ttah, Ruwi, Qurum,
Seeb, etc. Energy generation of the MEW's ppwérrstations grew rapidly from :
214.2 Gih in 1976 to 1,512.6 GWh in 1984, while peak load grew from 46.6 MW
in 1976 to 340.3 MW in 1984, Annual éverage growth rate of energy genera-—
tion was 31.6% for the period from 1976 to 1980 and 23.9% for the period
from 1980 to 1984, Annual average growth taﬁe pf_ﬁgak load for the |

corresponding periods was 30.6% and 25.9%, fespéétiﬁély, as.shown below:

Energy generation Peak load
Year _ {GWh) (M)
1976 - 214.2 46,6
198G ' 642.1 135.5
1984 1,512.6 340.3
Average growth rate
1876-1980 31.6% 30.6%

19801984 23.9% : 25.9%

(2} Load factor

Load factor was 54,7% in average for the period from 1976 to 1980, but fell
down to 50.9% for the period from 1980 to 1984, This decline is explicated
by the spreaded use of air'cooler. In the summer months lead increases

sharply in accordance with rise in temperature.
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{3) System loss factor

Energy 1oss'faétor for station Service.has_decreased gradually ‘to attaih
5.7%in 1984, Historical data on energy sold could not be obtained, but in
1983 energy sold was 918.4 GWh against energy sent-out of 1,087.8 Gwh,
‘Therefore, it is estimated that transmission and distribution loss factor

be avound 15%.

4.3.2 Power generation in the Batinah coast

Main_loéd centers of the Batinah coast are Sohar, Shinas, 8S8aham, Khabourah,
Musanna, Suwaiq and Rustaq. In these towns there are only residential and
commercial consumers except for copper mining and smelting factory at

inland of Sohar which produces about 20,000 tons of copper per annum,

Since it is only 4 to 6 years ago that electricity was introduced in the
Batinah coast, the growth in power demand up to present was very rapid as.

shown hélow:r

"Towns - - 1980 1984
Sohar, Shinas, Saham,
Khabourah 4,9 MW 29,0 MW
Musanna, Suwaigq, Rustag _ 1.6 MW 19.2 MW {plus load

shedding 1.0 MW)

Load factor fluctuates between 29% and 35% with an average of 32%.

Tables 4.4, 4.5 and 4.6 show power generation from 1976 to 1984 in the

Capital area and in the Batinah coast.

4.3.3 Electricity tariff

MEW doeé not-distinguish between different classes of consumers in the
tariff charged, All electricity generated by MEW's power stations is sold

to consumers at 20 Baizas per kWh plus monthly meter rent of 150 Baizas.
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4.4 CHARACTERISTICS OF LOAD VARIATION

As seen in TaBle 3.1 of Chapter ‘3, the maximum temperature in the Capital . -
area and in the Batinah coast reaches 45°C to 47°C in the summer season,.
while in the winter season the minimum temperature sometimes falls down to -

below 10°C.,

The share of industrial load in the total power demand is small, therefore
residential load (mainly of air cooler) which is sensitive to change in '
temperature plays a predbminant role in the load variation, Characteristics

of monthly and daily load variations are described as follows:

4,4.1- Monthly load variation

When analyzing monthly peak load, minimum load and average load calculéted
from monthly energy generation, the following characteristics of monthly

load variation can be pointed out:

a) In the minimum 16ad days in January and February, the daily maxi-
mum and minimum loads are about 30 to 33% and 17% of the annual

peak load respeétively.

b) However, monthly average ioad in Jaouary and February is éboﬁt 24%
of the annual peak load, and during these two months the dif-
ference of demand size is almost negligible hetween ninimum load
day and maximum load day. Therefore, it can be considered that
the base load is below around 25% of the annual péak ioad in the

leoad curve.

4.4,2 Daily load variation

From daily load curves of the annual peak load day (June 19,71984) aﬁd the
annual minimum load day (February 3, 1984), the following characteristics

are pointed out for dally load variation in the Capital area:

a) Daily peak load in the summer season oceurs at around 14:00 to
15:00 hours due to air-conditionning, while in the winter season

1t occurs between 17:00 and 21:00 hours reflecting lighting load.

b) Both in the summer season and in the winter séason, load fairly

falls down from mid-night to early morning but the minimem load is
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fairly high, namely about 657 of the daily peak load. It is only
3 to 4 hours per day- that the load falls down below 70% of the

daily peak load.

