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A. SUMMARY

1. BACKGROUND AND NECESSITY OF THE PROJECT

In the Sulfanate df‘0méh the demands for electrie power and water have
grovn rébidiyiénd are still growing at very high.pace wiﬁh the_social and
eccnoﬁic devéipbmeﬁt of the country and the rise of standafd_df living of
the people. This will'lead to the éhértage in sﬁpply cépabilities of the
ex1sting power plants and water supply facilities to meet the growing
demands. To cope w1th this situation the Mlnistry of Electricity and Water
(MEW) plans to construct a large geale power and desalination complex plant

near Barka toOwWn.

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

project and Cdmpiied‘thé'results of studies in this report.

This project is very 1mportant for the country, and also it should be
completed early as possible when con81dering demand and supply condition.
Therefore, it is suggested that the construction work be started in the

imnediate future.

9. PRESENT CONDITIONS OF ELEGTRIC POWER SUPPLY AND DESALINATION

2.1 -Existingﬁpower-facilitiés

(1) Power facilities in the Capital area

a) 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:



o ' Installed capacity
Power station - Yype of plant (M)

Ghubrah Stean 72.5
Ghubrzah Gas turbine 212.5
Sub-total 285.0
Rusail ~ Gas turbine 249.0
Riyam Diesel ' 32.1°
Total 566.1

MEW hés a plan to shift diesel units of Riyam powerlstation to
rural afeas in the coming one.or twd yearé, and to ins;all at..
Rusail gas turbine power station No. 4 and No. 5 units of each 83.0
MW in 1986 and No. & unit of 83.0 MW in 1987.

Power consumption for stétion service is estiméted at 10.4 MW fof
GhubrShIPOWEr and desalination comﬁiex plant and 0.65% of installed
capacity for Rusail gas tgrbine power station. Therefore, the
total installed capacity and sending-end capacity in the Capital
area excluding Riyam power station for 1986 and 1987 will be as

follows:
(M)
Power 15986 : 1987 _
Installed Station Sending— | Installed Station Sending-
station - . - .
capacity service end cap. capacity service end cap.
Ghubrah 285.0 10.4 274.06 285.0 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 from Ghubrah
power station, the one to Wadi Adai substation 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.,



e)

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 substation
' -~ From Rusail power station to Barka substation

~ From Wadi Adai substation to Wadi Kabir substation

In addition, tender call for the construciton 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,

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.

d) Interconmection of Musanna, Suwalq, Rustaq and Mabellah

.Plan is on-going to supply electricity by 33 kV lines from
plénned Musanna sﬁbs;ation to three towns of Huéanna, Suwaiq and
Rustaq. These towns are now fed By diesel power stations. The
interconnection,of these towns and Mabellah with power system of

the Capital area is scheduled to be commissioned in 1986.

{2) Power facilitles in the Batinah coast

a)

Power stations

In Musanna, Suwalq and Rustag there are diesel power stations of
7.4 M4, 6,9 MW and 7.2 MW, respectively. However, MEW plans to
supply electricity to these towns from the Capital area by inter-—

connected transmission line from 1986 as described before,



In 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'capacity

Lodatiqg ‘ Type of plant {MW)
Copper mine Gas turbine | ~ 51.0
Shinas Diesel 3.9
Khabourah Dlesel 1.9

Total - o 65.8

Power station at copper mine is equipped with three gas turbine~
generators of éaéh'i?QOIﬁW. 0f these three units; one unit is of
MEW, one unit of Oman Hining Company and tﬁe femainiﬁg.one unit
is operated for common use by MEW and Oman Mining C.ompany. It is
planned that two units of each 27.0 MW gas turﬁine-generator
(MEW) be added to this power statidn.in-IQSS:and two units of
each 30.0 MW gas turbine-generator (Rural Deveidpﬁeﬂt Committee)
be added in 1986. Therefore, the total installed cépaéity at
copper mine will increase to 105.0 EW in 1985 and 165.,0 MW in
1986. '

b) Transmission lineg 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 is planned to be started in 1986.

2.2 TExisting 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 Atea had been dépen-
dent on pumping up of underground water only; To meet the rapid growth of

water demand, the first desalination plant was constructed in Ghubrah and



entered service in 1977. 1In 1983, the No.2 plant was put into parallel
operation with the above No.l plant. The present water production capacity
of the desalination plants is 47,730 ﬁ3/day.

_ Wﬁper _ Commis—
Name of Plant © Production sioning
. Capacity year
Existing MIGPD m3/d
No.l MSF Plant 5 (22,730) 1977
NO;Z_MSF Plant 5.5 (25,0005 1083
Sub~total 10.5 (47,730)
Under construction
No.3 MSF Plant 5.5 (25,000) 1986
No.4 MSF Plant 5.5 (25,000) 1986
Sub-Total 11 (50,000)
Total 21.5 (97,730

Note: Water production capacity in the table is the average of
capacity at high temperature operation and capacity at
low temperature operation.

