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ABBREVIATIONS

ACSR - Aluminum Conductor Steel Reinforced
ADB - Asian Development Bank

BVI - Black & Veatch International Company
B/C - Benefit/Cost Ratio

cet-km - Circuit-Kilometer

DC/ST - Double Circuit/Steel Tower

DR - Discount Rate

EDR - Equalized Discount Rate

EGAT - Electricity Generating Authority of Thailand
EHV - Extra High Voltage

F.C - Foreign Currency

GIS - Gas Insulated Switchgear

HVAC - High Voltage Alternating Current

HVDC - High Voltage Direct Current

IBRD - International Bank for Reconstruction and Development
IDC - Interest During Construction

IPP - Independent Power Producer

L.C - Local Currency

MTHB - Million Baht

MEA - Metropolitan Electricity Authority

MCM - Thousand Circular Mils

MVA - Megavolt-ampare

MVAr - Megavolt-ampere Reactive

MW - Megawatt

NEPC - National Energy Policy Council

NEPO - National Energy Policy Office

NESDB - National Economic and Social Development Board
NESDP - National Economic and Social Development Plan
NPV - Net Present Value

OECF - The Overseas Economic Coorporation Fund
PDP - Power Development Plan

PEA - Provincial Electricity Authority

SPP - Small Power Producer

TDRI - Thailand Development Research Institute
THB - Thai Baht

TLFS - Thailand Load Forecast Subcommittee
USD - US Dollar

VAT - Value Added Tax

WwW/O - Without



TABLE OF CONTENTS

. INTRODUCTION

SUMMARY AND RECOMMENDATIONS
LOAD FORECAST AND POWER DEVELOPMENT PLAN

500 KV TRANSMISSION SYSTEM PROJECT FOR
INDEPENDENT POWER PRODUCERS (IPPs)

4.1 500 kV Transmission System in the Western Area

4.2 500 kV Transmission System in the Eastern Area
4.3 Cost Estimate

4 4 Expenditure Schedule

ma—————  LALAD

4.5 Implementation Schedule

POWER SYSTEM STUDIES

ECONOMIC ANALYSIS

FINANCIAL JUSTIFICATION OF THE PROJECT

SHUNT REACTOR SIZING

REFERENCES

LA e

PENDIXES

Substation Load Forecast

Power Flow Diagrams

Dynamic Stability Curves

Fault Flow Diagrams

Full Name and Abbreviation of Substation

n
o)} w —
(¢4

10

11
12
13
14
15

31

39

50

61

70

!
81
119
205
211



0] CIN G 03 G I

TR
10020212 “ON* 380 _ 10010212 -0n*0Ad BHIIY IV
ool
- e A T PR
g S e e i
3 e (on wwagoe’ HYQ 3NV NYE g
s o e . '™y
lllll S e N
P o ad .
e S et e ey -
e v
)
e dvi ROT1VO0T
o
RS NIy vs L4
L_JIE 43 sen
QNVILYHL 40 W3ISLS w3ADJ 91¥19373 V/
o o o BL B g
GNVILYHL 30 ALTHONLINY ON1LVHEN3O A4101W13373 c-o0y
e i e s ]
J.ﬂ T ﬁ (V dane
o] wolivissns w os o ] v ///z. ,.-_onx:..u..umﬂm: ¢ ta .
worviemns ae st K L v o smes |\ Y Q G, AR
; A
- 774
wavises wea  £771 0 [7] - ~.. .
o wow O3 o e ER———
01 st g ~mom s -
8 B _— .
aail eDE2EiwaNYEL A4 naé f
W ik aw o0 mm s —
103r0dd  ROLIDAYISNOD BNLIS1XD
Juasns ¥aaun 8
HIIBAS ¥IA0J D1¥I031T IVO3 J0 dvH
[P —————
T LA, &
LLINIONA GNV VAWV NONONYE ¥31V3Y
lo anmoun ek ] ™ l
S
4
OB
. o ER -h

i

.A._..._\\n/‘/:s.. NOML WIAOS
N

A EEOXLeSEER] 3 W00t jaca
N4 DIEAC/QOLEE WWUBHL
NOHOWYE Y1408

) e BHEY J1L N SHIOUS - WUINGD AX ST
5 ¢

5

9340 250

3 Lo¥x onvg /
v

(4 NIS IHavOVHMYY 4
N % 777 A 2;
s Ty Gl :
avine :34:“*/. 3 _,.— In
% A o uRIvA

1}
. L i Héﬁ_x(n HIHON w

Ny vuvn vd g (ff 7~

¥
"
L

. e ,w
v \
¢ 1ot steg it §
[

aqgonen vnrwaavn W7

RIS peTE

womreg [Enp——
44
+
o
L A g s
AN vg 16 [
[
o omimaiou o | [
oot Ny | ¥ .
HYQ OH 4¥O0H. 3 ﬂ N
o p H
i P
103004 HOW N¥d | " o h
§ 3 y 3 oo
3 aika lbearpsiveg
uomiove pe
Lok

oene v

_ ‘
Pt
7 yabovees v | vond v va
- 2-a

.
_ B2 \ 4YO KNQKBY WD N v
) o o o W S v/ r Y LT N, : N S W
A v <L Y A .,
) S ¢ fg JY X &Jﬁ
) o v-wnt N 108
A o Ll o pevavasoen AL i \
12 SO« = - N
- B v suns wes ~ P ¢ ENS
°o Goume sorvy, =Y . Mo YN Sy \ / b ¢
f.. el o L Y ST e N ¥ L S i > iy
N e e L o i 3 7
& e o iR 7 PN f
b o, - - ¢ . !
K RN
s /./ o
. Y \
2 e osiniiini
- .
3 o
-
w
g - .-
=

. A S,




1. INTRODUCTION

The electric power consumption in Thailand has increased very rapidly. The
average growth rates of peak demand recorded in the last five years were at two digits, and
the continuously rapid increase is foreseen in the latest load forecast. A huge investment
program is required for EGAT, who is responsible for the prowvision of the sufficient and
reliable electricity generation, and also to build the necessary new power plants and

transmission system facilities to meet the growing demand.

EGAT so far has successfully managed in the financing programme, mainly on
the international capital market and from official sources, such as export credits, IBRD,
ADB and OECF. The rapidly increasing volume of capital investment and loans from the
international market for EGAT alone has exceeded the national foreign borrowing ceiling

imposed by the Government.

The Government also has the policy on the privatization of power supply industry
to increase the competitiveness in electricity business, as well as to increase the efficiency
and to reduce the investment in the public sector. In September 1992, the cabinet approved
a directive, the Four-Step Plan, for the Thai Power Utilities to perform and restructure their
organizations in response to the privatization policy. The Four-Step Plan has included three
forms of private participation in the power sector : (i) Subsidiary companies, (i) Small
Power Producers (SPPs), and (3) Independent Power Producers (IPPs).

In the third step of the Four-Step Plan, the activities involving EGAT for the
implementation in Fiscal Year 1995 includes the invitation announcement to the private
sector to participate in the build-own-operate (BOO) scheme of the power plants which are
scheduled for the cdmmission during 1996-2002 as IPPs.

The current EGAT long term Power Development Plan (PDP 95-01) has included
a total power purchase from IPP up to the year 2011 of about 13,100 MW, representing
30 % of the total installed capacity. In the 7th NESDP, the power purchase from IPP
totalling 4,100 MW has been proposed, of which the first stage of 1,300 MW is scheduled
for commissioning during 1998-2000 and the second stage of 2,800 MW will be
commissioned during 2001-2002. The first solicitation to purchase electricity from IPPs of

-1-



4,100 MW was announced on 15 December 1994, and there were more than 30 investor

groups submitting their 50 proposals on the bid openning day, 30 June 1995.

To facilitate the private sector investment in IPP projects, EGAT will construct
two 500 kV transmission lines along the Gulf of Thailand from Bang Saphan (Prachuap -
Khiri Khan Province) to Sai Noi and Wang Noi on the western coast and from Rayong to
Nong Chok and Wang Noi on the eastern coast. These 500 kV lines will receive the power
from IPPs' power plants and transmit most of the generated power to the load centers which

are at Greater Bangkok and the surrounding areas.

This report presents the scope of work, tentative construction schedule, cost
estimate and expenditure schedule of the proposed 500 kV Transmission System Project for
Independent Power Producers. The results of the power system study to ensure the

satisfactory system operation are also included.



2. SUMMARY AND RECOMMENDATIONS

2.1 Resulting from the Government's privatization policy, Four-Step Plan has been
issued under the Cabinet's resolution on 12 September 1992 to direct the Thai power utilities
to restructure their organization to be as the business-like operation organizations, and -
eventually convert themselves, parts or whole, from the state power utilities into public
limited companies. The Four-Step Plan has also included the promotion of private sector
participation in the investment of power generation in the form of Independent Power
Producers (IPPs).

2.2 According to EGAT's Power Development Plan (PDP 95-01), during the 7th
Nation Plan, EGAT has given a total capacity of 4,100 MW power plant projects to the
private sector as the IPPs through the competitive bidding process. The first solicitation was
announced on 15 December 1995 to purchase electricity from IPPs for the first stage of
1,300 MW which will be completed within 1998-2000, and the second stage of 2,800 MW
to be in operation in 2001 and 2002. Another capacity of 4,000 MW IPPs are expected to
be solictied during the 8th National Plan.

2.3 The preferable sites of the large IPP projects will be in the areas of Western and
Eastern Seaboard. To facilitate the connection of IPPs with the national network, the EHV

transmission trunk lines along the Gulf of Thailand are required.

2.4 The study on the long-term transmission development in the western area had
been previously carried out by the engineering services of Black & Veatch International
(BVI) in association with Power Technologies Inc. (PTI). The main objective of the study
was to determine the transmission system for interconnection of 10,000 MW thermal power
plants near Bang Saphan in Upper Southern Thailand with Greater Bangkok through year
2008. The study report titled "Feasibility Study for Transmission System Development for
Southern Power Plant Project” was completed in March 1994. The study has examined the
feasibility of using three basic systems, they are 500 kV HVAC, 765 kV HVAC and 500
kV HVDC, and the 500 kV HVAC is recommended.



2.5 Based on the BVI/PTI studies, 500 kV transmission lines along the Gulf of
Thailand from Bang Saphan to Sai Noi/Wang Not on the west coast and the others from
Rayong to Nong Chok/Wang Noi on the east coast are planned to accommodate the power
plant projects for the total capacity of about 10,000 MW in each area.

2.6 Part of the new S00 kV transmission system in the western area will be
implemented for the Ratchaburi Power Plant Project which has been planned for a combined
capacity of 4,600 MW (1,800 MW combined cycle and 2,800 MW oil/gas fired thermal
power plants) to utilize the natural gas from Myanmar. Therefore the additional 500 kV
transmission system to accommodate the planned IPP projects will consist of two double-
circuit 500 kV lines from Bang Saphan to Chom Bung or Ratchaburi 3 Substation, which
will be a new 500 kV substation to be constructed for Ratchaburi power plant, and the
maximum transfer capability to accommodate the new IPP power plants will be about 5,800

MW.

2.7 The development of the eastern 500 kV transmission lines consists of a double
circuit 500 kV line from Rayong 4 to Nong Chok and a double circuit 500 kV line from
Rayong 4 to Wang Noi. The lines can accommodate the maximum power transfer of about

-8,800 MW.

2.8 The total estimated cost for the 500 kV Transmission System Project for IPPs
based on 1995 price level is THB 30,470.0 million, comprising the foreign cutrency
requirement of THB 9,735.0 million (USD equivalent 389.4 million )" and local currency
portion of THB 20,735.0 million. The estimated cost of the project which consists of two
parts : (i) the western 500 kV transmission lines, and (ii) the eastern 500 kV transmission
lines, can be summarized as follows :

Foreign Currency Local Currency Total
(MTHB) (MTHB) (MTHB)
The western 500 kV lines 6,455.0 12,755.0 19,2100
The eastern 500 kV lines 3,280.0 7.980.0 11,260.0
Total 9,735.0 20,7350 30,470.0

-4-



2.9 The proposed in-service date of this S0O0kV transmission system for IPP Project
is September 2000.

2.10 The 500 kV transmission systems for IPPs on the west and east coast are proved
to be the least cost alternative to transmit bulk power from those IPPs to EGAT's load
centers. The net present value at 10 % real discount rate when compared to the 765 kV
transmission system altematives are THB 1,719.3 million and THB 3,754.8 million for west

and east coast respectively.

2.11 The economic internal rate of return (EIRR) of the project was conducted by
comparing the project cost with its benefit which was calculated by using two approaches,
they were the outage cost reduction and the revenue made available from the incremental
energy sale. The EIRR of the two approaches are as follows :

107.01%
22.63%

- For Approach 1
- For Approach 2

2.12 The financial internal rate of return (FIRR) calculated based on the revenue from
the incremental energy sale is 22.23 %.



3. LOAD FORECAST AND POWER DEVELOPMENT PLAN
3.1 Load Forecast

. The peak generation of EGAT system was recorded at 12,267.90 MW on May
26, 1995. The latest load forecast prepared by the Thailand Load Forecast Subcommittee
(TLFS)" issued in June 1994 (Revision of June 1993 Forecast) has indicated that the peak
generation requirement would increase to 13,009 MW by the end of 1996. The peak
generation would be 19,029 MW in 2001; 25,371 MW in 2006, and 33,532 MW in 2011.
This forecast represents an average annual growth rate of 10.09 % during the 7th NESDP
(1992-1996). The growth rates are expected to decline to 7.90 %, 5.92 % and 5.74 % in
the periods of 8th NESDP (1997-2001), 9th NESDP (2002-2006) and 10th NESDP (2007-
2011) respectively. The 1994 TLFS Load Forecast for the total EGAT generation

requirement is shown in Table 3.1.

32 Power Development Plan

The latest PDP (PDP 95-01) has been prepared under the rapid changing
situations due to the uncontrollable incidents and the Government Policy on the power
supply industry in Thailand. The uncontrollable incidents were such as: (i) the shortage of
water inflow in the existing dam reservoirs; (ii) the obstacles to implement several projects
previously proposed due to lack of the public acceptance on hydroelectric projects, and the
environmental problems on the new proposed coal/lignite-fired power plant sites at Ao Phai
and Lampang; and (iii) the changes in natural gas supply situations due to the
unconfirmed status on gas supply from Malaysia,' while the imported gas from Myanmar

Note: 1/ The Thailand Load Forecast Subcommittee is a subcommittee of the National
Energy Policy Formulation Committee. The group is made up of
representatives from NEPO, EGAT, PEA and MEA. OQutside consultants from
TDRI, Monenco Consultants Ltd. of Canada, Bugach Associated Ltd. of
Canada, and Dr.Tienchai Chongpeerapien of BERA Ltd. Thailand, had assisted
the Subcommittee to prepared the 1993 Load Forecast. '

-6~
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was under negotiations!. The Government policy on the power supply industry in Thailand
has been set forth to cover : (i) the purchase of electricity from Independent Power
Producers (IPPs) under the aggressive program on the private sector participation in power
generation, as well as the purchase of electricity from neighboring Lao PDR; and (i1) the

improvement of power supply reliability to cope with the growing economy of the country.

The new Power Development Plan (PDP 95-0.1) has been formulated based on
the following updated information: (i) reducing the dependable capacity of the five existing
hydro power plants by a total of 600 MW , (ii) indefinitely postponing Kaeng Krung and
Mae Lama Luang hydroelectric, Lampang lignite-fired and Ao Phai coal-fired power plant
projects; (iif) increasing the power generation reserve margin from the current 15 % to
25 % from the year 2001 onwards, and (iv) delaying the retirement dates of some existing

power plants.

The PDP 95-01 comprises power generation and transmission projects which
-have been approved and committed for construction; and it is also suppiemented wiin
several projects including the purchased power from IPPs which 1s planned to provide

sufficient, and reliable power supply at reasonable prices.

Table 3.2 shows the list of projects in PDP 95-01 (Recommended Plan).

Note : 1/  Negotiation on the purchasing of natural gas from Myanmar's Yadana field
has been concluded on 9 September 1994.



Table 3.1 Total EGAT Generation Requirement
(1994 TLFS Forecast)

Peak Generation Energy Generation Load
Fiscal Increase: increase Facier

Year MW GWh %

MW % GWh %
Actual
1984 3,547.30 343.00 10.70 21.066.44 2,000.14 10.49 67.79
1985 3,878.40 331.10 9.33 23,356.57 2,290.13 | 10.87 68.75
1986 4,180.90 302.50 7.80 24,779.53 1,422.96 6.09 67.66
1987 4,733.90 553.00 13.23 28,193.16 3,413.63 13.78 67.99
1988 5,444.00 710.10 15.00 31,996.94 3,803.78 13.49 67.09
1989 6,232.70 788.70 14.49 36.457.09 4,460.16 13.94 66.77
1990 7,093.70 861.00 | 13.81 43.188.79 6,731.69 { 18.46 69.50
1991 8,045.00 951.30 | 13.41 49,225.03 6,036,251 13.98 69.85
1992 8,876.90 831.90 10.34 56,006.44 6,781.41 13.78 72.02
1993 9,730.00 853.10 9.61 62,1773 6.173.29 11.02 72.95
1994 10,708.80 978.80 | 10.06 69,651.14 7,471.41 12.02 74.25
Average Growth
1985-1994 - 716.15 11.68 - 4,858.47 12.70 -
: Forecast
1995 11,880.00 1,171.20 10.94 78,023.00 8.371.86 12.02 74.97
1996 13,009.00 1,129.00 9.50 85,571.00 7,548.00 9.67 75.09
1997 14,193.00 1,184.00 9.10 92,879.00 7,308.00 8.54 74.70
1998 15,315.00 1,122.00 7.91 100,383.00 7,504.00 8.08 74.82
1999 16,446.00 1,131.00 7.38 108, 160.00 7,777.00 7.75 75.08
2000 17,685.00 1,239.00 7.53 116,795.00 8,635.00 7.98 75.39
2001 19,029.00 1,344.00 7.60 126,025.00 9,230.00 7.90 75.60
2002 20,237.00 1,208.00 6.35 134,041.00 8,016.00 6.36 75.61
2003 21,440.00 1,203.00 5.94 142,849.00 8,808.060 6.57 76.06
2004 22,690.00 1,250.00 5.83 152,529.00 9,680.00 6.78 76.74
2005 23,997.00 1,307.00 5.76 162,187.00 9,658.00 6.33 77.15
2006 25,371.00 1,374.00 5.73 171,745.00 9,558.00 5.89 77.28
2007 26,835.00 1,464.00 5.77 181,745.00 10,000.00 5.82 77.31
2008 28,409.00 1,574.00 5.87 193,505.00 11,760.00 6.47 77.76
2009 30,044.00 1,635.00 5.76 204,956.00 11,451.00 5.92 77.88
2010 . 31,749.00 1,705.00 5.68 216,428.00 11,472.00 5.60 77.82
2011 33,532.00 1,783.00 5.62 228,445.00 12,017.00 5.55 71.77
Average Growth

1982-1986 - 318.44 1 10.06 - 1,763.91 9.20 -

1987-1991 - 772.82 | 13.99 - 4,885.10 14.71 -

1992-1996 - 992.80 | 10.09 - 7,269.191 11.69 -

1997-2001 - 1,204.00 7.90 - 8,090.80 8.05 -

2002-2006 - 1,268.40 5.92 - 9,144.00 6.39 -

2007-2011 - 1,632.20 5.74 - 11,340.00 5.87 -
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List of P

A

Table 3.2
jects in the Recommended PDP (1995-2011)

Power Plant Fuel List Rating Total Commissioning
Type Number (MW) (MW) ___ Date

Khanom CC 1 (ST) - 1 226 226 February 1995
Sirikit Hydro 4 125 . 128 March 1995
Mae Moh Lignite 12 300 300 May 1995
Nong Chok Gas Turbine Diesel 14 122 488 May95 - Aug 199%
8al Nol Gas Turbine Diesel 1-2 122 244 May95 - Jan 1998
Mae Moh Lignite 13 300 300 November 1995
Bhumibol Pumped-Starage Hydro 8 168 168 December 1995
‘Wang Noi CC1 (GT) Gar 1-2 223 446 Msr9% - May 1996
Wang Not CC2 (GT) Gas 1-2 223 446 Jul 96 - Aug 1996
South Bangkok CC2 (GT) Gas 1-2 202 404 Oct9 - Nov 199
EGAT-TNB Stage II Intercomnection - - 300 300 April 1997
Wang Nol CC1 (ST) - 1 208 205 April 1997
Wang Noi CC2 (ST) - 1 208 208 July 1997
South Bangkok CC2 (ST) - 1 219 219 Augut 1997
Lam Takhong Pumped-Storage Hydro 1-2 250 500 February 2000
Wang Noi CC Stage 2 (GT) Gm 1-2 200 400 Nov 97 - Dec 1997
Purchased Power - - 300 300 January 1998
Ratchaburi CC1 (GT) Gas 1-2 200 400 Jul98 - Aug 1998
Ratchaburi CC2 (GT) Gas 12 200 400 8ep98 - Oct 1998
Wang Noi CC Stage 2 (ST) - 1 200 200 November 1998
Ratchaburi CC3 (GT) Ges 1-2 200 400 Nov98 - Dec 1998
Purchased Power - - 300 300 January 1999
Ratchabari Thermal Ol/Gas 1 700 700 April 1999
Ratchaburi CC1 (ST) - 1 200 200 | July 1999
Ratchaburi Thermal Oll/Gas 2 700 700 -Angust 1999
Katchaburi OCZ2 (57) - 1 200 200 September 1999
Purchased Power - - 300 300 Ociober 3000
Ratchaburi CC3 (ST) - 1 200 200 November 1999
Purchased Power - - 400 400 January 2000
Krabi/Surat Thant Thermal Oil/Ges 1 300 300 January 2000
Ratchaburi Thermal Ol/Gas 3 700 700 October 2000
Ratchaburi Thermal Ol/Gax 4 700 700 February 2001
Purchased Power - - 1400 1400 April 2001
Southern Region Thermal OlVGas 1 300 300 March 2002
Purchased Power - - 1400 1400 April 2002
Purchased Power - - 1000 1000 January 2003
Lam Takhong Pumped-Storage Hydro 34 250 500 Aprii 2003
Parchased Power - - 1000 1000 January 2004
Southern Region Thermal Ol/Gas . 2 300 300 January 2004
Chulablorn Pumped-Storage Hydro 12 200 400 April 2004
Purchased Power - - 1000 1000 January 2005
New Thermal Coal 1 1000 1000 April 2008
Purchased Power - - 1000 1000 January 2006
New Thermal Coal 2. 1000 1000 April 2006
Purchased Power - - 1000 1000 January 2007
Southern Region Thermal OiVGas 3 300 300 January 2007
New Thermal Coal 3 1000 1000 Aprll 2007
Purchased Power - - 1000 1000 January 2008
Chulabhorn Pumped-Storage Hydro 34 200 400 Jannary 2008
Khiridharn Pumped-Storage Hydro 12 200 400 March - 2008
New Thermal Coal 4 1000 1000 April 2008
Purchased Power - - 1000 1000 Janusry 2009
Southern Reglom Thermal OlVGas 4 300 300 January 2009
New Thermal Coal -] 1000 1000 April 2009
Purchased Power - - 1000 1000 January 2010
New Thermal OlVGes 1 1000 1000 April 2010
New Peaking GT Diesel 13 100 300 April 2010
Purchased Power - - 1000 1000 January 2011
Southern Region Thermal Ol'Ges H] 300 300 January 2011
New Thermal Oi/Gas 2 1000 1000 April 2011

Existing Capacity by September 1994 - 12,9889 MW

Total Added Capacity (Up to 2011) - 33,676.0 MW

Plants Retivement - 2.747.1 MW

Total Capacity by Year 2011 - L3178 MW



4. 500 KV TRANSMISSION SYSTEM PROJECT F OR INDEPENDENT
POWER PRODUCERS (IPPs)

In June 1993, EGAT entered into a contract with Black & Veatch International
Company (BVI) who was engaged in association with Power Technologies, Inc. (PTI), to
undertake the feasibility study for Transmission System Development for Southern Power
Plant Projects where all power plants were assumed to be located near Bang Saphan in
Prachaup Khiri Khan province. The purpose of the study is to determine the most
appropriate transmission system requirement to transmit 10,000 MW af power from new
power plants to the Greater Bangkok Area. The study which was completed in March 1994,
recommended that 500 kV system is the preferred transmission system based on the
technical and economical justification. The proposed 500 kV system would be consisting
of three double-circuit lines from Bang Saphan to an intermediate substation assumed to
be located at Chom Bung district in Ratchaburi province. From this intermediate substation,
the 500 kV lines are further extended to link with the 500 kV system in Greater Bangkok
Area with one double circuit line terminating at Sai Noi Substation, and another double
circuit line terminating at Wang Noi Substation. The study also recommended that in case
of the difficulty to obtain the right-of-way for the third 500 kV double circuit line from
Bang Saphan to the intermediate substation, the installation of series compensators on the
first two 500 kV double circuit lines between Bang Saphan and intermediate substation was
considered as an alternative.

The transmission plan recommended in the BVI/PTI Study Report is actually the
main power transmission trunk line to facilitate the connection of the IPP projects in
western area to the EGAT system. Based on PDP 95-01, the 500 kV transmission plan for
the power plant projects in the western area has been reviewed and the transmission system
studies have been extended to cover the transmission system requirement for the power plant
projects to be developed in the eastern area using the same approach and methodology of
BVV/PTI study.

Based on the results of the reviewed study, the 500 kV Transmission System
Project for independent Power Producers which have been divided into two parts, are as

follows ;

-10-



4.1 500 kV Transmission System in the Western Area

(a) Construction of two routes of the 500 kV double circuit line from Bang
~ Saphan to Chom Bung (a new 500 kV substation to be constructed for Ratchaburi Power
Plant Project), using 4x1272 MCM ACSR conductors per phase. The distance of the two
line routes are approximately 275 km and 280 km respectively. One overhead ground wire

with optical fibre would be provided.

(b) Construction of a 500 kV Bang Saphan Substation to accommodate four 500
kV outgoing lines to Chom Bung and one 500/230 kV interbus transformer rated
600/800/1000 MVA (consisting of four single-phase units, inclusive of one spare unit, each
rated 200/267/333 MV A). The existing 230 kV substation will be expanded to provide

space for the interbus transformer bank.

(¢) Expansion of the 500 kV Chom Bung Substation to accommodate four

incoming lines from Bang Saphan Substation.

(d) Since the capacity of the 500 kV equipments of GIS substation at Sai Noi
can carry the current up to about 3,000 ampere which is not sufficient to carry the additional
power from the West Coast IPP, so that it is necessary to construct a new 500 kV GIS
switchyard located next to the existing 500 kV GIS switchyard at Sai Noi Substation. The
double circuit 500 kV Chom Bung - Sai Noi line and one circuit of the 500 kV double-
circuit Chom Bung - Wang Noi line (to be constructed for Ratchaburi Power Plant Project)
will be sectionalized and they will be connected together at the new 500 kV GIS switchyard
at Sai Noi. The new switchyard will also provide four line bays for the future lines to

Bangkok Noi and Chaeng Watthana Substations.

(e) Installation of line shunt reactors rated 150 MVAr at both ends of the 500
kV Bang Saphan - Chom Bung lines.

(f) Land procurement for the 500 kV Bang Saphan Substation.

(g) Addition of communication system.

~11-



4.2 500 kV Transmission System in the Eastern Area

(a) Construction of two routes of 500 kV double circuit transmission line,
using 4x1272 MCM ACSR per phase, approximately 155 and 170 km for the the first and
second line routes respectively, from the proposed new 500 kV Rayong 4 Substation to
interconnect with the 500 kV Sai Noi (Wang Noi) - Nong Chok transmission line (T
Junction). At T Junction, one of the two lines of the 500 kV double circuit Wang Noi -
Nong Chok transmission line will be sectionalized and reconnected such that one 500 kV
double-ciruit line o Rayong 4 Substation will be terminated at Wang Noi Substation and
the other line will be terminated at Nong Chok Substation. One overhead ground wire with

optical fibre will be £g pped.

