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Fig.4-2 Energy Demand at Generating End
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Fig. 4 -4  Energy Demand by MEA
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CHAPTER 5
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'CHAPTER 6 POWER SYSTEM PLANNING OF THE GREATER BANGKOK AREA

FOR A LONG FUTURE

The Power Systern of Thailand - P"resent Situation

Fig. 5-1 shows the outline of the power system of Thailand. Voltages

~of the transmission lines forming the power system of Thailand are

500 kV, 230 kv, 115 kV and 69 kV. The frequency of electricity is
50 Hz. ' o

The power system is divided into the f611QWing four regions.

"+ " Metropolitan Area and its Surrounding Part of Thailand

Region 1

Region 2 : Northeastern Part of Thailand

Region 3 : Southern Part of Thailand

Region 4 : Northern and Central Part of Thailand

Each region is connected by transmission lines of 500 kV, 230 kV and
115 kV. -

‘The total capacity of power generating facilities is 11,033 MW as of
" Beptember 1992. It consists of hydro-electric power 2,429.2 MW

(accounting for 22.0Z of the total), oil/gas and lignite fired thermal

- 5,506.5 MW (49.92), comhined cycle 2,859.6 MW (25,97) and pas turbine

238.0 MW (2. 22)

Power Supply Capability And Electric Energy Demand of Each Region

‘Below is the feature of each region in respect of power supply and

demand as of September 1992,

(1) ° In Region 1, there are thermal power stations and combined cycle
plants of large scale such as SOUTH BANGKOK (1,330.0 MW), BANG
PAKONG (3,074.6 MW), RAYON (1,130.0 MW), etc., and also reservoir
type hydre-electric power stations of large scale such as
SRINAGARIND (720.0 MW), KHAO LAEM (300.0 MW), etc. A total
capacity of these facilities is 6,973.3 MW, accounting for about
63.2%7 of the total installed capacity of power sources in this
country.

This region has a great demand for electric energy which accounts
for about 757 of the total electric energy demand in the country.

{(2) In Region 2, there are hydro-electric power stations of medium
scale such as CHULABHORN (40.0 MW), SIRINDHORN (36.0 MW), a
combined cycle power plant at NAM PONG (355.0 MW) and some gas
turbines.

A total capacity of these facilities is 491.3 MW, accounting for
4.5%7 of the total installed capac1ty in the country.

These power sources are capable of load-frequency control and
used effectively in an ordxnal operation especially at the
peaking time.
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The power supblied for the base load is transmitted mainly from
Region 4 through the 230 kV transmission lines and also from
Region 1 through the 115 kV transmission lines.

‘Some of the power required in this region is supplied from Lao
PDR, a neighboring country, based on a . contract to purchase
surplus’ energy (power).generated.by the Nam Ngum hydro-electric
power station (150 MW) which belongs to this_country.

Demand for electric energy in this reglon accounts for nine to
ten percent of the total demand of the country

(33 In Region 3, there are thermal power statlons such as KHANOM
(150.0 MWy, KRABI (34,0 MW), SURATANI (72.0 MW), etc. and also
hydro-electric such as RAJJAPRABHA (240.0 MW), BANG LANG
(72.0 MW), etc. :

A total capacity: of these f30111t1es 1nc1ud1ng the gas turbine
(42.0 MW) at Hat Yai is 611. 3 MW which accounts for 5.57 of the
total installed capacity in the country.

Power for base load of this region is supplied from the Khanom
and Krabi thermal and from Region 1 as well through the Second
Central - Southern Tie line, a 230 kV double-circuit between
PRACHUAP KHIRI KHAN and SURAT THANI, '

This region and a neighboring country, Malaysia, are mutually
exchanging electric power by means of the 115/132 kV power system
interconnection which has been in operation between two countries
since February 1981.

Demand for electric energy in this region accounts for. six to
seven percent of the total demand of the country.

{4) Power stations installed in Region 4 are the Mae Moh thermal
power plant with-the output of 2,025.0 MW, and hydro-electric of
large scale such as BHUMIBOL (535.0 MW), SIRIKLT (375.0 MW), etc.

A total output of these facilities is 3,070.0 MW, which is about
28%Z of the total installed capacity of power sources of this
country. .

Demand for electric energy in this region accounts for eight to
nine percent of the total demand of the country.
The Power Transmission among The Regions
Even though Region 1 has a very large supply capability of power, it
cannot meet independently its great demand for power. which accounts for

approximately 75% of the total demand of the country,

A main load center of the region is the Greater Bangkok Area, namely
Bangkok and its surroundings.

A short of opower in Region 1 is supplemented by means of
interconnection of lines from Region 4 which has a great surplus power
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due. to the recent extension of the Mae Moh power plant in addition to

- relatively low power demand.

Region 2 is also short of power as mentioned before. To meet its demand

gsome  of power must be sent from the neighboring regions, Region 1
and/or Region 4.

On the other hand, Region 3 is well balanced in power supply and

demand, and so interchanging power with the other regions will not be

needed in ordinal operation of the power system.

A typical power transmission among the regions is estimated by the JICA
team in connection with the peaking time of fiscal 199L1. That is shown
on Fig. 5-2. Region 4 sends a total of 2,200 MW to Region 1 and Region

.2, which receive 1,700 MW and 500 MW respect1vely

Development of Power Sources for Future Need

As mentloned before, the total ‘installed generating capacity of
Thailand is 11,033 MW as of September 1992. It holds about 18% of
reserve margin for the dependable capacity 10,634 MW which takes
seasonal output variation of hydroelectric power plants and generation
under full rated capacity of thermal power plants into account.

However, a great effort is requlred to make for continuous development

of power sources to hold.a sufficient power sapply capability to cope

with demand for power Wthh is forecast to increase in future with a

high growth rate.

Table 5-1 shows the transition of power supply capability in Thailand
which-is estimated according to EGAT’s power development plan, PDP 92-
01(1). The sites of power development in near future are centered on
the Mae Moh area in the northern district of Region 4 and the eastern

. seaboard area of Region 1.

Because of the concentrated effort to develop a combined cycle power

“'plant in the lower part of central region and thermal power plants in

the eastern seaboard area and on the western coast of the Gulf of
Thailand, the total installed generating capacity in Region 1 will be
rapidly increased reaching about 18,000 MW in fiscal 2006,

On the other hand, the peak demand in this region is forecast to be
about 19,100 MW in the same year, if it is assumed to account for about
75% of ‘the total demand of the country.  As a result, there will be
still-a shortage of power supply of about 1,100 MW which must be offset
by power sent from the other regions.

Bang Saphan in the western seaboard, the location of the proposed
thermal power plant, is very remote from the Greater Bangkok Area and
close to Region 3, even though it belongs to Region 1 geographically.

- The distance. between the project site and Sai Noi substatlon of the

Greater Bangkok Area is- about 375 km.

In addltlon EGAT is plannlng to develop nuclear power in the southern
seaboard area in Regilon 3, mostly aiming to send power to the Greater
Bangkok Area of Region 1.
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It -is supposed that the western seaboard and southern seaboard areas
will become zones to generate great power after 2000, The transmission
system must be able to send bulky amount of power: from the above two
seaboard areas over & long distance to the Greater Bangkok Area. Power

" system stability will be decisive and a lot of lnvestment will be

required to form the transmission system.

Environmental-problems will accompany as a very important and serious
matter to be solved for developing power sources &and building ‘the
transmission system. It is conceivable that. the transmission system
possible to be built will be one of the crucial. factors in decision of
the scale of power sources. :

Region 4 will increase its supply capability due to. the continuous
development of the lignite mines and thermal power to use lignite as
fuel in the Mae Moh and Lampang areas. The surplus power of this region

will be sent to Region 1 and Region 2,

The JICA team has estimated power transm1351on among the reglons in
2006. Fig. 5-3. shows an example of this. :

Approach 10 The Future Power Systems of The Greater Bangkok Area
Present Srtuatlon of The Transmlsslon System

In the Greater_Bangkok Area, there are two thermal power plants at
present, namely NORTH BANGKOK (237.5 MW) and. SOUTH BANGKOK (1,330 MW).
They are comnected to the 230 kV transmission lines which éncircle the '
metropolitan area forming three loops.

Power to serve the Greater Bangkok Area-is-suppliederdm these two
power plants. and from this ring of 230 kV transmission lines.:-

To this ring of 230 kV transmission lines, electric power is sent not
only from the above power plants but also from the power plants located
in Region 1, such as BANG PAKONG (2,276.6 MW),. SRINAGARIND (720 MW),
KHAC LAEM (300 MW) and so forth by means of 230-kV transmission lines,

Further more, some of electric power generated at the power plants
located in Region 4, namely MAE MOH (2,025 MW), BHUMIBOL (535 MW) ‘and
SIRIKIT (375 MW), is sent to the Greater Bangkok Area by means of
500 kV and 230 kV transmlsSLOn lines. . :

Substations connected with the 230 kV transmission lines of the Greater
Bangkok Area, such as SAT NOI, NORTH BANGKOK, BANG. KAPI, BANGKOK NOI,
SOUTH BANGKOK, BANG PHLI and RANGSIT, play currently a very important
role to collect electric power from the above power plants and send it
to the other substations to distribute in the area.

The transmission system composed of these substations.and the 230 kV
transmission lines can fulfill its function at the present time and
will work for several ‘years to come by adopting measures: to ircrease
the capacity of the existing facilities, such as the use of twin
conductors on the transmission lines and installation of additional
transformer banks in the substations.
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5.3.4

The Power Demand of The Project Area

Below ie the forecast of future péwer demand of the MEA service area
which covers most part of the Greater Bangkok Area.

Fiscal Year Maximum Power Demand (MW)
1902 3,993 (actual)
1997 6,089 (forecast by the Thai drganization)
2001 7,952  (forecast by the Thai Organization)
2006 10,264 (forecast by-thé Thai Organization)
2011 ' 13,569 (forecast by the JICA team)

Such a high grdwth of power 'demand of the project area needs to
construct new Substatlons and transmission lines, but in recent years
there are problems to be encountered due to difficulties in the

_acqulsltlon of land for substations and rights-of- -way for transmission

lines to be constructed

There is another problem ‘that some of the substation buses will
encounter excessive fault levels for the interrupting capacity (50 kA)
of circuit breakers in the not long distant future.

Reﬁtiir'emer:lts for The Future Transmission System

The power system must be kept in adequate condition to generate the
energy, convey it to the load areas and deliver it to the customers.

It must, at all times, have'enough generation available for service,
and enough capac1ty for power transmission and distribution to assure

~ continuous power supply and good voltage to every customer despite
.planned outages for inspection and maintenance, while at the same time

it should be operated so as to realize the maximum economies.
Therefore, as long as loads continue to increase, the power system must
also continue to ‘grow prov;dlng sufficient capacity of power
generatlon, transm1551on and distribution for the increasing lead.

Approach' to The Transmission Expansion Planning

The plan of reinforcement of the transmission system depends on power

‘demand forecast for the area, location and scale of power sources which

will be developed in future, possibility for acquisition of new
locations for substations and new rights-of-way for transmission linss

" in the area,consideration to the environmental aspects and reliability

criteria to be considered.

The expansion plan of the transm1931on system in the Greater Bangkok
Area has been made based on the load forecasts predicted by the Thai
Organization and JICA team and the power development plan of EGAT.
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It has been taken into account in the planned transmission system that
the system should optimally sustain the voltage and hold a high

reliability of power transmission with facilities of sufficient

capacity with a wview to realizing reduction of the freguency and
duration of power outages.

Planning of future power éystems has been implemented by the procedure
shown in Fig. 5-4. The approach to be taken to transmission expansion
planning begins by stepping from the present power system to the
horizon year condltlons, say about 20 year ahead.

After developing one or some network de51gns for the.conditions and
requirements to be considered in the above horizon year, we return to
the present power system and move toward the horizon year system in
chronological order to study the network growth.-

The horizon year expansion plan of the transmission system. of the
Greater Bangkok Area has been. 1mplemented taking the matters of
importance into account, namely Londltlons of the area for installation
of facilities, criteria for power system planning, and problems and
requirements to cope with, The matters will be described in the
following sections in detail, '

The basic d931gns of transmlsslon llnes and. substatlons have been
developed for eath year of 1997 2001, 2006 and 2011

Power flow analyses, short circuit current calculatioh and stability
analyses have been carried out for the _power. systems covering the whole
country in order to define the needs of transmission network expansions
and reinforceméents of the Greater Bangkok Area.

Criteria for The Transmission System Pla.n'ning

Power system facilities are planned against a wide'ﬁangé_of potential
contingencies, in terms of both their steady state and transient state
behavior. The planning criteria are comprised 1n assumptlons of such
contingencies and their consequences.

The consequence of contingency generally takes the form of the outage
of a certain amount of genération or of: an entire power plant, the
outage of a critical transmission line, the outage of a significant
portion -of substation or some combination of these outages of power
facilities. :

To define the power system reinforcemenps_required' a compromise'ls
generally sought between ‘the quality of service and the cost of
generation and transmission of electric power

To assure against a very rare dlsturbance will involve too great an

investment in power supply facilities, as compared to the resulting
improvement in the quality of service.

The planning criteria which assume faLlllty outages and are generally
adopted to arrange the transmission expansion program vary from utility
to utility depending on the state of load density of the area served
and the degree of development of {ts power supply facilities.

3 -6
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Below are the criterja adopted for the transmission system planning in

this study:

{1) The voltage variation in the transmission system should be within
987 - 105% of the nominal voltage under normal condition and 92%
- 108%Z under contingency (emergency) condition.

(2) The transmission system should be planned on the basis of a
single contingency (n-1) criterion which is widely used in many
developed countries, i.e. each system element such as one circuit
of a line or one transformer bank can fail separately without
cau81ng loss of load and excessive. overloads on the remaining
equlpment :

(3) The bulk power system should be maintained stable under the

: condition of a permanent three phase fault on any generator or
transmission circuit, with normal. fault clearing and without
reclosing.

The fault cléaring times to be used are as follows:

4 cycles for 500 kV system
5 cycles. for 230 kV system

(4) Fault levels should below 50 ka at any bus bar both in the 500 kV
and in the 230 kV transmission system.
Measures to Cope wﬂh Requ:rements

The -power demand in the Greater Bangkok ‘Area is ant101pated to become
more than doubled within the next ten years. Due to such a high growth

of demand and resulting heavy load flows on the lines, the existing
‘transmission system will not be able to meet the requirements described

in 5.3.3 in near future.

Reinforcements of the power system should be urgently implemented to

increase the power supply capability, to maintain the system
reliability, to improve voltage conditions, and to reduce system
losses. : :

However, EGAT has encountered severe problems on the acquisition of

land for substations and new rights-of-way for transmission lines

- needed to increase supply capability as well as some technical problems

concerning excessive fault level and heavy loaded situation on the
parallel 230 kV lines.

The measures, to cope with such problems, are envisaged as below.
(1) To increase transmission capacity
Transmission system of higher voltage, say 500 kV, should be
" introduced into the urban area. It implies installation of
500 kV transm1551on 11nes and substations in this area.
Fac111t1es of 1arger capacity should be adopted. Some of the

aged existing facilities will have to be replaced in consistency
with this policy. It is recommendable to adopt transformer units
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of larger capacity and pgas insulated switéhgears (GI8) for
substations, and bundle conductors for transmission lines.