MIGPD = Million Imperial Gallon/day
1 Imperial gallon = 0.004546 m3

At present, two more plants of No.3 and No.4, 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 prdduction capacity of all'desalinétibn plants will reach 97,730
n3/day. ' ' ' :

Most of wells in the Capital Area.are located at five ground water reglons
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 penetrating into the
groand'ﬁue‘to éicessive pumping, MEW has a policy to maintain the average
ground water pumping quantity of 22,000 m3/day as shown in the'following
table.



Ground Water Pumploag Plan after 1985

Max. ~ Average
District pumping rate pumping rate No. of wells

| : (m3/d) (m3/d)
Wadi Adai | . 50,000 10,000 approx. 30
Mawallaa | 2,000 1,000 o 3
Seeb 18,000 - 12
Al~Khawd Dam Well Field 22,000 10,000 14
01d Government Well Field 10,000 2
Rusail 1,000 1,000 2
Total 103,000 22,000 approx. 80

3. DEMAND FORECAST FOR ELECTRIC POWER AND WATER

For both electric power and water, demand forecasts forlthe period from
1985 through 1990 have been established by the MEW. Demand forecast for
electricity covers the Capital area and the Batinah coast inclﬁding Inland
area, whilé demaﬁd forecast for water 1s for the Capital area only., These
forecasts have been reviewed and extended up to 1995 by JICA study team.

Results of study are summarized as follows:

3.1 Demand forecast for electricity and scale of development of the
proposed Barka power plant ' -

In the Capital area, 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% per
annum for the period from 1976 to 1980 and 25.9% per annum for the last 4
years from 1980 to 1984. This high-paced growth in power demand is due
partly to the construction of various kinds of infrastructure and partliy to

the rapid growth in population.

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

addition to the natural growth of the existing lighting load:



= Growth in industrial load at cement factory, oil refinery and Rusail

industrial estate, ete.

'~ New bulk load which will be préduced with the completion of Qaboos
‘university and its hospital, Ghubrah hospital, etc.

~ New residential load which will be produced with the completion of

community projects.

~ Loads in Musanna, Suwaiq, Rustaq and Mabellah in the Batinah coast
which are scheduled to be comnected to the Capital area through

expansion of transmission line.

In the northefn half of the Batinah coast the;e are load centers of

Khabourah, Saham, Sohar, Liwa, Shinas, etc.

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

as follows:



Q)

Item - 1987 1988 1990 - 1991 1992 1995

Peak load
Capital area ' 703 840 "1,068 .1,180 1,270 | 1,527
Batinah coast - - 191 258 288 329 | 468
Total (A) 703 | 1,031 1,326] 1,468 1,599 1,995

Reserve capacity

Capital area 82 82 82 82 g2 82

Batinah {copper . .

mine's power plant) - 30 307 . 30 30 30
Total (B) 82 112 112 112 112} 112

Required capacity

(&) + (B) = (0) 785 | 1,143{ 1,438) 1,580{ 1,711} 2,107

Supply capacity
(Existing and under

planning)
Capital area 769 69| 769| 7691 769| 769
Batinah (copper : |
mine's power plant) - 225 225 225 225 225
Total (D) 769 994 994 994 994 | 994
bemand ?Diufp%g)bala“ce -16 | -l49| 446 | -586 | -717 | -1,113

Note: 1. Suﬁply capacity in the Capital a;ea'does not include capécity
of the proposed Barka power station.

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

3. Load of Khabourah is included in the load of Batinah coast.



4. ©Expansion of copper mine's power plant for the period up to
1986 1s already authorized. However, it is suggested that
additional two units of each 30 MW gas turbine-generator be
installed in 1986/87 nedar 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‘proposéd'Barka power station
be developed with a capacity of more than 150 MW by 1988 and more than 700
MW by 1991,

3.2 Demand forecast for water snd scale of development of the proposed
Barka desalination plant

The demand for water in thé'Capital area has also grown rapidly in the
recent years with the economic development and the growth in population.
The water production incressed from 4,555,000 m3 (12,400 m3/day) in 1977
when-ihg first desalinatlon plant was commissioned at Ghubrah to 11?177,000
w3 (30,600 m3/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 period from
1977 to 1980 an& 20.4%Z for the period from 1980 to 1984. Of the total
Wétép production in 1984, 82% was produced bj desalination plant and the

remaining 18% by wells.

In addition to the natural growth of the existing demands, the followiﬁgl

new demands are anticipated:

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

sports—stadium, Qaboos university and its hospital etc.