Fig, q 2 ‘showe daily load curves of the peak load .day .and - the minimum load
dayiin,1984 Monthly 1oad variation and monthly load curve are shown in

Table 4.7 and Fig. 4,3, respectively.
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Table. 4.2 Mon_ihly-lood curve and annual duration curve (1984)
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Fig. 4.3 Daily load curve (1984 )
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4,5 TLOAD FORKCAST

4,5.,1 Load forecast for the Cépital.aréa

(1) MEW's load forecast (1985 - 1990)

For the Capital area, MEW hés a load foreéaét for the period from 1985 to
1990, This forecast is madé on a micro-economic framework in'which _
lighting load, industrial load, new buik 1oad, as well as, loads produced
by the execution of community project and power system expansibn are taken

into account. Detail of thils load forecast is shown below:

(MW
Category 1984 1085 1986 1987 1988 1989 1990
{Actual) - . L '
a) Lighting load 305.3 378 413 448 474 500 527
b) Industrial load 35 45 45 60 60 60 60
c) New bulk load - 6 55 86 87 87 87 .
Sub-total 340.3 425 513 595 621 647 674
d) Community project - - - 15 40 140 220 290
e) Power system expansion - - 58 68 79 91 104
Total 340.3 425 586 703 840 958 1,068

"In the above table, items a), b) and ¢) show the natural growth of power .
demand due to growth in population, development of industries and some on-
golng projects such as Qahoos university, hospitals, etc., The éommunity
project of item d) imcludes Khuwair south'tOWn, Ghubrah south town, Quruﬁ
beach town, Airport Heights town, Azalba town, Nahaba town, etc. This is a
very big project, and its total load is exﬁected to attain 290 MW in 1990
which exceeds the peak load of the Capital area recorded in.1983 (281 MuW),
Item e) shows the power deménd of the Batinah coast in the eastern part.
such as Musanna, Suwalq, Rustaq, Mabellah which will be connected to the

power system of the Capital area through expansion of transmission line.
(2) Review of the MEW's load forecast

It is well known that there 1s a close correlation between growth in power

demand and that in the national economy repreéented'by GDP.

There also exists a clese correlation between growth in power demand and

that in population, Therefore, as a macroscopic method, 1t is possible teo
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forecast demand for electricity byVinputting'anticipated.growth in popula-
tion and GDP in a multiple regression model made by using recorded popula-
tion and GDP in the past as the independent variébles and power generation

as the_dependént varlable.

Based on'ﬁhe tiﬁe—sériés data on GDP, consumer prices ihdex, ﬁopulation of
“the whole country and that of the Capital area for the period from 1976
throﬁgh 1983, the following multiple regressibn model was obtained, The
detail is shown in Table 4.8. - '

y = 0.25733 x7 + 5.51291 xy - 857.4

Where: y : Energy generation (GWh)
X1 ‘i1 GDP/Capita {(Rial Oman)
x2 ¢ Population in the Capital area (i,GOO ps)

_Note:'_Multiple correlation coefficient of the above'equation:
RZ = 0.999

The result of demand forecast for electricity obtained by using‘the'above
regression model is shown in Table 4.9. 1In this forecast, GDP was assumed
to grow at ‘an.average annual rate of -13.1% for the period from-1980 to 1985
(target of the Second 5-Year Plan) and 12.0% for the period from 1985 to
1990, while population of the country was assumed to increase at aﬁ average
annual rate of 3.15% and that of the Capital area at én average annual rate

of 8.8%7 (same as before) for the period from 1980 through 1990,
A

Comparison of these two load forecasts shows that the load forecasted by
using the regression model is almost the same as the total load of items

a), B) and ¢) of the MEW's forecast as shown below:

Peak load in 1990

Load forecasted by regression model 668 MW
Load forecasted by MEW (Items a), b), c) 674 MU

¥rom the above, MEW's forecast on the natural growth of power demand shown

in items a), b) and c) is considered reasonable.

Since the independent variables {GDP and populatfon in the past) used for

making the above regression model does not include big events such as
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large-scale community project and power system expansion, the regression

model canmot caver 10ad$"of'itemé d) and ), -Both the community project

and the power system expansion project are now on=going. Therefore, for

the period up to 1990 it is considered appropriate to use as the basis of

planning the MEW's load forecast covering items a), b), ¢), d) and e).

(3) Load forecast for the period 1991 - 1995

JICA study team prepared load forecast for the period from 1991 through

1995 in the following manner:

a)

b)

c)

d)

Lighting load of the existing consumers

The growth rate of lighting load over the previous year was fore-
casted by MEW to decrease from 10.4% in 1986 to 5.5% in 1990.
Taking this-intq consideration, JICA.study team adopted an average
growth rate of 5.5% per annum for lighting load of the existing

" consumers for the period from 1991 to 1995,

Industrial load

The industrial load was forecasted to remain constant at 60 MW
from 1987 to 1990 by MEW. JICA study team forecasted that the
load will grow by 5 MW every year from 1991 to 1995 at Rusail

industrial estate and elsewhere.
Bulk Jload

The bulk load including Qaboos university and its_hospital_and
Ghubrah hospital was forecasted to remain at 87 MW from 1987 to
1990 by MEW,., JICA study team forecasted that this load will
remain constant at 87 MW up to 1995.