(2) To secure spaces for facilities.

To obtain fiéhts;of—way=and land- for SQOIRV=facilities,'the
existing transmission lines and substations should be replaced.

A space on the existing vight-of-way should be examined to use
for a new substation. -

It should . be examined to -install compact-  substations, " or
underground or building substations. It is recommendable to adopt
GIs equ1pment to make a substatlon s space smaller.

._Equlpment adopted should have larger capacity than ‘the existing
ong to use the space effectively.

Compact 230 kV lines of 1argé capacity should be constructed
adopting multi-conductors and multi- 01rcu1ts in a narrow right-
of -way as well.

Undergrohnd transmission should be considered if necessary.
(3) To solve excessive short circuit levels

Circuit breakers with a larger interrupting curremt, say 50 ka,
will have to be installed. At the least, at substations where
fault levels are predicted to. exceed the interrupting current
rating,the existing circuit breakers should be replaced by
breakers with a higher rating. SRS SR

Operation with the system split is very effective in reducing
short-circuit current, so bus sections will be . separated by
normally open circuit breakers at a few substations.

The system will be divided into two or three load areas which are
bounded by circuit breakers and each of which has sufficient
load-carrying capability to supply its load.

Introduction of a higher voltage leﬁel'.(SOO RV) éhould be
examined in place of the present voltage level (230 kV).

Adoption of high impedance transformers or current 'limiting
reactors 1s also conceivable.

Reliability Criteria and Overloading of Equipment

When & transmission system is planned on the basis of an (n-1)
criterion, measures below are usually taken to avoid an interruption of
power supply at the single contingency.

For example, more than two circuits are- d931gned on a rlght of-way to
be operated in parallel with each other, or the transmission system is
designed to form loops and more than two transformer banks are used in
parallel,
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However, from an economical point of view, at the single contingency
the remaining facilities are generally allowed to be overloaded to some
extent, though limited for short duratlon.

Elg. 5-5 shows an example of overload operation of a transmission line.
Two circuits are operated in parallel, being initially loaded with 80%
of its capacity each. When one circuit fails, the remaining circuit is
loaded with 160Z of its capac1ty for 10 minutes allowed.

The transmlssion power should be promptly decreased to 1207 and in 20
minutes it should be'reduced to the level of its capacity lo0z.

Fig. 5-6 i$ an example of overload operatlon of a transformer in case
three banks are used in parallel.

In the event of loss of either one transformer bank or generating unit
connected with a lower voltage transmission system, each of the
remaining banks which is initially loaded with 80Z of its capacity can
be overloaded with up to 150Z. 1In 10 minutes, however, the load should
be decreased to 120%, and then in 20 minutes it should be finally
reduced to its capacity 100%.

Every electric power company in Japan has a standard of overloading
operation for an individual transformer. Some of their standards are
based on "A guide for operation of oil filled transformers" which has

‘been issued by The Institute of Electrical Engineers of Japan (IEEJ).

The operation 1limit of equipment -‘is mnormally determined from
overloading capacity for a short duration, say 10-minute in Japan.
This time duration is generally recognized as necessary to control load
flows by system operation and to avoid stopping service of the
remaining facilities due to overload.

Capacity of The Transmission Lines and Transformer Banks

The capacity of equipment at the planning stage depends on utility’s

‘way of thinking repgarding overloading operation of equipment at the

contingency. The equipment will be able to get out of the overloaded
state by means of network switching, starting up and bearing a load on
hiot ‘or spinning reserves and so forth.

In this study, the capacity of equlpment is regarded as below, which
will lead to a conservative design of transmission system.

If load flow is probable to exceed the following level in normal state,
measures for reinforcement shall be taken to solve the problem.



(1)

{2)

Transmission capacity of the overhead lines

a. Trahsmission capacity of the sinhgle-circuit line

Voltage Gonductqr Transﬁissioh Cépacity
kv MCM ACSR MVA
230 1 x 1272 ) 429
2 x 1272 858 -
sx 795 | 1,303
4 x 12727 | C1,716
500 4 x 795 o 2,834
| 4 x 1272 3,734

b. Transmission capécity,of the doubie-circuit'lines

In case of a loss of one circuit due to a fault, the other
circuit should uninterruptedly send the same amount of power
before the fault.

'Therefore a double- c1rcu1t line should be treated gs having
the same capacity as a single- c1rcu1t line with the same
conductor size. : : : :

¢. Transmission capacity of the n circuits . .

Transmission capacity of the n circults should'be'(n'l) times
the capacity of a single-circuit line with the same conductor
size.

Transmission capacity of the underground lines

Underground lines will be used for sending power from substations
on the. present 230 kV ring to the substations which will be
located in a densely populated area. where rights-of-way for
overhead transmission lines are not possible to be develaoped.

One circuit of underground cables and one transformer bank should
form one unit and its tranqm1551on capacity should.be determined
from the transformer. :

The scheme of thls_transmission éystem is showﬁybn.Fig.S-?.

Underground cables will also be used for the section of the
transmission line placed in the vicinity of the airport where a
structure to be installed is regulated by the height restriction.

The size and number of cables to be laid should be decided so as

to have sufficient transmission capacity for load flows forfecast
in future.

5 - 10
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Maximum loading capacity of the transformer banks

In regard to transmission capacity of transformer banks,
overloading operation of transformers should be -taken into
account in the event of a single contingency.

In this study, the maximum  loading capacity and number of
transformer banks are designed in principle according to the
table below which refers to the guide issued by IEEJ. Following
this, in the event of loss of one transformer bank, the remaining
transformer banks could bear resulting overload for about 30
minutes, : '

We recommend, however, EGAT should study guides for operation of
transformers in actual use in connection with the maximum loading
to give normal life expectancy and according as the guides
installation plan of transformers should be made.

Installed Capacity.(MVA) Maximunm Loading (MVA)
200 x 2 250
200 x 3 480
200 x 4 690
200 x 5 900
200 x 6 1,100

250 x 2 320
250 % 3 600
300 x 2 380
300 x 3 720
300 x 4 1,040
300 x 5 1,350
600 x 2 760
500 x 3 1,440
600 x 4 2,080
600 x 5 2,700
750 % 2 950

750 x 3 1,800
750 x 4 2,580
750 x 5 3,370

A niew substation should start . with more than two transformer
banks and an additional_transformer bank should be installed when
the integrated load flow of the paralleled transformer banks is
probable to exceed the above maximum loading value.

5-11
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The Present Power Supply Capability of The Greater Bangkok Area

The power supply capablllty of- the Greater Bangkok ‘Area is determlned
by . the total capacity of the maximum loading of 230.kV transformers
which supply power to the transmission systems of lower voltage level
namely 115 kV and 66 kV, of this area.

Table 5—2'shows the installed capacity and maximum loading of each
substation in the area. Correlation between the installed capacity and
maximum loading is as described in the previous section 5.7.

It is assumed in this table that when one transformer bank fails,
remaining transformer banks can be loaded for a short term with 1207 -
130Z- of the rated capacity until a . prompt power flow control removes

that overload situation.

In the Greater Bangkok Area, as of 1992, the total iﬁstalied capacity
and maximum loading of 230 kV transformers are 5,500 MVA and 4,100 MVA,
respectively,

 Supposing ‘2 power factor of transformer is 0.9, the power supply

capability of this area is about 3690 MW as of 1992,

Image of the Transmission System in Future

The maximum power demand of MEA area was 3,993 MW in fiscal 1992. It
is increasing at a high rate and forecast to be 7,472 MW in fiscal
2,000 and 10,264 MW in fiscal 2006. If an annual growth rate is
assumed to be about 5% for farther years, the maximum power demand will
exceed 13,000 MW in 2011.

EGAT has to urgently implement the development of power sources and the
reinforcement of the transmission system to meet increasing demand.

Power required in the area is supplied by the power plants in this
area, i.e, NORTH BANGKOK, SOUTH BANGKOK and BANG PAKONG, and the 300 kV
and 230 kV network surrounding this area.

EGAT has a plan to build up 500 kV transmission system which links
three substations, NONG- CHOK, WANG NOI and SAT NOI outside the 230 kV
transmission lines which encircle the Greater Bangkok Area. When this
500 kv link is completed, it will function to supply power to the
Greater Bangkok Area together with the existing 230 kV transmission
system and the power plants, i.e. SOUTH BANGKOK and BANG PAKONG, which
are ' located in this area and its vicinity.

According to EGAT’s power development plan, PDP 92-01(1), which was
issued in September 1992, as shown in Table 5-3, the total capacity of
power plants connected to 230 kV system of the Greater Bangkok Area
will be 5,779 MW as of 2006. It is just about 56% of the forecasted
peak demand of the MEA service area for the same. year.

Supposing the power demand of the MEA service area after twenty years
is a little less than 14, 000 MW and power of 4,500 MW to 5,000 MW is
supplied from the above power plants, the shortage of 9,000 MW to
9,500 MW must be supplemented by power generated in other areas,
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5.10

5.10.1

It means that such a large amount of power must be sent through the
500 kV transmission network from the power sources to the Greater
Bangkok Area and supplled by means of 500 kV/230 kV transformers at the
500 kV substations.

If a-500 kV substation comprises four transformer banks, 1,000 MVA
each, the transmission system in and around the Greater Bangkok Area
will need four 500 kV substations at least and eight rights-of-way for
230 kV transmission lines with a capac1ty 1,600 MW each to distribute
the above power in- thlS area.

In addltlon to the Nong Chok substation, EGAT is plannlng to build two

500 kV- substatioms, SAI NOI .and WANG NOI, on the outskirts of the

metropolis,

Besides these three substations, however, another 500 kV substation
should be installed in order to enhance a power supply capability from

~the wést of the Greater Bangkok Area, and the Bangkok Noi substation is

récommended to be strengthened by the introduction of 500 kV for this

" purpose,

Fig. 5-8 shows a preliminary image of the transmission system of the

"Grater Bangkok Atea in future. The JIGA team has developed this image
-to. horizon-year power systems taking account of several factors and

requirements peculiar to power system expansion of the area.

Main Points for Planning Horizon Year Transmission Systems

Expansion of the 500 kV System -

- Heére are the matters the JICA team has especially paid attention to for
planning the future transmission system of the Greater Bangkok Area.

(1) To make a great increase of power supply capability especially to
the center of the city. '

(2) Only the existing rights-of-way will be available for

. strengthening the transmission system, because it is extremely
difficult or impossible to obtain new rights-of-way, especially
inside the existing 230 kV ring.

(3) To control ‘a fault level below 50 kA without losing merits of

interconnection between substations as much as possible.

In full knowledge of these matters, the JICA team has examined measures
for reinforcement of the transmission system. The plan of the future
transmission system of high reliability has been made by introducing
‘500 kV voltage into the inside of the present 230 kV transmission line

"loops of the Greater Bangkok Area. * The plan has been confirmed as

"-reasonable by the power system analyses.

Besides the before-mentioned four substations, namely WANG NOI, NONG
CHOK, SAI NOI and BANGKOK NOI, one or two 500 kV substations will be

‘necessitated in the Greater ~Bangkok Area in future, if these

substations ha#e to supply some power to the substations located on the
outside of the project area such as ANG THONG, SARABURI and so forth.
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5.10.2 .

And- also, to increase capability of supplying power to: the center of
Bangkok without obtaining new rights-of way, it will be indispensable
to replace the existing line with a 500 kV line to introduce 500 kV
system inside the project area. . SR o

Short-circuit currents in the transmission system: of the Greater

Bangkok Area will be effectively reduced by the introduction of 500 kV
system and operation with the split of 230 kv system.

Main Points of the Plannéd Horizon Year Trahémiséion System

- The main points of the planned horizon year transmission system are as

follows,
(1) Introduction of 500 kV system into the Bangkok Noi substation

It is désirable to.incféése supply capabilitf?ffom'the.weét side
of the Greater . Bangkok Area. For this purpose the voltage of
00 kV should be introduced into the Bangkok Noi substation.

- To introduce 500 kV into the Bangkok Noi substation, the existing
230 kV SAT NOT - BANGKOK NOIL line should be replaced by a 500 kv
double-circuit line because it is extremely difficult or rather
impossible to obtain a new route for the 500 kV line. The
conductor of the line should be ACSR 1272 MCM x 4.

When the 500 kV line is completed,. ﬁhe_SOO kV system.in the
Greater Bangkok Area will be formed linking the Nong Chok, Wang
Noi, Sai Nei and Bangkok Noi substations.. o : -

{(2)  Introduction of 500 kV system into the North Bangkok suhstation

300 RV should be introduced into the North Bangkok substation in
order to increase power supply capability for the area which is
to be supplied by the North Bangkok, Lat Phrao and Ratchada
Phisek substations, : . : - C

A 500 kV double~circuit line should be.ihstalled using the'right-
of -way of the existing 230 kV SAI NOI - RANGSIT - NORTH ‘BANGKOK
line for this purpose, ' R '

The 500 kV line will connect . the two substations; SAT NOI and
NORTH BANGKOK, directly, because the Rangsit substation is not
large enough to install necessary 500 kV equipment to connect
with the 500 kV system, - :

In the section between the Rangsit substation.and North Bangkok
substation, the structures of - the line should be equipped with
tour circuits, a 500 kV double-circuit and 230 kv double-circuit,
except for a restricted area on the height of . structures between
the Rangsit substation and Chaeng Wattana substation in the
vicinity of the Don Muang airport. :

In this area, the structures are restricted below 45 meters in
height and so should be equipped with a 500 kv double-circuit -
only. Therefore, for the 230 kV line, underground cables will
have to be used.
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(3)

(4)

(3}

_The 230 kv double-circuit placed in juxtaposition with the 500 kV

double-circuit should be connected with the Rangsit substation,
Chaeng Wattana substation in the course of construction, a

proposed substation " A ", and the North Bangkok substation.

-Conductors ACSR 1272 MCM x 4 should be used. for the 500 kV line

and also. for the 230 kV line in the section of overhead
transmission. For the section of underground transmission, cross
linked polyethylene cables with load carrying capability of about
600 MW per circuit will be used as the initial scale. In future,
however, additional cables should be laid in accordance with the
increase of power demand at the Chaeng Wattana substation.

It is desirable that the present 230 kV single-circuit line

between BANGKOK' NOI and NORTH BANGKOX is replaced by a 500 kv
line regarding ' reliability of the system and flexibility of

system operation.

The 230 kV double-circuit should be placed in juxtaposition with
the 500 kV double-circuit between the North Bangkok substation
and the substation " F'" ( TALINGCHAN ) which will be installed
in around 2010.

Installation of a new 230 kV substation " A *

A new substation " A " will be installed at the spot where the
230 kV line to the Lat Phrao substation is branched by 1 pi ()
connection from the RANGSIT -~ NORTH BANGKOK line at present.

The 230 kV transmission lines should connect this substation with
the Chaeng Wattana, North Bangkok and Lat Phrao substations.

~ That will balance power flow of each circuit and increase loading
‘capability of the lines especially to the Chaeng Wattana and Lat

Phrao substations.