- New fesidential Water demand which will be produced with the comple-~

tion of community projects at Azaiba, Ghala, Bosher, Lansab, etc.

*'Grdwth‘in demand by use of landscaping and by extension of service

‘area.

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

casted as follows:



.(m3/day)

Iten | 1985 | 1987 | 1988 "} 1990 | 1991 1995

Required water

production (Average) 99,274 [ 136,958 | 155,088 | 193,596 206,877 . 260,000

Peak demand in the ' ' ‘ T S :
summer Season (A) 114,165 1 157,500 | 178,350 | 222,635| 237,908 1 299,000
Reserve capacity (B) 30,000 30,000 30,000 30,000 36,000 30,000
Required supply
capacity _ T : '

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

Water Supply Capacity

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

Ghubrah desalination | 47,730) 97,750] 97,750 97,750 97;750 97,750
plant : :
Total (D) _ 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 1arge'dam and reservoir, and the supply of
water depends mainly on the desalination plant. Therefore, in order to .
secure stable supply of water it is necessary for desalination plant to

have additibnal one unit at 1east'(30,000 m3/day) as the reserve ca@acity,
taking into account the lowering of sﬁpply capability due to accidents or

scheduled maintenance.

To meet the-growing demand for water, Barka desalination plant should be
comnissioned with the shortest construction period technically possible.

If construction works are started in May 1986, Barka desalination piént
will be able to enter service around the end of 1988 with a capacity of
906,000 m3/day including reserve capacity of 30,000 m3/day. This capacity

" should be increased to 150,000 m3/day-inc1uding reserve capacity in 1991 to
cover shortage in supply capability of 148,000 m3/day in thé same Year.
However, when congidering the shortage in supply capability of 209,000
m3/day in 1995, it will bé apﬁropriate for Barka desalination plant to be
developed up to the ultimate capacity of 180,000 m3/day by the end of.l990

...-10_.



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

econony and stability of supply,

4, SELECTION OF UNIT SIZE
4.1 Power plant

In general, the 1arger the unit size of the power plant the less the
construction cost per kW installed. Therefore, it is.appropriate to select
unit size as large as possible in the standardized size. However, the
selection of unit size of power piant has a close relatlon with operation
of power system. Taking these into account, the optimization study on the

unit size of power plant was carried from two positious.

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 costs (present worth) of the plant adopting
a unit capacity 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 system by adopting a unit capacity
of 120 MW is larger than that exerted by adopting a unit capacity 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 frequency drop risks to give a grave effect to turbine-generator. In

general, the allowable limit of operation frequency in the 50 Hz power

- 11 -



system 1s 48,5 Hz, and frequency drop to 47.5 Hz will requlre immediate
shutdown of operation. Therefore, when fault occurs on the3120 MW unit it
will he necessary to execute load she&ding-in order to prevent overall .
faique of the power sfstém}_ This ﬁeans that when reliability and stabi-
lity of power system should be secured by all meaﬁs it is suitabie to adopt
a unit capacity of 60 MW,

4.2 Desalination plant

For desalinaéion'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 must be operated to cope with seasonal variation of
water demand and scheduled maintenance. In the Cépitai area, seasonal
variation of demand:for yatér is abouf1i15% of the average demand. The
demand variation in 1995:is forecasted to he 260,000 m3/day x 0.3 = 78,000
m3/day. Therefore, if unit size of 30,000'm3 is adopted, it will be__
poséible:to shut down two units for maintenance in the winter séaéon évery
year. Taking fﬁeée into account, it will be apprdpriate to select a unit
size of 30,000 m3/day. ' o -

5. SELECTION OF TYPE OF PLANT

5.1 Desalination plant

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

from the following viewpoints:

a) Actual resulﬁs of commercial opefétion
b) Adaptability to large scale plant

_¢) Adaptability to dual purpose plant

d) Operation and maintenance

@) 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 commercial

- 12 -



operation, adaptability to large scale plant and alsc adaptability to dual
purpose plant, while RO process is superior to MSF process in operation and
-maintenance, construction period and economy. However, MSF process is pre-
dominant fof déséliﬁatidn'plants in commercial operation and éspecially for
'1arge scale plant such as the proposed plant, ThErefore,‘it is considered

suitable to adopt HSF process from viewpoint of reliabllity.

For MSF process, the perfbfmance ratio & was judged the most economical
both in the extraction turbine alternative and in the back pressure turbine
aiternative. Consequently, it is suggésted thaﬁ MSF process of a pérfor¥
mance ratio 8 be adépted'for_ﬁhé desaiination,plant to be joilntly opefated

with the proposed power plant.