(b) Construction of a 230 kV double circuit Rayong 4 - Rayong 2 line, double
circuit on steel tower, using 4x1272 MCM ACSR conductors per phase, for a distance of

approximately 10 km.

(c) Construction of a 500/230 kV Rayong 4 Substation. The 500 kV switchyard
will be provided for the four 500 kV outgoing lines to Wang Noi and Nong Chok
Substations, and two 500/230 kV interbus transformers, each rated 600/300/1,000 MVA
(consisting of seven single-phase units inclusive of one spare unit, each rated 200/267/333
MVA). The 230 kV switchyard will be' provided for the interbus transformers, and two 230
kV outgoing lines to Rayong 2 Substation.

(d) Expansion of the 230 kV Rayong 2 Substation for two incoming lines from
the Rayong 4 Substation.

(e) Installation of line shunt reactors rated 80 and 100 MVAr at both ends of
the 500 kV Rayong 4 - Nong Chok and the Rayong 4 - Wang Noi lines respectively.

(f) Land procurement for the 500 kV Rayong 4 Substation.

(2) Addition of communication system.
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Figure 4.1-4.2 show the locations and preliminary line routes of the proposed 500
kV transmission systems in the Western and Eastern Areas respectively. Figures 4.3-4.4
illustrate the single-line diagram of the proposed 500 kV transmission systems in the
Western and Eastern Areas respectively.

4.3 Cost Estimate

The cost estimate of the 500 kV Transmission System Project for IPPs is based
on the EGAT standard design, including engineering and supervision, physical
contingencies, escalation, import duties, interest during construction and value added tax
(VAT) at the 1995 price.

The escalation factors for the foreign currency portion and local currency portion

are as follows :
Escalation Factor (% Change)

Fiscal Year F.C. Portion ? L.C. Portion ¥
1996 1.79 4.00
1997 2.59 4.00
1998 ©252 4.00
1999 2.46 4.00
2000 248 4.00

The cost estimate of the 500 kV Transmission System Project for IPPs is shown
in Table 4.1. The estimated cost of the project which consists of two parts : (i) 500 kV
system in the Western Area, and (ii) 500 kV system in the Eastern Area, are summarized
below:

Notes : 1/ Per annum growth rate from previous year.
2/ G-5 MUV index from the World Bank Quarterly Report on Commodity

Markets and the Developing Countries, January 1995.
3/ Local Consumer Price Index estimated by NESDB and Bank of Thailand,

1994.
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Description Foreign Currency  Local Currency Total

(1) 500 kV system in ihe Western area 6,455.0

(11) 500 kV system in the Eastern area 3,280.0

282 I
P by 04

Total 9,735.0

' 4.4 Expenditure Schedule

/
\
(131.2)

(389.4)

(MTHB) (USD Million) (MTHB) (MTHB)

2,755.0 19,2100
79800  11.260.0
207350 304700

The expenditure schedule of the 500 kV Transmission System Project for IPP is
shown in Table 4.2. The annual disbursements are summarized as follows :

EXPENDITURE SCHEDULE OF 500 KV TRANSMISSION SYSTEM PROJECT
FOR INDEPENDENT POWER PRODUCERS

IN WESTERN AREA

Fiscal Year Foreign Currency Local Currency Total

- (MTHB) (USD Million)¥ -~ (MTHB) (MTHB)
1996 - - 157.7 157.7
1997 - - 288.3 288.3
1998 106.0 4.3) 3,008.8 3,1148
1999 3,928.6 (157.1) 48172 8,745.8
2000 1,977.8 (79.1) 3,863.5 5,841.3
2001 442.6 azn 619.5 1,062.]
Total 6.455.0 (258.2) 127550 19.2100

Note : 1/ Rate of exchange 1 USD = 25.0 THB.
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EXPENDITURE SCHEDULE OF 500 KV TRANSMISSION SYSTEM PROJECT
FOR INDEPENDENT POWER PRODUCERS

IN EASTERN AREA
Fiscal Year Foreign Currency Local Currency Total
(MTHB) (USD. Ml“lon) (MTHB) (MTHB)
1996 - 253.0 253.0
1997 - . 175.2 175.2
1998 62.5 2.5) 1,795.1 1,857.6
1999 2,077.5 (83.1) . 2,974.1 5,051.6
2000 934.4 (37.4) 2,390.7 3,325.1
2001 205.6 (82) 391.9 597.5
Total 3,280.0 (131.2) 71,9800 11,260.0

The proposed implementation schedule of the transmission system expansion for
the Western and Eastern Areas are shown in Tables 4.3 and 44. The expected
commissioning date is September 2000.

Note : 1/ Rate of exchange | USD =25.0 THB.
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Table 4.1 Cost Estimate of 500 kV Transmission System
Project for IPPs

F.C. Lc Total

(MTHB) (MTHB)  (MTHB)
IN WESTERN AREA
TRANSMISSION LINE

1. 500 kV Bang Saphan - Chom Bung 1st Line Route
(4x1272 MCM ACSR, DC/ST, 275 km, Including

Optical Fibre with Overhead Ground Wire) 1,361.1 3,250.5 4,611.6
2. 500 kV Bang Saphan - Chom Bung 2nd Line Route
(4x1272 MCM ACSR, DC/ST, 280 km) 1,293.4 3,294.0 4,587.4
Subtotal 2,654.5 6,544.5 9,199.0
SUBSTATION
3. 500/230 kV Bang Saphan Substation Expansion 632.0 298.1 930.1
4. 500 kV Chom Bung Substation Expansion 289.5 873 376.8
5. 500 kV Sai Noi Substation Expansion , 1,592.0 - 106.1 1,698.1
6. Installation of Line Shunt Reactor at 500 kV
Bang Saphan - Chom Bung Lines 352.8 212 - 3740
7. Communication System Addition 27.7 33 31.0
Subtotal 2,894.0 516.0 3,410.0
Total Direct Cost &/ 5,548.5 7,060.5 12,609.0
INDIRECT COST
8. Engineering & Supervision _ - 630.5 630.5
9. Physical Contingencies 555.0 769.0 1,324.0
Total Cost (w/o Escalation, Import
Duties, IDC & VAT) 6,103.5 8,460.0 14,563.5
10. Escalation 351.5 1,236.5 1,588.0
Total Cost (w/o Import Duties,
IDC & VAT) 6,455.0 9,696.5 16,151.5
11. Import Duties - 742.5 742.5
Total Cost (w/o IDC VAT) 6,455.0 10,439.0 16,894.0
12. Interest During Construction - 1,454.0 1,454.0
Total Cost (w/o VAT) 6,455.0 11,893.0 18,348.0
13. Value Added Tax - 862.0 862.0
Total Cost 6,455.0 12,755.0 19,210.0

Note a/ Price Level 1995.
-25.



Table 4.1 Cost Estimate of 500 kV Transmission System

Project for IPPs (Continued)

IN EASTERN AREA

g

10.

11.

12,

13.

TRANSMISSION LINE
500 kV Rayong 4 - T Junction Ist Line Route

(4x1272 MCM ACSR, DC/ST, 155 km, Including

Optical Fibre with Overhead Ground Wire)
500 kV Rayong 4 - T Junction 2nd Line Route
(4x1272 MCM ACSR, DC/ST, 170 km)
230 kV Rayong 4 - Rayong 2
(4x1272 MCM ACSR, DC/ST, 10 km, Including
Optical Fibre with Overhead Ground Wire)

Subtotal
SUBSTATION
500/230 kV Rayong 4 Substation
230 kV Rayong 2 Substation Expansion
Installation of Line Shunt Reactor at 500 kV
Rayong 4 - Nong Chok and Rayong 4 -
Wang Noi Lines
Communication System Addition

Subtotal

Total Direct Cost a/
INDIRECT COST
Engineering & Supervision
Physical Contingencies

Total Cost (w/o Escalation, Import

Duties, IDC & VAT)

Escalation .

Total Cost (w/o Import Duties,

IDC & VAT)

Import Duties

Total Cost (w/o IDC VAT)
Interest During Construction

Total Cost (w/o VAT)
Value Added Tax

Total Cost

TOTAL PROIECT COST

A Lhbst L ANNIJAIN, A

(USD Million Equivalent b/

Notes

- a/ Price Level 1995.
b/ 1USD=THB 25.0. 2.

F.C. L.C. Total
(MTHB) (MTHB)  (MTHB)
773.2 1,903.3 2,676.5
785.3 2,069.7 2,855.0
43.5 106.0 1495
1,602.0 4,079.0 5.681.0
872.6 449 8 1,322.4
40.7 9.6 50.3
286.6 23.5 310.1
18.6 26 212
1,2185 4855 1.704.0
2,820.5 42,5645 7.385.0
- 369.5 369.5
282.0 4935 775.5
3,102.5 5,427.5 8,530.0
1775 779.5 957.0
3,280.0 6,207.0 9,487.0
- 416.0 416.0
3,280.0 6.623.0 9.903.0
: 866.0 866.0
3,280.0 7.489.0 10,769.0
- 491.0 491.0
3,280.0 7,080.0 11,260.0
B350 20,7350 30,4700

3804 8204 12188 )
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Table 4.2

Expenditure Schedule of 500 kV Transmission System Project for IPPs

(Million Baht)
Item Description Total 1996 1997 1998 1999 2000 2001
FC. LC. Total FC. { LC [ Total { FC. | LC. [ Total { FC. LC | Total | FC. LC Total FC. } LC | Total | FC. | LC | Total
INWESTERN AREA
TRANSMISSION LINE
1 500 kV Bang Saphan - Chom Bung 1st Line Route
(4x127T2 MCM ACSR, DC/ST, 275 kan,
Inctuding Optical Fibre with Overhead Ground
Wire) 1,361.1] 32505} 46116] - 5.5 5s) - 10391 1039} 497} 11377] 1,187.4) 1,2219] 109501 23169 398F TS 7649]  497] 1833 1330
2 500 kV Bang Saphan - Chom Bung 2nd Line Route
{4x1272 MCM ACSR, DC/ST, 280 km) 1,2934] 329401 45874 - 5.6 56l - 1058 105.8f 41.4] L1566( 11980 1,177.5f 1,1072] 22847 3310 7337 7s6s{ 4t4f 18511 2265
Subtotat 26545] 65445 9190 - nt 1 - 20971 2097 911 2.2943f 23854) 23994] 22022] 46016l 729 l,Ass.s\ 1,5317]  911] 3684] 4595
SUBSTATION } .
3 } 5007230 kV Bang Saphan Substation Expansion 632.0] 2981 930.1 J - 1000{ 1000{ - - - - 252 252} 2149 717 2866 3540 839 4379 631 173] 804
4 1500 kV Chom Bung Substation Expansion 2895, 873 3768] - . - - - - - - 98.4] 362 1346] 1622 424] 2046] 289 g7 376
5 [ 500KkV Sai Noi Substation Expansion 1,592.0 tosi| 1e981f - - - - - - - - 5413 440 58531 8915 $1.5] 9430f 1592 106] 1698
6 Instafistion of Line Shurt Reactor st S00kV
Bang Saphan - Chom Bung Lines 35234 212 37140 - - - - - - - - 1200 88 1288) 1975 103] 2078) 353 21 374
7 | Commmmication System Addition 217 33 30l - - - - - - - - - 28 03 31 21 2.7 248 28 03 31
Subtotal 2,894.0| s160}  34100] - 1000] 1000] - - - 252 2521 9rral 1600F 11384] 16273} 1008) 18181 2893} 390] 3283
Total Direct Cost ‘/ 55485( 7060.5] 126090 - ey 1Lt - 2097 2097 911§ 23195) 2.4106] 3,3768] 2,3632] 5,7400] 1,7002] 1.6496] 3.3498] 3804 4074] 7878
INDIRECT COST
8 ] Engincering & Supervision - 630.5! 6305] - - - - 1.0 108 - 214 214 - 3325 33250 - 2756f 2756 - .
9 ] Physical Contigencies 555.0 7690] 1,3240f - 1.1 11 - 2i1 211 911 2342} 24331 3379] 2694 6073] 1700f 1925] 36251 380] 407 787
10 | Escalation 351.8] 123651 1,5880] - 24 24 - 14.0] 14.0 s.sr 26591 2m7f 38| 4371 6510} 1076} 4092 s168) 242 1079f 1321
11 { Import Duties - 7425 7415 - - - - - - - - - sorsf so19f - 2406| 2a06] -
Subtotal 9065] 33785f 42850 - 135 135 - 36.1 36.1 149]  5215] 5364] 5518f 1,5409] 20927} 2776) 1,1179] 13955] 622] 1436] 2108
Tota] Cost (w/o IDC & VAT) 64550} 104390] 168940] - 1246] 1246 24581 2458} 106.0] 28410] 294701 39286} 39041] 78327 1.9778] 2.767.5) 47453) 4426} ss60] o986
12 { Interest During Construction - t4s40f 14540 - 331 331 a8 as] - 1246] 1246 4382 4382 - 8156}  Bi156
Total Cost (w/o VAT) 6455.0] 11,893.0f 183480] - 15727 1517 - 2883 2883] 106.0] 29656] 3,071.6] 3928.6] 43423} 8,2709} 1,9778] 3,583.1] 55609) 4426] sSs60] 9986
13 1 Value Added Tax - 862.0 8620F - - - - - - 432 432 47491 4749 2804] 2804 635] 635
Tota] Cost 645501 12,755.01 192100 15771 1517 - - 28831 2883] 1060] 30088 3,1148] 39286] 481 7.2] 87458} 1.9778] 338635] S8a13] 4426] e6195f 10621

Notes

: af Price Level 1995
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Table 4.2 Expenditure Schedule of 500 kV Transmission System Project for IPPs (Continued)

(Million Baht)
Item Description Total 1996 1997 1998 1999 2000 2001
FC. { LC | Toal | FC. | LC | Total | FC. | LC. | Tow | FC. | LC. | To | FC. | Lc | To | Fc | Lo | T | FC | Le | Tom
INEASTERN AREA
TRANSMISSIONLINE
1 | 500%V Rayong 4 - T hmction 1st Line Route
(4x1272 MCM ACSR, D(/ST, 155 km, Including
Optical Fibre with Overhead Ground Wire) m2] 193] 26%5] - ] 3] - sss] s86f 26| 609 e7ms| ema| es18) 134a9] 229 amal] as23| 26| 1105] 1391
2 | 500KV Rayong 4- T Junction 2nd Line Route
(4x1272 MCM ACSR, DCYST, 170 km) 7853] 20697 28550] - 34} 34] . 642] 642 251) 707} mss} 7mso] me2l 1a12) 201)] asss| 4gso) 251 t194] 1as
3} 230kV Rayong 4 - Rayong 2
(4x1272 MCM ACSR, DCUST, 10 km, Incliding
Optical Fibre with Overhead Ground Wire) as| wsof 1es] - - . . - - - b o02] o2 327] ses] se2] 96| asi| sar] 12| a42] sa4
Subtotal 16020 | 40790( sesrof oo] 65| 65| oof 1228] 1228] s37) 1360814145 )] 1,408 [ 14125 ] 28553 | s26]| oaw3| 9929 545 2341 | 2890
SUBSTATION . i
4 | 500230 kV Rayong 4 Substation sn26] 4s98] 1324| - | 00| 2000] - . . . 189] 189 2967| 957| 3924 ases| 1121] s007] s723] 21| 104
s ]230kV Rayong 2 Substation Expansi 407 96 503 - - - - - - - . - 139 25 164 228 61| 289 40 10 50
6 ] installation of Line Shurt Reactor at S00kV .
Rayoeg 4 - Nong Chok 2rd Rayong 4 -
Wang Noi Lines 2866 ns) 301} - - - - . . . . . ®7f  24] aa| 2¢2| 7| 2a79] 27| 24] 3
7 Commmmication System Addition 186 26 212 - - - - - - - - - 19 03 22 148 20 168 19 03 22
Subtotal 12185] 4tss| 170a0] - | 2000) 2000 - . - . 189] 189] 32| woe] a1 7554] 1389 ssas| 1219] 268 1487
Total Direct Cost 3 / 2,8205 45645 1385.0 - 2065} 2065 00) 1228 1228 537113797 11,4334 ] 1,7820 1 1,5154 ] 32974 ] 8080 1,092 ] 1.887.2 17681 2609§ 4377
INDIRECT COST
8 Engincering & Supervision - 3695 369.5 - - - - 1.0 10 - 1.8 I8 - 1928 1928 - 1639 163.9 - - -
Physical Contigencies 2820 4935 TI5S - 207 207 - 124 124 54 1393 1447 1813 1mo 3523 716 1240 201.6 177 261 98
10 { Escalation 1775 75 9570 - 45 45 - 82 82 34 1578 161.2 1142 276.7 3909 488 263.2 3120 111 69.1 802
11 | Emport Duties - a60| a60| - - . - . - - . - - wsa| 254 - | vwe] 1ses| - - -
Subtotal asos| 208s| 25180 - 52{ 252 - n6| 216] s8] 389 77| 2055 9259 12214 1264 em17| sos1| 288 o952 1240
Total Cost (w/o IDC & VAT) 3,280.0 6,623.0 9,903.0 - 317} 2317 - 14441 1444 6251 1,6886 ] 1,751.1 | 20775 | 24413 ] 45188 | 934471,7609 § 26953 ) 2056} 3561 561.7
12 | nterest Duing C. i - 8660] seso| - n3l a3l - 08| 30| - ns| ws| - 208) 2008 - | 46| 4me| - . .
Total Cost (/o VAT) 32000 74890) 107690) - | 2s30) 2s30] - | sz wms2] exs| 761 ] 18306 ] 20775 27021 | 4796 | 9344 | 22345 | 31689 | 20561 3561 ] 617
13 Value Added Tax - 4910 491.0 - - - - - - - 210 270 - 27120 210 - 156.2 156.2 - 358 358
Total Cost 3200 79%00f 112600 - | 2530f 2530f - | 17152 1752 ers{umsi]isste[2omis|297a1| soste| 93aaf 2390733251 [ 2056 3919] 5975
TOTAL PROJECT COST 9,735.0 § 20,735.0 | 30,4700 - 41071 4107 - 4535} 4635 1685148039 | 49724 § 60061 | 77913 | 137974 1291221 62542 | 91664 648210114 16596
USD Million Equivalent t—’[ 3894 8294 1,2188 - 164 164 - 185 185 68 1924 1989 240.2 3117 551.9 1165 250.2 366.7 259 s 664
otes  : a/ Price Level 1995,

b/ 10USD =THB250.




Table 4.3 Implementation Schedule of 500 kV Transmission System
Project for IPPs (Western Area)

1995 1998 1997 1998 1999 2000 2001
SIASONDUIFMAMULASONDLIFMAM SulASENDLIFMAM SN Ml AMl SO MAM Ao

DESCRIPTION -

PLANNING STAGE

Feasibility Study

Approval by EGAT Board H

Project Appraised by NESDB

Approval ' h

Financing Arrangement

PRELIMINARY WORK
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Land Procurement & Rights—of—Way

Line Route Survey

Plan Profile & Line Design
Substation Design

Specifications & Tender Document
IMPLEMENTATION & CONSTRUCTION
Bidding Period

Bid Evaluation & Negotiation

Letter of intent

Manufacturing & Transportation
Construction

Transmission Line

Substation

Commigsioning

Transmission Line
Substotion

TRANSMISSION SYSTEM PLANNING DIVISION
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Table 4.4 Implementation Schedule of 500 kV Transmission System
Project for IPPs (Eastern Area)
i 1995 1996 1997 1998 1999 2000 2001
DESCRIPTION DEMAR. LR 1 M slaSONDLIFMAM UASIONDUE MAM.IASONDLIFMAM Ul [ASOND

PLANNING STAGE

Feasibility Study

. Approval by EGAT Board

Project Appraised by NESDB

Approval

Financing Arrangsment

PRELIMINARY WORK

Land Procurement & Rights—of—Way

Line Route Survey

Plan Profile & Line Design

Substation Design

Specifications & Tender Document

IMPLEMENTATION & CONSTRUCTION

Bidding Period

Bid Evaluation & Negotiation

Letter of Intent

Monufacturing & Transportation

Construction

Transmission Line

Substation

Commissioning

Transmission Line

Substation

TRANSMISSION SYSTEM PLANNING DIVISION



5. POWER SYSTEM STUDIES

Power system studies have been made to investigate and verify the maximum
power transfer capability of the 500 kV transmission plan as recommended by the BVI/PTI
study. This revised study has been performed with the changing conditions from the previous
BVI/PTI study; i.e., the adoption of new load forecast and Power Development Plan (PDP
95-01); the generating capacity of the planned Ratchaburi Thermal Power Plant is increased
from 3,600 MW to 4,600 MW, and the possibility of 600 MW stage 1 IPP Project to be
integrated at Ratchaburi 2 Substation. The 500 kV transmission plan is also adopted for the
connection of 10,000 MW power plant projects in the eastern area.

In the 1994 solicitation for power of 4,100 MW from IPPs, has included the first
1,000-1,300 MW (First Stage IPPs) for completion during 1996-2000. With the limitation
of the existing transmission capability, many substations have the capacities enough to

receive the power from the first stage IPPs with the maximum of :
either 600 MW at Ratchaburi or 800 MW at Sam Phran for the western area,

and either 700 MW at Ao Phai or 700 MW at Pranchin Buri or 300 MW at
Khlong Mai and 200 MW at Rayong for the eastern area.

For the next 2,800 MW of capacity, preference will be given to a division of
approximately 1,400 MW located in the western area and 1,400 MW located in the eastern

area in order to stabilize the power system.

According to the recommended plan in the PDP 95-01, the power development
program during 1998-2011 includes many new large base-load power plants and the power

purchases from the IPPs as follows :
IPP 1,300 MW (without system reinforcement) 1998-2000
Ratchaburi Combined Cycle (3x600 MW) 1998-1999
Ratchaburi Thermal Plant (4x700 MW) 1999-2001
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IPP (2x700 MW) 2001

IPP (2x700 MW) 2002
IPP (1,000 MW) 2003
IPP (1,000 MW) 3 2004
IPP & EGAT new thermal plant (2x1000 MW) 2005
IPP & EGAT new thermal plant (2x1000 MW) 2006
IPP & EGAT new thermal plant (2x1000 MW) 2007
IPP & EGAT new thermal plant (2x1000 MW) 2008
IPP & EGAT new thermal plant (2x1000 MW) 2009
IPP & EGAT new thermal plant (2x1000 MW) 2010
IPP & EGAT new thermal plant (2x1000 MW) 2011

As shown above, up to 2011, the large base load power plant projects of about
13,100 MW will be given to IPPs and the other new power plants for a total capacity of
11,600 MW will be developed by EGAT. '

For the studies, all of the first stage IPPs (1,300 MW) of the 1994 solicitation are
assumed to be located in the Western and Eastern Areas at the limited capacity of each
substation. However, for the next and future IPPs, including the new EGAT thermal power
plant projects as indicated in the PDP 95-01, two basic plans are used for the studies : (1)
All future power plants are assumed to be located in the west coast for the studies of the
transmission system in the Western Area; and (it) All future power plants are assumed to
be located in the east coast for the studies of the transmission system in the Eastern Area.

Steady state power flow and stability studies are simulated at both peak load and
light load conditions to determine the maximum power transfer capability of the proposed

4 circuits of the 500 kV transmission lines. Fault level study is also carried out.

The following machine parameters are used in the study.

Inertia constant of each generator (H) : = 38 kW-skVA
Transient reactance (X';) = 0.28 p.u.
Subtransient reactance (X",) = 022 p.u.
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Auto transformer impedance (500/230 kV) = 22 %
Short-circuit impedance of generator transformer = 18 %
Power factor = 0.85
All exciters are equipped with power system stabilizers (PSSs)

5.1 The 500 kV Transmission System in the Western Area

Two double-circuit 500 kV transmission lines, using 4x1272 MCM ACSR
conductors per phase, from Bang Saphan to Chom Bung switching station and from Chom
Bung to Wang Noi and Sai Noi in the Bangkok vicinity have been planned. The latter line
sections will be constructed under Ratchaburi Power Plant Project.

The generated power, totalling 4,600 MW, from the Ratchaburi combined cycle
power plant and the Ratchaburi thermal power plants, as well as 600 MW of the first stage
of IPP installed at Ratchaburi 2 Substation, are assumed to be included in Year 2000.

With the completion of the proposed 500 kV iines by the end of Ycar 2000, the

results of the studies can be concluded as follows :

a) System of Year 2001 with additional 2x700 MW IPP Power Plants
(total 1,400 MW) :

From the poWer system analyses, it is shown that the system works technically

satisfactorily.

b) System of Year 2002 with additional 2x700 MW IPP Power Plants (total
accumulative new capacities from Year 2001 is 2,800 MW)

With the same configuration, the system is technically satisfactory.

¢) System of Year 2003 with additional 1,000 MW IPP Power Plant (total
accumulative new capacities from Year 2001 is 3,800 MW)

The system is technically satisfactory without any reinforcement.
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d) Svstem of Year 2004 with additional 1.000 MW IPP Power Plant (total
accumulative new capacities from Year 2001 is 4,800 MW)

The system ¢ tudiec b sed on the N.i criterion confirm that the svstem is

techmca]ly viable. If, however, the N-2 is applied on the 500 kV Chom Bung - Sai Noi line
during the light load period, the system is oscillated (Figure Case TS-L04W). To solve such
problem, the sectionalization of one circuit of the 500 kV Chom Bung - Wang Noi line and
the reconnection of the two line sections at the 500 kV Sai Noi Substation is proposed.

e) System of Year 2005 with additional 1,000 MW IPP and 1,000 MW new
| | Power Plant ( lati ties f 001 i
€.800 MW)

Transient stability studies based on the N-1 criterion show that the system is
unstable if a three phase fault occurs on the 500 kV Bang Saphan - Chom Bung line during
light load period (Figure Case TS-LOSW). However, if only 1,000 MW Power Plant is
included this year, the system is technically satisfactory with both N-1 and N-2

contingencies..

Based on the results of the study, it can be concluded that the maximum
power transfer capability of two double-circuit 500 kV lines from Bang Saphan to Chom
Bung can be 5,800 MW. To increase the power transfer capability, the addition of more
parallel lines or the installation of the appropriate series compensators are required. Further
studies will be carried out for the next stage of transmission system reinforcement or
expansion program.

Power flow diagrams and stability curves are shown in Appendix 2 and 3.

52 Ihﬁ_iQo_kMImnsmmn.stxﬂm.mhs_Em:m.Am

Two double-circuit 500 kV lines consisting of one double-circuit from
Rayong 4 to Wang Noi and another double-circuit from Rayong 4 to Nong Chok, using

4x1272 MCM ACSR conductors per phase, are assumed in the studies. The integration with
the existing system is made at Rayong 4 by the installation of two 500/230 kV tie

-34-



transformers,

each rated 1,000 MW, connecting to Rayong 2 Substation via a 230 kV

double-circuit line, using 4x1272 MCM ACSR conductors per phase.

Since it is possible to add 700 MW out of the first IPP into the Eastern Area, the
injection of 300 MW in Khiong Mai and 400 MW in Ao Pha is assumed in this study. This
case 1s considered as the worst scenario to the network conditions.

The results of the studies can be concluded as follows :

a)

satisfactory.

b)

System of Year 2001 with additional 2x700 MW [PP Power Plants (total
accumulative new capacities from Year 2001 is 1,400 MW)

With the proposed 500 kV transmission system, the system is technically

Svstem of Year 2002 with additional 2x700 MW IPP Power Plants (total

- accumulative new capacities from Year 2001 is 2,800 MW)

satisfactory.

c)

d)

satisfactory.

With the same system configuration above, the system is technically

System of Year 2003 with additional 1,000 MW IPP Power Plants

(total accumulative new capacities from Year 2001 is 3,800 MW )

The system is technically satisfactory without any further reinforcement.