In addition, the installation of the A substation will make it
easier to develop routes of transmission lines to send power to
the substations which will be built in a populated area in
future,

Reinforcement of the NONG CHOX - ON NUCH line

.'In_order'to increase power supply capability of the Nong Chok

substation, the present 230 kV line between the Nong Chok and On
Nuch substations should be reinforced with a four-circuit line,

the conductor of which will be ACSR 1272 MCM x 2.

Installation of a new substation " C ", and reinforcement of the

BANG PAKONG - NONG CHOK and BANG PAKONG - ON NUCH Lines

In addition to reinforcement of the NONG CHOK - ON NUCH line, a
new 500 kV substation " C " should be installed at the crossing
where the BANG PAKONG - NONG CHOK line and the BANG PAKONG 2 - ON
NUCH 1line meet, and the existing 230 kV lines should be
reinforced in the sections between C and the On Nuch substation
and between C and the Nong Chok substatiomn.
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(6)

- This will increase capability and-reliabilityfof power eupply to

the eastern area of Bangkok, which is to be. supplied from ON
NUCH, BANG KAPI, CHIDLOM and new subqtatlons, H.and B, which will
be installed in future.

One of the 230 kV transmission line ( double-circuit ) which run
from the Bang Pakong power station. to the Nong Chok substation
should be replaced in the section of NONG CHOK - site of C by a
230 kV four-circuit line which will be connected to the existing
lines coming from the Bang Pakong power statlon

The other 230 kV transm1331on line constructed between the Bang
Pakong power station and the Nong Chok. substation should be
replaced in the section of NONG CHOK - C by a 500 kV- designed
transm1s51on line and should be pulled into the C substation.

The present 230 kV BANG PAKONG - ON. NUCH Line should be pulled
into the C'station as well to form a pass of power flow from NONG

~CHOK to ON NUCH together with the above 500  kV-designed

transmission line by way of the C station. 500 kV will be
introduced into the C Substation in around-2010;

The 230 kV double-circuit transm1331on line between the On Nuch
and C substations-should be replaced with four circuits u51ng the
conductor ACSR 1272 MCM x 2 E

The present rlght-of—way of this line ‘is so adjacent to the

- proposed site of a new international airport that the line route

will have to be moved to avoid the area controlled by "the
regulation concerning helght restrlctlon of structures built
around an airport. : :

Otherwise it.will be necessary to- lay underground cables instead
of an overhead line near the site of the'airport In this case,
cross linked polyethylene cables with load carrying capability of
about 600 MW per circuit will be laid as the initial scale and an
additional cable will be laid in accordatice with the increase of
power flow of the line. :

Power supply to the Rangsit area and its’viéinity'

In order to increase capability of power supply to the Rangsit
area, one more substation, e.g. RANGSIT 2, will be necessary
Installation:of the new substation should be examined concerning
115 kV and 69 kV . transmission system, i.e. ‘capacity of the
present lines, possibility of their reinforcement, acquisition of
rights-of-way of new lines from the exlstlng substatlon to the .
distribution substations,

230 kV four circuits using ACSR 1272 MCM x 2 should be jnstalled
between WANG NOI and RANGSIT. These circuits will assure power
supply with high reliability together with the other 230 kV NONG
CHOK - RANGSIT line.

5 - 16



(7)

(8)

(9)

Installation of substations in populated areas

In ‘order to increase power supply capability for densely
populated areas, new 230 kV substations G, H, and J should be
installed.

The final scale of the transformer banks which supply power to
the secondary voltage 115 kV or 69 kV of these substations should
be 300 MVA x 3 or 4 banks.

Power will be supplied to these substations from the key stations
such as, A, BANG KAPT, SOUTH THONBURI and BANGKOK NOI by 230 kV

‘undexground cables.

The transmission system should adopt unit system in which the
above substations are not equipped with circuit breakers and bus
bars at the side ¢f 230 kV tramsmission lines so as to be simply
and compactly designed as shown on Fig. 5-7.

The capacity ~of 230 kV .cable used should correspond to the
capacity of transformer bank.

'Replacement of the 230 kV BAN PONG 2 - SAI NOI Line by a 500 kv
: Double c1rcu1t Transmission Line

A 500 kV transmission system will have to be constructed to send
power from the power plants located in the western seaboard
and/or southern seaboard to Sai Noi substation. To secure a
right-of-way: for the transmission system, the existing 230 kV BAN
PONG 2 - SAI NOI line should be replaced by a 500 kV transm1551on
line.

That is also effective to control an increasing fault level at

the 230 kv bus of the Sai Noi substation.

Reinforcement of the 230 kV BANGKOK NOI -~ SAM PHRAN 1 - SOUTH
THONBURI line

The above transmission line will be heavily loaded as demand for
power increases in the areas situated to the southwest of the
Greater Bangkok Area.. Reinforcement of this line will be
necessary about the middle of 2000s.

The single circuit Detween BANGKOK NOI and SAM PHRAN 1 and also
the one between SAM PHRAN 1 and SOUTH THONBURI should be
strengthened with two circuits of 230 kV lines using a conductor
ACSR 1272MCM x 4. :

In the section between SAM PHRAN 1 and the present right-of-way
of the BANGKOK NOI - SOUTH THONBURI line, structures of the line
will have to be equipped with four circuits because of only one

-right-of-way available.

It is recommended the line which links directly between BANGKOK
NGI- and SOUTH THONBURI is reinforced with a conductor ACSR
1272MCM x 4.
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§.10.3 Description of ihe Study Cases of a Horizon Year Transmission SYstem

. Por the study on a 2011 year'(a_hprizon year} transmission system of
the Greater Bangkok Area,; the JICA team has supposed several cases with
regard to power sources and connection of transmission lines.

Figs. 5-9 and 5-10 are typical power flow diagrams obtained as a result
of the study on a horizon year power system.

In Case 1, pbwer sources are developed mainly in the western seaboard
and southern seaboard, while in Case-2, power sources are developed in
the eastern seaboard and western seaboard almost equally. In either
case there will be many rights-of-way necessary for the 500 kV lines to
send power from the sources to the Greater Bangkok Area.

Table 5-4 shows the s;udy'results'éf fault levels at the 230 kV bus of
each substation in the Greater Bangkok Area,

The fransmission system shown as Fig.5-11 will be fundamentally
adaptable to the future requirements of power supply, reliability and

fault levels, 1rrespect1ve of configuration of power sources developed
in future. :

In case most of the power sources are developed in the western and/or
southern areas, the 500 kV transmission system between. SAI NOI and WANG
NOI will need three circuits due to the heavy load flow.

Tables 5-5 and 5-6 show transm1531on lines and transformer_banks and
line equipment of the substations respectively which are proposed to be
installed or reinforced to form the 2011 year transmission system of
the Greater Bangkok Area.

Fig. 5-12 shows the transmission systems of the Greater Bangkok Area at
present and in horizon year,
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Tabla - 1 POWER DEVELOPMENT PLAN AND TRANSITION OF POWER -SUPPLY ‘CAPABILITY OF THAILAND

As per EGAT's power development plan, PDP 92-01{1)

5 -

19

) Rated Accumulated Installad Capacity Paak
Flscal Year Developad Power Plant Fuel Typa| Capacity] Whole Counlry | . Ragioni Ragien2 | Reglon3 | Reglond |Generation
L : (MW} (M) (MW) (M) (M) (MW) (M)
1991 Exlsting 9.610.3 5,660.3 378.0° 611.3 3,070.4 8,045
1982 Rayong ¢c . Blogk 1{ST) Unit 1 Gas 102 9,712.3 5,662.3
: Bang Pakong Unita . OllGas &00 10,312.3 6,252.3-
Bang Pakong ce  Black 3 (ST) Unit 4 Gas 99 10,4113 6,351.3
Rayong co  Block 2 {ST} Unh ¢ Gas 102" | 10,5133 6,453.%
Bang Pakeng c¢ - Block 4 (ST) Unit ¢ Gas 99 10,6123 | 6,552.3
Rayong cc Bleck 3 (ST} Ui § Gas 102 10,7143 6,654.3
Nam Phong ¢c Block#{ST) Unit 1 Gas 193 10,827.3. 491.3
Rayong ¢ - Block 4 (GT) Unit 1-2 Gas 208 11,0323 6.860.3 9,000
1993 | Bang Pakong ; Unna Oil/Gas 600 11,632.3 7,460.3 .
Mam Phong cc Block2 {GT} Unit 1-2 Gag 242 11,875.3 733.3
South Bangkok cc _Block1{GT) Unk 1-2 |  Gas 320 12,095.3 7.680.3
Rayong o Block 4 (ST) Unit 1 Gas 102 12,197.3 7,782.3 9,024
1994 A2 Gas Turbing  Refieed . Gas -28 12,1682 705.3
Khanom cc  Block $(GT) Unit 1-4 Gas 448 12,617.3 1,059.3
Nam Phong cc  Block2 (ST) Unit 1 Gas 113 12,730.3 818.3
Pak Mun Unit -2 " | Hydro 68 12,798.3 866,32
Stiah Bangkok oo | Block1{ST) Unit 1 Gas ti5 42,9133 7.887.3
: Khanom ¢c Block #{ST)} Unit 1. Gas 226 13,139.3 . ) 1,285.3 10,892
1995 | PakMun . Unit 3-4 Hydro 68 13,207.3° 954.3
Sirikit Unit 4. Hydro 125 13,332.3 3,195.4
Sauth Bangkek ce  Block!(GT) Unft 1-2 Gas 400 13,732.3 8,297.3
: Mae Moh Unit 12 Lignite 300. 14,0323 3,495.4 | 11,948
1996 A3 Gas Turbine  Ratirad Gas -70 13,962.3 . 1,215.8
Krabl  Raellred . Lignite -34 13,928.3 1,181.3
Mae Moh  Unit13 Lignite 300 14,228.9 3,795.4
Bhumibol  Unit 8 Hydro 175 14,403.3 3,970.4
Wang Noj Gas Turblne OiliGas 500 15,003.3 83,8973 13,075
1907 Mae Kham FB(_) Unit 1 Lignite 150 15,153.3 4,120.4
Kaeng Krung Ukt 1-2 Hydro | = 80 15,293.3 _ 1,261.3
Lower Central cc Block1 BGas 600 15,833.3 9,487.3
South Bangkok ¢¢ . Block2(ST) Unit 1 Gas 200 16,0933 2,697.3
Mase Kham FBC  Unit 2 Llgnite 150 18,183.3 4,270.4
Lowsr Central cc Block? Gas 500 16,783.3 10,297.3 14,205
1898 Lam Takhong Unit 1-2 Hydro 500 17,283.2 1,454.3
- | Lower Central cc_.  Blockd - ‘Gas 500 17,689.3 10,897.3 ) 15,354
1999 | Ao Phai  Unit 1 OiltCeal | 700 18,584.3 11,597.3
. Surat Thanl  Unitt Retired Oil -30 18,653.3 1,231.3
Mae Lama Luang. Unit 1-2 Hydro 160 . 18,713.3 4,430.4
Ao Phal tnit 2 QiliCoal 700 19,413.3 12.297.3 16,531
2000 A0 Phai - Uhil 3. Oil/Coal 700. 20,1133 12,997.3
Naw Thormal __ Unli 1 X Qit/Coat [ 1000 21,113.3 13,897.3 17,765
2001 Region & ce Blockl Gas 300 21,419.3 1,531.3
Mae Taeng Unii 3-2 Hydro' 26 21,439.3 4,456.4
- New Thermal *  Unil 2 Qil/Coal 1000 22,439.3 14,997.3 19,000
2002 Lampang Unit 1 Lignite 00 22,739.3 4,756.4
Lam Takhong . Unit 3-4 Hydre 500 23,239.3 1,954.3
Lampang  Unit 2 Lignits | 300 29,530.3 5,056.4
: Lampang _ Efhit 3 Lignite | 300 23,839.3 5,356.4 { 20,219
2003 Bang Pakong c¢ Block 1 Retired Gas -380.3 23,458.0 14,617.0
Lan Krabu Gag Turbine  Retirad Gas -140 23,319.0 5,216.4
Lampang  Unlt 4 Lignite | 300 24,619.0 5,516.4
Reglend-cc  Block2’ Gas 300 23,916.0 1,831.3
New Thermal ~ Unit 3 OilfCoal 1000 -24..919'.0 15,617.0 .
Lampang  Unit § : Lignite | ~ 300 25,219.0 5,816.4
Nam Khek Pumped-Storage Unit 3-2 ~Hydro 360 .. 25519.0 6,116,4
Lampang = Unit 6 “Lignite 300  25,810.0 6,416.4 | 21,482
2004 North_Bangkek Unit 1-3 . Retirad oi -237.5 25,58%.5 15,379.5
Bang' Pakong cc Block 2 Retired Gas -380.3 25,201.2 14,999.2
_Mae Moh . Unit -2 . Retired Lignite’ |~ -150 25,051.2 ' 6,266.4
Now Thermal ~ Unit' 4 OilfCoal | 1000 26,051.2 [ 15999.2
New Thermal Unit 5 Qil/Goai’[ 1000 27,0512 16,989,2- 22,795
2005 Now Therinal Unit 8 Qil/Coal 1000 28,051.2 17,969.2
Lampang Unit 7 Lignite 300 28,35%.2 6,565.4
Lampang Unit 8 Lignite 300 28,651.2 6,866.4 24,150
2006 Nuclear Unit 1 Nuclaar 1000 29,651.2 2.831.3
Nuclear  Unit 2 Nuclear 1000 30,661.2 3,831.3 25,515
Total Installed Capacity As Of 2006 17,899.2 | 1,954.3 | 9,831.3 | 6,866.4




Table 5-2 CAPACITY OF TRANSFORMER BANKS AT 230KV SUBSTATIONS
IN THE GREATER BANGKOK AREA
As of 1992
. _ _ Transformer Banks K
- Bubstation Voltage .1 Installed Capacity | Max. loading.
. (kV) (MVA) (MVA)
NORTH BANGKOK 230/72,5 - 1 x 200 135
. - 3 x 33.3 .
BANG KAPI 230/69 3 x 200 - 480
BANGKOK NOI 230/68 | 2 x 200 480
6 x 33.3
SOUTH BANGKOK | * 230/72.5 4 x 200 690
2307115 1 % 200 200
BANG PHLI 230/69 2 X 200 250
230/115 2 X 200 - 250 -
LAT PHRAO 230/69 3 x 200 480
RANGSIT 230/72.5 3 % 200 480
- 230/115 1 x 200 7135
' 1 x 100 .
NONG CHOK 230/115 1 x 200 200
CHIDLOM | 230/69 2 x 250 320
Total 5.500 4,100
Table 5 - 3 CAPACITY OF THE POWER SOURCES IN THE GREATER BANGKOK AREA
Existing _ Total
Powar Plant {as of 1991) Additional Installation Retired | {as of 2006)
(MW) (MW) (MW) (MW)
North Bangkok |  237.5 0 237.5 0
South Bangkok 1330 335 0 2265
{Combined Cycle Block 1)
600
{Combinad Cycle Block 2)
Bang Pakong 2276.6 198 760.6 2914
(Combined Cycle Block 3-4 Steam)
2 x 600
(Thermai_ Units 3-4)
Wang Noi - 600 . 600
{Gas turbine) -
Total 38441 2933 998.1 5779

As per EGAT's power deveiop.ment plan, PDP 92-01(1)
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Table 5 - 4

Nota

COMF’AF(ISON OF THREE-PHASE SHORT CIRCUIT CURRENTS OF THE
2011 YEAR SYSTEMS REGARDING POWER PLANT CONFIGURATION

. Case 1 Case 2

230kV bus. kA - kA

SAI NOI . 24.9 25.4

WANG NO! - 44.9 47.2
BANGKOK NO! - 44.6 44.3
'NONG CHOK . {bus A) 447 48.8
. 'NONG CHOK (ousB) . |- 22.8 23.3
NORTH BANGKOK 30.1 30.6

c 40.5 42.9

A 26.9 27.2

RANGSIT : 26.6 27.3

- LAT PHRAO ' 25.2 25.6
RATCHADA PHISEK . 29.3 30.7
BANG KAPI - 36.6 38.9
ONNUCH . 41.7 - 44.6

BANG PHLI | 32.0 33.6
SOUTH TONBURI 37.9 37.8

' SOUTH BANGKOK - 352 351

Thé 230 kV system is split at CHAENG WATTANA, RATCHADA PHISEK,
KHLONG MAI, BANG PHLI and NONG CHOK as shown on Fig.s 5-9 and 5-10.