5.2 Power plant

The proposed poﬁer plant should be capable to correspond to daily and
seasonal large variation of load on one hand and supply continuously steam
in a given quantity to the desalination plént on the other hand. Taking
these 1nto aécount, comparative study was carried out on the 6 combinations
of power plant aud desalinatlon plant, i.e. Type~A, Type-B, Type~C Type-D,
Type—E and Type-F. Turbine—generators of the power plant 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 powver plant:' : 360 MW (Power generation
and degsalination)

'3 units of each 120 MW stéam‘tufbine¥generator
Type~B
. Gas/steam combined cycle power plant: 740 MW (Power generation

and desalination)

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

- 13 -



Type-C

. Gas/steam combined cycle power plant: 360 MW (Power generation
+ Steam power -plant: 360 Md and desalination)

Same constitution as Type-A power-ﬁlant.
Steam feed plpes of both plants are connected
to supply steam to desalination plant

Type-D

. 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

. Gas tufbine power plant: 400 MW {Power generation
and desalination)

5 units of each 80 MW gés turbine-generator

with heat recovery steam generator for
desalination plant

Type-E

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

2 units of each 80 MW back pressure steam turbine
. Gas/steam combined cycle power plant: 560 MW (Power generation)

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

Type-F

+ Steam power plant: _ : 180 MW (Power generation
and desalination)

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

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

5,3 Economlc evaluation

For each type of combination of power plant and desalination plant (types

A, B, G, D, E and F}, the total costs (construction cost, operation and

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

- 14 -



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

calculate the following ratio and rate:

- Benefit/cost ratio (B/C ratio)

Economic internal rate of return (EIRR)

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

solution 1s recommended as the optimum project.

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

into account.

In spite of the fact that in the desalination sector RO process is moxe
gconomical than MSF process;‘MSF process was recommended in this study,
considering that MSF process is predominant for large scale desalinatiom
plant in commercial operation while RO process has almost no performaﬁce
record for power and desalination dual purpose plant. Also in the desali-
nation sector it was planned to adopt the performance ratio § because this
ratio is the most economical both in the extraction turbine alternative and

in the back pressure turbine altrernative.

The special condition in the demand pattern is for power generation sector,
and this problem has a close relation with stability of electricity supply

and reliability of plant operation.

The overall evaluation of the project imcluding considerations on the eco-

noﬁy 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:

..15...



Present Worth of the Total Costs and

Costs Fconomized against Type~F Combilration

Discount rate 87 Discount rate IOZ.

Present Costs Present Costs

worth of | economlzed worth of | economizead

the total | against Type-F | the total | against Type-F
' ‘costs combination costs combination
Type“‘A 756-0 40-6 634.9 34.7
Type—B 758.9 37.7 636.6 33.0
Type"D 75801 3805 633-1 36.5
Type~-E 789.3 7.3 662.3 7.3
Type-F 796.6 669.6

R/C ratio of Type-F combination

Discount rate 8%

Discount rate iOZ

0.949

Against Type-A 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 othér type of combination. This cost is regarded
as the benefit of Type-F combination because it is the
expenditure to be saved by the execution of Type-F
combination.

As shown in the above table, the most economical solution is Type~A com-
bination when using a discount rate of 8%. The economic ranking of pro-
jects can be c1arified'by the economic internal rate of réturn {EIRR) which
is the discount rate'equalizing present worths of the total costs of two
projects. When taking Type-A cdmbination as the basis, the EIRR of this

alternative is calculated as follows:
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Against Type-B combination: 11.5%
Apainst Type-D combination: 8.8%

Against Type-E combination: Meaningless to calculate because
Against Type-F combination: EIRR will be more than 30%

Seen from economic viewpoint, the least advantageous solution is Type~F
combination, This alternative costs higher than Type-A combination by
more than 5% (41 millibn R.0, in the present worth calculated at the

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

Type—-a combinatioﬁ'is fhe most ecoﬁomical. .Howevér, in TyﬁeuA cdmbination,
" when fault occurs on the 120 MW turbine~generator supplying base load at
the minimum load time in January-and Februarf it is necessary to executé
partial load shedding in order to prevent overall failure of the power
system, Such a counter—measure is needed for only several years aftef com-
missioning 6f'the power.plant,~and probability of occurrence of fault at
the minimom load time in the winter.season is extremely low. Therefore,
when the most importance is attached to the long-term economy, it is

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

However, stability of electricity supply is the most important for electric
utility. Since Barka power plant is planned to play as the main power
source in the integrated grid system covering the Capital area and the
Batinah coast, the safety and reiiability of operation are especially
required for this powef statibn. When standing on this viewpoint, amy type
of power plant giving fears of load shedding is not desirable, and it is
rather suitable to adopt a power plant which is more reliable in operation
and éuppiy, though it may be less‘ecoﬁomit. Type~F powef plant is the most
suitable to meet requirements of stébility of supply and reliability of

operation.
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5,4 Conclusion

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

types of combination of power plant and desalination plant.