System of Year 2004 with additional 1,000 MW IPP Power Plants (total
accumulative new capacities from Year 2001 is 4,800 MW)

From the power system analyses, it is shown that the system is still technically
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e) System of Year 2005 with additional 1,000 MW IPP and 1.000 MW new
thermal Power Plants (total accumulative new capacities from Year 2001 is
6.800 MW)

The results of the studies show that the system is technically satisfactory
without further reinforcement.

f) System of Year 2006 with additional 1,000 MW IPP and 1,000 MW new

thermal Power Plants (total accumulative new capacities from Year 2001 is
8.800 MW)

The high fault current (exceed 50 kA) at 500 kV Rayong 4 was observed.
The measure to limit the fault current was the splitting of the 500 kV bus into two buses,
with equal capacity at each bus was used. But the power flow studies shew that, in case of
N-1 contingency, if a fault occured on the 500 kV Rayong 4 - Nong Chok line, the 500/230
kV tie transformer at Bus #1 of Rayong 4 would be ‘8 % overloaded during peak load
peniod, and if a fault occured on the 500 kV Rayong 4 - Wang Noi line, the 500/230 kV tie
transformer at Bus #2 of Rayong 4 would be overloaded about 18 % and 5 % during peak
and light load periods respectively. So that the installation of two additional 500/230 kV
tie transformers at Rayong 4 Substation will be recommended. No transient instability is

shown, when a disturbance occurs in the system.

g) System of Year 2007 with additional 1,000 MW IPP and 1.000 MW new

thermal Power Plants (total accumulative new capacities from Year 2001 is
10,800 MW) '

The power flow studies based on the single contingency criterion show that
the 230 kV Rayong 2 - Ao Phai line will be overloaded by 7.6 %, if a fault is applied on

each line.

The transient stability studies have been also investigated. The resulits
indicate that the system is unstable if a three-phase fault occurs on the 500 kV Rayong 4 -
Nong Chok line.
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If only 1,000 MW Power Plant is connected to the system in this year, the
results of the studies show that the system is still upstable, if a three-phase fault is applied
on one circuit of the 500 kV Rayong 4 - Wang Noi line during the light load period.

As the results of the study, the maximum power transfer capability of the ]
Eastern Area is 8,800 MW. Further studies are required to determine the additional transfer
capability. The installation of more parallel lines or series compensators would be
recommended in the next stage of transmission system expansion program.

Power flow diagrams and stability curves are shown in Appendix 2 and 3.
Conclusion

For the 500 kV transmission system in the Western Area, the maximum power
transfer capability of the two 500 kV double-circuit line is 5,800 MW by the stability limit.

For the 500 kV transmission system in the Eastern Areq the maximum power
transfer capability of the two 500 kV double-circuit transmission line is 8,800 MW by the
stability limit.

To increase more power transfer capability of the two areas, further studies will
be required. According to the BVI study, the installation of more 500 kV lines or the
installation of series capacitor with appropriate compensation would be the options to be
considered .

5.3 Fault Level Studies

The fault level studies have been conducted for the development of the Western
500 kV transmission system and the Eastern 500 kV transmission system in Year 2005 and
2006 respectively.

The three-phase fault and the single-line-to-ground fault at the concerned power
plants and substations have been investigated. The high fault current is observed at 500 kV
Rayong 4 Busbar in 2006. This is due to the fact that many generating units will be
installed. To limit the fault current at this power plant, splitting the bus at the switchyard
into two sections would be therefore recommended in 2006. The expected high fault
current at significant power plants and substations (with the measures to limit fault currents)

are shown below :
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5.3.1 The Development of the Western 500 kV Transmission Lines

3-9 (kA 1-0 (kA)

230 kV South Thon Buri Substation 40.5 28.0
230 kV Bangkok Noi Substation 440. 26.7
230 kV Wang Noi Substation © 388 418
500 kV Bang Saphan Substation 340 305
500 kV Wang Noi Substation 34.1 23.9
5.3.2 The Development of the Eastern 500 kV Transmission Lines
3-0 (kA) 1-0 (kA)
230 kV On Nuch Substation 41.6 , 25.0
230 kV Wang Noi Substation 39.7 42.6
230 kV Rayong 2 Substation 420 -390
230 kV Bang Pakong Substation (Bus#1) 399 45.1
230 kV Bang Pakong Substation (Bus #2)  47.1 48.0
230 kV Rayong 4 Substation 46.9 4.1
500 kV Rayong 4 Substation (Bus #1) 299 330
500 kV Rayong 4 Substation (Bus #2) 29.6 33.0
500 kV Wang Noi Substation 415 270

Fault current flow diagrams are shown in Appendix 4.

otes : 3-0 = three-phase fauit.

&
i

single-line-to-ground fault.
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6. ECONOMIC ANALYSIS

The economic analysis is made to justify the economic viability of the proposed
" 500 kV transmission system. The proposed 500 kV transmission system project is

compared with the other transmission project which can transmit the bulk power from the .
IPP plants to the load center. Referring to BVI/PTI study, two out of three basic systems
have been reviewed : the 500 kV transmission system (the preferred plan) and the 765 kV

transmission system (The second best alternative).

The requirement of transmission system for the 765 kV alternative are determined

to meet the same maximum transfer capability of the 500 kV alternative.

The cost streams of the two alternatives which comprise the capital investment
cost, operation and maintenance cost (O&M) and the cost of system losses are compared by
using discount cash flow technique. The benefit/cost ratio (B/C ratio), net present value
(NPV) with reference to 10 % discount rate and the equalized discount rate (EDR) are
calculated to indicate the least cost alternative. The study is conducted separately for
western and eastern coast IPP.

6.1 Transmission System Alternative

The transmission system alternatives for the west and east coast power plant
projects (IPPs as well as EGAT's future base load power plant projects) can be summarized
as follows :

The West Coast

500 kV Alternative

- Construction of 500 kV Bang Saphan Substation.
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- Construction of two routes of the 500 kV double circuit line from Bang
Saphan to Chom Bung, using 4x1272 MCM ACSR conductors. The distance of the two line

routes are approximately 275 and 280 km respectively.
- Expansion and improvement of the related substations.
765 kV Alternative
- Construction of 765 kV Bang Saphan and Chom Bung Substations.
- Construction of three circuits of 765 kV Bang Saphan - Chom Bung,
consisting of one double circuit steel tower line and one single circuit steel tower line. The
three circuits are strung with 4x1590 MCM ACSR conductors, a distance of approximately

285 km.

- Installation of 765/500 kV tie transformers at Chom Bung Substation,
rated 1,000 MVA, in the stages as required by the demand of the power system.

- Expansion and improvement of the related substation.

The East Coast

500 kV Alternative

- Construction of 500 kV Rayong 4 Substation.

- Construction of two routes of the 500 kV double circuit line from the
proposed new 500 kV Rayong 4 Substation to interconnect with Sai Noi (Wang Noi) - Nong
Chok transmission line, using 4x1272 MCM ACSR conductors with the distance of
approximately 155 and 170 km for the first and second line routes respectively.

- Construction of 230 kV double circuit line Rayong 4 - Rayong 2 using

4x1272 MCM ACSR conductors with the distance of approximately 10 km.
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- Expansion and improvement of the related substations.

765 kV Alternative

- Construction of new 765 kV Rayong 4 Substation.

- Sectionalization and extension of two circuit of 500 kV Wang Noi -
Nong Chok to be terminated at the junction located 17 km away from 500 kV Nong Chok
Substation and construction of the new 765/500 kV substation at the junction.

- Construction of three circuits of 765 kV Rayong 4 - New Substation . -
consisting of one double circuit steel tower line and one single circuit steel tower line. The -
three circuits are strung with 4x1590 MCM ACSR conductors, a distance of approximately
155 km.

- Construction of 230 kV double circuit line Rayong 4 - Rayong 2 using
4x1272 MCM ACSR conductors with the distance of approximately 10 km.

- Installation of + 1,800 MVAr. Static Var Compensator (SVC) at new
substation.

- Installation of 765/500 kV tie transformers at new substation, rated
1,000 MVA, in the stages as required by the demand of the power system.

6.2 Capital Cost of Altematives Al capital cost are estimated based on 1995 price
level. The cost without import duties and taxes, interest during construction (IDC) and
escalation are used in the analysis. The economic capital cost of two alternatives can be
summarized as follows :
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Unit : MTHB

Transmission Substation Total
Line
Western Transmission System
500 kV Alternative 10,625.0 39385 14,563.5
765 kV Alternative 11,4281 7,682.8 19,1109
Eastern Transmission System
| 500 kV Alternative 6,562.1 1,968.0 8,530.1
765 kV Alternative 6,198.1 12,059 4 18,257.5

6.3 Operation and Maintenance Cost (O&M) The O&M cost of the transmission
line portion is assumed to be 1 % of the capital investment cost while the O&M cost of

substation is assumed to be 2 % of the capital cost.

6.4 Losses in the Transmission System Since two alternatives produce different
losses to the power system, the difference in EGAT's power system losses is also taken into
account in the least cost analysis. The capacity loss (MW) is adopted from the power flow
study of the respective alternative. The energy loss (GWh) is calculated from the capacity

loss and loss factor using the equations as follows

Energy Loss = Capacity Loss (MW) x 8.76 x Loss Factor
0.1 x (Load Factor) + 0.9 (Load Factor)?

Loss Factor

The cost of losses used in the study are adopted from EGAT's Long Run
Marginal Cost (LRMC) which is based on 1994 price level and is escalated to be 1995 price

as follows;

3,1173 THB/AW-yr
0.7402 THB/kWh

Cost of Capacity Loss

Cost of Energy Loss

6.5 EconomicLife The economic life of the transmission line and substation are

assumed to be 40 and 25 years respectively.
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6.6 Results of the Least Cost Solution Study

a) Comparison of Present Value

P.V at 10 % DR. (MTHB)

Western System

500 kV 32,5183
765 kV 34,2376

Eastern System

500 kV 1289197
765 kV 32,6745

b) Net Present Value, B/C Ratio and EDR.

NetP.V. B/C EDR.
(MTHB)  Ratio %
Western System
500 kV VS. 765 kV 1,719.3 1.0529 >150.0
Eastern System
500 kV VS. 765 kV 3,754.8 1.1298 >150.0

The results of the study have led to the conclusion that the construction of 500
kV transmission system to transmit bulk power from the IPP power plants and EGAT base
load power plants is the least cost altemative for both west coast and east coast transmission
systems.

The summary of the results of the least cost solution study and the cost stream
of each alternative are shown in Tables 6.1 t0 6.6.
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Table 6.1
Summary of Results of Economic Analysis

Project : Transmission System Project for IPP
Cost Siream : 500 kV Transmission System for Western IPP
Benefit Stream 765 kV Transmission System for Western IPP
Discount Present Value Present Value B/C Present Value
Rate of of Ratio of
(%) Beneft =~ Cost Net Benefit
4.00 66045.18 65119.70 1.0142 925.49
6.00 51853.61 50471.44 1.0274 1382.18
8.00 41694.44 40077.11 1.0404 1617.33
10.00 34237.61 32518.32 1.0529 1719.28
12.00 28633.47 26892.21 1.0647 1741.26
14.00 24328.12 22612.40 _ 1.0759 1715.72
16.00 20953.07 19290.41 1.0862 1662.66
18.00 18258.27 16663.80 1.0957 1594.47
20.00 16070.71 14551.83 1.1044 1518.88
22.00 14268.41 12827.72 1.1123 1440.69
24.00 12763.77 11400.93 1.1195 1362.84
25.00 11492.79 10205.68 1.1261 1287.11

Equalized Discount Rate is Greater Than 150%

Transmission System Planning Division
29-Jan-96
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Table 6.2

Cost Stream of 500 kV Transmission System for Western {PP

Unit : MTHB
Fiscal Capital Cost O&M Cost System Losses Cost of Losses Total
Year Line Sub. Line Sub. Peak Energy Peak Energy Cost
(MW) (GWh) ’ N
1995 -
1996 12.2 110.0 122.2
1997 231.8 - 231.8
1998 | 2633.6 417 2675.3
1999 5359.7| 1320.1 6679.8
2000 | 1882.3| 2105.6 3987.9
2001 | 505.4 361.1 106.3 78.8 376.05, 1889.99 1172.3 1399.0 3622.8
2002 106.3 78.8 427.63| 2158.42 1333.1 1597.7 3115.8
2003 106.3 78.8 481.37 | 2456.52 1500.6 1818.3 3504.0
2004 106.3 78.8 585.91( 3052.17 1826.5 2259.2 4270.8
2005 106.3 78.8 602.40| 3162.88 1877.9 2341.2 4404.1
2006 106.3 78.8 602.40! 3187.79 1877.9 2359.6 4422.6
2007 106.3 78.8 602.40| 3207.32 18779 2374.1 4437.0
2008 106.3 78.8 602.40] 3215.15 18779 2379.9 44428
2009 106.3 78.8 602.40| 3222.99 18779 2385.7 4448 .6
2010 106.3 78.8 602.40 | 3230.05 1877.9 2390.9 4453.8
2011 106.3 788 602.40| 3237.12 18779 2396.1 4459 .1
2012 106.3 78.8 602.40| 3237.12 1877.9 2396.1 4459.1
2013 i06.3 78.8 §02.40 1 323712 18779 2396.1 4459.1
2014 106.3 788 602.40; 3237.12 1877.9 2396.1 4459.1
2015 106.3 78.8 60240 | 3237.12 18779 2396.1 4459.1
2016 106.3 78.8 602.40| 3237.12 1877.9 2396.1 4459.1
2017 106.3 78.8 602.40| 3237.12 18779 2396.1 4459.1
2018 106.3 788 602.40 3237.12 18779 2396.1 4459.1
2019 106.3 78.8 602.40; 3237.12 1877.9 2396.1 4459.%
2020 106.3 78.8 60240 3237.12 18779 2396.1 4459.1
2021 106.3 788 60240 3237.12 18779 2396.1 4459.1
2022 106.3 78.8 60240 3237.12 1877.9 2396.1 4459.1
2023 106.3 78.8 602.40| 3237.12 1877.9 2396.1 4459.1
2024 106.3 78.8 602.40| 3237.12 18779 2396.1 4459.1
2025 |—-3984.4 - 106.3 78.8 602.40| 3237.12 1877.9 2396.1 474.7
Total | 6640.6| 3938.5! 2657.5| 1970.0 - - 45267.4| 57247.1| 117721.2
PV. | 7067.8| 2544.2| 599.1| 4444| -~ - g708.2| 12154.9(:32518.8
10% DR. o
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Table 6.3

Cost Stream of 765 kV Transmission System for Western IPP

Unit : MTHB
Fiscal | Capital Cost O&M Cost System Losses Cost of Losses Total
Year | Line Sub. Line Sub. Peak Energy Peak Energy Cost
(MW) (GWh)
1995 —
1996 12.2 110.0 122.2
1997 345.8 - 345.8
1998 | 3626.7 56.5 3683.2
1999 5144.3| 1984.1 7128.4
2000 1817.4| 3097.8 4915.2
2001 481.7 974.1 1143 124.5 374.55! 1882.46 1167.6 1393.4 4255.6
2002 511.9 1143 134.7 418,65 2113.09 1305.1 1564.1 3630.1
2003 453.9 1143 143.8 463.16| 2363.59 14438 17495 3905.3
2004 445.7 1143 152.7 552.14| 2876.25 1721.2 2129.0 45629
2005 48.8 1143 153.7 554.13| 2909.44 1727.4 2153.6 4197.8
2006 114.3 153.7 654.13| 2932.36 1727.4 2170.5 4165.9
2007 1143 153.7 554,13 2950.32 1727.4 2183.8 4179.2
2008 114.3 153.7 554.13| 2957.52 1727.4 2189.2 4184.5
2009 114.3 1583.7 554.13| 2964.73 1727.4 21945 4189.9
2010 1143 153.7 554,13 2971.23 1727.4 2199.3 41947
2011 1143 153.7 554.13| 2977.73 1727.4 2204.1 4199.5
- 2012 1143 153.7 554.13| 2977.73 1727.4 2204.1 4199.5
2013 1143 153.7 554.13| 2977.73 1727.4 2204.1 4199.5
2014 114.3 153.7 854,13 2977.73 1727.4 2204.1 41995
2015 1143 153.7 554,13 | 2977.73 1727.4 2204.1 4199.5
2016 114.3 153.7 554.13| 2977.73 1727.4 22041 41995
2017 1143 183.7 554.13| 2977.73 1727 .4 2204 .1 4199.5
2018 1143 153.7 554.13| 2977.73 1727.4 2204.1 41995
2019 1143 183.7 554.13| 2977.73 1727.4 2204.1 4199.5
2020 1143 1583.7 554.13| 2977.73 17274 2204.1 41995
2021 1143 153.7 554.13| 2977.73 1727.4 2204 .1 4199.5
2022 1143 163.7 554.13| 2977.73 1727.4 2204.1 4199.5
2023 1143 163.7| 554.13| 2977.73 1727.4 2204.1 4199.5
2024 1143 153.7 554,13 2977.73 17274 2204 .1 41995
2025 {—4285.5 - 1143 1583.7 554.13| 2977.78 1727 .4 2204.1 —86.0
Total | 71426| 76828 | 2857.5| 3783.4 - ~ 419128 | 52988.7| 116367.7
PV. | 7690.1| 4653.2| 644.2| 8350 - - 9068.1| 11347.0| 84237.6
10% DR. 5 :
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Table 6.4
Summary of Results of Economic Analysis

Project : Transmission System Project for IPP
Cost Stream 1 - 500 kV Transmission System for Eastern IPP
Benefit Stream : 765 kV Transmission System for Eastern IPP
Discount Present Value Present Value B/C Present Value
Rate of of Ratio of
{%) Benefit Cost Net Benefit
4.00 66339.75 62399.89 1.0631 3939.86
6.00 51200.26 47163.03 1.0856 4037.23
800 40469.28 36524.66 1.1080 3944.62
1000 o < 92674.46 28919.65 - 4.1298 8754.81
12.00 2688044 23359.48 1.1607 3520.96
14.00 22480.44 19207.23 1.1704 3273.22
16.00 19072.64 16044.36 1.18687 3028.28
18.00 16385.,55 13590.54 1.2057 2795.01
20.00 14232.06 11654.45 1.2212 2577.61
22.00 12480.82 10103.13 1.2353 2377.69
24.00 11037.86 8842.53 1.2483 2196.32
26.00 9834.83 7805.05 1.2601 202078

Equalized Discount Rate is Greater Than 150%

Transmission System Planning Division
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Table 6.5
Cost Stream of 500 kV Transmission System for Eastern IPP

Unit : MTHB
Fiscal Capital Cost O&M Cost System Losses Cost of Losses Total
Year | Line Sub. Line Sub. Peak Energy Peak Energy Cost
(MW) {GWh)
1995 -
1996 72| 220.0 ' 227.2
1997 | 136.2 - 136.2
1998 15615 284 1589.9
1999 33219 555.7 3877.6
2000 1217.3]| 10003 2217.6
2001 3179 1636 65.6 394 396.11( 1990.81 12348 1473.6 3294.9
2002 65.6 394 403.34| 2035.81 1257.3 1506.9 2869.2
2003 65.6 394 42662 2177.12 1320.9 16115 3046.4
2004 65.6 394 490.54| 2555.36 1529.2 1891.5 3525.6
2005 65.6 394 5§39.60| 2833.156 1682.1 2097 1 3884.2
2006 65.6 394 663.96| 3513.56 2069.8 2600.7 4775.5
2007 65.6 394 663.96 3535.08 2069.8 2616.7 4791.4
2008 65.6 394 663.96 3543.71 2069.8 2623.1 4797.8
2009 65.6 394 663.96| 355235 2069.8 2629.4 4804.2
2010 65.6 394 663.96| 3560.13 2069.8 2835.2 4810.0
2011 65.6 394 663.96| 3567.93 2069.8 26410 4815.7
2012 - 65.6 39.4 663.96| 3567.93 2069.8 26410 4815.7
2013 65.6 394| 663.96| 3567.93| 2069.8| 26410 4815.7
2014 65.6 394 663.96| 3567.93 2069.8 26410 4815.7
2015 65.6 394 663.96| 3567.93 2069.8 26410 4815.7
2016 65.6 394 663.96 | 3567.93 2069.8 2641.0 4815.7
2017 65.6 39.4 663.96| 3567.93 2069.8 26410 4815.7
2018 65.6 394 663.96| 3567.93| 20698 26410 48157
2019 65.6 39.4 663.96| 3567.93 20698 26410 4815.7
2020 65.6 39.4 66396 3567.93 2069.8 26410 4815.7
2021 65.6 394 663.96| 3567.93 2069.8 2641.0 4815.7
2022 65.6 394 663.96| 3567.93 2069.8 2641.0 4815.7
2023 65.6 39.4 663.96| 3567.93 2069.8 26410 4815.7
2024 65.6 394 663.96| 3567.93 2069.8 26410 4815.7
2025 |—-2460.8 - 65.6 394 663.96 | 3567.93 2069.8 26410 2355.0
Total | 4101.3! 1968.0] 1640.0| 985.0 - - 48428.5| 613004 | 118423.2
PV. | 43555| 13143| 8369.7| 222.1 - - 10053.3 28819.7
10% DR. :
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Table 6.6

Cost Stream of 765 kV Transmission System for Eastern IPP

Unit : MTHB
Fiscal Capital Cost O&M Cost System Losses Cost of Losses Total
Year Line Sub. Line Sub. Peak Energy Peak Energy Cost
(MW) (GWh)
1995 -
1996 72| 5500 557.2
1897 | 2030 - 203.0
1998 | 2071.3 71.2 21425
1999 | 25357 1664.7 4200.4
2000] 1130.5] 3119.0 42495
2001 | 2504 9444 62.0 127.0 40119, 2016.35 1250.6 1492.5 4126.9
2002 120.4 62.0 1294 390.02| 1968.58 12158 1457 1 2984.8
2003 405.1 62.0 1375 416.46| 212527 1298.2 1573.1 3476.0
2004 969.1 62.0 156.9 474.24| 247045 1478.3 1828.6 4495.0
2005 3768.9 62.0| 2323 505.46| 2653.90 1675.7 1964.4 7603.3
2006 446.6 620 2412 682.77{ 3083.91 1816.7 22827 4849.2
2007 620 2412 58277 3102.81 1816.7 2296.7 4416 6
2008 62.0 241.2 58277 38110.38 1816.7 2302.3 4422.2
2009 620 241.2 582,77 3117.96 1816.7 2307.9 4427 .8
2010 620 241.2 582.77| 3124.79 1816.7 2313.0 4432.8
2011 620 2412 582,77 3131.63 1816.7 2318.0 4437.9
.2012 620 241.2 §82.77| 3131.63 1816.7| 23180 4437.9
2013 62.0 241.2 582.77| 313163 1816.7 2318.0 44379
2014 620 241.2| 58277 3131.83 18167 23180 4437.9
2015 620! 2412 582.77| 3131.63 1816.7 2318.0 44379
2016 620 241.2) 58277) 313163 1816.7| 23180 44379
2017 62.0] 241.2 5§82.77| 3131.63 1816.7 2318.0 4437.9
2018 620, 2412 58277 3131.63 1816.7| 2318.0 4437.9
2019 620 24t1.2 582.77( 8131.63 1816.7 2318.0 4437.9
2020 620 2412 58277| 313163 18167} 2318.0 4437.9
2021 620 2412( 58277| 313163 1816.7| 2318.0 4437.9
2022 620| 241.2 582.77 3131.63 1816.7 2318.0 4437.9
2023 620 241.2| 858277 3131.63 1816.7| 2318.0 4437.9
2024 620| 2412] 58277| 313163 1816.7| 23180 4437.9
2025 {-2324.3 -~ 62.0| 241.2 582.77 ] 3131.63 1816.7 2318.0 2113.6
Total | 3873.8112059.4| 1550.0| 5607.1 - - 43152.1| 54589.0| 120831.3
PV. | 41725| 64316 3494 11500 - - 91329 11438.0| 32674.5
10% DR. o
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7. FINANCIAL JUSTIFICATION OF THE PROJECT

The financial justification is the economic and financial internal rate of

re
. (EI R and FIRR) of the 500 kV transmission 1 svstem nrofects for the west coact and east

AWEN AU X ANV VL U GHIDILIEIDIVLL Oy S piy)

coast IPP power plants by comparing their investment costs with the benefit accrued from

the project. The study is made separately ior EIRR and FIRR study.

7.1 Economic Internal Rate of Return Study (EIRR)

The economic internal rate of return study is conducted by comparing the cost
of implementing the 500 kV transmission system of both west coast and east coast systems
with the benefit which will be made available from the purchasing of electric energy from
the IPP together with the electric energy generated from EGAT's coal-fired power plants
which are planned to be connected to the proposed 500 kV transmission system. Details of
IPP and EGAT's power project planned to be connected to the proposed project are shown
in Table 7.1. The cost and benefit applied for the study will be the combined cost and
benefit of the west coast and east coast systems since the projects are proposed to be

implemented simultaneously.

The benefit of the project for the EIRR study can be pointed out by two

approaches, i.e,

Approach 1 : The benefit of the project is assumed to be the reduction of the
country's load losses and outages. The load losses will be presented as the difference in the
probabilistic Expected Unserved Energy (EUE) between the EGAT's Power Development
Plan (PDP) with and without the project calculated by using Westinghouse Interactive
Generation Planning Software (WIGPLAN) computer program. The cost of the reduction
of the EUE resulting from the implementation of this project is adopted from the latest
"EGAT's Cost of an Outage Study" conducted by EGAT's System Planning Department on
October 1992. The cost of an outage according to the mentioned study is 58.87 THB/kWh.
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Approach2 : Since the proposed 500 kV transmission system project is
proposed to transmit bulk power from the IPP and EGAT's coal-fired power plants to the
load center in the central region, so it is reasonable to assume that the benefit of the project
~ is the incremental energy sale resulting from the implementation of this project.

7.1.1 Basic Assumptions

The economic internal rate of return (EIRR) study of the two approaches
are performed based on the following assumptions :

Cost Stream The cost stream of the projects consists of the following :

a) Capital Investment Cost The capital investment cost is the
construction cost of the 500 kV transmission system implemented for west coast and east
coast systems. The constant 1995 price without import duties and taxes, interest during

construction {(IDC) are used for the study.

- b) Operation and Maintenance Cost (O&M)  The O&M of the project
are also assumed to be the percentage of the capital cost as used in the economic analysis.

¢) Cost of Energy Supply  The purchasing price between EGAT and
IPP is assumed as a cost of supplying electric energy of both IPP and EGAT's coal-fired
power plants. Since the real purchasing price is still unknown at the time of the study, the
forecasted purchasing price is adopted from EGAT's financial projection which are
conducted based on EGAT's PDP 95-01 for the period of 1995-2001. The levelized nominal
purchasing price (current value) at Year 2001 is 1.6040 THB/kWh.

Benefit Stream The assumptions used for the calculation of benefit
stream are :

Approach 1 The benefit is assumed to be the incremental economic
benefit of the country due to the reduction of expected load losses which may occurred if the
proposed project is not implemented. The Expected Unserved Energy (EUE) is used to
represent these losses and the cost of an outage of 58.87 THB/kWh is used to calculate the
monetary value of these losses.
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Approach 2 The benefit is assumed to be the incremental energy sale
made available to EGAT by this project. The calculation of the benefit is based on the
assumptions as follows :

a) Incremental Energy Sale  The value of the incremental energy sale
is calculated from the energy produced by the IPP reduced by the losses in transmission
system. The losses are represented in term of energy loss occurring between the sending end
and the receiving end of the proposed transmission line. The energy loss (GWh) is
calculated from the capacity loss (adopted from the power flow study) and IPP's plant factor
as follows :

Energy Loss (GWh) = Capacity Loss (MW) x 8.76 x Plant Factor
b) Average Selling Price The EGAT average selling price is adopted

from EGAT' financial analysis of the Year 2001 which is adjusted to conform with all of

the required financial criteria.

7.1.2 Sensitivity Study

Due to the uncertainty of the purchasing price from IPP, EGAT's average
selling price and other economic parameters of the project, the sensitivity studies of EIRR
study based on the variation the project's vital economic parameters are also conducted to
examine the effect of these variations to the EIRR of the project. The sensitivity study is
calculated according to the variation of the economic parameters as follows :

- The purchasing price from IPP.