Case 1 : Power sources are developed mainly in the western seaboard and
southern seaboard areas.

Case 2 : Power sources are developed in the eastern seaboard and western
‘ seaboard areas almost equally.
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Demand of the Greater Bangkok Area
3540MW ( 44% of the total 804SMW )

Remarks
S : Source (MW)
D : Pemand (MW)

Total
S 8610MW
D : 8045MW

Fig. 5-2 ESTIMATED POWER TRANSMISSION AMONG REGIONS IN 1991
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S:1854
02296

--------------

»
L
b

Demand of the Greater Bangkok Area
10264MW (44% of the total 25515MW )

5400 Western seaboard 6000 X 90%

1400
Surplus 2045 x 70%

Remarks
S : Source (MW)
D : Demand (MW)

Total
S 3065 1MW
- D71 25515MW(Thai.estimation)

Fig.5-3. ESTIMATED POWER TRANSMISSION AMONG REGIONS IN 2008
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Fig.5-4 APPROACH TO FUTURE POWER SYSTEMS

1992(present) Power System )

1997 Power System

l

2001 Power System

l

2006 Power System

I
1
1

Y

\)»C 2011(horizon-yeér) Power System J

Factors for future power system planning

1 Power demand forecast
Power development plan
Capacity of equipment
Short circuit current
Power system stability
Reliability of power supply
Environmental restrictions

~ T I LN
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Ex Two circuits paralteled

Lo

L‘ - '—fr-‘a'uﬂ

@

160 %
120 %
:zoo %
BO %.
1O min 20 min
Fault

Fig.5-5 EXAMPLE OF OVERLOAD OPERATION OF A TRANSMISSION LINE
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Ex : Three banks paralieled

I
T

150 %
120 %
100 %
80 %
| tOmin 20min
1
Fault

Fig.5-6 EXAMPLE OF OVERLOAD OPERATION OF TRANSFORMER BANKS
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Fig. 5-7 Transmission System In The Densely Populated Area

{1) Single_U_nit System

[ Primary Substation ] ]_S_e_cgﬁgﬁnLS_ugatnguJ

Circuit breaker 230KV Transformer . 69KV

Cable —3

1. Load of the secondary substation should be restricted so as to Supply
power continuously even at a fauit of one unit.
2. The system has high reliability due to its simplicity.

{2) Multi-terminal Unit System

| Primary Substation | [Secondary Substation |
230kv Transformer B3kY
Cable

Circuit breaker

'
'
1
[
L]
'
1
[
'

A | | Secondary Substation |
' BSkY

l
:

Transformer .

1. The number of secondary substations which are comprised in a unit should bematch
the capacity of the cable.

2. Ata fault of a unit, transformers which belong in the fault unit stop operation
simultansously. :

3. Load of the secondary substations should be restricted so that at a contingency the same
amount of power as before the fault can be supplied continuously.
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Net Work

Power Sources
& Net Work

South Bangkok G
A Wiy Bang Pakong \
- Power Sources . Power Sources

Urban Area

{1) PowerDemand ‘ 15,000 - 18,000MW

{2) Supply From The 230kV System 4,000 - 5,000MW
- (3} Supply From The 500kV System 10,500 - 12,500MW
={1)-{2)}
Fig.5-8' PRELIMINARY. IMAGE OF THE FUTURE TRANSMISSION SYSTEM

OF THE GREATER BANGKOK AREA (AFTER 2011)
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208 Fig.5-9 Power Flow Diagram for Fiscal 2011
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o o | D Power plant ond generating out-put (MW)
MM [2a00)
w TNE O~ substetion ond load  [MW)
~Z 500KV line & No. of circuits
2) |
o SK ——— 230kV line a No. of circuits
et 200} o e
& 104 2212 P Effective power (MW)
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26 Fig.5-10 Power Flow Diagram for Fiscal 201

O CR
6 Case 2
i)
CM3848 MK g LP
(T 80 Y ,f 032138
uim' @ u | & Power plont ond generating out-put  {MW)
MM 2403
10324 Substation ond load  (MW)

455

2 s00&v line & No. of circuits

SK ~—=—  230kV line & No. of circuits
6 .
104/9.5 P Effective power (MW}

VLB  Bus voltage{*) & Leoding angle {deg.)

568 :

JL3 87 SR2 @
e 2 {2
a6 ¥ 277 103 /-51.4

240
QNR2

856
BPI 2 S0CkY
727 =L 2192
“\m Wiy ?.il'ﬂkv
L 02 £1.4

Isee

104 £ 102
T 2000 G5
5B [2285] 847
BPK[1080] fie
BPK 2 01£13.2
gt G4
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O
Totol generalion 34,729 Mw cT8
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(28)

SO0V, 2cct

AxTHEMEM ” ”I
I .
@ | WANG NOI
2300V Acct
@ auiaramcs 500KV, 2004 Ax7REMCM
_ 500KV 200t oot A
s — - AX127IMCM
T RANGSIT 2
o 1 v aanesir J|t
== —®
_@:’2‘1’;‘,’:;3,,, 230V, 20ct AX1272MCM f catle
B
3
@ 5008V Zoct 500KV, Zoct, :L' CHAENG
152720CM #1272v0M 1K WATTANA
500KV, 2001 230KV, 2001,
21272MCHM dx1272MOM 500KV, 2ect Ax1272MCM
.A/ 230KV.264 43 1272M0M 1
. R S
PR =
mw.am
4X1272MGM .
F =
[TALINGCHAN) LAT PHAAC ;
230KV dect
H —@ 2x1272MCM
500KV, 2621 B . _
EXIRTZMCM e 2ARV Acct
: _ 2x1272MCAl
230KV, 2001, BANGKOK G [SANAMPAC) AATCHADA @ >
N R AL PHISEK 2300V Aoct, 500k, 2cct
15)axizrzmem Ax127204CH
= e ON NUCH 230KV 4ot
SAM A Beciscails  CHIDAOM Y 2R12T2ZMEM
PHAAN1 Ta—
v L] :
2 cuts,cable 3|
230KV Aot g A
aessdayerd @ (THONBURI) u EEESE = =
- (PATANAXARN}
Hovies, moratomn b
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: X 1272MCM 2x1272MCM KHLONG
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2305V, 2008, 4 ools cable -} 22y . . :
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_ B .
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SOUTH '%@ BANG PHUI o @
THONBURI ~ {BANG BOR) ]
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CHON BURI -1
= i
Ao PHA L
O shows a line which needs some construction work. 4
- o)
AQ PHAR

Fig. 511 TRANSMISSION SYSTEM OF THE GREATER BANGKOK AREA AFTER 2011
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(1) Transmission system at present

s o SR T R Existing Undar Fulire
o = construction  project
P

Al | = — e mmwou 500KV transmission fine

NO! 3 AANGSIT
r2zoa N ) o - emeen 230KV tansmission fine

O @ @ SO0V subriation
CHAENG 3 O & € 200V subeltion
WATTANA ,;
Power stetion
NORTH
BANGKOK
@
() DANGKOK CHIDROM
NOI

&
SAM g,a@
PHRAN t S8t

o
soutH &) 0
THON BURIN S=Eme—— s New intsrnational sitpant
-\ ave BANG PHL! N
SOUTH N

PANGKOK (THEPHARAK)

() BANG PA-IN2

(2) Transmission system in future { 2011 )

S00kV transmission line

230kV wansrission line (ovasboad )

2I0kY ransimission lins { cable }

JoO | ||

S00kV substation
CHAENG 230KV substation
WATTANA

Power station

F
(TALINGCHAN) {SANAMPAD)

4 o
z.;r]eckou . el CHIDROM ™
z "&
& (THONBURY O (PMANAKARN)
SAM 45 O molaroey
PHRAN 1 !

£ TuanonToky

()
SQUIR T
THON ‘ ._/\.. BANG PHLI New intarnational airport
BURI SOUTH
BANGKOK HEBHARAY

D
(BANG BOR)

“Fig.5-12 TRANSMISSION SYSTEMS OF THE GREATER BANGKOK AREA AT PRESENT AND IN FUTURE
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CHAPTER 6 POWER SYSTEM ANALYSIS

6.1 . Conditions of Analysis

(1)

(2}

3

(4)

Fiscal Year under Study
Year 1997, 2001, 2006, 2011
Network System of Each Year under Study

Year 1997, 2001, 2006

The existing plans for expansion of the power system, which has

been formulated by EGAT are reviewed and investigated.
Investigations are focused on the -capacity appraisal of
transmission lines and transformers, and in reducing the short
circuit current level, and maintaining power system stability,

.Load flow, -short circuit current and power stability analysis

have to be carried out for the whole EGAT system in each studied
year in order to identify the needs of transmission network

- expansions and reinforcements.

Year 1997  Fig.6-1-1 Single Line Diagram
: Fig.6-1-2 TImpedance Map

Year 2001 Eig.6_1—3 Single Line Diagram and Impedance Map
Year 2006 Fig.6-1-4 Single Line Diagram and Impedance Map
Year 2011

The 2011’'s network system is assumed to be based on expanded

- 2006’ s network system. However, the power development will be

required because of increasing power demands. According to
latest EGAT’s Power Development Plan (PDP 92-01)}, the new power
plants from 2006 to 2011 are assumed that four units of nuclear
power plant rated 1000MW each will be located in the southern
part of Thailand, that is located at same site as Nuclear Unit 1-

2.

Load Forecast at eaéh'substation

Table 6-1-1 shows system peak load and MEA peak load of each
substation in Thailand. This load forecast is formulated by
EGAT. The load factor of system peak is 85% at each substation.

Transmission System Planning Critera of EGAT

a) The steady state system voltage- at any bushar in
transmission system  should be 98-105% of the nominal
voltage wunder normal condition and 92-1087 under
contingency (emergency)} condition.

b) The transmission system must be designed so that it will
operate satisfactorily under both normal and contingency



c)

d)

ey’

6.2 Year 1997

1

Year

Fig.

conditions. -~ According to EGAT's practice, the .single
contingency (n-1) criterion is adopted, i.e. the system
must be stable during and after the disturbances in the
system resulting in the loss of one generating unit or one
circuit of transmission line, as well: as no loss of load is
allowed.

The'Bulk power system can be maintained stable during and
after most severity of following contingency:

‘A permanent - three-phase fault on any: generatof or
transmission circuit, with normal fault clearing and
without reclosing. '

Normal fault clearing time to. be used shall be as follows:

500KV system : 4 cycles
230KV system : 5 cycles

Less probable, more severe disturbances, in#olving multiple
contingencies; or the following unlikely contingencies are
‘not evaluated. : :

Loss of an entlre generatlng plant

~Loss of all circuits on common rlght of-way

Loss of one busbar section
Three-phase fault with delayed fault clearlng

1997’s Network System

6-1-1 shows network system in year 1997.

The capacities of reactive power compensator (shunt reactor) for
each 500kV transmission line jinstalled: at substations within the
Greater Bangkok Area shows-at follow1ng table

Substation

Shunt Reactor _ Transm1331on Llne

NONG CHOK

40MVA Zunits NONG CHOK-SAT NOI 120 Okm 2cct
75MVA Z2units NONG CHOK-THA TAKC 208.0km lcct
' NONG CHOK-THA TAKO 215.0km lcct

SAT NOI

(2)

Load

Fig.
case

~4OMVA Zunits NONG CHOK-SAT NOI. '120.0km 2cct

Flow

6-2-1 shows the load flow of 500kV and 230kV system in the .
of system peak.



(3)

(4)

‘'The results of load flow:

The busbar-voltage at each substatjon can be maintained within

_ steady state voltage criteria (98 - 105%). The required
~capacities of reactive power compensator (shunt capacitor) at

each substation in the Greater Bangkok Area are shown at Table 6-
1-2, capacities of shunt capacitor in year 1997 are planned by
EGAT. .

. No transmission line is overloaded under normal condition.

Short Circuit Current

The ‘short circuit current levels at all 500kV and 230kV busbars
are less than 50kA that is the interrupting - rating of 500kV and

'230kV circuit breakers. Fig. 6-2-2 shows the short circuit
~current ‘and short circuit capacity of the whole 500kV and 230kV

system in Thailand,
Load Flow under Contingency Condition

According to EGAT's transmission system planning criteria, under
loss of one:circuit of transmission lines or loss of one bank of
500kV/230kV transformers, no loss of load is allowed. So, load
flow under contingency condition, i.e. loss of one bank of
500kV/230kV transformers or one circuit of transmission lines,
should be checked that any transformers and any transmission
lines can be maintained within allowable capacity.

Contingency Condition;

500kV transformer :+ Qut-of service of one bank
transmission line : Qut-of service of one circuit
ST " - Thermal limit of conductors
1x1272MCM ACSR 230KV  429MVA
2X1272MCM ACSR 230KV 858MVA



Contingency Condition

Under Normal
Condition

Under Cbntingency

out-of service of one NONG

CHOK SOOkV1230kV
transformers
.600MVA 2-banks

296MW+] 63MVar
(303MVA:50.57)
( per bank )

Condition .
436MW+ j8TMVar
( 4A5MVA:747)

out<of service of one SAI
NOI S00kV/230kV -
transformers .

600MVA 2.banks

450MW+ j161MVar
(478MVA:80%)
{(per bank}

643MW+ j220MVar
(" 680MVA:1132)

one circuit of 230kV NONG
CHOK - - ON NUCH double

circuit is tripped
2x1272MCM-ACSR_cht

463 MW/cct

673 MW .

one circuit of 230kV BANG
KAPT - RATCHADA

double circuit is tripped
2x1272MCM. AGSR Zcct

421 MW/cct

764 MW

one circuit of 230kV

BANGKOX NOI - SAI NOI

-double circuit is. tripped
1x1272MCM ACSR 2cct

© 233 MW/cct

323 Mw

one circuit of 230kV BANG
PHLTI -BANG PAKONG double
circuit is tripped
2x1272MCM ACSR 2cct

435 MW/cct

619 M-

No trasmission line is overlcaded under contingency condition.