0f these six types of combinationm, TypéwA has a defect that the influence
exerted on the power systeﬁ.is large when fault occufs on its steam
turbine-genevator in the minimum load time 1in the winter season, but has a
merit in its high economic performance, Therefore, seen from long-term

economic viewpoint, Type—A combination is considered recommendable..

On the other hand, the cost of Type—F combination 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 impossible to
express In a quanﬁitative manner, would be by no means so small, On the
other hand, when cousidering economic conditions of Oman at present and for.
the future up to the end of sarvice 1ife of the plant, the above excess .

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

Taking account of the above conditions and the present situatioh of Oman,
Type—F combination, though less economic, is judged more recommendable than.

Type-A combination,

6. CONSTRUCTION SITE OF POWER AND DESALINATIOﬁ COMPLEX PLANT

6.1 Topography, geology and foundation treatment

The site for power and desalination complex plant, designated by MEW, is
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 approxzimately
660,000 sq meters for plant related facilities is to be raised at least 1
meter from the origihal height, taking into consideration the discharge

plans for waste water from the plant and high waves due to monsoons.
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Seen from results of borings at Ghubrah desalination plant and forings exe—
cuted near Barka town for the prospection of subterranean water, the value
N of the standard penetration 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 cousidered suitable

for foundation of civil structures, heavy equipment, bﬁildings, ete.

However, at the stage of definite study, it is necessary for detailed
geological investigations to be erecuted to determine finally the. structure

of fouridation.

6.2 Sea water depth and temperature of sea water

The sea is shallow. The results of sounding of the sea water depth show

“that gradient of the sea bhottom is from 1/110 to 1/280.

The sea water tempefature was ardund_24°C disregérding depth and distance
from sea-shore. This is because measuremént of the éea water temperature
was carried out in the winter season of this country (average émbient tem-
perature: 24°C). According to data,.temperature of the sea water at the
sufface 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

temﬁerature in the sﬁmmer geason in otder.go determine finally sea water

intake system,.taking.into account gentle slope of the sea bottom and tem—

perature distribution of the sea water.

7. TRANSMISSION LINES AND SUBSTATIONS

7.1 275 kV transmission line from Barka power station to Khuwair
interconnection substation (60 km)

According to ?ower demand forecast, the peak load in the Capital area in
1988~1991, when Barka power station is planned to enter service by stage,
is considered to be about 90% of the integrated system peak load including
the Capital area and the Batinah coast. The site for substation where
transmiséion 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
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obtalned from power system analysis, it 1s suggested that an intercounec-
tion substation (Khuwair intercommection substation) be constructed on a
flat area at the foot of mountain about 3 km south of Ghubrah power sta-—

tion.

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

higher voltage should be selected.

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

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

Starting.frOm Barka switchyard, the line takes a course sgouthward, across
the highway and then turns to the east to reach Barka substation which is
under plamning. Power for Batinah coast 1s stepped down to 132 kV here and
transmitted by 132 kV line. After braﬂchihg at Barka substation, the

275 kV line crosses over 132 kV Barka—-Musanna line, then takes a course for
Rusail and bypasseé Rusail power station on the south. Then it takes
course to the east and reaches Khuwair interconnection sgbstétion. At this
substation 275 kV line from Barka is interconnected wifh two 132 kv lineé
from Ghubrah to Wadi Adal, and frowm Rusail to Wadi Adai.

7.2 132 kV transmission line from Musanna substation to Sohar
substation (125 km)

To meet the growing demand for electric power in the northern half of the
Batinah coast (Khabourah, Saham, Sohar, Liwa, Shinas, etc.)} and.in the
Inland area (Buraimi, Ibri and other small towns and viliages), MEW plans
to increase generating capacity of copper mine power station 1qcated about
20 km south of Sohar from the present 51 MW to 165 MW by the end of 1986,
However, as described in paragraph 2.3.1, additional two units of each

30 MW gas turbine-generator are necessary to be ingtalled 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 Caﬁitalrarea, on the other hand, construction program of 132 kV line
from Rusaill power station to Musanna is now on—-going. This line, together
with Musanna substation, is scheduled to enter service in 1986. In con~
sideration of this situation, it is suggested to extend the 132 kV
transmission line from Musanna substation to Schar substation. For this
purpose, construction of Khabourah substation and expansion of Sohar

substation are suggested.

In this connéction, it is to be noted that, apart from the propésed pro-
ject, another l32.kV line must be constructed between copper mine power
station and Sohar substation by the end of 1986, because the existing lines
(single circuit 66 kV line between copper mine power station and Magan
substation and double circuit 33 kv liné between Magan substation and Sohar

substation) are already over-loaded.