Load of new communities

The load of new communities forecasted by the Ministry of Housings
is 290 MW for 1990 which is comparable with the total power demand
of the Capital area in 1983 (281 MW,

The lighting loéd of the existing consumers was forecasted by MEW
to grow from 281,00 MW in 1983 to 527 MW dn 1990 an average growth

rate of 9.5% per annum.
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The conditions will be almost the same for the existing lighting
consumers and consumers of the new communities. Hence, it will be
appropriaté to consider that the growth in power demand of the new
communities after 1990 will be similar to that of the existing
lighting load from 1983 to 1990. Therefore, an average rate of.
9.5% per annum was adopted for power demand of these new com—

munities for the period from 1991 to 1995,
e) Load by power system expansion

The load of.Musanna, Suwaigq, RuStaq and Mabellah was.forecasted to
grow at an average rate of 15.7% per annum for the period from
1986 to 1990 by MEW. JICA study team estimated that the gfowth
_tempo of power gemand for. the period from 1991 to 1995 will be
slightly.lower, namely 15.0% per annum.

Based. on the above conditions, the power demand of the Capital area for the

period up to 1995 was forecasted as shown in Table 4.10.

4.5.2 Load forecast for the Batinah.coast and Inland area

(1) Load forecast for 1985 te 1990

In the western part of the Batinah coast there are six towns of Khabourah,
Saham, Sohar, Majis, Liwa and Shinas, of which Khabourah and Shinas are
supplied with energy by their diesel power stations and the other towns are
fed by gas turbine power station of copper mining and smelting plant
constructed in the inland of Sohar, The total installed capacity of this
gasg turbine'poﬁer station 1s 51.0 MW at the end of January 1985, but it is
planned that this capacity be increased to 165.0 MW in 1986 to supply power

to other nine towns in the Inland area including Buraimi and Ibri.

For these tpﬁns except for Khabourah, MEW has a load forecast for the
period from 1985 to 1990, Data on population, income and other relevant
Information necessary for forecasting load of these towns are not avall-
able. Therefore, it is approprialte to use MEW's load forecast. The
following is the MEW's load forecast for the above towns combined with JICA

team'’s forecast for Khabourah town:
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1985 . 1986 1987 1988 1989 - 1990

Khabourah (Note 1) ) .9 10 12 13 16 18

Other towns (MEW's forecast)

Magan feeder (Note 2) 27 41 51 6l 73.5 87
Copper mining and | o ) | _
smelting plant 17 17 17 17 17 17
Other towns (Note 3) 28 68 . 83 100 118.5 136
Sub-total 72 127 151 178 209. 240
Total 81 137 163 191 225 = 258

Note 1. Annual growth rate of 15% is adopted (Same for Musanna, Sﬁwaiq,
Rustaq and Mabellah)} . .

Note 2. Sohar, Saham, Liwa, Majis and Shinas

Note 3. Buraimi, Al Wasit, Hafit, Sunaynah, Dank, Ibri, Mahada, Yanqul
and Mazim

(2) Load forecast for the period 1991 - 1995

The load for the period from 1991 to 1995 was forecasted by JICA study team

as follows:
a) Saham, Schar, Liwa, Majis; Shinas and Khabourah

Since the economic conditions and. stage of development of these
towns are simllar to Musanna, Suwaiq, Rustaq, etc. which are sche-
duled to be conmected to the power system of the Capital area in

1986, the same growth rate of 15% per aanum was adopted.
b} Copper mining and smelting plant

The production capacity of the above plant does not change, so the

load was forecasted to remain constaunt at 17 M¥ up to 1995.
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¢) Buraimi

The load is forecasted to grow at an average rate of 12 3% for the
period from 1985 to 1990 by MEW, JICA study team estimated that
the growth tempo of power demand from 1991 to 1995 will be
slightly.lowei, némely 10.0% per annum,

d) Al Wasit, Hafit, Sunaynah, Dank and Mazim

Because of fhe initiai.étage of electrification, the.power demand
of the above towns was forecasted to grow at a high réte of 22% in
average up to 1990 by MEW, but after 1990 the growth tempo will be
lower. JICA study team adopted an average growth rate of 15% per

annum.
e)‘-Ibri, Yanqul'and Mahada

Considering that the load of the above towns was forecasted to
‘grow at an average rate of 16.0% per annum up to 1990 by MEW, JIcA
study team adopted an average growth rate of 12,0% per annum for

the periocd from 1991 to 1995.