The 500kV/230kV. 600MVA transfdrmer at Sai Noi-substatioﬁ is expected . to

be overloaded during one bank outage.. _
remaining transformer is expected to be 113% overloading.

account of short-time overloading requirement upon transformer, 1137

In the case of system peak,

overloading (advanced loading is 80%) is allowed.

¢« In the case of 500kV/230kV 750MVA transformer at Sai Noi substation:

Impedance of 750MVA transformer is adopted the same value as that of

600MVA transformer on the base of machine MVA, that is 13.06%.

Fig. 6-2-3 shows the result of load flow and short circuit current
No transmission line is overloaded
The short circuit current levels are less
than 50kA at whole 500kV and 230kV bus in the case of 750MVA 2-bank

in the Greater Bangkok Area.
under normal condition.

transformers at SAT NOI substation,




Contingency Condition Under Normal Under Contingency
- s Condition Condition
out-of service of one SAI 489MW+ j174MVar . 725MW+ j245MVar
NOI 500kv/230kvV (519MVA:692) (765MVA:1022)
transformers {per bank) '
750MVA 2-banks

. Taking account of load flow under contingency condition and
increasing power demands in future, adopting 750MVA unit
transformer at Sai Noi substation is recommended.

(5) System Stability
Generator'constants.are shown at Table 6-2-1.

AVR and GOV block and control constans are used EGAT’s data.

The generators with PSS (Power System Stabilizer) are following:

REGION-3  BANG LANG 3x 24MW
RAJJAPRABHA 3x 80MW
KAENG. KRUNG : 2x 40MW
KHANOM _ 2x 75MW + C.C. 674MW

-REGION-4 - MAE MOH anit 4-7  4x150MW
; unit 8-13  6x300MW

MAE KHAM 2%150MW
REGION-1 EASTERN -
’ BANG PAKONG thermal 2x550MW + 2x600MW

REGION-1 WESTERN :
SRINAGARIND unit 4-5 2% 18 OMW
KHAO LAEM 3x100MW
LOWER CENTRAL C.C. 2x600MW

PS8-block and constants are used EGAT's data.

: . — 0.1pu
5.0 8(1+0.065)(1+0.068) .
Pg ~-0.75-— : to AVR
{145.05)(1+40.188)(1+0.188) —J
. : -0.1pu

. The_bﬁlk_power system can be maintained stable during and after 500KV
transmission line contingency (three-phase fault with normal fault
clearing). .

Fig.6-224 shows the results of the system stability in the case of
500kV. transmission line fault, TFigures show relative rotor angles
of typical generators in each region. The basis of angle is assumed
Bang Pakong thermal generator.



CASE-No.

SAT NOT - RATCHABURI 3 (RAT&HABURI 3)

Fault Transmission Line Stability
~ (fault point) Result
97-TMM MAE MOH - THA TAKO (MAE MOH) stable
97:NTT 'THA TAKO - NONG CHOK (THA TAKO) stable
97-SNN SAI NOI - NONG CHOK (NONG cﬁox). 3 stable
97-SRR stable

Fig. 6-2-5 shows fluctuation of 230kV bus voltage at each substation
in the. Greater Bangkok Area during and after a permanent three-phase
fault at Bang Pakong bus and one unit of Bang Pakong thermal plant
(600MW) tripped with normal fault clearing.
voltage at any busbar in the Greater Bahgknk'Aréa can be maintained

The steady state system

within voltage criteria (927108%) under contingency condition.

6.3  Year 2001

(1)

Year 2001's Network System

Fig. 6-1-3 shows single line diagram of 2001’s network system.

The expansion plan in the Greater Bangkok Area from 1997 to 2001,

which has been formulated by EGAT are following:

*+ 500kV transmission system

A0 PHAT 2 - NONG CHOK

AQ PHAI 2 - SAI NOI

4x 795MCM ACSR 1lcot 170km

4x 795MCM ACSR lcct 256km

BANG SAPHAN - RATCHABURI 3 4x1272MCM ACSR 2cct 275km

The capacities of reactive power compencator (shunt reactor)
for each 500kV transmission line installed at substations in

the Greater Bangkok Area shows at following table.

Substation

Shunt Reactor

Transmission Line

NONG CHOK

40MVA
75MVA 2units

S3MVA

NONG CHOK-SAI NOI  120km

NONG CHOK-THA TAKO * 208km lcct

NONG CHOK-THA TAKO 215km
NONG CHOK-AQ PHAL  170km

lect

1cet

“leect

SAT NOIL

4OMVA
95MVA

NONG CHOK-SAI NOTI -. 120km-

SAT NOI-AO PHAT- 256km

lcct

* 500kV/230kV transformer
NONG CHOK 3x600MVA
SAT NOI 4x600MVA

- 6

lcct




+ 230kV transmission system
BANG KAPI ~ RATCHADAPHISEK 2x1272MCM ACSR 2¢ct (totally 4cct)

NONG CHOK -~ ON NUCH 2x1272MCM ACSR 2cct (totally 4cet)
RANGSIT -~ CHAENG WATTHANA 2x1272MCM ACSR 2cct
BANGKOK NOI - SAI NOI 2x1272MCM ACSR 2cct

(2)

(3)

4y

Load Flow

Fig. 6-3-1 shows load flow based on EGAT's expansion plan. Under
normal condition, 500kV/230kV 600MVA transformer at Sai Noi
substation (4-banks) are overloaded. Sai Noi substation requires
5-banks of 600MVA transformer in year 2001.

+ Fig. 6-3-2 shows load flow in the case of 5-bank transformers
-at 8ai Noi substation. . The busbar voltage at each substation
can be maintained within steady state voltage criteria (98-
1652). '
The required capacities of reactive power compensators (shunt
capacitor) at each substation in the Greater Bangkok Area are
shown at table 6-1-2. '

+ No transmission line is overloaded under normal condition.

_Short Circuit Current

Fig. 6-3-3 shows the short circuit current and short circuit
capacity of whole 500kV and 230kV system in the case of 5-bank
transformers at Sai Noi substation. The short circuit currents at
Nong Chok and On Nuch 230kV busbar exceed 50kA.

NONG CHOK 230KV busbar 56.9kA
ON NUCH 230KV busbar 55.1kaA

Countermeasures for Reducingrshort Circuit Current Level

In ofder to reduce the short circuit current levels at Nong Chok
and On Nuch substation, it will be necessary to make

‘reconfiguration of 230kV system in the Greater Bangkok Area.

Basically, maintaining EGAT’s expansion plan in year 2001,
following countermeasures can be taken for reducing short circuit
currents levels.

a)  NONG CHOK 230kV BUS-SPLIT

The method of splitting 230kV busbar at Nong Chok
substation is referred to EGAT's planning in year 2006.
Nong Chok 230kV bus is split with quadruple circuit to ©On
Nuch, three 500kV/230kV transformers and distribution
transformers connected to bus 1; while double circuit to
Rangsit, double circuit to Bang Pakong and double circuit
to Khlong Mai connected to bus 2. The configuration of
_ Nong Chok 230kV bus is shown at following figure.



NONG. CHOK BUS-SPLIT = . . NONG CHOK

500KV 3 . o .. 500KV
_ : bus-2
230KV 230KV —X bt 1§
: Co : bus-1f |
load ' = ' load
to RS _
Fesmmmmet o KLM to RS a0
== £ BPK to KLM
: . to ON
to ON . : to BPK
b) SO0UTH BANGKROK BUS-SPLIT

The method of splitting 230kV'busbar_a;‘Soﬂth'Bangkok
substation ‘and power  station is adopted  EGAT's ' plan
(Lefezred to REPORT NO. 81200-3533 "TRANSMISSION SYSTEM FOR
POWER PLANT PROJECT BLOCK 2 (600MW)"). The 230kV bus at
South Bangkok substation is split ‘with two circuits of
triple circuit to South .Thon Buri, one circuit of double
circuit to Thepharak, thermal power plaan {2x200MW and

'310MW), combined cycle plant bloé¢k-1 (300MW) and 69kV

dlstrlbutlon transformers connected to bus 1; while one
circuit of triple cirdéuit to South Thon Buri, one circuit

of double circuit to Thepharak, thermal power . plants

(2x310MW), combined cycle plant block-2 (GOOMW), 69kV and
115kV distribution transformers connected to bus 2. The
configuration of South Bangkok 230kV bus is shown at
following figure. : :

BUS-SPLIT

2x180MW
280MW .. o
to STB 300MW(C.C.)
to TPR : _ to TPR
: : ) : load O -
o — N bus l. | 1 l X -
0 1load ‘ to —o— 1+ 0 load
SOUTH BANGKOK STB :
2x130MW 2x280MW  bus-2
3Ix280MW o : S 600MW(GC.C.)
300MW o - o R .
60 OMW

+ The results of short- circuit current -levels which have been
taken above mentioned countermeasures are summarized at
following table,



 BASE-CASE CASE-1 CASE-2 CASE-3

NONG CHOK 56.9 kA 56.9 kA

BUS-1 ' 41.4 kA 41.1 kA

BUS-2 36.1 ka 36.1 kA
ON NUCH 55.1 kA 55.0' kA 49.6 KA 49.6 kA
SAI NOI 49.9 kA 49.8 kA 49.8 KA 49.7 kA
SOUTH BANGKOK 49.8 kKA . | 49.3 kA
BUS-1 40.4 KA : 40.1 kA

BUS-2 38.8 kA 38.5 kA
*countermeasures for reducing short circuit level

BASE-CASE : EGAT’s plan

CASE-1 & SOUTH BANGKOK BUS-SPLIT CASE

CASE-2 : NONG CHOK 230KV BUS-SPLIT CASE.

CASE-3 :.SOUTH BANGKOK and :NONG CHOK 230KV BUS-SPLIT CASE

L]

(5)

In the configuration

‘Load Flow under Contingency Condition

For reduclng short circuit current level at HNong Chok 230kv
busbar, splitting of Nong Chok 230kV bus by year 2001 is
~recommended, with quadruple circuit to On Nuch, three
500kV/230kV  transformers and distrubution transformers
connected to bus 1; while double circuit to Rangsit, double
circuit to Bang Pakong and double circuit to Khlong Mai
connected to bus 2.

Fig. 6-3-4 shows the result of load flow and short circuit
current in the case of splitting of both Nong Chok 230kV bus
end - South Bangkok bus. No transmission line is overloaded
under normal condition.

(Fig. 6-324) for reducing short circuit

current levels, Jload flow under contingency condition should be
checked that any transformers and any transmission lines can be

m
d

c

5
t

aintain within allowable capacity to prevent cascaded tripping
urlng single circuit putage.

ontingency Condition

00kV transformer
ransmission line

Out-of service of one bank
: Out-of service of one circuit
Thermal limit of conductors
1x1272MCM ACSR 230kV 429MVA
'2x1272MCM ACSR 230kV 858MVA
4x1272MCHM ACSR 230kV 1716MVA



Contingency Condition

Load Flow.under
Normal Condition

Load Flow under

Contingency Condition

out-of service of one 639MW+j 78MVar 795MW+ j103MVar
‘SOOkVI230kV SAT NOIX (644MVA: 861) { 802MVA: 1071)
:transformer ' ' { per bank ) ( per bank )
750MVA 4-banks
‘one circuit of 230kV BANGKOK L
'NOI - SAI NOI double circuit 643, 5MW+ i84MVar 933MW+ j165MVar
is tripped . ~( per cct }
2x1272MCM Zccet’ ) overload
one circuit of 230kvV SAI - : : : .
NOI - RANGSIT double circuit- 572MW+j83MVar 840MW+j 83MVar
is tripped { per cct )

2x1272MCM 2cct

‘critical load =

one circuit of 230kV RANGSIT-

438, SMW+ ]68MVar

"783MW+j134MVar

CAENG WATTHANA double circuit
is tripped ( per cct )
2x1272MCM 2cct -
one circuit of 230kV BANG o , '
PHLI - BANG PAKONG double '439.6MW+j8?MVar ' 661MW+j135MVar
circuit is tripped { per cct }
2x1272MCM 2cct
one circuit of 230kV ON . '
NUCH - BANG PAKONG double 486MW+ j 70MVar 656MH+j104MVar

circuit is tripped
2x1272MCM 2cct

{ per cct )

» The 500kV/230kV transformers at Sai Noi substation are operated
with overloading during one bank outage. Taking account of
short-time overloading requifement upon transformers, 1077
overloading (advanced loading is 86%) is allowable operation.

This network system (Fig. 6-3-4) will pose 230kV Bangkok Noi -
Sai Noi line (2x1272MCM ACSR conductor :858MVA) overloading
problems during single circuit outage contingency (single
circuit trip on Bangkok Noi - Sai Noi 230kV line).

Transmission System Expansion Plan

* BANGKOK ‘NOI - SAT NOI 29.6km

According to EGAT's transmission ' system expansion plan,
existing 230kV double circuit is modified from 1x1272MCM ACSR
conductor per phase to 2x1272MCM ACSR conductor per phase upto
year 2001. However, these conductors will cause overloading
problem during single circuit outage in 2001°s network system.
Therefore, this section should be reinforced with 230kV four-
circuit steel tower with 2x1272MCM ACSR conductor per phase or
with 230kV double circuit steel tower with 4x1272MCM ACSR
conductor per phase to save right-of way, or be augmentated
with 500kV transmission line. From Chapter-5 this section

should be augmentated with 500kV transmission line for a long
future.
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Construction schedule related to augmentation of BANGKOK NOT -
SAI NOI line designed with 500kV specification

During construction for augmentation of Bangkok Noi - Sai Noi
line designed with 3500kV specification , existing 230kV double
circuit will be removed. In the configuration under
construction on Bangkok Noi - Sal Noi line section, routes to
deliver power at Bangkok Noi substation are single circuit with
1x1272MCM"ACSR conductor on North Bangkok - Bangkok Noi, and

- double circuit with 2x1272MCM ACSR conductor on Soutuh Thon

a)

b)

Buri - Bangkok Hoi. In decision of construction schedule, load
flow analysis under construction should be carried out in each
year and each construction schedule in order to check
overloading problems..

Year 1997

When Bangkok Noi - Sai Noi line is constructed at first,
Rangsit - Chaeng Watthana line (1x1272MCM ACSR 429MVA) is
expected to be overloaded at system peak in year 1997. The
construction of Rangsit - Chaeng Watthana line at first
solves line overloading ploblems. However, construction of

Rangsit .- -Chaeng Watthama 1line in year 1998 cause
- overloading on Bangkok Noi - Sai Noi line (1x1272MCM ACSR
529MVA) .

Fig.. 6-3-5 shows the result of lcad flow under construction
of Rangsit - Chaeng Watthana line section in year 1997.

From Chapter-5, Rangsit - Chaeng Watthana line (8.0km) is
reinforced with 500kV double circuit with 4x1272MCM ACSR
conductor per phase and 230kV double circuit with 2x1272MCM
. ACSR conductor per phase in common steel tower. However,
in the area - controlled by regulation concerning height
restriction of structures built around the airport, 230kV
double circuit is constructed by underground cable. The
.double circuit designed with 500kV specification will be a
portion of North Bangkok - Sai Noi 500kV transmission line
and will be operated with 500kV after completion of North
" Bangkok - Sail Noi 500kV transmission line.