- The EGAT's average selling price.

- Capital investment cost of the project.

- Expected unserved energy.
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7.1.3 Results of the EIRR Study

The results of the base case and sensitivity study can be summarized as
~ follows : s '

a) Base Case
A EIRR (%
- Approach 1 107.01
- Approach 2 22.63

b) Sensitivity Study

Approach 1
EIRR (%

- Purchasing Price
- Increased by 10 % '106.95
- Increased by 20 % 106.89
- Increased by 30 % 106.84

- Capital Cost
- Increased by 10 % 104.62
- Increased by 20 % 102.47
- Increased by 30 % 100.52

- Expected Unserved Energy
- Decreased by 10 % ‘ 104.37

- Decreased by 20 % 101.47
- Decreased by30% 98.26

Approach 2

- Increased by 5 % 16.78

- Increased by 10 % 7.5
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EIRR (%)

- Capital Cost

- Increased by 10 % | 121.42
- Increased by 20 % 20.35
- Increased by 30% 19.39

- Average Selling Price
- Decreased by 5 % 15.86

- Decreased by 10 % 3.50

It can be concluded from the results of the base case calculation of EIRR that the
project is economically feasible and the sensitivity studies indicate that for Approach 1, the
EIRR is not sensitive to the tested variation but for Approach 2, the EIRR is sensitive to the
increment of the purchasing price and the decreasing of EGAT's average selling price.
Details of the base case calculation of EIRR of the two approaches are shown Table 7.2 and
7.3. ' ~
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Table 7.1

IPP and EGAT's Power Project Planned to be Transmitted

via the Proposed 500 kV Transmission System

Power Plant Fuel Rating Cumulative =~ Commissioning
Type MW) Capacity Daté
(MW)
IPP - 1,400 1,400 April 2001
IPP - 1,400 2,800 April 2002
IPP - 1,000 3,800 January 2003
IPP - 1,000 4,800 January 2004
PP - 1,000 5,800 January 2005
New Thermal  Coal 1,000 6,800 April 2005
PP - 1,000 7.800 January 2006
New Thermal Coal 1,000 8,800 April 2006
IPP - 1,000 9,800 January 2007
New Thermal - 1,000 10,800 April 2007
IPP - 1,000 11,800 January 2008
New Thermal  Coal 1,000 12,800 April 2008
IPP - 1,000 13,800 January 2009
New Thermal = Coal 1,000 14,800 April 2009
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Table 7.2

Calculation of EIRR of 500 kV Transmission System for IPP (Approach 1)

Unit : MTHB
Fiscal al Cost Stream b/ ~ Benefit Stream Net
Year Capital Cost Q&M Cost Supplied Purchasing Price Cost Total Expected Unserved Energy (GWh) Cost of Project Benefit
Line Substation Line Substation | Energy {THBAWh) of Cost W/O 500 kV | With 500 kV EUE Outages Benefit
(GWh) Current 1995 Supply Transmission| Transmission| Raduction | (THB/kWh)
Price Price Project ¢/ | Project cf
1995 - ~ - -
1996 19.4 330.0 - - 349.4 —-349.4
1997 368.0 - ~ - 368.0 -368.0
1998 41951 701 - - 4265.2 —4265.2
1999 8681.6 1875.8 - - 10557.4 —10557.4
2000 3089.6 3105.9 - d/ - 6205.5 —-6205.5
2001 823.3 524.7 171.9 1182 1.5 1.6040 1.2677 20 1640.1 1.55 15 58.87 9117 -1549.0
2002 - - 171.9 1182 19.3 1.6040 12677 245 3146 19.32 19.3 55.87 1137.3 822.7
2003 171.9 1182 534.1 1.6040 12677 677.1 967.2 534.12 534.1 53.87 31443.4 30476.2
2004 171.9 1182 1238.9 1.6040 1.2677 1570.5 1860.5 1238.86 i 1238.9 58.87 72931.7| 710711
2005 171.9 1182 7303.3 1.6040 1.2677 9258.1 9548.2 7303.27 E 7303.3 53.87| 429943.6| 4203954
2006 1719 1182 17352.8 1.6040 1.2677 .21997.5| 22287.6 17352.75 . . 17352.8 53.87 | 1021556.4 | 999268 8
2007 171.9 1182 24934.0 1.6040 1.2677 ! 31607.9{ 31898.0 24933.98 ' ;| 24934.0 58.87 | 1467863.6 {1435965.6
2008 171.9 1182 40631.0 1.6040 1.2677} 51506.4! 51796.5 40630.98 i 40631.0 58.87 | 23919455 {2340149.0 "
2009 171.9 1182 54067.7 1.6040 1.2677 68539.7| 68829.8 54067.72 | 54067.7! 53.87 | 3182966.9 (31141371
2010 1719} 1182| 40202] 16040 128677! 811562 B14463 @ 6402024 || 640202] 53.87 | 3768871.5|3687425.2
2011 171.9 1182 73480.0 1.6040 1.2677 93148.0; 93438.1 73480.00 i ! 73480.0! 53.87 | 4325767.8 |4232329.7
2012 1718 118.2 73480.0 1.6040 12677 ; 93148.0{ 93438.1 73480.00 © 73480.0 53.87 | 4325767.8 |4232329.7 :
2013 171.9 1182 73480.0 1.6040 12677 93148.0, 93438.1 73480.00 3 . 734800 583.87 | 4325767.8 [4232329.7
2014 171.9 1182 73480.0 1.6040 1.2677 93148.0{ 93438.1 73480.00 M | 73480.0 58.87 | 4325767.8 (4232329.7
2015 1718 1182 73480.0 1.6040 1.2677 93148.0] 93438.1 73480.00 i { 73480.0 53.87 | 4325767.8 |4232329.7
2018 171.9 1182 73480.0 1.6040 1.2677 93148.0 93438.1 73480.00 73480.0 583.87 | 4325767.8 {4232329.7
2017 1719 1182 73480.0 1.6040 1.2677 93148.0| 93438.1 73480.00 73480.0 53.87 | 4325767.8 |14232329.7
2018 1719 1182 73480.0 1.6040 1.2677 93148.0] 93438.1 73480.00 73480.0 53.87 | 4325767.8 |14232329.7
2019 1718 1182 73480.0 1.6040 1.2677 93148.0 93438.1 73480.00 73480.0 53.87 | 4325767.8 |4232329.7
2020 1718 1182 73480.0 1.6040 1.2677 03148.01 93438.1 73480.00 73480.0 53.87 | 4325767.814232329.7
2021 171.9 1182 73480.0 1.6040 1.2677 03148.0| 93438.1 73480.00 73480.0 6§3.87 | 4325767.8 |4232329.7
2022 171.9 1182 73480.0 1.6040 1.2677 93148.0| * 93438.1 73480.00 73480.0 53.87 | 4325767.8 |4232329.7
2023 171.9 1182 73480.0 1.6040 1.2677 93148.0| 93438.1 73480.00 73480.0 53.87 | 4325767.8 |14232329.7
2024 1719 1182 73480.0 1.6040 1.2677 03148.0| 93438.1 73480.00 L 73480.0 53.87 | 4325767.8 |4232329.7
2025| —6445.1 - 1719 1182 73480.0 1.6040 1.2677 93148.0| 86993.0 73480.00 ) 73480.0 58.87 | 4325767.8 (4238774.8
TJotal | 107419 5906.5 42975 2055.0 - - - 1663559.7 | 16874608 - - - - 772552680 | 75567807 2
Economic Internal Rate of Return = 107.01% B

Notes : &/ Capital investment cost of western and eastern 500 kV transmission system for IPP.

b/ Probabilistic unserved energy calculated by using WIGPLAN .

¢/ Adopted from “Cost of an Outage Study* by EGAT's System Planning Department {October 1992).
g/ Adoptec from EGAT's Financial Projection (1995—2001) and assumed to be constant after 2001.

¢/ Incremental EUE.

Transmission System Planming Division
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Table 7.3

Calculation of EIRR of 500 kV Transmission System for IPP (Approach 2)

Unit :MTHB
Fiscal Cost Stream Benefit Stream Net
Year Capital Cost O&M Cost Cost of Energy Supply Power | Energy | Energy |Average Selling Price] Ravenue Benefit

Line ;Substaton} Line | Substation} Planned | Planned | Purchasing Frice] Cost toss Sale {THBAWH}
Power | Energy (THB/XxWh) of (GWh) (GWh) | Current 19395
Purchase| Purchase | Current | 1995 Supply Price Price
(MW) (GWh) Price Price .
1995 - - - - _
1996 19.4 3300 - - -340.4
1997 368.0 - - - ~368.0
1998 4195.1 70.1 - - —4265.2
1899 8681.6 1875.8 - - -10557 .4
2000{ 3099.8| 31059 a/ - : - -6205.5
2001 8233 524.7 1719 118.2 1400 4600.0{ 1.6040! 1.2677 5831.3 8.4 589 4541 .1 1.8478 1.4603 8631.6 -837.8
2002 - - 1719 118.2 28007 13800.0| 1.6040) 1.2677 174938 324 2271 ] 135729 1.8478 1.4603 19821.2 20373
2003 1719 118.2 3800 23330.0] 1.6040] 1.2677 29574.6 | 58.0 4065) 229235 1.8478 1.4603| 39476.2 3611.5
2004 171.9 118.2 48001 29900.0! 1.6040}| 1.2677 37903.2 95.0 6658 29234.2 1.8478 1.4603 42692.0 44987
2005 171.9 118.2 6800 39755.01 1.6040| 1.2677 50398.0 1346 9433 38811.7, 18478 1.4603 56678.4 599231

{ 2006 1719 1182 8800( 52895.0{ 1.6040! 1.2677! ©67053.1 2423 1 16983 511967 i 18478 14603 74764.8 742161

. 2007 1719 1182{ 10800{ 66035.0| 1.6040| 1.2677; 83710.2 2423 1698.3 64336.7§ 18478 1.4503 93953.7 9953 .4

| 2008 ‘r 1719 1182 12800| 79175.0; 1.6040 1.2677} 100367.3 3! 16983 77476.7 1.8478? 14603 1131426 124852

2009 | 1719 118.2, 14800 92315.0{ 1.6040 2 12677 117024.4 2423 1698.3! 908187, 1.8478 ' 1.4603| 1323315 15017.0 !
2010 ; 171.9! 1182 14B0D! 972400! 1.6040] 1426771’ 123267.7 2423 1698.3 95541.7: 18478 1.4603| 139523.7 15965.9 {
2011 171.91 11827 14800 97240.01 1.6040. 1.2677, 123267.7 2423 16983 955417 18478! 1.4603| 139523.7 159659
2012 1719 1182 14800 972400 1.6040| 1.2677 7 123267.7 2423 1698.3( 95541.7 1.8478 ‘. 1.4603| 139523.7 15965.9 |
2013 1719 1182 14800 97240.0] 1.6040; 1.2677: 123287.7 2423 1698.3! 95541.7 1.8478 146031 199523.7 15965.9
2014 1719 118.2] 14800| 97240.0| 1.6040| 1.2677 123267.7 2423 1698.3) 95541.7]  1.8478 1.4603) 139523.7 15965.9
2015 1719 118.2] 14800| 97240.0] 1.6040| 1.2677 123267.7 2423 16983 95541.7 1.8478 1.4603] 139523.7 15965.9
2016 171.9 118.27 14800| 97240.0| 1.6040} 1.2677| 123267.7 2423 1698.3] 95541.7 1.8478 1.4603| 139523.7 15965.9
2017 171.9 118.2] 14800( 87240.0{ 1.6040| 1.2677( 123267.7 2423 1698.3| 95541.7 1.8478 1.4603| 1399523.7 15965.9
2018 1719 118.2| 14800| 972400 1.6040| 1.2677| 123267.7 2423 1698.3] 955417 1.8478 1.4603| 139523.7 15965.9
2019 1719 118.2| 14800f 97240.0| 1.6040| 1.2677| 123267.7 2423 1698.3} 95541.7 1.8478 1.4603] 139523.7 15965.9
2020 1719 1182] 14800| 97240.0] 1.6040) 1.2677| 1232867.7 2423 1698.3] 95541.7 1.8478 1.4603) 139523.7 15965.9
2021 171.9 1182| 14800} 97240.0| 1.6040| 1.26877; 123267.7 2423 1698.3| 95541.7 1.8478 14603 139523.7 15965.9
2022 1719 1182 14800 97240.0] 1.6040| 1.2677{ 123287.7 2423 1698.3{ 95541.7 1.8478 14603 139523.7 15965.9
2023 171.9 118.2] 14800 97240.0( 1.6040( 1.2677{ 123267.7 2423 16983 95541.7 1.8478 1.4603| 139523.7 15965.9
2024 1719 1182 14800| 97240.0| 1.6040| 1.2877| 123267.7 2423 1698.3) 955417 1.8478 1.4603] 139523.7 15965.9
2025) -6445.1 - 1719 1182] 14800| 97240.0; 1.6040| 1.2677 123267.7 2423 1698.3| 955417 1.8478 14603 139523.7 22411.0

| Total | 107419 5906.5 4297.5 2055.0 - - = - 2481637 1 - - - - 2805874.2 300333.2

Economic Internal Rate of Return = 22.63%
Note: &/ Adopted from EGAT's Financial Projection (1995~ 2001) and assumed to be constant after 2001, Transmission System Planning Division
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7.2 Financial Internal Rate of Return Study (FIRR)

Apart from the intemal rate of return study based on the country's point of view,
the internal rate of return of the project based on EGAT's point of view is also conducted to
evaluate the financial viability of this project. According to the purpose of the project as
previously mentioned, the 500 kV transmission system project is proposed to transmit the
bulk power to EGAT's load center which is resulting in the increment of EGAT's energy
sale. So the financial intemnal rate of return (FIRR) which is EGAT's rate of return from this
project is made by comparing the total cost of the project with the benefit from the

incremental revenue.

7.2.1 Basic Assumptions

The financial internal rate of return study is performed based on the
assumptions similar to the Approach 2 of the EIRR study. But all casts are based on their
current values including import duties and taxes, interest during construction (IDC).

7.2.2 Sensitivity Study

The sensitivity study of the FIRR study is also conducted as done for the
EIRR study of which the assumptions are :

- The purchasing price from IPP is assumed to be increased by 5 and
10 %.

- The EGAT's average selling price is assumed to be decreased by 5 and
10 %.
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7.2.3 Results of the FIRR Study

The results of the base case and sensitivity study can be summarized as

follows :
FIRR (%)
a) Base Case 22.23
b) Sensitivity Study
- Purchasing Price
- Increased by 5 % 16.4]
- Increased by 10 % 725
- Capital Cost
~ Increased by 10 %o 2103
- Increased by 20 % 19.96
~ Increased by 30 % 19.60
- Average Selling Price -
- Decreased by 5 % 15.50
- Decreased by 10 % 324

It can be noticed from the results of the base case calculation of FIRR that the
project can generate the internal rate of return to EGAT's acceptable level while the
sensitivity study shows that the FIRR is not sensitive to the change of project's investment
cost but sensitive to the variation of the purchasing price and average selling price since the
10 % variation of these values can make the FIRR dropped below EGAT's acceptable level.
Details of the base case calculation of the FIRR is shown in Table 7.4.
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Table 7.4 .
Calculation of FIRR of 500 kV Transmission System for IPP

. o UmtoMTHB
Fiscal Cost Stream Benefit Stream B Net
Year Capital Cost O&M Cost Cost of Energy Supply Total Power | Energy | Energy |Average Selling Price] Revenue | Benefit
Line Substation Line Substation | Planned | Planned | Purchasing Price Cost Cost Loss Loss Sale (THB/AWH) |
Power | Energy | (THB/KWh) of . (Mw) (GWh) | (GWh) | Current T1 995
Purchase| Purchase | Current 1995 Supply Price Price
{(MW) {GWh) Price Price
1995 - - - - - -
1996 441 366.6 410.7 - — —-410.7
1997 4247 ] 38.8 463.5 § - - -4635
1998 48524 | 120.0 4972.4 N - - -4972.4
1999 114447 23527 13797.4 - - -13797.4
2000 4938.2 4228.2 a/ 9166.4 B - - -9166.4
2001 1055.4 604.2 227.6 154,2 1400 4600.0! 1.6040 1.2677 73784 94198 i 8.4 58.9 45411 1.8478 1.4603 8391.1 -1028.7
2002 - - 2276 154.2 2800 13800.0| 1.6040 1.2677 22135.2 22517.0 § 2.4 2271 1357291 © 1.8478 1.4603 25080.1 2563.1
2003 2276 154.2 3800 23330.0| 1.6040 1.2677 37421.3 37803.1 | 58.0 406.5| 229235 1.8478 1.4603 42358.1 45550
2004 227.6 154.2 4800 | 29900.0; 1.6040 1.2677 47959.6 48341.4 95.0 665.8( 29234.2 1.8478 1.4603 54019.0 56776
2005 227.6 154.2 6800 839755.0| 1.6040 1.2677 63767.0 64148.8 § 1346 943.3; 38811.7 1.8478 1.4603 71716.3 7567.5
2006 2276 154.2 8800 52895.0) 1.6040 1.2677 B4843.6 85225.4 242.3 1698.3{ 51196.7| . 1.8478 1.4603 94601.3 93759 |
2007 2276 1542( 10800| 66035.0{ 1.6040 1.2677 ! 105920.1; 106301.9 § 2423 1698.3| ©4336.7|  1.8478| 1.4603| 118881.4 ' 125794 1
| 2008 | ! 2276{ 1542 12800| 79175.0! 1.6040 1.2677. 126996.7| 1273785 § 2423 169831 77476.7 1.8478! 1.4603] 143161.4" 15782.9
I 2009 ! | 2276 154.21 14800 92315.0 t.6040 1.2677 148073.3| 148455.1 § 2423 1698.31 906167 1.8478 1.4603) 167441 5 18986.5
i 2010 ! 227.6 1542| 14800] 97240.0| 1.6040 1.2677 155973.0] 156354.8 2423 1698.3| 955417 1.8478 1.46803| 176542.0| 201872
| 2011 : 2276 154.21 14800| 97240.0| 1.6040 1.2677 155973.0| 156354.8 2423 1698.3 | 95541.7 1.8478 1.4603; 176542.0! 20187 2
! 2012 : 227.6 154.2] 14800] 972400 1.6040 1.2677 155973.0¢ 156354.8 ) 24283 1698.3| 95541.7 1.8478 1.4603| 176542.0 | 20187.2
[ 2013 i 227.6 154,21 14800| 972400 1.6040 1.2677 155973.0) 156354.8 § 2423 1698.3| 955417 1.8478 1.4603! 176542.0 , 20187.2
2014 2276 154.2) 14800} 97240.0| 1.6040 1.2677| 155973.0| 156354.8 § 242.3 1698.3| 95541.7 1.8478 1.4603| 176542.0! 20187.2 |
2015 2276 15421 14800| 97240.0; 1.6040 1.2677| 155973.0| 156354.8 | 2423 1698.3| 95541.7 18478 1.4603; 176542.0 20187.2 |
2016 2276 1542 14800 972400 1.6040 1.2677 155973.01 156354.8 @ 2423 169831 95541.7 t.8478 I 1.4603| 176542.0 20187.2 |
2017 227.6 1542 | 14800| 97240.0| 1.6040 1.2677 155973.0| 156354.8 § 242.3 1698.3 | 95541.7 1.8478 1.4603| 176542.0 201872
2018 2276 154.2| 14800} 97240.0| 1.6040 1.2677 155973.0| 156354.8 | 242.3 1698.3| 95541.7 1.8478 14603 176542.0 201872}
2019 227.6 154.2| 14800| 97240.0| 1.6040 1.2677 155973.0| 156354.8 ‘ 242.3 1698.3| 95541.7 1.8478 1.4603| 176542.0 20187.2 4
2020 2276 154.2| 14800| 97240.0] 1.6040 1.2677 155973.0! 156354.8 | 242.3 1698.3| 95541.7 1.8478 1.4603| 176542.0 20187.2
2021 2276 1542) 14800} 97240.0| 1.6040 1.2877 155973.0] 156354.8 § 2423 1698.31 95541.7 1.8478 1.4603| 176542.0 20187 2 |
2022 2276 1542 14800] 97240.0} 1.6040 1.2677 155973.0! 156354.8 ¢ 2423 16988.37 95541.7 1.8478 1.4603| 176542.0 20187.2 i
2023 227.6 1542{ 14800| 97240.0| 1.6040 1.2677 155973.0) 156354.8 | 2423 16983 | 955417 1.8478 1.4603) 176542.0 20187.2 ]
2024 227.6 1542 14800 97240.0( 1.6040 1.2677 155973.0| 156354.8 2423 1698.3| 95541.7 1.8478 14603 176542.0 201872 l
2025 | -8534.8 - 2276 154.2{ 14800] 97240.0| 1.6040 1.2677 155973.0| 147819.9 2423 1698.3| 95541.7 1.8478 1 .4603<\ 176542.0 | 287220
Towml | 142247 77105| 5690.0| 38550] -~ - - - 3140062.5] 317154281§ - - - - 1= 35503215 378778.8,

1

Financial {nternal Rate of Return =  22.23% - ‘1
Note: a/ Adopted from EGAT's Financial Projection (1995--2001) and assumed to be constant after 2001.

Transmission Systern Plarning Division
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8. SHUNT REACTOR SIZING

8.1 Objective and Method of Study

Two shunt reactors of equal magnitude are installed at each end of an extra high-
voltage transmission line to compensate for the Ferranti Effect. Ferranti Effect 1s a
phenomenon that the voltage at the receiving end of a long open-ended uncompensated
transmission line is higher than at the sending end for the steady-state condition. The

receiving-end voltage, Vgec, can be roughly calculated by the following expression :

Vrec = Vspay/cos B /
where [ is the line length and P is the phase factor, which is equal to approximately
7.2°/100 km. The longer the transmission line is, the higher the Ferranti Effect becomes.

In the study, the size of the shunt reactor to be installed at each end of the
transmission line is varied from 0-300 MVAr. The installation of shunt reactors has been
considered for the transmission lines which are longer than 150 km since the Ferranti Effect

on a shorter line 1s found to be nonsignificant.

- Shunt reactors can also reduce the overvoltage during energization of
transmission lines but the amount of surge reduction is small compared to other more
practical counter-measures. The study has been conducted with the computer software
developed by Manitoba HVDC Research Center. The use of the software is under a trial
agreement between Manitoba HVDC Research Center and EGAT.

8.2 Results of Study

The shunt reactor sizing study has been conducted for four 500 kV transmission

lines as follows :

1) Bang Saphan - Chom Bung
2) Wang Noi - Chom Bung
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3) Rayong 4 - Wang Noi
4) Rayong 4 - Nong Chok

The overvoltage during line energization of the Bang Saphan - Chom Bung has
been found to be 1.046 p.u. For the other 3 lines, the overvoltages are less than 3 %.
Nontheless, if shunt reactors were to be installed to compensate for the Ferranti Effect, the

following are the reactors which would reduce the receiving end voltages to 1.0 p.u.

1) 150 MVAr/phase for Bang Saphan - Chom Bung lines
2) 100 MVAr/phase for Wang Noi - Chom Bung lines

3) 105 MVAr/phase line Rayong 4 - Wang Noi lines

4) 82.5 MVAr/phase line Rayong 4 - Nong Chok lines

The results of the reactor sizing study are shown in Figure 8.1 to Figure 8.4. Samples of the

switching transients for the Bang Saphan - Chom Bung lines are also shown in Figure 8.5

to Figure 8.7.
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FIGURE 8.2

REACTOR SIZING FOR WANG NOI - CHOM BUNG LINES
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Appendix 1

Page 1
Substation Load Forecast of Metropolitan Area
COINCIDENT
3 UNIT : MW
ACTUAI. ; FORECAST
SUBSTATION 1994 | 1997 | 1998 | 1999 | 2001 | 2006 |- 2011
(2537) | (2540) | (2541) | (2542) | (2544) | (2549) | (2554)
BANG KAPI 69 KV 61740| 56503 S4334| S570.01| 599.06| 72431| 76374
BANG KAPI 230 KV (CL) 421.80| 34821 34525| 35543( 387.49| 28251 27050
BANG KAPI 230 KV (KT) 006] 000/ 000] 000] 37741 629.52|  666.80
BANG PHLI 69 KV 301.00| 17555 19701| 202.83| 21355| 32122|  358.09
BANG PHLI 115KV 331.70| 509.31| 39478 36897 424.06| 34209  359.13
BANGKOK NOI 69 KV 415.60| 35526 41723 42896 47512| 39517| 44052
BANGKOK NOI 115 KV 000| s5085| 5093 6697 9770| 30308] 3427
CHAENG WATTANA 115KV 000] 249.35| 34060| 46398 670.74| 65661| 72073
LAT PHRAO 69 KV 57400 536.86| 60501| 60601 42013| 71404| 73080
NONG CHOK 115KV 760] 22.58) 18880| 20820| 20972| 33443| 45058
NORTH BANGKOK 69 KV 391.85| - 494.67| 502.39| 55826| 548.94| 498.65| 53440
NORTH BANGKOK 230 KV 000{ 000/ 000| 000 000 51072 1,025.00
ON~-NUCH 230KV 000]  DOO| 178.84] 247.02| 296.83| 54474| 80432
ON~NUCH 230 KV (PK) 000| o000| o000 o000 o000 o000] 67938
RANGSIT 69 KV 20570 27545 28202( 26445| 209.87| 368.51|  367.11
RANGSIT 115KV 9290| 13620 137.66| 177.44| 25922| 27581| 28526
RATCHADA PHISEK 69 KV 000| 35465 36599 394.85| 35567| 34667  359.80
RATCHADA PHISEK 115 KV 000f 000/ 000 000 000 11588  313.06
SAI NOI 115KV 000 2529| 2753 2832| 131.32] 30677| 34197
SOUTH BANGKOK 69 KV 62020| 49582 -517.92| 52850| 607.02| 63086 70327
SOUTH BANGKOK 115 KV 269.60 | 26220| 19849| 187.66| 24472 19698|  164.05
SOUTH THONBURI 69 KV 33540| 374.52| 372.60| 40507| 462.68| 46360|  455.63
SOUTH THONBURI 230 KV 000| 44666 549.56| 60843| 72632 1,08894| 155344
TEPARAK 69 KV 000 180.77| 20533| 221.07| 207.16] 25628|  351.78
TEPARAK 115KV 000| 15586| 248.52| 281.50| 30532 33542 373N
TOTAL 4,754.75| 6,205.09| 6,669.80| 7,174.03 | 8290.05|10,642.81 | 13,416.00
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Substation Load Forecast of Central Area

Appendix_1
Page 2

NON-COINCIDENT

UNIT : MW
SUBSTATION A%&%\L lel;;'llxn 1998 1999 2001 2006 2011

(2537) | (2540) | (2541) | (2542) | (2544) | (2549) | (2554)