The power demand forecast made on the above conditions for the Batinah

coast and Inland area is shown in Table 4.11.
(3) Load to be fed by Barka power station

The power demand and supply balance in the Batinah coast and Inland area is
‘shown in Table 4.11. According to this table, the required capacity
including reserve capacity of one largest unit is forecasted to grow from
167 MW in 1986 to 193 MW in 1987 and 211 MW in 1988, Therefore, against
supply capability of 165 MW in 1986 the shortage in supply caﬁacity of 2 MW
in 1986, 28 MW in 1987 and 56 MW in 1988 will be produced as shown béelow:
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(W)

: “Reserve . Regquired Installed : :
Year Peak Load capacity capaclty capacity Balance
in 1986
1986 137 30 167 165 ~2
1987 163 30 193 165 -28
1988 191 30 221 165 -56

Taking the above conditions into account, it is suggested that two units of

each 30 MW gas turbine-generator be installed near Sohar town in 1987/1988.

The power demand and supply balance in Table 4.11 gives the conditions

after installation of these two units of gaé turbine-generator. The load

"exceeding the required supply capacity must be supplied by Barka power sta~

tion.

In this context, it is to be noted that the capacity of two diesel power

‘stationms at Khabourah and Shinas is not considered in the above sﬁpply

capability of the Ratinah coast.
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4.6 DPOWER DEVELOPMENT PROGRAM

4.6.1 Development scale of Barka power station
(1) Reserve capacity

In order to secure high reliability of power system operation, a certain
amount of generating capacity has to be reserved in the power system.
Criteria for reserving capacity differs by power system according to number
of generating units, scale of power system, etc. In case of the Capithl
area and Batinah coast, if there is no large reasonal variation of load it
will be appropriate to reserve capacity of the largest and the second
‘largest units. However, in this area the seasonal load variation is very
large, i.e. the load in January and February falls down to about one—;hird
of the annual peak load occurring generally in June or July as shown in
Table 4,7, Therefore, outage of generating units for maintenance can be
executed concentrically in Januvary, February and other low load months
without doing it in June and July. Taking these into consideration, capa-

city of one largest unit was taken as the reserve capacity of power system.
(2) Overall demand and supply balance and power development program

Table 4.12, made by using Tables 4.10 and 4.11, shows the overall power
demand and supply balance in }be Capital area and Batinah coast. The
overall balance shows that it is appropriate for Barka power station to be
equipped with more than 700 MW taking into account the following con-

ditions:

'a) Against supply capability of 769 MW of the Capital area in 1987,
shortage in supply capacity will be 149 MW in 1988, 586 MW in 1991

and 717 MW in 1992 including Capital area and Batinah coast.

b) Barka desalination plant is scheduled to be completed by the end
of 1990 with the ultimate capacity of 180,000 m3/day which can

meet the growth in demand for water up to 1995,

One idea for developing Barka power station will be as follows:
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Year of Gapacity Accumulated -

commissioning commissioned total ‘Note
1988 . 160 MW 160w Gas turbine only
1989 160 MW 320 MW . _—
1990 280 MW 600 Mw- Steam turbine and gas
' ' turbine

1991 140 MW . 740 MW - "
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4.7 OPERATION PROGRAM OF BARKA POWER STATION

4.7.1 Load SHérihg byjtypé of power plant

Barka power station,. as described in Chapter 7, will consist of two types
of plant, i.c, one plaut is to be operated. for dual purpose of power '
generation and desalination and the other plant for single purpose of power
generation, taking into ‘account the forecasted demands for electricity and
‘water. : -

Using Table 4.7, the peak load, average load aind minimum load of every two
months for the period from 1985 to 1995 can be forecasted.as shown in Table
‘4,13, and from this table the annual load curve can be traced as shown in
Fig. 4.4, In this load curve, it is considered that the base load be
supplied by dual purpose: plants of Barka and Ghubrah and the middle load be
supplied by Barka single purpose plant of high thermal efficiency. The
peak lead will be fed by gas turbine-generators of Rusail and Ghubrah.

4.7.2 Generation program of Barka power stafion

Seen from Tig. 4.4, the maintenance of Barka power station (1.5 months for
each generating unit) is scheduled to be carried out in January, February
and other low load months. Taking into consideration the shape of load
curve and outage period of generating units, the generation program of
Barka power station can be established as shown in Tables 18.1 (a) and
18.1 (b).
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