Year 1998

Fig. 6-3-6 shows the result of load flow under construction
of Nong Chok - On HNuch line section in 1998’s network
system, .

The Nong -Chok - On Nuch line (16.8km) is expanded from
230kV double circuit to quadruple circuit with 2x1272MCM
ACSR conductor per phase. The expansion plan of the 230kvV
Nong Chok =+ .On Nuch line from 230kV double circuit to
quadruple circuit is same as expansion plan formulated by
EGAT. The short circuit current at Nong Chok 230kV bus
will exceed 50kA at the commissioning dates (year 1999) of
Ao Phai power plants, by this time Nong Chok 230kV bus
should be split for reducing short circuit current at Nong
Chok 230kV bus. Therefore, reinforcement of Nong Chok - On
Nuch line is recommended prior to commissioning date of Ao
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ci

d)

e)

Phai power -plants. = According to EGAT PDP 92-01, 500kv
lines link between Nong Chok, Sai Noi and Ao Phai have been

proposed for commissioning in 1998. In this vyear,

construction of Nong Chok - On Nuch 230kV four-circuit .

. steel tower with 2x1272MCM ACSR conductor per phase and

splitting of Nong Chok 230kV busbar are rECOmmended

‘The 1998°s network system under construction of Nong Chok -

On- Nuch line is the weakest ~system. ‘configuration - in

“recommended construction schedule. In this network, if. one

circuit of Bangkok Noi - Sai Noi- double: circuit will ‘be
occurred fault-tripping, the ‘remaining circuit will be
expected to be overloaded and be caused cascaded tripping.
Following route tripping of Bangkok Noi - Sal Noi' line,
North Bangkok - Chaeng Watthana (1x1272MCM ACSR) and Lat
Phrao - Chaeng Watthana (1x1272MCM . ACSR) line will be
expected to be overloaded. The control of loading as load
shedding will be required to avo1d system collapse in the
Greater Bangkok Area. .

Year 1999

Fig. 6-3.7 shows the result of load flow under construction
of Bangkok Noi =~ Sai Noi line in '1999's network system.

. The Bangkok Noi -~ Sai Noi line section is reinforced with .

500kV designed double circuit with 4x1272MCM AGSR conductor
per phase. After completion of construction, this line
section is operated with 230kV at first. '

- Year 2000

Fig. 6-3-8 shows the result of power . flow - under
construction of North Bangkok - Bangkok Nei llne (18. ékm)
in 2000's network system.

From Chapter-5, in consideration of system reliability in
the Greater Bangkok Area, the North Bangkok - Bangkok Noi.
line is recommended to. be augmentated with 500kV. double
circuit with 4x1272MCM ACSR. conductor- per phase. After
completion of construction, this line sectlon is operated
with 230kV for a while.

Year 2001

Fig.6-3-9 shows the result of load flow and short circuit
current after ahbove mentianed'reinforcement in year 2001.

No transmission line. is overloaded: under normal condition
and no transmission has any problem to cause cascaded
tripping during single circuit- outage. ‘And, short circuit

current levels are legs than SOkA at .all 500kV and 230kV
busbar. .
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Load flow under contingency condition

Contingency Condition : Out-of service of one bank

Out-of service of one circuit

Thermal limit of conductors
2x1272MCM ACSR 230kV 858MVA
4X1272MCM AGCSR 230kV 1716MVA

Contingency Condition

Power. Flow under
Normal Condition

Power Flow under

| out of service of NONG CHOK

500kV/230kV 750MVA
| transformer
600MVA 2 banks
750MVA 1 bank

750MVA

.. 571MW+ §65MVar

600MVA

458MW+ j55MVar
(461MVA: 77Z )
{per bank)

Contingency Condition

600MVA
633MW + } 88MVar
{ 639MVA:106.57)
{( per bank )

‘out of service of SAT NOI
500kV/230kV. transformer
750MVA 4 banks

- 640. 7MW+ j79MVar

(646MVA: 867)
(per unit)

801MW + ji06MVar
{ 808BMVA:1087 )
( per bank )

one circuit of 230kV SAI

NOT - RANGSIT double

circuit is tripped
2x1272MCM ACSR Zcct-

555MW+j48MVar
{ per cct }

805MW +j 76MVar

one circuit of:230kV ON
NUCH - BANG PAKONG double
circuit-is tripped -

c - 2x%1272MCH ACSR. 2cct

475, 9MW+ j64MVar
{ per.cct )

649MW +j101MVar

one circuit of 230kV
BANGKOK NOI - SAI NOI
double circuit is tripped

663MW +j88MVar
( per cct }

94 6MW+ j168MVar

4x1272MCM ACSR 2cct

(7)  System Stability

The genefatofs with PSS are following:

. REGION-3

BANG LANG 3x 24MW
RAJJAPRABHA 3x BOMW
KAENG KRUNG . 2% 4OMW
KHANOM 2x 75MW + C.C. §74MY
COMBINED. CYCLE 1X300MW
REGION-4 MAE MOH unit 4- 7 4315 OMW
: unit 8-13 6x300MY
: MAE KHAM 2x150MW
REGION-1 = EASTERN
BANG PAKONG thermal 2X550MW + 2x600MW
AC PHAI 3x700MW
REGION-1 - WESTERN _
SRINAGARIND unit 4-5 2x180MW
KHAQ LAEM 3x100MW
LOWER CENTRAL G.C,. 3x600MW
NEW THERMAL unit 1-2 2x1000MW
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The bulk power system can be maiﬁtained stable during and after
500kV transmission line contingency (three-phase fault with
-normal fault clearing) in power system of EGAT's plan.

Fig.6-3-10 shows the results of the system stability in the
case of 500kV transmission line fault. Figures show relative
rotor angles of typical generator in each region. The basis
of angle is assumed Bang Pakong thermal generator.

CASE—NO; Fault Tranémissidn Line kFault'Pdint) _.'.f_a' Stability
01-MTH MAE MOH - THA TAKO ( MAE MOH ) ... | stable
01-NTT NONG CHOK - THA TAKO ( THA TAKO ) | stable
01-NSN NONG CHOK - SAT NOI ('SAI NoI ) | stable
01-NAA NONG CHOK - AO PHAT ( AO PHAI ) : | stable
01-SA4 SAI NOI - A0 PHAI ( AO PHAL ) & . stable
01-SRR’ SAI NOI - RATCHABURI 3 ( RATCHABURI 3) ~ - | stable-
01-RBE RATCHABURI3 - BANG SAPHAN(BANG ‘SAPHAN) ‘| stable

6.4 Year 2006

(L

Year 2006's Hetwork System

Fig. 6-1-4 shows single line diagram of 2006 § network system.
The transmission system expan51on plan in’ the: Greater Bangkok
Area from 2001 to 2006, which has been formulated by EGAT are
followlng'

S500kV transmission system

NONG CHOK - WANG NOI 4x 795MCM ACSR 2é¢ct  50km

4x 795MCM ACSR lect 64km -
SAT NOI - WANG NOT 4x 795MCM ACSR 2cct  56km
AOQ PHAT - WANG NOI ' 4x 795MCM ACSR. lcct 200km
BANG SAPHAN - SAI NOI 4%1272MCM ACSR 2cct 375km

BANG SAPHAN - BANGKOK NOI 4x1272MCM ACSR 2cct 350km
The capa01t1es of reactive power compensatox (shunt reactor)

for each 500kV transmission line installed at substations in
the Greater Bangkok Area shows at follow1ng table
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(2)

(3y

Substation Shunt Reactor Transmission Line
NONG CHOK " 75MVA Zunits NONG CHOK-WANG NOI =~ 50kin 2cct
' ’ 40MVA o NONG CHOK-WANG NOI ~ 64kin lcct
55MVA | NONG, CHOK-AO PHAI ~ 170km lcct
SAT NOT. 40HVA . SAT NOI-WANG NOI - 56km lcct
: 95MVA | SAT NOI-WANG NOI 56km lcct
100MVA 2units SAT NOI-BANG SAPHAN 375km Z2cct
BANGKOK NOI 100MVA 2units BANGKOK NOI- BANG SAPHAN
: ' : - 350km Zcct
WANG NOI 75MVA | WANG NOI-THA TAKO  165km lcct
+ 500kV/230kV transformer
NONG ' CHOK 6x600MVA
SAL NOT 6x600MVA
BANGKOK NOI & 4x600MVA
WANG NOTI 2x600MVA
* 230kV transmission system
NORTH BANGKOK - LAT PHRAQ 2x1272MCM ACSR lcct
NORTH "BANGKOK - BANGKOK NOI 2x1272MCM ACSR 2cct
NORTH BANGKOK - CHAENG WATTHANA 2x1272MCM ACSR lcct
LAT PHRAO - "CHAENG WATTANA 2x1272MCM ACSR Zcct
_RANGSIT - CHAENG WATTHANA _ 2x1272MCM ACSR 4cct
RANGSIT - WANG NOI 2x1272MCM ACSR 2cct

BANG PHLI - ON NUCH 2x1272MCM ACSR Zcct

“Load flbﬁ

Fig. 6-4-1 shows lcad flow of EGAT's expansion plan. The busbar
voltage at each substation can be maintained within steady state

' voltage criteria (98-105Z). The required capacities of reactive
"powe::(ompensator (shunt capacitor) at each substation in the
‘Greater Bangkok Area are shown at Table 6-1-2.

No transmission line is overloaded under mormal condition.

‘Short Circuit Current

Fig. 6-4-2 shows the short circuit current and capacity of whole

‘500kV and 230kV system in the case of EGAT’s expansion plan. The

short circuit current levels at following 230KV busbar exceed

50k4.
NONG CHOK 230KV bus - 56.4 KA
ON NUCH : ' 57:8 KA
BANG KAPI ' S51.6 KA
BANG PHLI 51.1 XA
. SOUTH BANGKOK 54.3 KA
SOUTH THON BURI 50.9 KA
BANGKOK NOI 230KV bus = S4.0 KA



(4)

Transmission System Expansion Plan

In order to reduce the short circuit current level less than

. 50kA, it is necessary to make reconfiguration of 230kV system in

the Greater Bangkok Area. The year 2006's power system will be
expanded from modified power system in year 2001 for . reducing
short circult current and correcting overloading during single

-circuit outage. In-addition to EGAT’s transmission system

expansion plan, upto 2001 following reinforcements and expansions
will have been completed

+ RANGSIT - CAENG WATTHANA {8.0km}

To be reinforced with 230KV double circuit with 4x1272MCM AGSR
conductor per phase and 500kV double circuit with 4x1272MCM
"ACSR conductor per phase.

+ NONG CHOK - ON NUCH (16. ékm)

To be reinforced with 230kV quadruple c1rcu1t w1th 2x1272MCM
ACSR conductor per phase.

. BANGKOK NOI - SAL NOI (29.6km)

To be reinforced with . double circuit designed S500kV
specification with 4x1272MCM ACSR conductor per phase.

« NORTH BANGKOK - BANGKOK NOI (18.4km)

To be reinforced with 'douolé' circuit ' designed 500kV
specification with 4x1272MCM ACSR conductor per phase. '

For reducing short circuit current, Nong Chok 230kV bus and
South Bangkok bus are split. '

As a result of discussion with EGAT, it will be difficult to
get new right-of-way from Bang Saphan to Bangkok Noi. So,
transmission system expansion plans to deliver power from new
thermal and nuclear generating plants are adopted EGAT’s PDP
92-01, that is following: :

New Thermal Switchyard - Sai Noi
300kV 4x1272MCM ACSR 4cct 375km (commissioning date 2001)

New Thermal Switchyard - $ai Noi
500kV 4x1272MCM ACSR Zeet 375km (commlss10n1ng date 2004)

Nuclear Switchyard - New Thermal Switchyard - .
S00kV 4x1272MCM ACSR 2cct 125km (commissioning date 2005)

The power system configuration above-mentioned transmission
system relevant to new thermal and nuclear plants is shown as
following. :
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BSP RB3 SNO

4x1272MCM 2cet O)4x1272 2cct
6x1000MW : :
0| 275km . 100km
. 0’“
NUCLEAR 4x1272MCM ACSR 6cet 375km
2x1.000MW

Fig. 6-4-3 shows the result of load flow and short circuit
current in 2006’s power system expanded with above-mentioned
expansion - plan 'in  addition ‘to EGAT's ‘transmission system
expansion plan from 2001 § power system.

Sai Noi - Rangsit 230kV-line (2x1272MCM ACSR conductor)
overloaded during normal condition. And even though Sai N01

-230kV-bus is split by the EGAT's method, the short circuit

current at Sai Noi 230kV bus exceeds 50kA. Scheduled outage on
North Bangkok - Chaeng Watthana 230kV line and Lat Phrao - Chaeng
Watthana 230kV line is expected to correct Sai NOi - Rangsit

 230kV line overload and to reduce short cifcuit current at Sai
Noi 230kVv bus less than 50kA. However, another overloading

problems is ‘expected, for example, Bangkok Noi - Sai Noi 230kV
line~ overloading problem ' under contingency condition.
Essentially, Sai Noi - Rangsit line should be expanded from 230kV
double circuit 2x1272MCM ACSR conductor per phase to 230kV double
circuit 4x1272MCM - ACSR conductor per phase or 500kV double
circuit 4x1272MCM ACSR conductor per phase. Taking account of
future demand increase at Rangsit and Chaeng Watthana substation,

the augmentation as S500kV substation is recommended. But,

Rangsit ‘substation Has no space for augmentation with 500kV, so
using right-of-way on Sai Noi - Rangsit - Chaeng Watthana - North
Bangkok, construction of Sai Noi - North Bangkok 500kV double
circuit w1th 4x1272MCM ACSR conductor per phase is recommended.

- Transmission System Construction Schedule

‘For ~avoiding overloading probléms during construction of

transmission line, power flow and short circuit current analysis

"~ have to be carrled out at each construction schedule year.

a) Year 2001

Fig. 6-4-4 shows the result of load flow under construction
“of North Bangkok -~ Lat Phrao - Chaeng Watthana line section
in 2001’s power system.

ALcordlng to Chapter-5 "long future'plan” a new substation
A" is constructed at locatlon between North Bangkok and
“Lat Phrao

‘The North Bangkok - hew ‘substation "A" line section (4. 4km)
is rebuilt with 500kV designed double circuit and 230kV
double circuit steel tower with &4x1272MCM ACSR conductor
per phase, respectively.
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The Lat Phrao - new substation "A" line section (2.7km) is
reinforced with 230kV double circuit steel tower with
4x1272MCHM ACSR conductor per phase. '

" The Chaeng Watthana - new substation "A" line section

(7.1km) is rebuilt with 500kV designed double circuit and
230kV double circuit with 4x1272MCM ACSR codnductor per
phase, respectively..

Year 2002

Fig. 6- & 5 shows the result of load flow under construction
of North Bangkok - Lat Phrao - Chaeng Watthana in 2002°’s
network system.