ANGTHONG 1 14.31 14.63 14.75 i4.89 1519 16.21 17.68
ANGTHONG 1 (69KV) 0.00 10.20 10.20 10.20 10.20 10.20 10.20
ANGTHONG 2 25.69; - 38.80 42.72 46.79 55.44 80.22{ 112.36
AYUTTHAYA 1 53.76 38.80 42.56 46.59 5546 8281 11822
AYUTTHAYA?2 13.38 18.52 20.32 22.24 26.47 39.53 56.42
BANG PA-IN 1 39.12 44.36 48.57 53.03 62.79 9274, 132.04
BANG PA-IN1(115KV) 25.49 36.68 40.50 44.44 52.88 77.81| 10549
BANG PA-IN2 17840| 327.14| 35560 381.54| 43569 581.82; 744.03
CHAIBADAN 2448 16.10 17.46 18.75 21.19 27.02 33.59
DOEMBANG NANGBUAT 21.58 32.93 35.26 37.69 42.92 58.66 79.50
LOPBURI1 36.70 29.80 31.93 34.13 38.73 51.86 68.37
LOPBURI2 - 19.03 2844 3047 32.56 36.96 49.49 65.25
'LOP BURI 2 (115KV) 0.00 12.20 13.75 15.30 15.30 15.30 15.30
NAKHON NAYOK 24.58 19.74 21.49 23.31 27.21 38.77 5342
PHRAPHUTTHABAT 36.10 50.52 56.07 61.78 73.68| 107.39| 152.17
RANGSIT (69 KV) 213.46| 264.08| 286.05| 30795 353.07| 491.36| 679.59
RANGSIT (115KV) 219.74| 264.08| 286.05| 30795 353.07| 491.36| 679.59
SAINOI (115KV) 0.00 55.58 §59.97 64.63 74.86| 10699 151.58
SARABURI 1 44.40 52.57 57.15 61.96 7251 10586 152.82
SARABURI 2 3585). 2553 27.93 30.44 35.88 52.58 75.75
SARABURI 2 (115 KV) 179.23| 25529 298.11| 331.84| 361.74| 370.26] 382.33
SARABURI 3 96.06 95.00 95.00 95.00 95.00 95.00 95.00
SARABURI 4 35.96 63.62 68.28 73.25 84.23) 118.95| 168.00
SARABURI 4 (115KV) 11.82 18.30 18.30 18.30 18.30 18.30 18.30
SINGBURI 33.50 33.95 36.47 39.04 44.26 58.84 77.11
SINGBURI (115KV) 0.00 16.00 16.00 16.00 16.00 16.00 16.00
SUPHAN BURI 43.88 31.12 33.84 36.72 43.04 62.79 90.17
THALAN 1 26.38 3579 3753 39.34 43.18 54.11 67.10
THALAN 1 (115KV) 95.94 10.10 10.10 10.10 10.10 10.10 10.10
THALAN 3 (115KV) 0.00{ 263.03| 276.70| 289.35| 31296| 372.82| 436.46
THALAN 1 (CEMENT) 57.82 60.00 60.00 60.00 60.00 60.00 60.00
THALAN 2 (STEEL) 5336 11500 11500 11500 11500 11500] 115.00
PHACHI (VOA) 245 2.50 2.50 2.50 2.50 2.50 2.50
TOTAL 1,662.47] 2,380.40| 2,566.63| 2,742.61 3,065.81| 3,932.65| 5,041.44
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ubstation Load Forecast of Eastern Area
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NON-~COINCIDENT

S — UNIT : MW 4
ACTUAL | FORECAST
SUBSTATION 1994 . 1997 1998 1999 2001 2006 2011
(2537) | (2540) | (2541) | (2542) | (2544) | (2549) | (2554)

AQ PHAI 2935 12.40 1335 14.36 16.67 23.88 33.83
AOPHAI (115KV) 5360| 173.26| 18785| 199.94| 22627 30579 41261
BAN BUNG 49.62 58.01 65.07 72.53 88.95) 139.99| 20715
BAN BUNG (115KV) 0.00 21.87 27.98 29.86 29.86 29.86 29.86
BANG LAMUNG 55.69 66.21 71.78 77.68 90.55| 13041 18527
| BANG LAMUNG (115KV) 28.27 43.69 47.36 51.25 59.75 86.05| 12225
BOWIN (115KV) 6420 169.70| 181.61] 192.22| 209.84| 256.97| 291.77
CHACHOENGSAO 98.84 62.28 68.23 74.41 87.64| 127.83| 18174
CHACHOENGSAO (115KV) 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CHANTHABUR] 65.08 5173 56.41 61.30 71.85| 104.65| 149.95

CHANTHABURI (115 KV) 0.00 49.24 53.57 58.10 67.91 98.36| 140.37 |
CHOM THIEN 23.64 3348 35.65 37.94 42.96 58.47 79.83
CHON BURI 76.64 3122 33.90 36.72 4285| 61.62 87.11
KHLONG MAI (115KV) 12000 23845 257.11] 276.57) 31717 43835 605.12
KLAENG 38.84 30.18 3253 35.01 4045 57.28 80.36
PRACHIN BURI 1 53.56 28.91 30.96 33.16 38.02 5347 75.06
PRACHIN BURI 2 0.00 9.47 10.14 10.86 1245 17.51 24.58
PRACHIN BURI 2 (115 KV) 000} 11556] 139.12] 15780 199.60| 30045| 388.56
RAYONG 1 . 45.14 44.49 49.07 53.86 64.13 94981 137.77
RAYONG 1 (115KV) 44.64 0.00 0.00 0.00 0.00 0.00 0.00
RAYONG 2 23.09 26.59 28,61 30.75 3543 49.75 68.98
RAYONG 2 (115KV) 9201 40279 46342| 48562) S51449| 57215 634.51
RAYONG 3 50.60 4224 46.80 51.38 61.02 90.78] 13227
SI RACHA 2844 32.44 3447 36.58 41.16 55.26 74.28
TRAT 26.50 259 27.36 28.85 32.00 40.97 51.92
TRAT (115KV) 000 6.16 6.50 6.86 7.60 9.74 12.34
WATTHANA NAKHON 29.66 2717 2943 31.80 36.98 52.95 74.74
WATTHANA NAKHON (115KV) .00 13.35 14.46 15.62 18.17 26.01 36.71
AO PHAI (THAI OIL) ‘ 42.64 50.00 50.00 50.00 50.00 50.00 50.00
AO PHAI (ESSO CO. PLANT) 731 3.80 3.80 3.80 3.8 3.80 3.80
SATTAHIP 1 (DIR) 8.27 10.00 10.00 10.00 1000 10.00 10.00
SATTAHIP 2 (DIR) 22.69 31.96 34.89 37.86 43,96 5752 69.77
TOTAL 1,178.32 | 1,912.56| 2,11143} 2,262.69 | 2,561.53 | 3,404.85| 4,452.51
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Appendix 1
Page 4

NON-COINCIDENT

UNIT : MW
ACTUAL | FORECAST
SUBSTATION 1994 1997 1998 1999 2001 2006 2011
(2537) | (2540) | (2541) | (2542) | (2544) | (2549) | (2554)

BANPONG 1 91.60| S0.36| 5532 60.37| 7079 100.62] 140.96
BANPONG 2 66.16| 34.53| 3553 3661| 3899| 4665| 5753
BANPONG 2 (115 KV) 000| 4926] 5077| 5238 5596 6745 83717
BANG SAPHAN 4700 1716| 1860 2007| 2306| 2617 4117
BANG SAPHAN (115KV) 000, 13500{ 13500 13500| 13500 13500| 135.00
CHA AM 4084 3522] 3807 4094| 4688 62.84| 8222
HUA HIN 000 2997| 3236| 34.78] 3983 5402{ 71.57
KAMPHAENG SAEN 3071 4044| 4353 4684 5417 7773 11126
KAMPHAENG SAEN (115KV) 26.81 0.00 0.00 0.00 0.00 0.00 0.00
KANCHANABURI 4348 59.03| 63.18| 67.55| 77.06| 106.17| 145.60
KANGKRACHAN 0.00 0.00 0.00 000; . Q.00 0.00 0.00
KHAO LAEM 4.83 5.00 5.17 5.35 571 6.76 8.06
NAKHON CHAISI 12474 117.19| 12674 13691 159.25| 22908| 325.83
PHETCHABURI 30.76{ 42.89| 4634 4986| 5714 7626| 9638
PRACHUAP KHIRI KHAN 2620 2015 2184 2356 27.07| 3664 48.33
PRANBURI 2566| 17.63| 1901| 2043| 2340| 3205 4290
RATCHABURI 1 21.54| 3190 3434| 3685 4213 5680 7344
RATCHABURI 2 3356| 2613 2864| 31.20| 3647 5035 66.70
RATCHABURI 2 (115KV) 000/ 6046| 6616] 71.99| 84.67| 117.84{ 161.67
SAM PHRAN 1 11330 8279 8931{ 9629 111.70| 160.88| 231.02
SAM PHRAN 1 (115KV) 000| 29122 314.26{ 33857 39144 55534 784.40
SAM PHRAN 2 87.84| 7568| 81.74| 8820 102.50| 148.02] 212.88
SAMUT SAKHON 1 8780 5316 5775 62.66{ 73.53| 108.09| 157.08
SAMUT SAKHON 2 7376 103.87| 11270 12209 142.79| 20820] 300.07
SAMUT SAKHON 2 (115KV) 12920  261S| 2997 3408 4312 7000] 103.54
SAMUT SAKHON 3 82.12| 6948 7538 81.68| 9559| 139.60| 201.53
SAMUT SONGKHRAM 3616 2565 27.58| 29.58| 3385 4636 6248
SRINAGARIND 0.60 0.69 0.74 0.79 0.89 116 149
THA MUANG (PEA) 2856 3117 3322| 3540 4020{ 5521 7575
TOTAL 1,136.95| 1,532.18| 1,64325| 1,760.03| 2,013.19| 2,77529 | 3,822.63
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Substation Load Forecast of Northeastern Area
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NON-COINCIDENT

e UNIT: MW
ACTUAL | FORECAST T
SUBSTATION 1994 1997 1998 1995 2001 2006 2011
| (2537) | (2540) | (2541) | (2542) | (2544) | (2549) | (2554)
AMNAT CHAROEN 0.00 17.41 18.85 2032 2340 3221 4225
BAN PHAI 16.88 24.66 26.69 28.80 33.33 46.94 65.35
BAMNET NARONG 0.00 0.00 36.80 38.10 40.80 4779 55.40
BUNG KAN 15.96 10.96 11.78 1262 14.39 19.19 24.76
BURI RAM 55.88 20.52 29 2334 26.19 34.08 4382
CHAIYAPHUM 37.68 40.66 36.80 .75 44.51 60.29 80.74
CHAIYAPHUM (115 KV) 0.00 5.81 6.22 6.64 7.55 10,20 13.56
CHULABHORN .00 0.15 0.16 0.18 0.21 0.31 043
CHUM PHAE 3747 39.34 2.2 45.19 51.44 68.92 89.26
KALASIN 36.80 29.23 31.28 3339 37.88 50.23 64.80
KANTARALAK 0.00 0.00 19.90 2170 2530 35.60 4545
KHONG , 2820 24.29 26.74 29.26 34.54 4978 69.40
KHONG (115 KV) 0.00 34.65 39.29 40.70 43.59 51.52 60.92
KHON KAEN 1 4896 61.84 66.70 7179 8261 113.30 148.90
KHON KAEN 2 25.12 2.5 35.07 37175 43.44 59.57 78.29
LOEI 33,44 23.15 24.93 26.75 30.40 40.69 5291
LOEI (115 KV) 0.00 8.62 9.29 9.96 11.35 1516 19.71
MAHA SARAKHAM 37.24 36.33 38.57 "40.87 45.69 59.48 76.66
MUKDAHAN (PEA) 18.54 24.03 26.22 28,46 33.07 45.74 60.15
NAKHON PHANOM (PEA) 15.18 19.58 21.10 2272 2627 37.37 52.50
NAKHON RATCHASIMA 1 75.95 28.92 43.17 4558 50.49 61.97 80.43
NAKHON RATCHASIMA 2 44,00 59.40] 4317 4558 50.49 61.97 80.43
NAKHON RATCHASIMA 2 (115 KV) 3.60 58.91 66.73 73.88 85.63 12335 165.65
NAM PHONG 25.31 27 24.67 26.65 30.72 41.87 55.36
NAM PHONG (115 KV) 19.43 40.30 4143 42.59 4498 51.58 59.30
NAM PHUNG 2.64 4.03 4.49 4.96 597 9.10 1343
NONG BUA LAM PHU 0.00 3043 3259 34.79 39.30 51.82 66.52
NONG HAN 14.02 17.54 18.67 19.83 2224 28.64 36.81
NONG HAN (115 KV) 6.45 '8.50 8.50 8.50 8.50 8.50 8.50
NONG KHAI 27.10 3567 38.57 41.64 48.24 68,31 94.83
PAK CHONG 34.48 43.68 46.84 50.13 5713 T7.45 10292
PHAYAKKHAPHUM PHISAI 0.00 25.41 27.11 28.85 3240 4232 54.57
PHAYAKKHAPHUM PHISAI (115 KV) 0.00 12.75 13.60 14.46 16.18 20.89 26.68
PHANG KHON 20.36 2292 24.53 26.23 29.86 40.51 53.62
PHANG KHON (115 KV) 0.00 731 7.85 8.42 9.60 12,79 16.51
PHON 19.88 2602 27.96 20.99 34.36 4703 62.04
PHON THONG 0.00 19.82 21.28 2270 25.86 34.62 45.03
PRAKHON CHAI 0.00 30.78 32.88 35.01 39.29 S1.11 65.73
ROIET 40.76 5735 61.84 64.67 74.43 10193 13420
SAKHON NAKHON 25.30 3328 35.98 3886 4521 65.09 92.64
SANGKHA 0.00 0.00 1530 16.80 20.00 28.80 35.90
SISAKET 49.40 5413 3625 38.87 44.86 63.11 87.01
SIKHU} 35.20 an 43.00 45.56 51.04 67.27 87.96
SIRINDHORN 861 10.94 11.85 12.78 14.65 19.72 25.78
SOMDET 20.80 2082 2254 24.30 2795 38.14 50.66
SURIN 52.80 51.01 42.16 44.38 4870 60.51 74.79
THAT PHANOM 10.52 1224 1320 14.19 16.31 275 31.43
UBON RATCHATHANI 1 19.80 50.33 53.67 57.14 64.47 85.32 11133
UBON RATCHATHANI 2 23,68 15.64 16.76 17.93 2043 27.66 36.58
UBON RATCHATHANI 2 (115 KV) 0.00 2276 24.38 26.05 29.56 39.45 51.55
UDON THANI 1 51.52 3584 38.10 40.40 45.14 58.09 7314
UDON THANI 2 26.88 35.85 38.10 40.40 45.14 58.09 73.14
UDON THANI 2 (115 KV) 0.00 491 522 5.53 6.18 7.96 10.02
YASOTHON 37.84 20.65 32.09 34.60 39.84 54.84 71.94
MUKDAHAN (SUVANNAKHET) 7.30 197 8.35 8™ 949 1125 12.88
NAKHON PHANOM (THAKHEK) 420 505 528 545 5.85 6.85 7.85
TOTAL L4518 143932 1,56861( 167472 1896.45| 252903 330642
U —
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Substation Load Forecast of Southern Area

NON-COINCIDENT

UNIT : MW
ACTUAL | FORECAST
SUBSTATICN 1994 | 1957 | 1998 | 1899 | 2001 | 2006 | 20u
(2537) | (2540) | (2541) | (2542) | (2544) | (2549) | (2554)" |
BAN DON 5236 4242| 4534| 4861| 5545 7439 9520
BANG LANG 5.92 866| 940 1015 11.66| 1574  20.54
CHUMPHON 4372| 4673 5074 5507|6433  90.18| 12079
HAT YAI 1 5304| 4476| 4841| 5216 5995 81.80| 10840
HAT YAI 2 3880 36.62| 3961 4267 4904 6693| 8869
HAT YAI 2 (115KV) 000 4409 5715 6661 8507 11275 13658
KAENG KRUNG 0.00 395 434 476| 563 790| 1022
KHANOM 3024| 33.84| 3644| 39.0{ 44.67| 6099| 8137
KHOK KLOI 0.00 536| 705 833| 935/ 984 984
KRABI 1986 15.12| 1630| 1748 1990} 2662 3391
KRABI (115 KV) 000 1233 1342| 1453 1679 2290| 2978
LANG SUAN 000| 11.68| 1269 13.77| 1608 2255 3020
LAM POO RA 4370 2560 2763 2975| 3417 4601 5882
LAM POO RA (115KV) 000 3129| 3377| 3636| 4177 5623 7188
NAKHON SI THAMMARAT 66.56| 67.82] 7331 7890 9035| 12177 160.16
NAKHON SI THAMMARAT (115KV) 000 1913 2068| 2226| 2549| 3435 4517
NARATHIWAT 31.80| 1756| 1889| 2028 2319 31.38|  40.66
PATTANI 36.68| 5752 6138 6533| 7360 97.00| 12528
PHANGNGA 1580 1065| 11.65| 1273 1477| 2046| 2717
PHANGNGA (115KV) 0.00 456 499 545| 633 877| 1165
PHATTHALUNG 2486| 3281 3553 3826| 4379 5859 7653
PHUKET 1 4400| 4005 4337| 46.84| 5425| 7653 10576
PHUKET 2 4274 3973 4302 4647] 5382 7592 10492
PHUKET 2 (115KV) 000 3929| 4255 4596 5323 7509 10377
PHUNPHIN 1960 2895| 31.85| 34.87| 4123 57.93| 7498
RANONG 2630 2568| 2828 3100 3678 5320 7260
RANONG (115 KV) 000! 1937| 2133| 2338 2775 4013 5477
RANOT 000| 2335| 2517| 2703 3091| 4193 5544
RAJJAPRABHA 2.75 363 401 439 521 745  10.12
SADAO 1431 1887 2026| 21.68] 2475| 3421 46.89
SATUN 2066 2872 3179 3497 4188 60.13| 8052
SONGKHLA 6408| 63.14| 6804 7309| 83.58| 11336 149.88
SUNGAI KOLOK 0.00| 2634 2834| 3042 3477 4707 6099
TAKUA PA 192 1330| 1423 1519 1723| 2327 3091
YALA 3034| 3760 4050| 4355 5007| 69.58| 94.62
THUNG SONG (PEA) 2700| 3391| 3629| 3870| 4365| 57.80| 74.67
THUNG SONG (PEA 115KV) 000 1558 1677 1798| 2050 2752] 3521
SADAO TO TNB 0.00 000] 000 000 000 0.00| 000
THUNG SONG (CEMENT) 3204| 7850 7850 7850 7850| 78.50| 7850
TOTAL 799.08 | 1,108.21| 1,203.02| 1,296.58 | 1,489.49 | 2,006.77 | 2,617.39
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Substation Load Forecast of Northern Area
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Page 7

NON-COINCIDENT

UNIT: MW
ACTUAL FORBCAST
SUBSTATION 1994 1997 1998 1999 2001 2006 2011
(2537) | (2540) | (2541) | (2542) | (2544) (2549) | (2554)

BANG MUN NAK 0.00 34.00 36.65 .34 487 60.36 79.64
BUNG SAM PHAN 0.00 2293 24.69 26.40 29.66 37.51 46.09
CHIANG MAI 1 $B.80 47.00 1391 36.85 4354 65.58 90.711
CHIANG MAI 2 58.80 4700 3391 36.85 43.54 65.58 90.71
CHIANG MAI 3 54.56 4742 50.90 54.57 62.51 85.73 11347
CHIANG MAI 3 (115 KV) 0.00 80.80 86.56 92.64 105.80 144.47 190.28
CHIANG RAI 81.78 65.93 70.78 75.84 86.62 117.49 154.01
CHIANG RAI (115 KV) 0.00 16.00 1692 17.87 19.86 25.45 31.82
CHOM THONG 23.40 2721 29.26 31.29 3547 45.94 56.60
CHOM THONG (115 KV) 0.00 8.13 8.74 9.35 10.59 13.72 16.91
KAMPHANGPHET 24.42 36.91 40.51 44.30 5262 79.30 116.53
LAMPANG 1 34.68 30.23 3215 34.18 38.57 5175 68.65
LAMPANG 2 2530 29.05 30.89 3284 3705 49.72 65.96
LAMPANG 2 (115 KV) 0.00 40.00 40.00 40.00 80.00 80.00 80.00
LAMPHUN i 13.66 21.29 23.80 26.40 31.83 46.84 62.69
LAMPHUN 2 49.04 3104 41.40 4592 5538 81.49 109.06
LAMPHUN 2 (115 KV) 0.00 317 35.54 30.41 4753 69.94 93.60
LAN KRABU 7.31 12.91 14.38 15.80 19.01 27.52 38.04
LOM SAK 15.72 15.05 1599 16.95 18.96 24.64 3161
LOM SAX (115 Xv) 0.00 4.59 493 s8] 598 796 1032
MAE CHAN 0.00 23.02 24.72 26,49 3028 4103 53.78
MAE SOT 0.00 20.20 21.97 23.78 27.63 39.99 54.01
MAE TAENG 0.00 0.00 34.40 37.20 42,60 55.70 68.82
MANOROM .04 30.33 32.76 35.17 39.95 $2.19 66.15
MANOROM (115 KV) 0.00 23.83 25.74 27.63 1w 41.01 5198
NAKHON SAWAN 58.16 .01 3424 36.50 4101 53.13 67.19
NAKHON SAWAN (115 KV) 0.00 26.05 27.87 297 3340 4324 54.69
NAN 25.42 21.43 23.13 24.94 28.91 4131 58.26
NAN (115KV) 0.00 10.55 11.39 12.28 144 20.36 28.70
PHAYAO 48,68 44.13 46.62 49.17 54.53 69.76 88.60
PHETCHABUN 28.08 30,30 3242 34.49 38.54 4835 58.72
PHICHIT 224 3922 4258 46.00 53.15 73.85 100.75
PHITSANULOK 1 $3.84 47.00 $0.35 53.85 61.34 8331 111.01
PHITSANULOK 2 891 11.19 1194 1n 14.38 19.16 25.07
PHITSANULOK 2 (115 KV) 0.00 19.20 20.57 22.00 25.06 34.03 4534
PHRAE 37.24 33.58 36.11 38.70 43.96 58.69 75.38
PHRAE (115 KV) 0.00 13.06 14.04 15.05 17.10 283 29.31
SALOKBAT 17.72 2045 313.07 35.66 40.84 54.67 71.52
SAM NGAO (BHUMIBOL) 1.94 223 242 2.62 301 405 5.30
SAWAN KHALOK 1746 21.61 2335 25.11 28.76 39.12 21
SIRIKIT 267 4.18 452 487 5.8 7.60 1021
SUKHOTHAI 19.78 28.34 30.19 3210 36.15 47.68 61.72
TAK 1 31.43 21.88 23.80 251 2993 42.24 58.51
TAK 2 (PEA) 0.00 0.10 0.10 0.10 0.10 0.10 0.10
TAKHLI 2 (PEA) 12.17 15.89 17.02 18.17 20.59 2134 uN
THA TAKO 10.07 16.84 18.28 19.69 2245 29.09 36.36
THOEN 6.85 6.88 728 770 8.59 11.14 14.19
THOENG 0.00 1828 19.46 2072 2337 30.96 40.08
UTTARADIT 072 42.34 4495 4768 5351 70.83 93.07
TAK 2 (PADAENG CO. PLANT) 3878 40.00 40.00 40.00 40.00 40.00 40.00
TAKHLI 1 (CEMENT) 11.82 13.00 13.00 13.00 13.00 13.00 13.00
OTHER (CONSTRUCTION PROJECT) 72.60 135.00 176.00 125.00 148.00 165.00 143.00
TOTAL 106109 | 1477.37] 161620 166604 194071| 256175 3,259.20
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APPENDIX 2

POWER FLOW DIAGRAMS
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SYSTEM 2001
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o3¢
3y

7z aded

LIGHT LOAD
System Planning Dept., Load Jun 84, PDP 95 - 01 Light Load | 1PPs in the western area
500 KV Transmission System Project For IPPs 2001 (With 2x 700 MW at Bang Saphan 2 and 500 kv Bang Saphan 2-Chom Bung 4 ccts. ) CASE LF-LOtW
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SYSTEM

2002

PEAK LOAD
2 System Planning Dept., Load Jun 84, PDP 95 -C1 Peak Load IPPs in the western area ) CASE LF - PO2W
\%. 94 500 KV Transmission System Project For IPPs 2002 (With 4 x 700 MW at Bang Saphan 2 and 500 kv Bang Saphan 2 - Chom Bung 4 ccts. )
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SYSTEM 2002
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~ WVwTNMIA

System Planning Dept., Load Jun 94, PDP 95-01
800 KV Transmission System Project For IPPs

IPPs in the westem area
{With 4 x 700 MW at Bang Saphan 2 and 800 kv Bang Saphan 2 - Chom Bung 4 ciéts.)