7.3 Substations

General characteristics of substations to be constructed together with

transmission lines are as follows:

» Khuawair interconnection 275/132 kv, 3 unlts of transformers,
substation each 250 MVA
132/ 33 kV, 2 units of transformers,
‘each 125 MVA
. Khabourah substation 132/ 33 kV, 2 units of transformers,
each 45 MVA
. Barka substation 275/132 kv, 2 units of transformers,

each 250 MVA (Extension)

8. PRODUCT WATER DISTRIBUTION FACILITIES

8.1 Product water reservoir

It is planned to construct a product water reservoir in the plant site.
Taking into account the capacity 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. With this capa-

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

8.2 Product water pumps

In consideration of variation of supply-quantity of product water and stop-

page of pumps for periodic dinspection and maintenénce, seven units of pro-—

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

Ceneral characteristics of each pumps are as folloWs.

~ Capacity 27 .5 m3)min

- Head 100.0 m

- Revolution 980 rpm

~ Motive power 750 kW electric motor

8.3 Water conduit pipes

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

highway between Muscat and Sohar,

Section Capacity Pipe diameter
(m3/day) (m)
(1) Line-A conduit pipe
Barka plant -~ Ghubrah reservoir 108,000 1,200 (35 km)
1,000 (25 km)
{2} Line-B conduit pipe
Barka plant - Seeb town branch valve 108,000 1,200
Seeb town branch valve - Alrport
branch valve 70,000 900
Airport brauch valve ~ Azaiba branch
valve 38,000 700

9. OPERATION AND MAINTENANCE STAFF

The estimated required total number of operation and malntenance staff is

about 350 persons, Classification of the staff is as follows:
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Number

Common department - 6
Plant Manager 1
Deputy Plant Manager 2
Others 3

Administrative department 36

Operation department 175

Chief 1

- Operator (Power plant) 106
Operatof (Desalination plant) 68
_Mainﬁenance department ) ' 131
Total 348

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

manuals.

10. CONSTRUCTION SCHEDULE

To meet the growing demand for electricity, it is necessary for generating
capacity @f at ‘least 160 MW to enter service by the middle of 1988. 1In the
desalination sector, even when No. 3 and No. 4 units are imstalled at
Ghubrah desalination plant, the shortage in water supply capability will
still continue, Theréfore, 1t is necessary for Barka desalination plant to
be commissioned as early as possible. Taking these conditions into

accoﬁnt, thé works should be started in the following conditions:
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- Pefinite study and preparation _
of tender documents:  Completion by the beginning of 1986

- Award of contrvact and

start of works: May 1986

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

power plant and desalination plant will be as follows:

Ttem 1988 1989 1990 1991

Power plant {(MW)

Commissioning 160 160 280 140
Accumulated total 160 320 600 740

Desalination plant (1,000 m3/d)

Commissioning ' 60 30 90 -
Accumulated total 60 90 180 180

il. CONSTRUCTION COST RSTIMATE

The construction costs were estimated at 1985 prices, and both the foréign
currency portion and local currency portion were escalated at the rate of
3% per annum. These construction costs include physical contingencies
{10%), MEW's administration expenses {3%) and engineering.fee (2.5%2).
According to comstruction 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 aunnui was adopted including margin.

Thus, the total construction costs of the project at 1985 prices wefe egti~
mated at 343.28 million R.0. of which 241.60 ﬁillion R.0. is fbr eléctric
power sector and 101,68 million R.0. for desalinafion_éector. 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 million R.0., totalling 373.97 million R.O.
of which 320.24 R.0. (US55936.37 million) is foreign curréncy portion

and 53.73 million R.QO. local currency portion as shown below (Cost of

power and desallnation complex plant 1s of Type-F):
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Construction Cost of Type~F
(Million R.O.)
Sector Ttem Foreign Currency Local Total
- currency
{Milliion
Uss$)
Generating facilities 160.33 | (468.79) 10.79 | 171.12
Transmission facilities -10.86 { ( 31.75) 4.35 15,21
Substation facilities 19.22 1 ( 56.20) 3.64 22.86
Electric Sub-total (Basé'direct'cost) 190.41 556.74 18.78 1§ 209.19
power . S
Physical contingencies,
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 235.41 688.33 28.71 264,12
Processing facilities 51.52 | (150.64) 9.16 | 60.68
Product water distribution : .
facilities 17.88 | ( 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 | ( 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) 50.06 | 343,28
total Escalated prices 320.24 | (936.37) 53.73 | 373.97
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12.  FINANCIAL ANALYSIS

12.1 Conditions for analysis

In this analysis Type-~F combination was adopted for power and desalination

couplex plant. The conditions for amalysis are as follows:

a)

b)

c)

Gonditions for funds procurement’