Fig. 6-4-6 shows the result of load fiow under construction
of Rang31t - Wang Noi and Bangkok Noi. - Sam Phran 1 line
sectlon in 2002°s power system.

The Sal Noi - Rangsit llne is modlfied from tap to Rang51t
to via Rang51t due to the ‘augmentation of North Bangkok -
Sai Noi with 500kV double circuit. The Rangsit - Wang Noi
line needs more double circuit to correct the overloading
of Rangsit - Wang Noi line after. completion of North
Bangkok - Sai Noi 500kV transmlsSLGn line. Taking account
of rellablllty of feeding to Rangsit substation,the Rangsit
- Wang Noi line should be expanded before constructlon of
Sai Noi - Rang51t line.

The Rangsit - Wang N01 line sectlon (49 ka) is expanded
with double circuit steel  tower w1th 2x1272MCM  ACSR
conductor per phase in parallel,w1th existlng right-of- ~Way-

According to EGAS's PDP 92-01, Wang_N01 suhstatlon will be
terminated to 230kV Bang Pa-In 2 - Rangsit lines on Wang
Noi gas turbine project (600MW for proposed commissioning
in 1966). On this.project, Wang Noi -. Rangsit will be
expanded with 230kV double-circuit steel towers with

2x1272MCM ACSR conductor per phase. . .In order to save

right-of-way, construction of four-circuit steel towers for
Wang Noi - Rangsit transm1331on lines is recommended on
this project and in year . 2002, double circuit with
2x1272MCM ACSR conductor per phase will be strung at four-
circuit steel towers.

The Bangkok Noi .~ Sam Phran 1 line section (1l. 7km) is
reinforced with quadruple circuit .'steel tower with
4x1272MCM ACSR conductor conductor per phase. At this tine
existing double circuit. steel towers have to be removed,
therefore Sam Phran 1 stbstation has no 230kV feeder 11ne
Before removal of existing 230kV double circuit steel
towers, the South Thon Buri - Sam Phran 1 transmission line
has to be constructed and operated by temporary route from
branched point on South Thon Bur1 - Bangkok Noi line to Sam
Phran 1.
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d)

If- 230kV network system .in region-3 will be expanded and
Sam Phran 1 substation will be integrated in region-3 230kV

‘network system, existing South Thon Buri ~ Sam Phran 1 -

Banghkok Noi line sections (2x1272MCM ACSR conductor)} have

. sufficient thermal capacity throughout year 2011.

Year 2003

Fig. 6-4-7 shows the result of load flow under construction
of Rangsit - Wang Noi and Bangkok Noi - Sam Phran 1 line
section 'in 2003's power system in the case of operation of
Bangkok Noi' ~ Sai Noi with: 230KV, The short circuit
current "at Sai Noi 230kV bus exceeds 50kA., Splitting of
Sai Noi 230kV' bus can reduce short circuit current less
than 50kA, but 500kV/230kV transformer banks will increase
from 4 banks to 6 banks taking account of contingency
condition overloading problem (one bank is tripped). - The

. boost .of  Bangkok Noi substation with 500kV is recommendad

and Bangkok Noi - Sai Noi transmission line should be
operated with 500kV in year 2003. Fig. 6-4-8 shows the

result of load flow and short circuit current under

construction of Rangsit - Wang Noi and Bangkck Noi - Sam
Phran 1 in the case of boost of Bangkok Noi substation with

. 500kV.. However, the Lat Phrao - Ratchadaphisek line is put

into scheduled outage due to reducing short circuit current

..at On Nuch less than 50KkA.

- The requrired capacity of 500kV/230kV transformer banks at

each substation is following:

NONG CHOK substation 600MVA 2 banks and 750MVA 2 banks
SAI NOI substation 750MVA 3 banks

BANGKOk NOI substation 750MVA 4 banks

WANG NOi substation 600MVA 3 hanks

Year 2004

.Eig; 6-4-9 shows the result of load flow under construction

of Sai Noi - Rangsit line section and South Thon Buri - Sam
Phran 1 - Bangkok Noi line section in 2004's power system.

The Sai Noi - Rangsit line section (24.5km) is expanded
with 500KV designed double circuit with 4x1272MCM ACSR
conductor per phase, after copmletion of construction this
line section will be operated as the North Bangkok - Sai

. Noi 500kV double circuit (36km) via Rangsit, Chaeng
‘Watthana and new substation "A".

The South Thon Buri - Sam Phran 1 (19.8km) is reinforced
from single circuit 2x1272MCM ACSR conductor per phase to
double circuit with-4x1272MCM ACSR conductor per phase.
The temporary route from branched point to Sam Phran 1 is
removed and double circuits are strung at four circuit
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£)

steel tower. The line section from branched point to South
Thon Buri is rebuilt with double circuit steel tower with
4x1272MCM ACSR conductor ‘per phase,

The South Thon Buri - Bangkok Noi line section (8.1km) is
modified from double circuit with 2x1272MCM ACSR per phase
to single circuit with 4x1272MCM ACSR conductor per phase.

Year 2005

Fig. 6-4-10 shows the result - of load flow under
construction of South Thon Buri - .Sam Phran 1 - Bangkok Noi
and Bang Phli - On Nuch line section in 2005's power

system.

The.Bang-Phli - '0n HNuch line flO Skm) is modified from

“230kV- double circuit steel tower with 1x1272MCM ACSR per

phase .to 2x1272MCM ACSR conductor per phaee.

Flg 6- 4 11 shows the result of load flow-and short circuit

current under- construction of Bang Phli - On Nuch llne in
2005's- power system :

in order to reduce: the short c1rcu1t current, the boost of
North Bangkok substation with S500kV is recommended and
North Bangkok - Bangkok Noi (18.4km) and North ‘Bangkok -
Sai Noi (36km) transmission lines are operated with 500kV.
The requrired capacity of 500kV1230kv transformer banks at
each substation is following:- :

NONG CHOX .substation " 600MVA" 2 banks and 750MVA
2banks : :
SAI NOI ‘substation ~+ 750MVA 3 banks
BANGKOK NOI substation 750MVA 4 banks
NORTH BANGKOK substation = 750MVA 3 .banks -
WANG NOI substation 600MVA 3 banks
Year 2006

Flg 6-4-12 shows the result of load flow in 2006’ 8 power
system after above ment1oned relnforcements and expan31ons

The South Bangkok - Thepharak transmissiom lines are put
inte scheduled outage w1thout South Bangkok bus-split and
either the Lat Phrao. Ratchadaphleek {(Fig. 6-4-12) or
Chaeng - Watthana -new substation ' "A® (Fig. 6-4-13)
transmission lines are  put into scheduled outage due to
reducing short circuit: current

The requried- capaCLty of SOOKVEZSOKV transformer banks at
each substation is as following:
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NONG CHOK substatio 600MVA 2 banks and 750MVA 2

banks :
SAT NOI substation 750MVA 3 or 2 banks
BANGKOK NOI substation 750MVA 4 banks
NORTH BANGKOK substation 750MVA 4 bhanks

WANG NOI substation - 600MVA 3 banks

No transmission line is overloaded under normal condition
and contingency condition.

The bus-voltage at-each substation can be maintained within
steady state criteria (98 - 105%). The required capacities
of reactive power compensator (shunt capacity) at each
substation in the Greater Bangkok Area shows at Table 6-1-
2.

Because of . boost  at Bangkok Noi and North Bangkok
' substation with 500KV, bus-voltage at each substation is
improved. '
(6) System Stability.

The generators with PS5 are following:

REGION-3 BANG LANG . 3% 24MW
. RAJJAPRABHA 3x B0MW
KAENG KRUNG 2x AH0MW
. KHANOM 2x 75MW + C.C. 674MW
- COMBINED CYCLE - .. S 2x300MW
REGION-4 MAE.MOH unit 4- 7 4x150MW
unit 8-13 6x300MW
LAMPANG : : 8x300MW
: MAE KHaM 2x150MW
REGION-1 . EASTERN

BANG PAKONG thermal 2x550MW + 2xB00MW

A0 PHATL. 2x700MW

- REGION-1 WESTERN o
SRINAGARIND unit 4-5  2x180MW

KHAO LAEM 3x100MW
LOWER CENTRAL C.C. . 3x600MW
NEW THERMAL unit 1-6 6x100OMW

NUCLEAR unit 1-2 2x1000MW

+ The bulk power system can be maintained stable during and after
500KV transmission line contingency (three-phase fault with
normal fault clearing) in power system of EGAT’s plan.

Fig.6-4-14 shows the results of the system stability in the
case of 500kV transmission line fault.

Figures show relative rotor angles of typical generators in
each region.
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CASE-No. Fault Transm1551on Llne (fault poxnt) . Sﬁability
06-MTM | MAE MOH - THA TAKO ( MAE MOH ) o stable
06-MLL MAE MOH - LAMPANG ~ ( LAMPANG )~ o stable
06-TLL THA TAKO - LAMPAMG ( LAMPANG ) o stable
06-TWT THA TAKO - WANG NOI ( THA TAKO ) ~ stable
06-NWW NONG CHOK - WANG NOI ( WANG NOT ) | stable
06-WAA ﬁANG-NOI_u.AO PHAT (.AO PHAI-) E L stable
06-NAA NONG CHOK - AO PHAT ( AO PHAT ) . . stable
06-NSS NONG. CHOK - SAT NOT ( SAI NOT ) o stable
06-SRR SAT NOT - RATCHABURI 3 (RATCHABURI 3) - stable .
06-SBB | SAI NOT - BANG SAPHAN (BANG SAPHAN) . . stable
06-RBB RATCHABURT 3- BANG SAPHAN(BANG SAPHAN) | stable
06-BNN NUCLEAR - BANG SAPHAN(BANG SAPHAN) stable

Fig. 6-4-15"shows the compar131on of system stablllty between
EGAT’s transmission system expansion plan and power :system
augmentated North Bangkok. and ‘Bangkok Noi- with 500kV. -The
fault condition is a permanent three-phase fault on Sai Noi -
Bang Saphan 500kV transmission line at Bang Saphan with normal
fault clearing without rec1091ng.

The reconflguratlon of transmls$10n- system in the Greater
Bangkok Area has little influence on system stability.

Fig, 6-4-16 shows fluctuation of 230kV bus voltage at each
substation in the Greater Bangkok "Area during and after a
permanent three-phase fault at Bang Pakong bus and one unit of
thermal generator (600MW) trlpped with normal fault clearing.
The steady state system voltage at any busbar can be maintained
within voltage criteria (92 - 1082) - under contingency
condition. o S :

EGAT's PDP (power development plan and transm1331on expan31on
plan) and reconmended constriction schédule from year 1997 to
year 2006 for transmission system and 500kV substation in the
Greater Bangkok Area are shown at Table 6- 4 1,
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6.5

Year 2011

(1) ~Power Development Plan

According to latest EGAT's PDP 92-01, power development planning
from 2006 to 2011 will be assumed Nuclear Unit 3 - 6 (4x1000MW).

Proposed
Conmissioning
Date
Nuclear Unit 3 1x1000MW January 2007
Nuclear Unit 4 1x1000MW July 2007
Nuclear Unit 5 1x1000MW January 2008
Nuclear Unit & . 1x1000MW July 2008

In this study, new power development projects will be assumed
above mentioned power sources which will be located in the same
site as nuclear wunit 1-2, that is at the southern part of
Thailand.

Accofding to latest EGAT's PDP, followlng 500kV transmission
lines relevant to Nuclear project will be constructed upto 2006.

New Thermal Switchyard - Sai Noi

4x1272MCM ACSR 6cet  375km

.Nuclear Switchyard - New Thermal Switchyard
4x1272MCM ACSR - 2cct 125km

BANG SAPHAN RATCHABURT3
2cct 275km _ |2cct 100km
| 4x1272MCM 0| 4x1272McH
|2cct 125km : _
0
" |4x1272M0M
Nuclear ' G
6x1000MW 4x1272MCM 6cct 375km
o New Thermal SAT NOI
6x1000MW

Nuclear Switchyard - New Thermal Switchyard. (Bang Saphan)

In final nuclear-unit commissioning date, 5700MW ( 6x1000MW-
6x30MW : 50MW station service )} in full output of nuclear
generating units should be transmitted on nuclear switchyard -
new thermal switchyard 500kV double circuit transmission line.
The thermal limit of 500kV 4x}272MCM ACSR transmission line is
3730MVA per circuit, so in the case of single circuit outage
the remaining circuit is expected to be overloaded. Untill
commissioning date of nulear unit-4, nuclear switchyard - new
thermal switchyard (Bang Saphan) 500kV transmission line
should be expanded with four circuits.
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New Thermal 6x(1000-50)MW

New Thermal(Bang Saphan) - Sai Noi

According to latest EGAT's PDP, upto=2006:this section will be

expanded with six circuits. The comparision. of  transient

-stability study between six circuit and eight circuit Sai Noi

- Bang Saphan line for a fault at Bang Saphan on Sal Noi -
Bang Saphan 500kV line are shown at Fig.6-5-1. The condition.
of load flow is selected the severest case.

5700MW

Nuclear 6X(1000 SO)MW 5700MW

it

The six clireuit system is transxently unstable. On the other
hand, the eight circuit system is transiently stable.
Therefore, until the commitioning date of final nuclear unit
Bang Saphan -~ Sai Noi 500kV  transmission line should be
constructéd. one more double ‘clrcuit, totally expanded with
eipght circuits. o

BANG SAPHAN RATCHARURTI3 SAI NOI
: e o lzcct 100km
" 4x1272MCM Zcct - 0| 4x1272MCM
275km .
0 17 .
4x1272MCM O ,
4deet 125km SelS i == : =
Nuclear C e 4x1272MCM 8cet 375km ..
6x1000MYW New Thermal
6x1000M

New Thermal (BANG SAPHAN) - Ratchaburi 3 - Sai Noi

Fig. 6-5-2 shows the result of power stability in the case of
tap to Ratchaburi 3 -of Sai’ Nei <~ Bang Saphan. 500kV
transmission lines. From the result of transient. stability
study, for maintaining stable during and after a permanent
three-phase fault on Bang Saphan - Ratchaburi 3 500kV
transmission line with normal fault clearing and. without
reclosing, Bang Saphan - Ratchaburi 3 500kV lines are required
10 circuits. In the case of 8-circuits on Bang Saphan -
Ratchaburi 3 ‘transmission, the performance of:power stability
is enhanced by interconnection between region-1 and region-3
strongly. Fig. 6-5-3 shows the result of power stability
interconnected between Bang Saphan and Surat Thanl (310km)
with 500kV transmission llne
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(2)

BANG SAPHAN RATCHABURI 3

Nuclear 6x1000MWb ‘ 0
0 o
6x1000MW i
4x1272MCM =
4cet 125km | | 4x1272MCM ACSR 8cct
' _ et 275km SAT NOI
4x1272MCM ACSR 2cct 4x1272MCM
SURAT THANI 310km . 8cct 100km

Year 2011 § network system and load flow

In add1t10n to EGAT’ g expan51on plan by year 2006, following
modifications, relnforcements and expansions in the Greater
Bangkok.Area have been completed by year 2006 for reducing short
circuit current and correcting overloading ploblems under normal
and contlngency condltlon.