CASE LF - Lo2W
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SYSTEM 2003

SE-7.17

¢ XTpuaday

PEAK LOAD
. Peak Load | 1PPs in the westenarea {With 4 x 700+ 1,000 MW at Bang Saphan 2 -
SOOKY anemisson Sysem rject For 1P 2003 and 800 kv Bang Saphan 2- Chom Bung 4 ccts.) CASE LF - PO3W
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SYSTEM 2003
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LIGHT LOAD ravons
System Planning Dept., Load Jun 94, PDP 85 - 01 L|ght Load 1PPs in the western area ( With 4 x 700 + 1,000 MW st Bang Saphan 2 CASE LF - LO3W
500 KV Transmission System Project For iPPs 2003 and 500 kv Bang Saphan 2- Chom Bung 4 ccts.)
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SYSTEM

2004

L 98eg

PEAK LOAD
3 _System Planning Dept., Load Jun 84, PDP 95 - 0% Peak Load | 1PPs in the western area (wm{u 700 + 2 x 1,000 MW at Bang Saphan 2 ) CASE LF - PO4W - 1
500 KV Transmission System Project For IPPs 2004 and 500 kv Bang Saphan 2- Chom Bung 4 ccts. )
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LIGHT LOAD

System Planning Dept.,Load Jun 94, PDP 935 - 01 Light Load | IPPs in the western area (With 4 x 700 +2x 1,000 MW at Bang Saphan 2 3 .
@ 800KV Transmission System Project For IPPs A 2004 and 500 kv Bang Saphan 2- Chom Bung 4 ccts. ) CASE LF -Loaw -1
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SYSTEM PLANNING [EPT. PDP95 ,LIGHT 2002
1PP AT THE WESTEFN AREA (200 MW)

LINE TO GROUND FAULT AT CBG ON 500KV CBG-WNO 2 LINES
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SYSTEM PLANNING DEPT. PDPYS ,PEAK 2003
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3 PHASE FAULT AT BSPZ ON 500KV BSPZ-CBG LINE

[£% | OPEN FAULT LINE 4 CYCLES
FILB: PO3W
[150760 * - ST > Iis0.0 )
L _CHNL® 13: [ANG:BPE T1)
[158.% W oT X 350 |
] CHNLE 13: [ANG:MM3 T§)
115000 -—— - =% -15¢.0 |
{ ___CHNLS 10: [ANG:XN 611} :
[150.08 TSI - ~150.0
| _ CHNLY 1: (ANG:SB T3] .{
['150.00 — = =% -150.0
| CHNLS 25: [ANG:WIP U1)
150,00 g 1560
L o
1 i 1 ¥ I -1 T 77 1 3
1 4 1 >
1 “ ‘ ) -
- ! 3
: AN -
; " 1 o
: M !
B : g\ t N
t t 3
; o !
! H )
' X i H
' ‘l X g
1 -t
= : . .\ ; -
B ' o :
t "\ | B
; . ) g
] i ' 8
r" ] .. \ e
: k:\ §
L_ H x/ !
; N\ } N
¢ :‘ :o
= : J}' : __§
. ~n
~\ :\
;' L} 7/
B v < 7
Y B ~
, .
! ! ! —r Lyt ‘] | e

5.0000 7.0000 9.000
TIME (SECONDS)

3.0000

1.0000

16:43

ANGLE

FRI. AUG 11 1995

1 SYSTEM PLANNING DEPT. pnpssaépzAx 2003

IPP AT THE WESTERN AREA (3800 Mw)
3 PHASE FAULT AT BSP2 (N 500KV BSP2-CBG LINE

i ™1 OPEN FAULT LINE 4 CYCLES PILE: DO3W
I’ﬁﬁo’ — Ei2 S — - = = o.a’iioo—|
ﬁjwo . CHNLP 36: [V:200KV SRT] — - _ﬁﬁﬁ74
{1.3000 ———— = 0.30000
Fﬁﬁi CEMLO 28: [V:5Q0KV M43 N—— - mﬁﬁ?4
[i73000 SR 32: [V 500kV CBG) — = —nm'io—l
hﬁﬁo CHNLS 31; {V;SOOKV BsP3] S— mﬁﬁr4
T T T T 1 ] T g
= -
3 g
*
i ag i
: -
(-3
- §§ 2
: sg
B ;5; LW
% H
- ; H
Y Hak
s 23
- £28H
Q H
™ 9 § ma G
e N
‘ 3
{ 1 ! l } | :

VOLTAGE

AUG 11 1995 16:43

FRI,

5.0000
TIME (SECONDS)

-137-

1.0000

CASE TS - PO3W- 1




=8¢ -

€ - ME0d -

d0VLI0N (SaNooaS) FWIL
PP:i9T  G66T TT HAV ‘I¥4 ood
0000° 6 0000°¢L 0000°'S oooo°t 00001
—_— —— —— .‘aae.o« 00008 00009 0000° % 0000° ¢ 0°'0
T ek bRl I T 1T T 1 1T T 1
m m m m m m . (z-u A>uabpuoa) $3145 g pus ¢ uj au); Ynes uado £002
m 2 [l R | oa0-zdsa A 00g uo zdsa I8 ynej punoib oy aul ybuis
P r PP P~ ( MINLOOOL +00LXP YHM ) EaIR WISEM U Ul Sdd QvO1 Hv3d ||
A b3 + . A
1 . _ 1
' . 1]
s . 1 ] _ d . —
S O [ T
0 1 X | :
2 N C
m A x i & | _
o~
i 4 4 r .
4 4 . =
. “HRY & 3 8
S gElR g d ¢
S_SERY 2 S
SR -84 o ¥ 8 4 2
RoBunl ) . N
- MP | o -
[ o i
["aloal- " X3 - -l
2 4ty - 7
g.m B
Beeso b m o
.mam
&
e
dz5<
25et
mmmu
o B
S - -
Bass
nesl
o E=lel] - _
H. (=3 =3 < =l =3 -
HE - R
& PR PR R a.._m
(1 Nl L A o I { | | i 1 | i
HTONVY (SANODHS) ARIL
PP:9T S66T IT oN¥ ‘I1dd
0000° & 0000°¢ 0000°S 0aoo0°¢ 0000° Y
— —— _ lllJ‘cuc.oq oo00' 8 00009 0000 P 00002 oo
L LETETLRTE I T | | | ! f
g kB ls g 1B Is
IR A A A A
A 33 + 0] .
1 . ) 1
. N 1
' ) | [ _ l— -
SR S L P |
5 PR M O O
" .
m\' oo - = - —— = e - — i - = - = -
o~
Pz
o - ]
wm a o = 4
3mm"pv. @ Bl e — - — e e e v e e e e~
o =i ) " wﬁ.n.:l R o= v m - et . AN - .= B e M Y 1...._
S EEqd 3 % g o =
~S85 - -]
gEog 921
3.. . aef
"398 'R
2552 I
A& m
mmm.bﬂc m
. [=]
ot
= - _
SRz )
Edgf
WWOL
10 o B4
RECH n
oG
Hadl
BaRs - .
{ BEEEEE
PR B R E S
O 2 N A O L _ | | R |

81 38eg
o] <4.3.2DLME

Sl 3SvO




Appendix 3
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" SYSTEM PLANNING DEPT. PDP95 ,PEAK 2003
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Appendix 3
Page 21
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SYSTEM PLANNING DEPT. PDP9S ,LIGHT 2003
1PP AT THE WESTERN AREA (3800 MW)
LINE TO GROUND FAULT AT CBG ON 500KV CBG-SNO 2 LINES
OPEN FAULT LINE 4 AND 6 CYCLES (CONTIGENCY N-2)
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 SYSTEM PLANNING DEPT. PDPIS ,LIGHT 2003
IPP AT THE WESTERN AREA (3800 MW

LINE TO GROUND FAULT AT CBG ON 500KV CBG-SNO 2 LINES
| OPEN FAULT LINE 4 AND 6 CYCLES (CONTIGENCY N-2) :
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SYSTEM PLANNING DEPT. PDP95 ,LIGHT 2004
IPP AT THE WESTERN ARER (4800 MW)
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=% _| OPEN FAULT LINE 4 AND 6 CYCLES (CONTIGENCY N-2}
FILE: A
| ___CHNL® 20: [ANG:SNR H5] |
{150.00 [ —-> -150.0 |
i  CHNL® }5: {ANG:BPK T1] ]
{150.00 Xo-o-m - x -150.0 |
] _CENLP 13: [ANG:MM3 TH) |
155700 === 1560
L CHNL® 10: [ANG:KN Gl1]
155750 TTeTToTE . 1500 ‘
[ . CHNL® 1. IANG:SP TSt |
{15000 = == 150.0 |
{ CHNLS 25: (ANG:WIP U1} _._l
J150.00 *F——a -150.0
9 T T
I T 1 I I A
, .
I N
- ) N -
v TN
bl
{ N
N N
i b
| . Vs : =
/ ’
N
\‘. N ‘)
- ) ) \ -
1; ’ .
{ {
- . AN ——d
I S,
r A
 — f 7/ ——
T N
\. N Ay
'x / }
- { . 4 . ]
b5 / ’
AN
L. N
_-— \ ) \' =~
. , ,
g /
L 1 N -
L. I
Jo
i ! | Jal 4 ol

a.0000

6.0000

4.0000

2.0000

-0

09:17

ANGLE

5.0000 7.0000 8.00G0
TIME (SECONDS)

33,0000

1.0000

TUE, AUG 15 1995

SYSTEM PLANNING DEPT. PDP95 ,LIGHT 2004
IPP AT THE WESTERN AREA (4800 Mw)
—— LINE T0 GROUND FAULT AT CBG ON 500KV CBG-SNG 2 LINES
e ) OPEN FAULT LINE 4 AND 6 CYCLES (CONTIGENCY N-2)
FILE: A
| $ ¢1: [V:230KV RY2] ]
{1.3008 IR 0.30000 |
| CIpyLY 36: (V;230KYV SRT]
[173000 X 0. 30000
) CHNLE 34: [V:23QKV NB] |
[173%00 — — — — =+ 0.30000 1
t CHNLY 38: {V:500KV ¥M3] 1
{13000 e 0.30000 |
i CHNLY 32: [V5500KV CBGI |
[1.3000 — =T =< 0.30000 }
| CHNLS 3]: [V;500KV BSP3) 1
1173000 300K RaL 0.30000 |
i I I ) ] S
g
§z
3 I
o 887 o
922
+
N 885 |
385
§3: g
oel 13
- ,.,;.'; %—.‘
o
[-K
l.!'%
[ §§ «l
o<
o0 8
2£| B
b ggi -y
e =
- -
o>
- £24H
| 3 s
S H-
L8
E®
— g
v}
i e e || [ | s

$.0000 7.0000 9.0000

TIME (SECONDS)

3.0000

09:17

AUG 15 1995

TUE,

VOLTAGE

~145~

_ 1.0000

CASE TS - LO4W




~9P1-

FOVLIOA . — L -MbOd - S1 3SV0
PEILT S66T TT OOV ’IMg sanodas L
00006 agoo'L Go00°S qa00°€ Qooo°Y
—— —— —_— leoa‘a« 0000°8 0000°9 0000°¥ 0000° ¢ a0
S 18 18 8 [8 I8 © §919A2 p U (| 3jney uado $002
SR RRRPR Ul DGI-ZSA A 005 U0 ZdSE 1B UNR; Iseud ©
° o jo o jo lo { MW 0O0IYZ + 00Xy UUM ) eose usagsem 9y Uy sgdl | AVOT HV3Id -
A X + * v
t . — ]
. ' _
t N ! ' ﬁ e —d
. . t !
S _
' . ]
PO R T P
L -
g
a - .
-~y - o~
Al
z m 3 § F
~ o FHOK £ g
584 R RN .
1 2 2] >
f8> o
gz A2 4 d 2
s o e ~ ~|
N— -} -l
W 2 Wf P .
Pmmm & o
geas
Hgl 2
- e~ = e e oy = e ey -
mmuum ..... I L Ao T 7
I“ Pt o g g s e A D [
m mu e
HERY - -
BRhs
ﬂPmm
naag |
moO pom
H s 12 8 |2 18 i2
=] =3 [~ =3 = (=3
SR B L (B Sl
y B EEEELEE [ 1 [ | _ |
ATIONY , (SANODES) IWIL
pELT G66T TT OAY ‘Iud . ) .
0000° 6 000" 4. 0000°'S 0@00° € 0000°1T
. ‘.' 000°01 00008 0000°9 0000°® 0000°'T 0°0
. —r—
PR A A B T T T 1 T R B ,
22 R B8 @
A O R O ol
A X + 4 v
' . _ ]
. R ' _
v : - —
S U LI PR |
| : | h
N . !
PO VM TR TR
- 7 e
= =~ = - - = e e e R iR S PN o T /
N s
@ .
z . N ) '
m e . . LR - . DY . ..J
24 o4 8 9 4 4 e N ~
A.mH,ﬂﬂmTU..lll«:l\ll&l\l.\/\?/.\.‘./\\/\,l\ ./.v
M ", [ af A= - . = e ‘. m LN v D et b
w fal -’ . . ~
N N e 3. 8 L 4 .
M 34 .. | ~ -
WWB [ 2 M
[ =] .y
b
-3 - - -
Bs AN o
Bz g
554 ;
B a
aga ] -
g5<g
g
PMFM - —
mmmn
ﬂp m
P
- e
~3 T ]
[Ts] ol g g l2 s
Ve s Bl E
/R R A ia i L l | l l l | | |
G I3

¢ XIpua NM(




Appendix 3
Page 27

L

—4

racey 163

SYSTEM PLANNING DEPT. PDP95 ,PEAK 2004
IPP AT THE WESTERN AREA (4800 MW
LINE TO GROUND FAULT AT BSP2 ON 500KV BSP2-CBG 2 LINES
GPEN FAULT LINE 4 AND § CYCLES (CONTIGENCY N-2)

FILE: PO4WBSPZ-CBG

__CHNLY 20:_[ANG:SNR WS}

{
1150.00

BRI > -150.0
1 __ CHNLE 15: [ANG:BPK T1] !
['150.00 Xoemmeme ® -150.0
It _ CHNL® 13: (ANG;MM3 781 )
15¢.00 Attt -150.
% CHML# 10: [ANG:KN_G1l} %
150.00 - mm-- . -150.0
% CHNLY 1: {ANG:§B 151 r{
150.00 -— s e -150.
{ CHNLE 25: [ANG:WIP Uil ¢
150700 " BEN
> o
[ i i 3 1 [ 1 b T [ 3
1 ' : | é
q oo
| : ! l : i —y
y 3 . |
[ o | g
h . x k]
- f . e
. ST |
t R
- X ST —
4 .
g i | g
— 4 * : | e
4 - w
A N .
: .
, ! H
- : | ! |
1 i o
- | g
- ' _-1°
. ] -
il ; |
f/ * 1
- . —
AR
’ . o
e | g
— ‘\{ \ —1«
- |
(SN '
- ¥ \ -
.) }
’
1 1 1 Y | I z

$.0000

3.0000

1.0000

17:36

AUG 11 1995
ANGLE

FRY.,

{SECONDS)

TIME

s S

. — LINE TO GROUND FAULT AT BSP2 ON 500KV BSP2-CBG 2 LINES

£ | OPEN FAULT LINE 4 AND 6 CYCLES (CONTIGENCY N-2)

\ FILE‘: P(J‘MBSF’Z-l’.:RB_GZl J

CRNLE 4; (V:23ORV RY

[1-3%00 - -~ =% 0.30000 |

} CHNLE 36: [V:Z30KV SRT| {

{13060 CIEEEICE % 6.30000 |

} CHNLE 34; (ViZ30RV MBI

[1.3500 — === 6.30000 |

CHNLE 28: [V“SOOKV 3]

T1.3000 CEEEEE Y. . o.aooEu_‘

| CHNLE 32: (V:5OCKY CBGI {

173500 — = =< 0.30000 |

{ CHNL# 31;: [V:500KV BSP:

{1-3060 UKV BEPA). —— o.zo—m—“

| j I; i I T ] [ - 3
i -3
. I Ag -
- ]
o £2 [
14 az 31
\ +*
K g§ g
L 0 Q gzg
. - : S 7
' £ 0~
. q s e g
; m e °
- + ~s3l
?
8 / 50
\ H S
Y cg &

b 4, ! < B - |—
| 4 §'5
hoq 259 |

— = _.‘:: § ¢

e =

T
we g
acd

}— L 50l

O o
o) 3
L o
o | 8 ~
2«
| w
o |
! ! ! ! g ] i { 3

§.0000 7.0000 9.0000
TIME (SECONDS)

3.0000

1.0000

CASE TS -PO4W -2

17:36
VOLTAGE

AUG 11 1995

FRI,

-147-




()
SYSTEM PLANNING DEPT. PDP95 ,PEAK 2004 b (1 SYSTEM PLANNING DEPT. PDP95 ,PEAK 2004
IPP AT THE WESTERN AREA (4800 MW) ‘; a IPP AT THE WESTERN AREA (4800 Mw)
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] SYSTEM PLANNING DEPT. PDP9S ,LIGHT 2004
IPP AT THE WESTERN AREA (4800 MW)
LINE TO GROUND FAULT AT CBG ON 500KV (CONTIGENCY N-2)
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SYSTEM PLANNING DEPT. PDP35 ,LIGHT 2004
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LINE TO GROUND FAULT AT CBG ON 500KV (CONTIGENCY N-2)
OPEN FAULT LINE 4 AND 6 CYCLES (CBG-SNO , CBG-SNO2)
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SYSTEM PLANNING DEPT. PDP35 ,LIGHT 2005
IPP AT THE WESTERN AREA
3 PHASE FAULT AT BSP2 ON 500KV BSP2-CBG LINE

(6800 MW) (SPLIT BUS AT SNO)
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'_ SYSTEM PLANNING DEPT. PDP95 ,PEAK 2005 o 3] SYSTEM PLANNING DEPT. PDP95 ,PEAK 200S
I1PP AT THE WESTERN AREA (5800 MW) (SPLIT BUS AT SNO) 3 | IPP AT THE WESTERN AREA (5800 MW) (SPLIT BUS AT SNO)
- 3 PHASE FAULT AT BSP2 ON S00KV BSP2-CBG LINE 1] I 3 PHASE FAULT AT BSPZ ON 500KV BSP2-CBG LINE
=% OPEN FAULT LINE 4 CYCLES 05458 o ®>* | OPEN FAULT LINE 4 CYCLES , 05458
FILE: POSH- 5 ILE: POSW-
[ c 0: _[ANG: SNB HS] ] & 1 441 (V:2300v R3] 1
[150.00 - - = - -150.0 | [1.3000 == -> 0.30000 |
1 __cHM# 15 [ANG:BPK T1] Ion k CHNLY_36: (V:2)0KV SRT] __4
[156.00 LI 3 %6 | - 173000 X ® 0.30000
| CHNLY 13: (ANGeG 781 4 8 L CHMLY 3¢: (Vi230KV NB] —
[150-00 - = -150.0 1 g f1-3000 =~ —="—%  p.,30000 |
I CHNL® 10: [ANG:XN $11) . ] CHNLD 28: [V:50DRV MmM3)
{150.00 : - == . -150.0 E 173000 e . 0. 30000
| _CIDLe 1 [ANG:SB TS) & ] & L CHNL® 32: [V:SOOKV CBGI |
150700 by — = = < -156.0 | {1.3000 — = — < 5.30000 |
| CHNL® 25: {ANG:WIP Ul] | CHNLS 31: [V:S00KY BSP2] I}
[156.90 ~150.0 | {173600 ——————% " §.30000 1
. o
T | i M | |} i ?7 [ T 2 } 1 ] ] | ] | | [ 2
i > o { g
. : . i 1 2
- " o l - — 1y = [
: s ) . g1 : .
: o ~ H g g, |
— 1 L e — 'Y . TE He
; " ! * 4 ), ga
v [ 3 L ta
1 i l g 1 g
} .‘_) i - F— 5?:
" i o c@ ©
1 . l ! ] L__ ié E: 2
* { I 2
~ : i | < 8 8.1
: i o % g 5 o
: l : £ g )
- $ ""l , = — §3 SH
“ [
) . ! : 4 £5e| i3
! { t g H ££E] 13
L ' \ % & . o5=] f°
. J - E8E 1+
) ' o 588
- o S [
% \ 3 )
. S LN £EE
I pE /; . .
¢ . 5 2 |E
. \,.'\‘. \ ~ 9 '8 mB
s 7 g ¥ Q
. H
- SN 4% L 5
L A
| 1 [ A7 1 ! 3 ] ] 1 ! 1 2

#.0000

7.0000

-153-

S.0000

TIME (SECONDS)

3.0000

1.0000

CASE TS -PO5SW - 1




~pST-~

TOVLIOA

9P:LT G66T 1T Onv

‘Il

(SaNOOES) AWMIL

Z-MS0d - SL 3SVD

ooo0's ao00° L (1110 Qage ¢ 0000°%

. 000°0T 00008 0000'9 0000 ¥ 0000°2 0°0
TERERE —/—l T 1 T 1 T "1 1

1B 2Bk B (z-u £5usBpuo2) 531340 9 pue ¥ Uy auj) yne) uado S002

~ A GO S T 290-TdSH AX 008 U0 ZJSH I® nej PUNCIB o3 aul NBuis

s o I 15 18 P | (mwsoooixe + ooz wim) vem wersem sy ) sgaif AYOT V3 | ]
A x + (] v .

T N TR 1 | d

. . ]

I P ” — p

‘ : !

m U | | _
<8 A A R
mm T 4 | ]
=3 ]
wMM)

2257

RR&

mmAmm m - -~ P —
S ey

Sw.u Gm

WSWIM k

. 2)mms. o — —
550°% 3]

BoBuyi . .

-~ (>3 -
cEniE
Wlmam pe I ot -
mgeek
mrm b e e e e e~ _

DWM‘ o o= e o = o —— —— T - ~ rd
(<] P-E . S
mmmm atclalaratal Jat ol R et R L e Tt b PP
a- ) AR
Ja8s - -
ol
T
28
fefet] — —
| EEEEEE
| FEEEEEF AR WOURN NN NN E SO N N
TONY (SANODAS) FWIL
SP:LT S66T TT SOV ‘Tud )
0000 & 0000° 2 Go06°S 0600° ¢ 0000° Y
- N one‘ot 0000'8 0000°9% 0000° Y 00002 0°0
ﬁm»ﬂ%ﬁw A SRR B I B B N R
S R R
4 ’ 1 1) 1 1
= -
A L ¥ o *
L O C I
__ . | i _ bm ]
. . ! !
! . 1 " _
)mm Lo e
5 - .
o8y
=B LVt oy UL e e e _ - N
gL - - T T T T - = e - T s~ ~
A ]
[N -
TR
%m Im od 7........l...i...:J.w ........... AN T T L Rege T et S
D(WMZ = i -
~N O [ ..

-~ 0 W p— —
e e
Dumo Mm . 4 < P m e~ b gl it R R T R et Ill|\\\
snnme -
286y - =
g
e £
fisd o _
mmnm .
mmmn
il - -

<

g<ls
b 28
N~NI0 j -
ﬁ T -

o lo o lo lo .m
mREREERER | ] I | l |
v 8ded

P ¢ |

4




=881~

HOWLIOA
LPiLT G66T TT onv¥

—

0.30000 |
T.36000
D .zop‘ni‘"{
u.aaﬁii"{
©.30000

PRy
- X

i

— — — — —+

CENLE 43: [V:230XV RY2)

FILE: POSXWCBG-SNO2

_CHNLO 36: (Vi2JORV SRT]

IPP AT THE WESTERN AREA (58C0 MW) (SPLIT BUS AT SNO

LINE TO GROUND FAULT AT CBG ON S00KV (CONTIGENCY N-2

OPEN FAULT LINE 4 AND 6§ CYCLES {(CBG-SNO , CBG-SNO2)

SYSTEM PLANNING DEPT. PDP95 ,PEAK 2005

=

i
[13000

[T 3000
{1.3000

‘IWa

> ===

1

8:

5 4

‘1.3000
!1.3000

|1.3000

— —— == <

o.itTd'o'o"l

000°01

(SARODIS) HKWIL

0000’ L 0000°$
0000°@ 0000°'%

€-MG0d - S1 3SVO

0000°1
“0

2]

V: 500

1 1 { 1

[

{Z~u £5uaBipuod) 831942 g puwe # L} Juy yney uIdo!
ONS-O89 A% 00§ U0 992 ¢ Jinej punoub o3 auy; 3Buis!
{ MIN 000LXE + 00LXY UM ) Rose WIRISEM 3y} Uy Sdd!

5002
QvoT Mvad

-

dTONY
LYiLT  S66T

=

1T

~150.0 |
1560 |
~150.0 i

PRy
- X

0}
2}

N -
SND2)

(5800 MW} (SPLIT BUS AT

LINE TG GROUND FRULT AT CBG ON 500KV {CONTIGENCY

FILE: PO5SXWCBG-SNO2
_ CHNL® 20: [ANG:SNR HS)
_ copp 15: [ANG:BPK T1]
CHNLE 13; (ANG.MMI TH]

SYSTEM PLANNING DEPT. PDP95 ,PEAK 2005
OPEN FAULT LINE 4 AND 6 CYCLES (CBG-SNO , CBG-

IPP AT THE WESTERN AREA

1150.00

[150.00
[150.00

i

LEEE R 1500 1

G111

KN

{150,600

onvY ‘rdd

|

~150.0 |

-

CERMLS 1. [NNG:SB 73]

1150700

0bo- ot

~150.0

———a

sWIP U1)

{15090

(SANODES )

00006 0000°L 0o000°S

0000°8 00009

‘0

T

ade
¢ x1puaddy




“9ST-

HOWLIOA k- MSOT-SL 3ASVD

(SANQDAS) FWIL

9T:0T G66T LT OOY ‘nHL .
00006 0000 L 0000°S 0000° € 0000t
o 00" 0T oooo°8 0000°9 0000°Y D000 ¢ 00
TEEERE LI I T T 7
e 2 S s (2 S 891242 ¢ ) duy ynw} uado 5002
SR RRRER il 5902488 AY 00§ UOZdSE 19 }ne) asvud ¢
S {e [s 5[5 L | (MWOo00LNE + 00Xy UM ) Ras uRisem s u) sdqy [AVOT LHOIT| |

=
®

—— — =
[SEEEE ey
-— — — e

1

{SPLIT BUS AT SNO)

{5800 MW}
FILE: LOSW-58

3 PHASE FAULT AT BSP2 ON 500KV BSP2-CBG LINE

SYSTEM PLANNING DEPT. PDP95S .LIG!‘!'I“ZOOS
OPEN FAULT LINE 4 CYCLES

IPP AT THE WESTERN AREA

1.3000
130
hom—
1.3600
1.3600
}T'iiio

1 l I | I

IO, . {SANOOAS) FWIL
9Z:0T G66T LT OOV ‘NHL X )
. Q000" 8§ 0000 L 0000°§ 0000 € 0000°'T
—_— 000° 0T 0000'8 00009 0000° 0000° 2 0°0
»_u. T T .ﬁo. TR T O T T T T
a2 mRRREB
-t Gl — i — Gl
. 1 i L} 1 1
e —
PR T L T TR ]
1 v b | , R
. ]
t | - ]
| ' 3 ’ v
. . - .- - - - .
_ __ " - - * . - -~ .- -~. . . AR N b
—_ . ) - ¢ ¥ \
m 4 % 1 ¢ ﬁ \\ N
@ . e e A —— T~ L~ o~ - N
& - e R N /
- ~7 .
(2] PR
m ﬁ o~ — N
A o L g e gttt » RS ;N
m 1m.g. foroni s Lt ad L LT T S -~ O . s j
2
=3
<
©
o

FILE: LO5W-58

CHNLS 20; [ANG:SNR B3]
- - n]
0; H
CHNCE 1 [ANG:SB 751
3 H :MIP U]
{
|

3 PHASE FAULT AT BSP2 ON 500KV BSP2-CBG LINE

SYSTEM PLANNING DEPT. PDP95 ,LIGHT 2005
OPEN FAULT LINE 4 CYCLES

IPP AT THE WESTERN AREA

%xsn.on
%150 60
%150 6
}150 [}
}xsu 1)
}150 G
-

||I|l|mﬁm~uwﬂ
C YTDIAa A4



HOVLTIOA
SPILT S66T TT 0OV ‘TNl

(5800 ¥0)- (SPLIT BUS AT SNO)

LINE 70 GROUND FAULY AT BSP2 ON 500KV BSP2Z-CHG 2 LINES
OPEN PAULT LINE 4 AND 6 CYCLES (CONTIGENCY N-2)

U 41; 1V:2308V KI2)

SYSTEM PLANNING DEPT. PDP95 ,LIGHT 2005
IPP AT THE WESTERN AREA

LML 26; IVi2I0KV gRX1

B

T3]
—---~---o'“ijﬁﬁf4

——— ——

9.30000

— — — e

€-Mg01-s1 3sv0

to00° Y

QO.OO.ROQO.O 0000°¢ aoae’e 00009 9000°% QQQD“Q oo00”¢ 0000°'C 0°0
T T T T T
on {z-u A3ueBuoa) saiako g pie vas o..o_._ w.._.ﬂ.o__.ooum 5002
O-ZdS8 wo pu
| (L oo e e e st w1 44| AVOT LHOM| _

s BElEe .m
~ (A A 1 e Y
- R E R l S S N N R |
WXHUE 1 oo ‘rua {3aNOCDaAB) IWIL
swiLt Se6T T v onoo°e 0000° L 0000°% 0000°¢ 0000° T
—— M 08001 0000°% 0000y 00009 QQQQ.-N . 0 a
ﬂﬁJANﬁ. _ _ _ _ 1 [ _ _ i
2R ERER
[ . 4 1] 1} L) | lL
A X * ¢ v
P N L R -
! " = e mmmemme - - ST
' R | _ * " - = S N h
[ N PO _
)m ;.p b w h a I i Y e - . e .~ AN 4 ~
mz [ -~ ~ o N / /|ﬂ
Ammﬁ
Bo= L
Tm d dd A4 Jd e e S e S e T T
wa H K |+ gl ey
WMWI
|1 2 .
570 - -
. HoBa R . .
- L~
Sxe”
© St |
Ea
mmm.
mmmm
MRT P
o -
mmmm
PEH n |
| BB REEE
BEEBEEREL v

L

38¢ed

;

€ Xtpuaddy




~0SI-

FOVLTOA , £-MG07-sL JSVD

25180 S66T 8T oNY ‘T¥J (SANODES) FHIL
0000°6 0000°¢L 0000°S 0000°€ 0000 Y

— 000°0% 0000° 8 0000°9 00009 0000° 2 0°0
L R R Rl O 1T T T — 1T 1T T "1 1
2 B 1B 2 B B {z-u AouaBiuos) $81942 9 pur ¢ Uy auy line uado S002
™ S e ﬁ ONSDE9 AY GOg U0 HED ¥ Nhej punosB o) suy) 3jBuis
e F 1 PP Pl (mwo00ixs+ 00Xy UM ) vase usisem aus up sddif QVOT LHOM |
A L3 + ] L4
[ I TR ]
: : 1 ! i J
¥ . N . — —
. : |
N A 1 " ! _
. . ]
TOR " | S I F r

(5800 MW) (SPLIT BUS AT SNO)

FILE: LOSWCBG-SNO2

I 41 (V:2305 302
—CHBNS 28: [V:SOOKY he0))

LINE TO GROUND FAULT AT CBG ON 500KV (CONTIGENCY N-2)
OPEN FAULT LINB 4 AND 6 CYCLRS (CBG-SNO , CBG-SNO2)

SYSTEM PLANNING DEPT. PDP95 ,LIGHT 2005

IPP AT THE WESTERN AREA

i
173000

|i‘5065’
|
11,3000
Ii??oﬁi
If.iﬁoo
1.3000
T
e
p—

qATONY

{SaNOD3g) FAWIL
TS:80 G667 8T OOV 'IHd

0000°¢ 0000°L 0000°$ (.11 4 0000° T

—— 000°0T 0000°8 6000°'9 0000 ¥ 0000° T 0°0
"TTLTLTTTLE T T T T T 1 T T 1
El 4 4 tnd Gl \nd
L 1} L . + ¢
A x L4 i v Dv
[ , | '
N O TR (A | B O
' -
1 .
“,_"_ - - . - . Ao o= |.5|.l\llA...|l!\.ll\\L
\IM“ N ” L] h
W” 4 o i ﬁt.-l lllll T T T e Tt e T L Tt e - TN \\)/IA
& mm h b
Am.
w
BE TR e Y
(=]
mm.\
B
—~
mo
v
o
g
o
wn

{

FILE: LOSWCBG-SNO2

_CROP 20: [AMG;SNR B5)
;_[ANG:BPX TI1

4 10: H 11]

. . ﬁ_l
2 25: NIP Ul]
— .