Taking into account the terms of loans generally adopted by the
export and import banks of industrial countries and some examples
of government loan given to Oman, the following conditions were
assumed for the procurement of construction coste in foreign

currency:

Interest raté: 7:3% (compounded rate)

Repajmant period: 15 years after commiSsioning

It is assumed that the local currency portion of the construction
costs will be financed by the budget of the government, so there
will be no interest charged on the project. But, in order to
calculate adequate prices on the cost basis for eléctricity and
water, the following loan conditions of Oman Development Bank was

used in the project:

Interest rats: 8.0%

* Repayment period: 10 years after commissioning
Loss factors inm 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 leskage and other

reasons was estimated at 20% including un-metered consumptioun.
Prices of electricity and water

The prices of electricity and water used for estimating operating

revenues were calculated on the cost bhasis.
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12,2 Results of analysis

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

in thé'CQSe of'ecbnomic evaluation. Results of analysis made on the above-

mentioned loan conditions and assumed tariffs for electricity and water are

as follows:

a)

b)

c)

Profit and loss calculation and cashmflow

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.0O. 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 ratioc of operating income to the

fixed assets in operation is as follows:

- For the first 10 vears after completion of the project: 6.1%
- Over the whole service life: ' 11.7%

Rate of net income

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: 6.2%
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C.. GENERAL CHARACTERISTICS OF FACILITIES

Facilities _ General characteristics

(A) Power and Desalination Complex Plant

1. Civil works

(1) Water intake channel:

Intake quantify: 40 mBIBéc.

Sﬁructuré: Open dhaﬁnel with dredged waterway and
dykes

‘Waterway: Length: 850 m, Wi&th:' 65 m -

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

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

Structure: _ Reinforced concrete'open channel,
: curtain-wall type

Length: " 60.00 m

‘Width: 73.00 m
Height} 13.20
(3) Water Discharge | o
Facilities: Discharge Pit and Discharge Channel
Structure! Reinforcéd concrete open channel
Length: 130.00 m
Width: 8.00 ~ 21.00 m
Height: : 2,80 - 8.50 m

{(4) Product VWater Reservolr:
Capacilty: 54,000 wd x 4 Units

Structure: Reinforced concrete mat, including
8011 stabilization



Facilities - . ' General characteristics

.2. Buildings

(1

(2)

(3)

(4)

(5)

Power Plant Main Building (for Steam Turbine Generator)

Foundation: _Reinforced conerete double slab and mat
Structure: © Steel construction, 3 stories
Scale: . : Building area 17,341 m2

Building volume 138,000 m3

Administration Building (Common Use Building)

Foundation: Reinforced concrete mat, including soil
' stabilization
Structure: Reinforced concrete construction,
L 2 stories
Floor area: 2,940 m?

Power Plant Control Building

Foundationm: Reinforced concrete mat, 1nclud1ng soil
' stabilization
Structure: . Reinforced concrete construction,
' 2 stories, partially with mezzanine
floor :
Floor area: §,183 m2

Desalination Plant Control Building

.Foundation: Reinforced concrete mat, {ncluding soil

stabillzation
Structure: Reinforced concrete counstruction,

one story
¥loor area: ‘ 540 m%

Other Bulldings (Chemical injection building; product water
treatment building, common use building)
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‘Facilities : General characteristics

{(6) Se1f~staﬁding'stack (3 units)

Foundation: : Reinforced concrete mat, including.soil
stabilization_ ‘ '

Structure: Steel construction

Height: 80 m-

Top diameter: 2.4 m

3. Power Plant (Type F)

3.1 Steam turbine-generators

(1) Steam generator (3 units)

" Type: ' Natural c.i.rcula'tion. lﬁodule type floned
: water tube
Evaporation: " ca.400 t/h
Steam pressure: ca.BG'kg/cﬁz
Main fuel: _ Natural-gas

(2) Steam turbine (3 units)

Type: Impulse type
Ratéd capacity: 60 MW

Inlet steam pressure: ca;SO kg/cm?
Speed: ' 3,000 rpm

{3) Generator (3 units)

Rated capaclty: 75 MVA
Power factor: 0.8
Short circuit ratio: ~ About 0.5
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Facilities " General characteristics

3.2 Gas turbine-generator

(1) Turbine {5 units)

'Type:' : Heavy duty industrial type'
Rated capacity: 84 MW (50°C), 109 MW (15°C)
Speed: o 3,000 rpm

(2) Generator (5 units)

Rated capacity: 140 MYA
Power factor: , 0.8
Short cireuit 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

Evaporation: ca.l60 t/h
Outlet steam pressure: ca.60 kg/cm?

(2) Steam turbine {2 units)

iypef - Impulse type

Rated capacity: 80 MW (50°C), 85 MW (15°C)
“Inlet: ca.60 kg/cm?