. 500kV‘transmission_line ) _
BANGKOK NOT - SAT NOI (29.6km) : 500kV 4x1272MCM ACSR Zcct
NORTH BANGKOK - SAT NOT (36km) 500kV 4x1272MCM ACSR 2cct
NORTH BANGKOK - BANGKOK NOI (18.4km) 500kV 4x1272MCM ACSR 2cct

¢« 230kV transmission line

RANGSIT - CHAENG WATTHANA(10km) ' 4x1272MCM ACSR 2cct
NORTH BANGKOK - A S/3 (4.4km) 4x1272MCM ACSR 2cct
LAT PHRAO - A S/S (2.7km) _ 4x1272MCM ACSR 2cct
CHAENG WATTHANAN - A S§/S (7.1km) 4x1272MCM ACSR 2cct
RANGSIT_—'WANG NOT (49.9km) 2x1272MCM ACSR 4cct
BANGKOK NOI - SAM PHRAN 1 (11.7km) 4x1272MCM ACSR Zcct
SOUTH THON BURI - SAM PHRAN 1 (19.8km) 4x1272MCM ACSR 2cct
SOUTH THON BURI - BANGKOK NOI (8.1km) . 4x1272MCM ACSR lcct

Fig. 6-5-4 shows the results of load flow and short circuit
current in 2011’s network system expanded from 2006's network
system based on EGAT's load forecast ( Table 6-1-1 ). The short
circuit current levels at whole 230kV and 500kV bus in the
Greater Bangkok Area are less than 50kA. However, North Bangkok -
new substation "A" 230kV double circuit with 4x1272MCM ACSR
conductor ( conductor thermal limit : 1718MVA ) per phase is
expected to be overloaded under single circuit tripped.

Contingency Condition Load Flow under Load Flow under
' Normal Condition Contingency
Condition
single circuit of 230kV 1086 . 4MW- 2073, 7MW~
North Bangkok - "A" double j123.8MVar j190.7MVar
circuit is tripped ( per cct ) overload
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The load flow on Bangkok Noi - Sai Noi 500kV transmission line

- and North Bangkok - new substation "A" 230kV transmission line
are restricted by thetmal limit of conductors {(4x1272MCM ACSR)
under contingency condition, that are 3730MVA ‘and 1716MVA,
respectively. In order to control load flow on Bangkok Noi - Sai
Noi 500kV transmission line and:North Bangkok - new substation
"A" 230kV transmission line, sectionalizing of -230kV nertwork
system in the :Greater Bangkok Area is recommended. The South
Bangkok - Thepharak line is. put into scheduled outage due to
control load flow on the Bangkok Noi - Sai Noi 500kV transmission
line, while the Rangsit - Chaeng Watthana line and Lat Phrao -
Ratchadaphisek line (Fig. 6-5-5), or Chaeng Watthana - new
substation "A" line and Bang Kapi - Ratchadaphisek line (Fig, 6~
5-6) are put into scheduled outage due to control load flow on
the North Bangkok - new substation "A" 230kV transmission line.

The 2011's network system:in the case of more increasing demand
than EGAT’s load forecast is described in detail in Chapter-5.
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Tahle 6-1-2

total capacity of reactive power compensator (shunt capacitor)
at each substation in the Greater Bangkok Area and vicinity area

o ' TOTAL CAPACITY OF SHUNT CAPAGITOR  (MVA)
 SUBSTATION NODE CODEBUS VOLTAGE[ EGAT s plan . this study
S e . 1997 2001 2006 2011
NORTH BANGKOK 1801 230KV 0.00 0.00 | 300.00] 300.00 | 360.00
I 1601 T BOKV . $0:00 | -120.00 |- 150.00 | 120.90 ] 210.090
: 1611 69KV 63.06 [ 120,00 | 150.00 | 120.001] 210.00
AT PHRAD 1802 230KV . 0.00 [ -120.00 | 240.00 | 2i0.00 | 360.00
' 1602 69KY 97.80 | 120.900 | 120.00 90.00 | 150.00
_ 1612 ] - BIKY 99,19 | 120.00 1 120.00 90.00 | 150.00
o 1622 69Ky . =- | s0.00} 120.00 90.00 | 150.00
IBANG KAPT 1803 230KV . 132.25 | 120.00} 240.00[ 240.00 ] 300.00
: : 1 1603 69KV 1 132.25 | 150.00 ] 180.00| 210.00 | 210.00
: 1613 BIKV 99.19 | 150.00| 186.00 | 210.00 | 210.00
BANG PHLI 1804 230KV 132.25 | 120.00 | 300.00 | 150.00 | 360.00
1704 L15KY 65.13 | 120.00 90.00 90. 00 90.00
_ 1714 115KY 33.06 60.00 90.090 90.00 90. 00
_ L - 1604 SIKY 130.93 | 150,00 | 150.00 | 150.00 ! 180.00
SOUTH BANGKOK 1805 230KV 132,25 | 240.90 | 300.00 | 270.00 ! 300.00
_ : 1705 115KV 66.12 | 120.900 60.00 60.00 1 60.00
1715 115KV - - 30. 09 30.00 " 30,00
1505 89KV 93.07 ) 150,000 150.00 | 120.00' i50.00
15615 59KV 66.13 3 90.00] 150.00 | 120.00: 150.00
: 1 1828 69KV $6.131 90,00 ] 120.00| 120.00 ! 150.00
SOUTH THON BURI | 1806 230KV 132.29 | 240.00 | 300.00 | 306.00 © 260.00
. - : 1606 6KV 99.19 £0.00 $0.00 90.00 @ 150.00
_ 1616 6OKV 66.13 60.00 90.00 90.00 . 150,00
: ' 1526 6KV - 30. 00 90.00 90.00 - 150,00 |
ANGKOK NOI 1807 230KV 132.25 | 180.00 | 240.00 | 240.00  300.00
o . 1707 115KV 0.00 0.00 0.00 0.00 0.00
_ 1607 BIKY 66.13 | 120.00 | 120.00 | 120.00 180.00
e 1617 " B9KYV 66. 13 120.00 120.00 | 120.00: 180.00
S5AT NOI 1808 230KV 0.00 | 180.00 [ 240.00 | 210.00. 240.00
- 1828 230KV -- . 0.00 - -
: 1708. 115KV - g.00 0.00 0.00 0,00
RANGSIT 1809 230KV 132,25 § 120.00 | 240.060°1 240.00¢ 300.00
ERRR 1709 115KV 99.19 | 120.00 150.00 1] 159.00 180.00
1719 115KV 66.13 90.00 | -150.00 | 150.00 180.00
1609 BIKY 131.59 ] 120,00 | 180.00 | 150.00 210.00
_ 1618 69KV 66.13 | 120,00 | 150.00 | 150.00 210.00
NONG CHOK 1810 230KV 198.38 | 240.00 | 240.00 | 240.00 © 240.00
1820 230KV -- -- 0.00 0.00 0.00
: o 1710 115KV $6.13 90.00 90.00 80.00 90.00
DN NUCH - 1811 230KV 0.00 ¢.00 | D0.00 0.00 0.00
‘ w1741 115KY -- 90.00 | 120.00 90.00  120.00
RATCHADAPHISEK 1834 230KV 0.00 0.0 0.00 0.00  120.00
- _ _ 1634 69KV 99.19 | 240.00 % 120.00 ) 120.00 240.00
L - 1644 B9KY: | -~ - £120.00 3 3120.00  240.00
CHAENG WATTHANA | 1835 230KV 0.09 0.00 0.00 0.00 120.00
1735 116KV 132.25 0 180.00 10 249.00 1 210.00 360.00
THEPARAK 1836 230KV 0.00 0.00 0.00 0.00 9.00
17386 115KV 33.8% 30.00 60.00 £0.00 §0.00
1636 BIKY 33.06 30.00 60.00 60.00 60.00
ANGTOR 1 5801 230KV 66.13 | 120.00 | 120.00 | 120.00 150.00
NGTON 2 5302 230KV 132.25 | 120.00: 120.00 ] 120.00 210.00
ARABURI 2 5803 230KV 132,25 | 120,00 1806.00 [ 180.00. 210.00
BANG PA-IN 2 5804 230KV 56.13 60.00 | 120.00 1 120.00. 150.00
THALAN 3 5805 730KV i32.25 | 120.00 ] 180.00 | 180.00: 210.00
BAN PONG 2 7801 230KV 0.00 0.00 0.00 0. 00 0.00
RATCHABURI 2 7802 230KV 0.00 | 120.00§ 120.00 1 t20.00| 120.G0
SAM PHRAN J - 7816 230KV 0,00 0.00 ] 120.00 [ t8p.00) 240.00
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Table 6-2-1 generator constants

zenerator H1T|  MYA [ 3d 3d" Xd” Xg 34 Xq’ 1 Tdo’ Tdo®
) 50C. ¥ ] % X 3 % ] % 580 58¢, .
REGIOR-1 B : . :
NORTH BANGEBR. F) - 96 6.7 .3 11 [194.5] 25.8 ] 788 3 .05 1.5
. - 1 S i 1861 A . 4+ 194.61 24,77 .1 ] 3 0% 1.5
BOUTIL_BANGEOK 2 .2 N 6.5 5 26. 22,3 j] ;05 .
TE 1 0 42.3 1. 60. 21 5 N
C.C.-116 H 119 -8, ] 5 -3 . 5 .04
C.C.-1¢s [ . 56 . .04 1.
C.C.-2i6 2| 2385 8.4 8 3 - 10 9. .04 1.5
: C.C.-245 Z71.0 3.2 106 3 6. 1d b 1.5
RESEION-2 - C- : : : : :
CHULABHDRN 2 22.5 | 3.0002 11 2 2 f 21 [~ 16 5, 0.06
STRINDHORR - F] 14 L6828 | 8 40. 30 4 30.8 | 15.8 1. 0
UBOLRATANA . "3 10.5 NN : 1 § - 14 ]
AH_PUNG 2] . 3.8 . 32, 2 70 ) 16 ]
AN NGUM . ’ 11 . i 3 28.% 70 28 : 5 i)
- i - . 5 2 110 . 21.9 5 - 21, 14 5 .
AN PIIONG -~ €.C.-1,2(GT) 193 i 148 B i6 161 | . 82 1 5.5 [ 0.0 1.5
i C.C.-1,2(51) 1474 BEEY) 5 . i5. 15 56.5 | 15, : : 0. [
PAK HUR 36 EED [] 29 2 - ) S 5.4 0. : R
LAl TAKHONG 4 278 864 106 | 29,4 1a. : 18. 7.4 4a; R
REGICH-3 - . : X R . e
BANG LANG 3 28.2 8% 5.8 10 b 278174 : 17.4 3 5| 0.06 0.1
RAJIAPRABHA 3 893 3.3 02§ #8. 19 19.5 2 . 0.1
JLARNG KRUNG - - 2 47| 2.% L 3 - ) R . 0.1
HANON C.¢_(GT) s 8. 26 3 32 - } . B o5 10,08
i TCL.C (8T ¢ 266 3. . . 159 | 86.5 ) - 45 - 0,04 1.5 0,07
NI 88.3 3.08 [ 218, B 24.6 | 2077 | 41 24. 18 0. 06 5 |- 0.08
. W1 3. 3.0 18 . 1 3 e[ - ] 0. 0% 5] -0.
-3 C.C. C. e T Z{6Td[ 4¢ 1892 N 5 T 3 1 [i 5.6 | 0.04 510
GG -12(STY| 2% 135.5 3.2 166 |- 2 1 56.5 1 1 51 0.04 5.1 .8
GRAT THAKI e 4% 3,6138 | 20,3 | %0, 13.1 [ 190, 291 13, 8.5 6] 9.05 ERIEN
REGION-4 ] . S - :
BIOVIBOL ~ unit 1-% [ 3.7 2.8046 | 109.6 | 33. 21. 65. 6 0.8 | 16.4 [~ & 5
T I Y 121.8 | 3.7998 | 120.2°| 30.4 2 71 i 15.3 7.8 5
B spit-§ 186, 5.8624 [} ET : 2 12 74
BIRTKLT 4 13 7T.494] XN 22,8 22, ]
MAE TAEHG ] 15, 3| 20 - 2l (X ]
Hal KRE Z 1566 6.8 22 65 22 T, RS
AN RRABG - 3 20 7.6 00 1 19 3 1 N . 1.5
. 4 3 6. 30 30| 2 i1.51 178 6.3 | 11.5[° . . 1.5
SKE HOH . Z 3 -83.3°] 3.01 185.5 | 22.1 | 15.7]183.1 1.7 | 16.7¢F Il i X "1.5
1AL HON 3 [] 3 1641 1581 23.6 | 17.4 52 140, ; Si6 b, ; 1.5
: 3 EREN 5934 | 194 | 26. 19.% [ 30, N Y 1.5
LANPANG 333, . 543 ‘198 : 18.5 [ 3 R Y] 3 1.5
AE LARA LUANG - 8 .5 102 . 19.5 §5 L5 7 7 71 ]
HAE_KILAN if 2.7641 [ 159 | 23, 17.4 152 | 30.7 4 § | 5.85.1 095 1.5
R-1 CEKTRAE : s - R ' - . s
MANG HOT [] 11%.3 6.72 168 26 18 161 | 32| — 18 0] 5.5 0.04][
[i-1 EASTERN : : - i
BANG PAKONG __ thermal 2 G580 ] 2.5707 | 208.5 | 28.5 .9.1205. 40, z 5.5 0.95 1.5
thermal F] 706 | Z.5474 210 .5 02 4 . N 5 0.04 1.5
C.C._(GT ] 3 6.5957 | 22F. 5 L9 ]219.4°] 23, , - 8| 9.05 E
G.G. (37 2 16 3.017 2 2 N FIER 274 AT [ .06
o €.C. (G1 [RTIN 3. [ .21 16.5 161 32| 165" 5 4
C.C. (ST 2 45 3. 3 3. .1 15 56.5 . 14
30 PHAL T 3 50 | 3.570 [] 2 L2320 Y] R :
KERIDHARH - . 2 R 0,987 4 3 R 5| 0.0
RAYONG C.C.1-4[6T) | 8 118, 4 26 [ id. 16 32 1 5 0.0 1.5
C.C.I-a(sTy | 4 1357 .2 2 18 1% 56.5 1§ 4 0.0 5
1-1 WESIERN : : ; 7
SRENAGARLND . 15 3.390% in 290 2.0 3 0.0
20 65,8624 06 [ 29,4 5.9 ; 5 7. [N
[T TIUNG NA 20. 3.0814 40 | 4E.5 2.7, [ ; - 0.0
KITAD LAEM : 3 111, 2 3 17.6 1 70 197 1 5] 0.06
KAENG KRACHAN 1. 3.604 1 2. 21.3 " 70 2%, 1 4.5 0,98
OWER CENTRAL C.C.1-3(GT) | 6] 238.9 8. 3 2 H 32 5. 0,01 5.
. G.C.1-3(sT) | 3] 27L. 3. 6 6 56,5 4 0, 94 5
ER THERMAL 3 ¥ 3. 210 3 [y : 6 5 9. .5
UCLEAR [ 12 3 210 3 202 4% 22 16 5 0.04 .5
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