L ¢

SYSTEM PLANNING DEPT. PDPY95 ,LIGHT 2005
OPEN FAULT LINE 4 AND 6 CYCLES (CBG-SNO ,

LINE TO GROUND FAULT AT CBG ON

IPP AT THE WESTERN AREA

{
150,65
i
15068
|
{75600
|
150,00
{
15050
[
[150.59
-

§¢ °90B(d
PRI L (v



~6S1-

FOYLIOA

TZ!60 G66T TZ ONY ‘NOW

(SANODAS) JAWIL

}-310d - S1 3SV2

00006 oo L + 0000°S 0000°¢ 0000°1T
e 00 °0T Qg0a°e 0000°9 Q000" Y Q060" T 0°a
“TTTTT 17T 1 1 _ 1 _ T 1
SEEEEE 52126 y  2ull ne; uedo 1002
R REREERE ulj QON-PAM AY 009 UO PAY I Hine) 35vud €
S A el R A el (M 0OL XZ UIM ) B30 LIRISES U3 Ul Sddl QvOol Mvad |4
A % + d v
T O (]
N N ]
R i | _ L .
]
A K L A K
1 . t 1
* . 1)
v o B 4 w |
g " d4494d8dd0 -
- I |
S 8 m & £
o v & &)
(-]
FN & g I o -1
mmk .5 2
e " o o
S dd 49494949
NS - be) I T
g2 B
Pmmm
apts .
o e — - - - - e -~ -~ — ~-~ e o - !
DM‘ frt—  cm e m m — em e ey
m Tm B e Ma e = e e Won = 2 A e e e T ey
. ,
fi -
[
-t
>
mnmm
NN O ad p—
il iRl
W R R R PRERR
L T L L ] _ | L1 _ | _ |
HIONV (SANODZS) FAWIL
12:60 GS66T TZ ONY ‘NOW
0000°86 0000° L 0000°S 0000° € 0000°%T
o000t 00008 0000°9 0000y 0000°Z 0°0
o —e e ———— = — _ T _ m T r T —per
o lo |lo o |o |o 1 I i i
S B BB 2
- 4 — 4 '~ vt
1) 1] + L} X '
A % + o v
[ ) ) ' |
. . 4
! 0 _. — L
O O L PR (|
| 3 N _ 1
. . ]
Lok BB l
S gdddg4s
a3 9 [+ )
S 2 o g m
Ay ] i) 0, s vl A
£ 8 M
55 =
a9, RS 1
e 2 4
= wl -l
N0
R, 3
. =g=d
E=38
Mg - -
TA. -
s e
84
e G
mAm
ﬂnpm
W\...u]..io  quad -
T s sl sz s
3 o o lo o o lo
y B REREEREE N NN SR SN NN B B

65 oded
¢ xtpuaddy




-091-

FDYLIOA
12:60

0.36333"{

0.30000 |}

P

FILE: POLlEl

{1400 MW)

3 PHASE FAULT AT RY4 ON 500KV RY4-WNO LINE

OPEN FAULT LINE 4 CYCLES

i1.sono

SYSTEM PLANNING DEPT. PDP95 ,PEAK 2001

IPP AT THE EASTERN AREA

’1.3000

—

S66T TZ onv

0.30000 |

e ———

1

11.3000

II.JODO

‘' NOW

0.56655"{
a.iﬁﬁﬁﬁ"{

- —mm -
0.30000

1

1 500KV

3,

-— — —

{1.3000

|1.3000

00006
0T

(SANODES) TMIL

¢-3l0d-SL 3SVD

00007 ¢ 0000 go00'¢
000G 0600 ¥

0000° T

0000°1

0°0

——

;500

CHNLS

! r T T i

] ]

{ MW OOL XZ YUM ) P98 WS ay) Uy Sddi

S p U} auy Yney uado
U ONM-FAM AX 009 UO P AY 12 yine; aseyd ¢

QvO1 Mvad

1002

U W SV iy

T T e et A e

s 2 P S ™R A . A Sgprnp g - S LY

.

~
Rl -y

FIDNY
1Z:60 S66T

-

~150.0 |

e

SYSTEM PLANNING DEPT. PDPSiu.]s%)ZOOl
a—— )} PHASE FAULT AT RY4 ON SJOKV RY4-WNO LINE
FILE: PO1El

IPP AT THE EASTERN AREA
OPEN FAULT LINE 4 CYCLES

10618s.

155,00

|
(150,00

-150.0 ’

-150.0

TZ oanv ‘NOR

-

_CEMLY 14: (NNG:BPK T1I

=

P —

G0 13; (ARG T8)

[
[T50-00

CHNLS 10: {ANG:EN Gl1}

-150.0 I
-150.0 l
-150.0 l

* ————-—-~-@

15000

— — —

CONLY 1: [ANG:SB Gl]

f150.00

(EIP U1]

4 290:

(SANODES) JWIL

0000°6 0000° L 0000°% 0000° ¢ 0000°T
000°0%T 0000°8 0000°9 0000° 9 ogoo-z 0'0
— -
b~ = = - — —_+—— . —— e e e e e = N s
- \\/ I
AY

-——— ’

™ - TETToTTTTe R /41/1 e -
- - - - A e = m . - o . T

N~

1150.00




endix 3

A

Pape 41

=

SYSTEM PLANNING DEPT. PDP35 ,PEAK 2001
IPP AT THE BASTERN AREA (1400 MW

}
SINGLE LINE TO GROUND FAULT AT RY{ ON 500KV RY4-NCO 2 LINES

OPEN FAULT LINE 4 AND 6 CYCLES (CONTIGENCY N-2)

PILE: PO1E2RY4-NCO
| —CHNLS 16; [ANG:ENR BS] -
{156.00 > - - -150.90
1 CEMLA 14: NSG;BPK T . 1
{1%50.00 LI x -15¢.0
i CHNLD 13; [NNG-WM3 781 .
F150.60 - — === -xsn.o‘“
%150 o CHNLS 10: [ANG:-KN _G1i} S — - 55
L CHNLS 1 [AMO:SBGlI o
[156.00 ~— - = -150.0 ‘1
[r CENLS 20; [AWG:BIP U] 1555
150.00 ——————— - .
] T I- | B T GO B i g
' L ' T S
.4 . ! ]
- . i v 1 —
: o
' Q
x oy g
B : Pt I
X Pt
N ]
- : { [ —]
1 Lo
oo g
= by 4
x Broe !
: |
L . [} + e
. } ' M
N ! ' ! ©
P g
B . .o —.
: o
x l oy
[ . fv. ‘l‘
0 . ‘ o
X B :
- . ' 1 s PY
: ]L Lo f
. ' 1 1
- ' U -
. ] ]
l{ b )
I | } i SN P i 2

5.0000 7.0000 9.0000
TIME (SECONDS})

3.0000

1.0000

ANGLE

oCcT 17 1995 12:21

TUE,

SYSTEM PLANNING DEPT. PDP3S ,PEAK 2001
IPP AT THE RASTERN AREA (1400 MW)

FILE: PO1E2RY4-NCO
CHNLS 27: [V:SOOKV RRPP]

SINGLE LINE TO GROUND FAULT AT RY4 ON 500KV RY4-NCO 2 LINES
OPEN FAULT LINE 4 AND 6 CYCLES (CONTIGENCY N-2)

L
{13660 - - - =+ o.aoiﬁ—"
}nm— CHNLS 30: [V:330KY SRT]. — - n"’m
SRS 20; IV:2IORV NI
hfa‘oﬁt - == n.uiﬁ"‘l
[_IW CHRLE 23: [V;500KV M) E—— ———THe
t CHMGA 21: (V:S00KY O
13060 L -— = =< o.aﬁbo—“‘
H cuNLe 26; [V:300xv RY41
173000 ‘ —————a0.50000_|_
I ML I { i t i { H
] i =
t,
ﬂ ]
~ i s
S 9 e
) | 3] -1
p iﬁﬂg
= ' 3
it ~E&l I
' il Eag :
— b 285
% *:g
Sl Ngu a
o £Xwi I8
I i |’ EE.?%_ -
i T
e l e =
:{l fo<
I | ‘635 g
- % ﬂbs 3
o ! 22517
} £
{1 c=&
- . 25
i 1 £38
K g
.. [ I g ._:
i
N o
- HEE EN_
al,
v o
z ]
1 ' { 1 L } 1 { 2

b}
o R
18
n &
o ]
*0
=S
™~
vt
g '
o i
0
-y
1
[//]
Qg
s O
ia
3
o]
° (]
o 1
§lw
&
2
9
3]




~¢91-

FOVILION b-310d - SL 3ASVD

LSET 6661 LY (SANODES) AWIL

;

00°0T 00008 00609 0000°y 0000° L 0o

1 | | 1 | | 1 | 1
{Z-u A>uaBnuod) sa1aho g pur ¥ U) AUl ynw) UMD 1002

0000°§ 0000° L 0000°S agoo‘ € 0000°1
oy

0.30000 l
0.30000 I
0.30000

: Sau) ONAM-FAM AX 008 U0 ¥ AM 38 3ne) PuncuB o auyj 21Buls
S e L (MINOOLXZ UM ) vase usmisue s up sgal| AVOT MVID | ]
CONR A LA M
S S VA P L [ R
P L T M
(N N " _
' . )
A i3 I 03 P
= -

(1400 MW}

SINGLE LINB TO GROUND FAULT AT RY4 ON 500KV RY4-WNO 2 LINES
| OPEN PADLT LINES 4 AND 6 CYCLES (CONTIGENCY N-2)

PILE: PO1E2RY4-WNO

_Cout 37: [V:S00KV R2PR).
RN 30; [V:J30KV BT
- [y 1
SRLH 20; [v:300KY M0
# 26; {v:500 4]

T |

! |

-

=3

(=

o

n

&

2

D.m

m R e am e o= - = e e - — - - - — - -
Pt o e~ B m e em oo e e o e =
W et R B 3 P T L P h= T 3 P T n e LS e 2 S SR AL A X g e

m = . -

S

1] - -

1 I ] ]

1.3000
! 1.3000
‘ 1.3000
i
f1.3000
Il 3000
Il 3000
b

-

.m”..n».u 150 ¢ (SaNOOHS) AWIL
9S:ET S66T LT 0000°$ 0000°L 0000°$ o000° ¢ 0000° T
D 000°0T 0000° ¢ 0000°9 0000 % 0000°C 00
P e
2 R B ] K B
N A A
A X + * \d
[ SR P 11
. . 1
m A B | ' _ . )
. ]
3 S D LR P
o~ ! . { '
N . |

m T S LI Y = ;N

-

HH pr e am o wm m ague - e e e . - — —p =y~
b, J USR-S SENTS SV
gl lE ) - - stareneenn

59g8 | B d g 5
vt (o] al b= - B S P B I I S ~
Oﬂm. Hl g e e e e n e me e, e e o i e e
O e )
~ P ”

FUCE - —
P.Wmmm . SN [P [ e e m e e
naes . - -

Fis - )

Sea"

5 a8
fige~ . _

e

28y - :
mmmr
Gadf
=17t -

s 2 8 |8 |8 Mﬁ
s BR8]
I R G L | | | | L1 | |

|




~£91- 7

o .
FOVIIOA P ‘ 3107- SL IS0

O.H ot nﬂm.ﬂ Tz onv *Now 00008 0000°L 0000°S 0000° ¢ 0000 T
—_— 00°0% 00008 0000°9Y 0oepo*y 0006°T 0°
N L |_.|. T [ I [ I { | T T
S B BB EIS $919h2 ¢ u) duy yne) usdo 1002
S RRRFERB UN CON-PAN AY 008 UO AN 1 inuj sseud ¢
s ol s s I8l . LM 0QLXZ UNM) wom uised s w sddi |QVOT LHOM)
N O O -
A N m bl N
. M _
N { " _
. . +
PR VI O O 1| u _

FILE: LO1E

00KV RY4-NCO LINE

éllOO MW)

e e —— - [ i gniptipeuaipa gy o T

- —eten o AW Nem b w s meti o - R Y ¥ o St - hmgn . e =

L _ -

L -

SYSTEM PLANNING DEPT. PDP95 ,LIGHT 2001

IPP AT THE EASTERN AREA

3 PHASE PAULT AT RY4 ON
OPEN FAULT LINE 4 CYCLES

1.3000
1.3000
1.3000
3600
1.3000
}I‘iﬁﬁo

| ! 1 | ] ]

HTONY
0T:0T G661 TZ SAY 'NOW

(SQNODES) HAWIL
0000°6 0000° L 0000°§ 0000°€ 0000°1

sentat apnoa’e 9000°9 0000 Y 000" T 0°0
- ~= T T
TTT LT T T T T 1 T 1 1
g B g8 I8 B
Cad -t -t et TR ]
1 l ) 1 ] 1
- o
A X% + 1] v
[ B {1
. , ' |
Cr " ' ~ 1
“ ' ‘ _. _ ..... - m st A - [P L . L
. ; -
PO R (I | ]
m nas
Sdddgddegf- - aeh RNV
o o
mm... H..I'l.lvll.lllllll!’\\4’\/\/‘(\!“\\\»//1
= 2 )
=
sz oy = 8
<o M - -l
-
—n

SYSTEM PLAMNING DEPT. PDP95 ,LIGHT 2001

IFP AT THE EASTERN AREA

3 PHASE FAULT AT RY4 ON

OPEN FAULT LINE 4 CYCLES

woaies.
3

{15q.00
{156.00
{156.00
{1%6.06

{150.00
{
[150.00
[

a8uy
¢ xtpueddy



“y9t-

¢-3107-S1 3SVO

TOVYLION
IT:0T S66T TZ OOV ‘NOK ) (sanodas) aWIL )
0000 ¢ 0000 L 0000°§ 0000°' ¢ Q000" 1T
. —— 000°0Y 0000°'8 0000°9 0000 0000° ¢ 0°0
T TLTLLETL 1 [ { I T [ f ] [
. 2 2 18 2 s919A2 9 uj SU)) YNe) Uado 1002
iyl I I A e ] Y ONM-FAY AY 009 UO PAYN 18 )nus aseyd ¢
o © el o |°l { MIN OOL X Z YIM ) CaIu uRISEd Ay} ui Sddl avotl LHOIM| -
A x + » \d
A B | I — -
N L [
b
PO SO TR T " i
N
N
m I~ o — -1
g o 5
2 £y 5|
- 8 a —
BsE 32 / 4
uw .
'sg
nwo -
gz - -
mmmm
" =
m “ 2= - = = e — e - - . -y o = —— -
g ..m R R R T TR Sl C i
m-h
P - K
Bsg™
GacH
BE- - .
B BEBRIELE
JEEREREL o o oy oy oy
ﬂAUZﬂ . (SaNDDAS) AWIL
TrioT S661 Tz env NO¥. Q000" 6 0000°L 0000°S 0000°€ c000"T
— J_l. . 000°0¢ 0000°'S 0000°9 0000°Y 0000°T 0°0C
L o.._ﬂ RN ] ] I I I ] ] ] I
S R A
G O N O O
A X + * A\
[ S TR
N N I A (| B ]
. ) N
“ : “ " _ ..... A mm h— e N h - “e N \.
N N - al-‘
Lo HO[e ” . ]
m ~ n ~- ]
.2 BdHFEd8r--""- st T T TTTTT s T T NI
Q o
mmm q B N..|9.|.I...ll..|0\llp\’\ql.\/\/f\\lJ\\\//
o o ¢l < B - : I ™, e e m e = -~ , 2
3% - - -
“op O BB
gag ™ 3
2
Eezil
s
» Q.
fge i _
g 2
43
ts5 - .
Tmr
mA
it
REmS T ]
_ s s lslelefe
S S N R
EEEERRE I T B | _ L1

T X8 7




Appendix 3
Page 45

n w
w . n
SYSTEM PLANNING P95 ,LIGHT 2001 - SYSTEM PLANNING DEPT. PDP95 ,LIGHT 2001 -~ K
IPP AT THE EASTERN AREiDUjOO L)) 0 c H IPP AT THE EASTERN AREA (1400 MW} 3 4]
SINGLE LINE TO GROUND FAULT AT RY4 ON SOOKV RY4-NCO 2 LINES " ol SINGLE LINE TO GROUND FAULT AT RY4 ON 500KV RY4-NCO 2 LINES P
. | OPEN FAULT LINE 4 AND 6 CYCLES (CONTIGENCY N-2) " % : . J OPEN FAULT LINE 4 AND :Igafglézc:ﬁ%?y N-2) @ S
FILE: LO1EZRY4-NCO P H -] Y
CHR4 16; [ANG SR AS! - CHNLS 27; [V:SO0KV EBPP)
HTso.oo (IR —_150.T{ a IT.zouu 1 1 IO *  0.30000 A g
CHNLS 18: (MG:RPETY CHNL$ 30: [V:230KV SRT] [
I—ﬁo.oo . XTI ® <150.0 l - 1.3000 L IOCIET w o,ioTon—l o)
CRLE 13; INNG:90 T8 . - LS 28: IV:230KV KB) __4
lﬁsn.oo T2 e -150.9 § 113600 = — — — =% (.30000 §
%Tso.oo g S 10: { gl L < ~150.0 1.3000 [ & §.30000 E
. CHNLS 1: (ANG:SB Q1) e s . CHMLP 21: SV:300KV NCO]
erso.no = —_—T== -150.0 ‘ |1.3ouo — == == < 0.30000
_ CHNLE 20: [ANG: e CHNLE 26: [V:SQOKV RY4) Tr"‘l
%Tsu.oo CRES 30 (WP L1 -150 o-{ 1.3000 9.30000 1
{ | I | o | { ”Tl R | TS I | \ {l: | I I } B I -1
i} 6o b) %o
- . . e -. @ g
B o ! . Bk n it FRE
. t l i . LJ . l | 3 -
]
C ! 1 . 44 1 Q o
) ! 4l 1|
— . —s - ) ~> ¥
) i | 2 qn z i ]
] 4 3 - H
' o R L
) ! : ! 2 ) l : o~ 3 8 o
] . 32 Y - 3
1 -3 -
i " B = - s Ei__: a
B TR f ° é RN gﬁi% g
R ' 8 A YHEEE:
vt ] * i.-g o W
— Cot | t e B — 4 §g: — < 2
] . '-
AR f x i HEIY
L ' [ ) -J: # | an eElL P B
' : ’ § 2E
v \ : 3 * | ! - 2
. | ‘ g 1 e g
- M ‘. -3 - I LR :
e 4 A & %0 [—
} 1 ) . ! | P-g——— °
] . 2 AN H
— R : — — Y G M
R ! ! S8R - - ®
° . 8 s
! { ' g ot gl
v H ! Efcu 3l w
— ! t ; — ~ [ ‘ l ! — <]
[} 4 P (O] o
1 | ! A ! 3 9
' \ \ ° 4 ’l o '
| | | i | b4l | | | o ] | - e 1 | 1 | 1 5 .cQ
' w
o

-165-




~991-

#-3107-SL 38VD

FOYLIoN
: B (sanNodzs) ANIL
ssiel nmauﬂ LT &0 ‘and 0000° 8 0000° L L1101 0 oogo°¢ o000t
. 000°0%Y [l ] 0000°9 0000° ¥ 0000°C 0°0
n n o o 1 | ] | 1 I 1 ! ]
EE BB EER (Z-u AouaBiyuco) 581242 § pue p vy aul) Yne; uad 1002
momo IR R OB IR keutt ONM-PAN AY 008 UO ¥AM I8 3wy punoid o) suj| aiBuis
S ol L o (MNO0OLXZ UM ) vase wiaisws o vy s9ai| VOT LHOMT| |
A o ey
‘ S A I q
, kRt | ! - -
m S O L
o A P { !
g8 I M T O | _
-—
o«
&3
8 "28 -
& wm...
xoEg 4 3 94 § 4 .
fi%,5 4
.Mnmw. . 3 9 .
SCTG . '
Bged i J
.mmmp |
omm S e
m m.h etem L AT K L T s s tam A AT T L T L D W A T S et b P S
Be
PMHM — ]
By
B
BHG S = -
SHEEREEE . . . .

mm.mm...nHUmmm.n LT LOO ‘3NL {san 5) aNIE
00008 0000°2 2000° 0000° ¢ 0000°1
- . 000°0T 0000°8 0000° 3 0000°9 0000°E 0-0
ﬂﬂnﬂﬁﬁﬂ 1 T T T 1T T 1T
a2 R BB R IR
AR B (O N i i
A X + L] v
e kD
S M |
R " - —
& : . } i _ L. - e - A - e e e m e e e A s = - a e o e Moo m e . .~ .. q
! . ) |
~ N ‘ '
m PR VI TR T ]
-
i
wm n _
< P — o 4 o - —— - —_ - e - —— = = o o . - - o
- WGm H B B
Q = ad
S Bgsq 4 q |
«Ox :
e
mmu 21 7 3 .
- vOu :
=1
235E R .
ac8od
el
Pmp =
2ad
- - . -
mmmm
MMML
& —
RES5
B-a
G20
NHno - —

"'1?6.00
hﬁon
[

Fiso.00

| 150.00
{
{150.00
|
1150.00
.

—

=

of oded.




endix 3
7

A
Pape

VOLTAGE

TUE, AUG 22 1995 07:57

~
SYSTEM PLANNING DEPT. PDP95 , PEAK 2002 “ @ | SYSTEM PLANNING DEPT. PDP35 ,PEAK 2002
IEP AT THE EASTERN AREA (2800 MW) 53 IPP AT THE EASTERN ARRA (2800 MW)
3 PHASE FAULT AT RY4 ON 500KV RY4-NCO LINE o 3 PHASE PAULT AT RY4 ON S00KV RY4-NCO LINE
= | OPEN FAULT LINE 4 CYCLES OPEN FAULT LINE 4 CYCLES
FILE: PO2E Y E FILE: POZE
1 4 16; : B 1 o 1 . . §
15000 e == 50| A {1.3600 oo =% 0.30000 |
. CHNLD 14: [ANG:BPK T1] R N CHNLS 30; [V:230KV SRT] .
lllS0.00 ] xR % -150 u_l N !1.3000 W e X §.30000 l
| CHHLE 13: 1ANG:YM3 T8I IS CRNLE 28; [V:230KV NB) ___1
156760 T S TS { 2 1.3000 === = =% " 0.30000
L CHNLS 10: {ANG:XN 611} . .__l CHNLS 23: [v: 500KV jet3]
[150.00 haliniaiialiadiad g . ~150.0 E 1.3000 Ll . 0.30000
CENL® 1; (ANG:SB _O1) e | CHNLE 21: (V:SOOKY BCO) l
1150.00 — =" —150.“' 113000 — — — 4 0.30000
CHMLS 20: (ANG:EIP U1) ) _{ CHNLE 26: {V:500KV RY$)
{158.00 g -150.0 1.3000 [ 0.3000
! | T I A I RO L | R I | T ) ] T T T T 1 g
: [ i 2., 3
|‘ \ "g =
- :| ! | — 2 — —~
]
[} I a o
I : . |
B HE t " . E e It
oo g o
21 ' i ° g Q
L B = g I
i [ <3
o
4 i g ek 2
! n \ § = E > 2
— : \ T« o — __“ —_—
10 ' . & 582
I g 8 55%
— I 3 i — . @ p— gc : P
‘ ¥ ) | % i £
L s B $% H
Py H S = ® - E o
— ' B > — 3 =t _1°
[V I s =R -
|| 4 ' s £E88
- R g - 25§
' 4 » L0 |
’A\ N \ o
’1 ” / Ei g §
e 1) & \ \ o — () 1~
. H a N
o g 3
. < \ ] 3 R E N
OO / - —
N ‘. . a
] | | 1 | e | I I 1 K ] 1 ! L ] | ! ! 2

7.0000

-167-

5.0000

TIME (SECONDS)

3.0000

1.0000

CASE TS -PO2E -1




~891-

EOVYLTIOA

LS:L0 SE6T ET

mﬁﬁ?4

ey~

- - - - =

00KV RY4-WNO LINE
FILB: PQ2El

(2800 MW)

SYSTEM PLANNING DEPT. PDP95 , PRAK 2002
IPP AT THE EASTERN AREA

3 PHASE PAULT AT RY4 ON S
OPEN FAULT LINE 4 CYCLES

I
173060

(=
=
[~
-t

mﬁﬁT4

Gl

e

3600

1

£

11.3000

!1.3000

(SaNoDag) FWIL

f000°L 0000°S

0000 €
0000°9 Q000" ¥

¢-320d- Sl 3SVO

0o00°t
9000°C

1 ] ! ] i |

! !

29§94 ¢ u} aull nw} uado
aUl) ONM-PAY AX 00§ UC PN B INE) aseyd ¢
(MNOOLX Y UNM ) 210 URISED M U} Sdd)

2002
avon Xvad

CHNLY 26: [V:SO00KV RY4]

I

HIONY
LS:LO0 S66T TZ oY "IN
=1 Ofm.”Anw
o —0. o o o
G I
1 1 1 1 J
A > ¢ * * .
[ . ]
. . ! $ -
' . t '
N 1
' ' | X _
| \ _ n
. . ] —
Iy . [} 4
8 1 J 44
S8 B g B
Mw Q
S g2 g
N g - ’
gEx °
[ ~1 .. ol B
52 2 £
g=g ™ 3
mmnw
. o
mum
a ”d.
g
< e
aesd
gegt
Gend
BHmo
il sl e B8
y ; ; la o
FEEEE

000°0%

{SaNOJAS} AUIL

0000°S
0000° ¢ 0000°9 0000° ¥

0000"L 0000°C

0000° T
0000°C

T150.0 1

:EIP 1]

.