Speed: ' 3,000 rpm

{(3) Generator (2 units)

Rated capacity: 110 MvA
Power factor: 0.8
Short circqit ratio: About 0.5

- 31 -



Facilities - . General characteristics

4, Desalination plant (6 units)

(1) Evaporator

Type:. ~ Cross tube rectangular type

S5tage Ho. : Heat recovery 20 stages
Heat rejection 3 stages
Total 23 stages

(2) Brine heater

Type: Horizontal sheli and tube type
(3) Deaerator

Type: Vacuum packed tower type

Performance: Disselved oxygen, Max. 20 ppb

(4) Venting equipment (per 1 unit)
Steam ejector: Twin 3 stages type

Vent condenser _
(1 unit): Horizontal shell and tube type

Ejector condenser .
(1 unit): Horizontal shell and tube type

(5) Main process pump (per 1 unit)

Brine recycle pump Cap. 13,150 m3/h, Total head 50 m
{1 unit)

Brine blow down pump Cap. 1,812 m3/h, Total head 20 m
{1 unit) ‘ '

Distillate pump Cap. 1,500 m3/h, Total head 20 m
{2 units) .

Condensate pump ' Cap. 198 m3/h, Total head 35 m
(2 units) '

...32...



- Facilities General characteristics

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

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

Treatment capacity: Total 180,000 m3/day

Tofal hardness of : . :
treated water: 60 + 10 mg/1 (as CaCO3)

(7) Auxiliary steam generator (Total 2 units)

Type: Water tube outdoor service
Evaporation: 300 Toms/h (per 1 unit)

Stéam préSSQre:. 10 kg/csz

Steém temperature: 183°¢

Fuel: Natural gas (Heavy oil for stand-by)
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Facilities : _ Geheral charactefistics

{(B) Transmission quilities

1. Barka - Khuwalr line

(1) Section and length

Barka PS - Barka S$ - 13 km
Rarka S8 - Khuwair S§ 47 km
(2) Voltage: | 275 kv
(3) Number of circuit: -_2 |
(4) Conductor ARAC 400 m? x 4
(5) Supporting facdility: | Double circuit angle stgei tower

2., Musanna -- Khabourah — Sohar line

(1) Section and length

Musanna 55 - Khabourah S8 60 km
Khabourah S5 ~ Schar 38§ © 65 km
(2) Voltage: 132 kv
(3 Numbef of circuit: z
(4) Conductor: ~ AAAC 400 mm? x 2
(5) Supporting facility: Double circuit angle steel tower

(C)  Substation Facilities

1., RKuwair interconnection substation

(1) Transformer capaciﬁy 250 MVA 125 MVA
(2) Voltage 275/132 wv 132/33 kv
(3) Number of unit 3 2
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Faqilities o - General characteristics

Khabourah substation

(1) Transformer capacity - 45 MVA
(2) Voltage _ 132/33 wv
(3) Number of unit 2

Barka substation (Extension)

(1) Tranéformer capacity 250 MVA
(2) Voltage _ 275/132 kv
(3) HNumber of unit 2

Product Water Distribution Facilities

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

Product water transfer pump

(1) Number of unit 7 {6 Units: Working,
' 1 Unit: Stand-by)
(2) .Capacity 27.5 m3/min

{3) Head 100 m

(4) Revolution 980 rpm

(5) Driver 750 kW electric motor

.Water conduit pipe

Capacity Pipe diamefer
(n3/day) (mm)
(1) Line-A éonduit pipe
Barka plant — Ghubrah . 108,000 1,200 (35 km)
reservoir _ and 1,000 (25 km)
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Facilities . : General characteristics

(2) Line~B conduit pipe

‘Barka plant - Seeb -town o :
branch valve S 108,000 1,200

Seeb'towh:bfanch vélue -
Airport branch valve 70,000 © 900

Airport'branch valve - :
Azaiba branch valve 38,000 C 700
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ATTACHED FIGURE

LOCATION OF BARKA SITE
LOAD FORECAST AND POWER DEVELOPMENT PROGRAM

WATER DEMAND AND SUPPLY BALANCE AND DESALINATION PLANT CONSTRUCTION
PROGRAM

. PLOT PLAN

SYSTEM DIAGRAM OF POWER AND DESALINATION COMPLEX PLANT (TYPE-F)
PROPOSED 'TRANSMISSION LINE ROUTE

ELECTRIC;POWER SYSTEM

WATER SUPPLY DISTRICT PLANNED ¥OR CAPITAL AREA

WATER CdﬁDUIT PIPE ROUTE

CONSTRUCTION SCHEDULE FOR POWER AND DESALINATION COMPLEX PLANT
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SYSTEM: DIAGRAM OF POWER AND
DESALINATION COMPLEX PLANT (TYPE-F)
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