I i | | 1 1

1150.00

gy oded




Appendix 3
ape

SYSTEM PLANNING DEPT. PDP95 , PEAK 2002
IFP AT THE EASTERN AREA (2800 MW
=——1 SINGLE LINE TO GROUND FAULT AT RY4 ON S00KV RY4-NCO 2 LINBS
%>~ | OFEN FAULT LINE 4 AND 6 CYCLES (CONTIGENCY N-2)
FILE: PO2E2RY4-NCO
1 _CISL# 165 [ANG:SNR RS] _.|
{150.00 R - ~150.0
_SIRGE 14; [ANG:SPK T1) ]
{150.00 EIEECE ® <150.0 ]
l _CECE 13: [ANG:RG 781 ‘_I
{150.00 == -150.0
|_T_. __CENLY 30; (ANG:EN GI1)
150.00 L . ~150.0
| __CHMLE 1: IANG:SE Gl _ l
{150.00 *”-— — — ~15_0.0
CHNL®_20;_ [ANG:EIP U1l ..I
‘150.00 W) ~150.0
&
] { T { o B G | 8
: ) 1 l é
S
_— : “ N ,‘ e
' [ I o
s 2
— S IR 1
N SR
L :{ l | .
R N ; |
. 2
. f\ =3
- 4 v { —i°
. :| S *
A B
: :* ] 1 °
X 2
n AR g
. ﬂ . I -
. [ i
¥ |‘ ! i .—J
e . a ; {
1, 2
o
- d Do -3
yoo
) |
- { v -
-
' ‘ \
! 1 | I [ B V) 1 2

12:23
ANGLE

ocT 17 1995

TUR,

§.0000 7.0000
TIME (SECONDS)

3.0000

1.0000

SYSTEM PLANNING DEPT. PDPY9S ,PEAK 2002
IPP AT THE BASTERN AREA (2800 MW|
g SINGLE LINE TO GROUND FAULT AT RY4 ON 500KV RY4-NCO 2 LINES
- | OPEN PAULT LINE 4 AND 6 CYCLES (CONTIGENCY N-2)
\ FILE: POZRZRVA-NCO
{13660 R " 0.30000 l
_CHNLS 30: IV:230KY ERT|
1.3000 1 Woemeee - % 0.30000
! CRLS 28: (V:330KV MBI i—“'
{1.3000 " —— - 0.30000
Eﬁm L *  0.3000
_CHNLE 31: [V:SO0KV HCO)
§1.3000 - — . 4.30000
| SHee 26: [V:S00KY RY T_.|
j1.3000 ] 2 4 [ 0.30000
i i l'}l i 1 ] | 1 H
‘ ]
el Il %%
A :, ‘f o
B i k2
, £z
L |‘l §§ _—
! %t
i v § .§. 2
i 8| L
B 1 W Z58 1
q §3e
— + 5SE -
{_ §E3
i 8o o
| -4 Bi 1
— " 23s -3
A} “é g
{! Y-
B H g5 § 7
I o
o
- 1 g |t
i =g
! E g
| ~
1) o
&E
] e } I | L | 2

3.0000 5.0000 7.0000 9.0000

1.0000

CASE TS-P02E-3

TUR, OCT 17 1995 12:21

(SECONDS)

TIME

VOLTAGE

-169-




~0L1~

TOVITIOA
LGIET 6667 LT DO ‘AN

Hl

ol d

n.:oéo—o"l

= >

> =

+
)
I
|
|
13

MR

1

FILE: PO2B2RY4-WNO

CRML8 27: [V:S00KY ROPEI
SHEA 21:. [V:SOOKY 801

SINGLE LINE TO GROUND FAULT AT RY4 ON 500KV RY4-WNO 2 LINES

OPEN FAULT LINES 4 AND 6 CYCLES (CONTIGENCY N-2)

SYSTEM PLANNING DEPT. PDP9S , PEAK 2002
IPP AT THR BASTERN AREA (2800 MW)

=
brom
b
bsoms

[1.3600

)

— — == 4

(SaNOOES) TRIL

b -320d - SL 3SVO

0000° ¢ 0000° L 0000°S 0000°¢ 0000°%
60°0T 0000°% 0000°Y 0000° 9 0000°¢C 0°0
N T 11 T T T
S (Z-u Aouabiuod) s9ako g pur ¢ Ui wc._ yney :u-ao 2002
g $3ull ONM-PAY AX 008 UO FAY ¥ Hine;} punolB o} au|| 3)buis
= avo1 Mv3d

(MWOOLX ¥ YNM ) LarewsaIsed 3y U} Sddi

HATONY
LS:ET S66T LT ID0 ‘AOL

- =15
-150.0
t -~

_—— = = -1

2)

00KV RY4-WNO 2 LINES

-150.0

- — —— — e

(2800 MW)

CHNLY 16 (ANG:SNE BS1
CHNLD 13: [ANG.OO T8)
CHNLS 10 [MNG:KN_Glll
_CHNLE 1: [NNG.SB Gi)

FILE: PO2E2RY4-WNO

SYSTEM PLANNING DEET. PDP95 , PEAK 2002
SINGLE LINE TO GROUND FAULT AT RY4 0N &
OPEN FAULT LINES 4 AND 6 CYCLES (CONTIGENCY N-

IPP AT THE EASTERN AREA

s

f150.00
{150.60
| 150.00

1150.00

-

-150.0

0006

1
|

[ANG;EIP D1

CHNLE 20:

F150.00

(SANODAS) HAWIL

0000°6 0000° L 0000°§ 0000° €

‘ot 0000°8 aao00°'y

— 0000°$

o I | ! T

.

e




~TL1-

}-3207-SL 3SVO

AOVLIOAN
. (samodas) EFWIL
ZTT:60 S$66T TZ ONV ‘NOW 0000-6 0000°¢ 2000°S 0000°¢ 0000-T
00°0T 0000°6 0000°$ Quao°Yy 0000°C 0°0
N L Loe e | | ] | ] i | |
s E 1B B iE B S04 y U Sulj yne} usdo 2002
T EPEEREE ) CON-FAM AY 005 UO PAM 18 Ynej aswyd ¢ avol LHOA
T [~ (MW OOL X ¥ YUM ) Soum URIBES ) U Sdd! -
A H + ﬂ \d
] . ]
O T A L K 4
. (Y ]
X rp
A x 4 $ F . N

PILE: LB
A 28; IVi230V Bl
v
LS 21 IV:SO0KY D)
: fv:500
—
]

. FVr—m - . g
= e T

SYSTEM PLANNING DEPT. PDP95 ,LIGHT 2002
IPP AT THE EASTERN AREA 52800 MH)
3 PHASE FAULT AT RY4 ON 500KV RY4-NCO LINE

4
B
o
-
] TTETss SN
< ol
m - -
[
&
[
o — —
i s 12 8 8 1B 18
R I I - I ]
Lu.fufvul*p*_h____
JTONY
as) I
2Z:60 S66T TZ ON¥ ‘NOK (SaNODES) ANIL
. 0000°€ 0000° L 0000°5 Qo00°¢ oooo* T
——— . —— o208t oana- e 0000’9 0c00°¥ ¢g00-¢ o0
I A s
2 R 2 2 |8 @
[ A I D i
A x + * v
1 . - ]
O O I 1 L
Sk ' | k- - .- Ao o e At e e d e e L
“ . | " - W
1 x 1 4 w | ’
-
e - - - -~ —-— o . . — ‘Illl\l\l.\\./\)/ ~ !
7\
m a3 3 4 R
mmx MQ ”.I.fl.l.lnllltlal\ll\hl\/\/r\/ \/
~ 2 ne ! -~ .
~— <
=]
gz -
Ho ™. .
= o)
. SW )
nes Uy g
W wy
. g
-
Bis2C _ -
mum
[
i ! i
= Bm
mmmv
Godf
+ N
t-mo t— ]
] 2 12 |18 B8 18 8
o ™ o a o
BREEBEEL 1 4 4 4y

¢ xtpuaddy

4
e
U
of
[a¥




~CL1-

Z2-3¢01-S1 3SVO
Sowran T pem—
oopo'¢ 0000° & ogoo°s 0000°€ 0goo°t
00°0t 0000°90 0000°9 0000y 0000°2Z 90
l“. o o o jo |o _ — _ _ _ \ﬂ _ — ﬂ
g B _m 2 _m _m .. SIAd ¥ Uy ey uado 2002
ST U it S e T AW ONM-. 00§ U0 AN 1 3ne) 3sByd ¢
Cl g o = <> o Tl Aggﬁ*' ——«—gv cm :u”‘rﬂﬂ MY} W sddl Q(Ol— .—-Iw—l— lv.

e = -
-
-— — — a
————a

= - = - - - —¥

FILB: LO2El

(2800 MW)

3 PHASE FAULT AT RY4 ON 500KV RY4-WNO LINE

OPEN FAULT LINE 4 CYCLES

CHLS 37 (V:S00KV REPRI
CHNLS 30; IVi220KV SBT)
CHSS 20: [V:230KV KB)

¥ 33: [y;500
CENLS 21 IV:SOURY NCO)
: JV:500KV RY4]

]

]

SYSTEM PLANNING DEPT. PDP95 ,LIGHT 2002

IPP AT THE EASTERN AREA

it 22l lB g s
S B RB R BRI
A opEEEER

HTONY (SANODAS) AWIL

ZZ:60 G66T TZ HAY 'NOW
0000°8 0000° L 0000°§ 0000°€ o000t

—_ ]oao.o« 0000°8 0000°9 0000"Y 0000 Z 00
S snmpa— -
= e mgﬂ,ﬂgm ! ! ! [ ! | I
G O
' ] 1] ’ 1 1
p— b
& -4 + L] v E.
] _ t
, )
' [ _ . “ |
. f { ._ _ ..... A= - = w  m oe B R *e L L~ 7N .\
' 1 1 - R
. | Ly
Lok (0B {
z
r---=-- - RS SV VAN
\/
B | - -
3 2 o 3
S o X GGNvl.fllnnl.lficn\I(\\‘\.al\u/\/r\/ \/ﬁ
S % gg o g & —
—~ o cs b —
EEE gy &z
13 3 .| . - .
g2 g 4 4
mmum el - - -
& g B E
=551
-
Bg=0 | _
o
ghcg
Zuie
o e
2Ens
mmmp
MMD.Pm
HHJO — —
s I8 18 12 I8 8
g2 lg g I8 s
L ELE R E R ] | | | I | 1 | |




Appendix 3
Page 53

10.000

2.0000

6.0000

4.0000

2.0000

']
SYSTEM PLANNING DEPT. PDP95 ,LIGHT 2002 o ) SYSTEM PLANNING DEPT. PDP9S ,LIGHT 2002
~— IPP AT THE EASTERN ARER (2800 MW) 3 A IPP AT THE EASTERN AREA (280G Mwi
a—— SINGLE LINE TO GROUND FAULT AT RY4 ON 500KV RY4-NCO 2 LINES 0 o~ SINGLE LINE TO GROUND FAULT AT RY4 ON 500KV RY4-NCO 2 LINES
=™ ) OPEN FAULT LINE 4 AND 6 CYCLES {CONTIGENCY N-2) @ . OPEN FAULT LINE 4 AND 6 CYCLES (CONTIGENCY N-2)
1 FILE: LO2E2RY4-NCO 8 4 FILE: LOZEZRV4-NCO |
CENLE 16: [ANG:SNR o CHNLS 27; [V:S00KV REP) .
[156.00 R > -186.0 | o fi.3c00 -~ - > 0.30000 |
L CHNLY 14: [ANG:BPK T1l : - CHNLY 30; (V230K SRT)
[156.00 X ® -150.0 ~ {13000 EIOERCEEENC 3 §.30000
{ — CHRNY 13 [ANG0G 78] | & CHNLY 238: [V:230KV MBI
{15096 - = ‘5601 o {13000 = — = = =% 0.30000
| CENLY 30: [ANG:KN GIl) . k CHNLS 23: [V:500KV yoed} ___.'
156706 T oITo o . ~150.0 E {1 1900 T -TT=<=T $0.30000
L  CIBLY 1 [ANG:SE_GlI | b— CHNL® 23; [V:SQOKV NGO}
155,00 — - — = T150.0 {1.3000 —— — = < 0.30000
CHNLE 20; [ANG:EIP Ul} | | CHNLS 26: {V:S00KV RY$1
15656 0 1560 ) 13000 S—————a _1.30000
¢ < - -
I T I M : ] * T T' T ! I s$ i I I 1 | I | |
— ' | ) : -~ - =
t : ! % o [o]
Ve | | , 2 E
e : : + 1 —«:: f— "GT —
v ; . ;i1
! \ ~ g £23
— :. ! : e I — §§L§._
1| . ! \ L s
' ] ! . H -0
I o o« -
n V ' 3 1> 3 . §E"
. ] | ! * n k1
X Z Te8
[N ¢ o O 1)
i l f s g s50
. s v E3
— +: [ ! i — Se &l
) { : g EFS
[ l [ o H S
b , . g = #eoe
| e ' ‘{o. '[_-! [ S ] ¢
:- | ' . i oSS
' ' : s sgs
¥ l | ' g it
B % ! ~ -1~ ~ §2i
+ ‘ ) ! R &iié
: 1 ' g
L v | X : - L 2
*:‘ | ] ! - B
1: 1 ; § P— §§
t, .
I :' ’ ! ¢ 1 3 = I 1
Ve \ i ' 52
’. ' p -J
| | | | AN I B R 2 ] 12 1 ] ] :
b | | ]

10:5%
VOLTAGE

TUE, OCT 17 1995

7.0000

%.0000
-173-

TIME (SECONDS)

3.0000

1.0000

CASE TS - LO2E - 3




NN

HOYLTIOA ¥-3€07-SL 3ASYD

(Sanodas) EWIL
SGIET S66T LT ILD0 ‘ENL ) an

00p0° 6 0000 4 0000°S 0000 € Q000" T
__ - aga ot 0600°8 0000"9 0000V 0000° L Q90
TEEEEE [ 1 T 1T 7 1 1
m m m m m m {z-u K>uabluod) 83)242 g pue ¥ U} auf) yney usdol NQON
s ST Lo L LT ol Baull ONM-FAM AY 00g UO PAM 18 Yineg puno.B o} aul 3jBuis
s |6 jo |8 I8 s} { AN 0OL X ¥ UNM ) ease wiapsea a3 vy sad AVOT LHOIM] -
A X + L] v
| | '
‘ 1 ! _ d
1 ' .. p— —
» | \ _
1 _ 1
' 1
A x 3 $ 4—
g
— — -]

{2800 MW)
SINGLE LINE TO GROUND FAULT AT RY4 ON 500KV RY4-WNO 2 LINES

OPEN FAULT LINES 4 AND 6 CYCLES (CONTIGENCY N-2)

FILE: LOZE2RY4-WNO
4 37: [V
9]
13 V:50 M
CHNLA 23 (V:SODKY NCO)
6: [V:S00KV RY4]
] ]
! 4

SYSTEM PLANNING DEPT, PDP95 ,LIGHT 2002

IPP AT THE EASTERN AREA

:h%ﬁhhﬁ [ N R Y D R R

ITONY (SaNODES) AWIL
GGIET G66T LT IDO ‘3L ) ) : )
0000°6 0000° L 0000°'% 0000° ¢ 0000° T
_ —_— . —_ IJ\IOQQ-On Go00° 8 00009 40Q0"» 0000°C ['M&:)
o o o lo lo o ! T 1 I ] ] ] | !
22128 I8 I8
— Gl v-d Gad -4 Ll
1 ] + ] 1 t
~ —
A X + & v
4 B _ ] _
’ . ]
m A N T L —
g S T T | L. - . - e e e m e T, h e m e s ]
~ R N LR
m Lo e | |
[)
-
M — — — —— —_— . - — - - a r —— —+ e e em -
g ] J =
sHod 3 8 3 8 9| — e e~
cogg | A e e
Szal 4 A & u
w0 x £ o 3 M —_ o
>
masdaaaal . .
8533 = - 1 oo enETT AR L A
CEIDY .. -l -l -
Badl d 8 8 7
o g
o
(%]
=
g
-
]
<4
3
2
[
w

SYSTEM PLANNING DEPT. PDP35 ,LIGHT 2002
OPEN FAULT LINES 4 AND 6 CYCLES (CONTIGENCY N-2)

IPP AT THE EASTERN AREA

W{
{

[156 00
L
1356.09
{
115600
|
[156-00
|
1150.00
|
113665
-

wn
Y
&g
N

(=W

14

|




~SLT-

} -360d - SL ISVO

HOYLTOA
(SQNODaSs)
8V:60 S66T TZ OOY ‘NOW HAIL
0000°§ 0000 L 0000'S 0000 ¢ 0000°T
—— _— ago-ot 0600°8 00009 00Ga" " 0000 L 2°'0
o wgw e |z ] | i [ ] ] | 1 |
2218 B I8 531042 ¢ uy auy u_...s..ono £002
e e e e A ] U1 OON-Y AN AX 00§ UO PAY Ju JjNR) ISRYA €
o o o o la lof { MW 0008 + QOLXY :E.a!.u-:aﬁuu U W Sdd) Q(Ol_ V.(Mn_ —
A X + * v
to . | ' w
. ' {
N ! - —
f : | . _
+ . | t
. N [
i x ! 4 h
g2
5 Bg8g§ 3 B ]
o O
2 8 w = B -
~_ v Q 2 m
g | ot -
%32 T8 S 4
[oT=) 271 . [ N R
B e 8 b ]
alg . 3 = -
B entd IR .
o
meu o Y
gez0
DWMA. 1.[:"!!(171‘1\1]:!;1'0&(!:!.'1.\\!«.!.\41/ nT
MMTM | Tt ot S A S e S SR RS L 2SS - e S A
] a1
_’
mmmm - -
Eua™
“130 L -y
g 2 2 18 |2 MIW
SRR RERLER
Bes Lul_nLnLnLn - i l { ! l ! ! ! !
HIONV
. , (SANODIS) FWIL
8P:60 G661 TZ 9DI¥ ‘NOW
0000°6 0000 L 0000'S 0000 E 2000°1
—_— |:|aoo.o« 0000°8 0000°9 0000V 0000°C 0" 0
A0 A e s S B B R NS B B B
g I8 18 8 8 (8
il L o~ = - -
A X + * v
| . | |
. i 3
O ! - ~
! . ! i
T O O
N . ]
4 X 3 4 ﬁ
. -~
o . — = e e - . e l»l\.f\l.\:rl\}(\/(\/ \J
2 <
m — A A I A = I - ’ X7
- o 2 & 8 5 g m ..... A mm e~ R ;-.-\..,.\ N \\,/._
o B -—— - - Pl B ‘
m AWL W...J ~.r NA & P — ST ~— lf‘ﬂ’l/l\l'\ (/f/({\ \\/\
o~ m o vl . ol /II , -
4EE = 458 o N
I B R Y I S R, : -
28 B g g
5”0 -] - -l |
a8 R m g -
Q j423 o Ol
pmmw
. 3]}
Boz0
L9 Ev e B
Nm = -
1= Tu
gaas
nE 2 N .
mnl [N
=
mppm
] S 12 18 8 18 I8
Hools n@m 2 12 le
BRI I S S I l 1 | | | | L

c 308
¢ xtpuaddy




EnHaLXx o

Page S6

A

SYSTEM PLANNING DEPT. PDP95 ,PEAK 2003
IPP AT THE EASTERN AREA (3 300 MW}
3 PHASE FAULT AT RY4 ON 500KV RY4-WNO LINE
OPEN FAULT LINE 4 CYCLES
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. SYSTEM PLANNING DEPT. PDP95 ,PEAK 2003
Arn~—| TPP AT THE EASTERN AREA (3800 MW
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3 PHASE FAULT AT RY4 ON 500KV RY4-NCO LINE

OPEN FAULT LINE 4 CYCLES

SYSTEM PLANNING DEPT. PDP95 ,LIGHT 2003

IPP AT THE EASTERN AREA
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SYSTEM PLANNING DEPT. PDP9S ,LIGHT 2003
OPEN FAULT LINE 4 CYCLES

IPP AT THE EASTERN AREA
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SYSTEM PLANNING DEPT. PDP9S ,LIGHT 2003
TPP AT THE EASTERN AREA (3800 Mw)

SINGLE LINE TO.GROUND FAULT AT RY4 ON 500KV RY4-NCO 2 LINES
OPEN FAULT LINE 4 AND 6 CYCLES (CONTIGENCY N-2}
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SYSTEM PLANNING DEPT. PDP35 ,LIGHT 2003
IPP AT THE 800 MW

EASTERN AREA (3 MW)
SINGLE LINE TO GROUND FAULT AT RY4 ON SO0KV RY4-NCO 2 LINES

OPEN FAULT LINE 4 AND 6 CYCLES (CONTIGENCY N-2)
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1PPs in the eastern area ( With 4x700 + 1000 MW )
Single line to ground fauit at RY4 on 300 kV RY4-NCO lines

Open fault line in 4 and 6 cycles (contigency n-2)
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SYSTEM PLANNING CEPT. PDP9S ,LIGHT 2003

IPP AT THE EASTERN AREA {3800 Mw)

SINGLE LINE TO GROUND FAULT AT RY4 ON SOOKV RY4-WNO 2 LINES
OPEN FAULT LINES 4 AND 6 CYCLES (CONTIGENCY N-2)
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SYSTEM PLANNING DEPT. PDP35 ,LIGHT 2006
IPP AT THE EASTERN AREA (8800 MW)
3 PHASE FAULT AT RY4 ON 500KV RY4-NCO LINE
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1080
3 PHASE FAULT AT RY4 ON SO0KV RY4
OPEN FAULT LINE 4 CYCLES

SYSTEM PLANNING DEPT. PDP9S ,PEAK 2007
IpP AT THE EASTERN AREA
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APPENDIX 4

FAULT FLOW DIAGRAMS
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AEBendix 5

Page 1

FULL NAME AND ABBREVIATION OF SUBSTATION
N0 SUBSTATIONS ABBR. {INC. SUBSTAT {ONS ABBR. {|NO. SUBSTATIONS ABBR.
1. [AMNAT CHARDEN AN 85. |LAM POO RA LR 169. IPHUKET 182 PRILZ
2. |ANG THONG 182 AT182 86. [LAM TAKHONG ) LTK 170. |PHUNPHIN (13
3. |AG PHAT 182 API32" 1187 JLAHPANG 182 LP182 i7(. |PONG BON PBO
4. Tao uoon AU 88. |LAMPHUN 182 LH182 172. |PRACHIN BURL 142 PAIL2
§. |ARANTAPRATHE AR 89. JLAN KRABU LKB 173. |PRACHUAP KHIRI KHAR FKK
6. [AYUTTHAYA 142 AT182 90. ILAT PHRAQ LPR 174. |PRARHON CHAL PKC
7. |BAMNET NARONC BNN 91. |LANG SUAN LSN 175. [PRAN BUR] PRB
8. |BAN BUNG B88G 92. (LI L1 176 [PRAN BUR| POWER STATION PRP
9. |BAN COK CHANG BCC 93, |LOET LE V77. (RAJJAPRABHA (CHIEW LARN) RPB
10. |BAN _DON BON 94. (LOH SAK LS 178. |[RANGSIT RS
11._1BAN DUNG B80C 95. [LOP BURE 132 L8142 179, |RANONG RN
12. [BAN KHUN KL ANG BKC 96. |LOWER MAE PINC P 180. JRANOT RA
13, |BAN NA GAN BKS 37. I|PAE_CHAEH HC 181. JRATCHABUR] 1.283 RBI. 283
4. |BAN PHAL [13 98. |MAE CHAN HCN 182. [RATCHABUR] POWER PLANT RBPPY
15, |@AN PORG 182 BP142 99. |HAE HONG SON A 183. | RATCHADAPHISEK RPS
16, JBAN SANT| 8S 100. [HAE KHAM PKHY 184. [RAYONG 1,283 RY).283
17 |BAN YANG BYC 101. JHAE KOK HKK 185. JROI ET RE
18. |BANG KAP] BK 102- [MAE KUM LUANG (NEA) ML 18€. 1SABA YD{ SBY
19. |BANG LAMUNG BL 103. [MHAE KUANG HKC 187. 1SADAD Sb0
20. [BANG LANG BLG 104. JHAE LAMA LUANG ML 188 ]SAT NOI SNG
21. JBANG MUN NAK BMN 105. [HAE MOH 1.233 w1, 283 J1 189, |SAI BURi SBR
22. IBANG PA-TN 182 Biie2 106- |[HAE MOH MINE HHHT 1] 190 |SAKON NAKHON 182 SD182"
23. |BANG PAKONG BPK 107, |HAE NGAT HNG 191, JSALOKBAT SLB
24. |BANC PHLI BPL 108- |MAE SA-NGA HSN 192. | SAM PHRAN 182 SA142
25. JBANG_SAPHAN BsP 109. |[MAE _SARIANG HSR 193. TSAMUT SAKHON 1,283 SN1. 243
26. |BANGKOK NO1 [1] 110. [HAE SOT HS 194, [SAHUT SONGKHRAM SH
27, TBETONG BT 11 1. TMAE TAENG HiC 195. [SAN KAMPRAENG SKP
28._[BHUMIBOL 88 112. IHAHA SARAKHAM MK 196. ) SANGKHA SKAY
29. 180 MIN BWN 113, [HANORON MR 197. |SAFABUR] 182 SR142
30. [BUNG KAN BKA 114. [HAP TA PHUTY NTP 198 | SAF.ABURT 384 SR344
31, |BUNGC SAM PHAN BCS 115, |HUKDAHAN 142 HO142° ] 199. [SATTAHIP 182 SK142
32. |BURE RAM [13 116. |NA KAE_(DUT OF SERYICE) NE 200. ISATUN Sty
33. |CHA-AN CA LL7. [HAKHON CHAISH NCS 201 . | SAMANKHAL 0K St
$4. |CHACHUENGSAG [3 118, [NAKHDN NAYDK NY 202. | SAVANNAKHET SVNT
$5. ICHAENG WATTHANA cHY 119, {NAKHDON PATHOM NPT 203. 1ST RACHA SC
16. JCHAL BADAN CBD 120. |[NAKHON PHANOM NN 204. IS1 5A KET SS
37. JCHATYAPHUH CYP 121. JNAKHON RATCHASIHA 182 NR1&2 205, [ST¥HIU SKI
8. _JCHANTHABURT ct 122. |NAKHON SAWAN NS 206. |SING BURI SI
§9. JCHIANG KAN CKN 123. INAKHON ST THAMHARAT NT 207, |StH_PUN SPU
10. JCHIANG MAT i.2L3 CH1, 243 1| 124. |NAM CHOEN NCE 208. JSIRIKIT SK
11, [CHIANG RAT CR 125. JNAR CHON NCN 209. |SIRINOHORN SRD
12. JCHOK CHA1 [ 126. INAM HAENG NHA 210. |SOMOET SO
13. JCHOM BUNG CBG 127. [NAH KHEK NAK 211, |SONGKHLA SKL
i4. JCHOM THONG CIG 128. {NAM LOEI NLE 212. | SOl TH BANGKOK S8
5. JCHOM THIEM CIN 129. |NAH HAN [T 213. |SOITH _THON BURI ST8
6. [CHON BURI ce 130. [NAH NGAC NNA 214. ISRiMAGARIND SNR
7. |CHONG KLAM CHK 131, [NAM WoUH NNG 15, SUEHOTHA 3
8. JCHONG MEK cH 132. |NAM PAl NP 216. JSUIAL KOLOK SUK
9. JCHUL ABHORN cL8 133. [NAH PHONG 132 WPO182 [} 217.[SUHAN BURE SP
0. JCHUM PHAE CPA 134. [NAM PUNG NP 218. ISURAT THAN] SRT
1. JCHUMPHON cP 135. [NAH SAN NSN 219. [SURIN su
2. |DET_UDDH [3) 136. JNAH SU NAS 220. |TA: 182 TALS2
3. |OOEMBANG NANGBUAT DBN 137. [NAM THEUN NTN 224 . [TARHLL 182 TK182
4. |FANG FA 138. JNAN THEUN 2 nIn2* 222. [TAKUA PA TP
5. |CREATER BANGKOK BKK 139. [NAM YuaM NYU 223. [TA maow ™o
6. [HAT YAl 182 HY 182 140. [NAN NA 224 . | THAKHEK THK®
7. JHONG SA HSA® 141, [NARATHIWAY NW 225, [THA MIANG m
8. JHOUAY HO HHO® 142. INDRG BUA_LAM PHU HBL 226. | THALAN (1,283 TLl. 283
9. JHUA HIN HH 143, [NONG CHOK NCO 227, [THAP THAR 1n
0. JHuAl Kutt HK 144. INONG HAN NH 228. |THA TAKD TIK
. JHUAL NGAED HNG 145. [NONG KHAI NK 229. JTHA THUNG-NA [
2. JHUAL PHUKHI HPK 146. |NORTH BANGKOK NB 230. [THAT PHANOM iH
3. [HUAL SAK HSK 147, |RUCLEAR NC 231. | THA WUNG w
4. [KABIN BURI XBB 148. JON NUCH [ 232. JTHEPHARAX 1PR
5. |KAENG KRUNG KKU 149, TPAK CHONG PCH 33. [THEUN-HINBOUN THPP®
6. |KAENG SUA TEN KST 150. JPAK MUN P 34. [THI KHONG TKH
7. JKALASIN KL 151, |PAK SE PSE . [THOEN TE
8. |KAHPHAENGPHE T XP 152. [PATHUM THANI PY - | THOENG THG
9. [KAMPHAENG SAEN KS 153. IPATTANI PYN 237. [THUNG SONC !
0. |KANCHANABURT KB 154. |PHACHI PH 238, JTRANG L]
1. [KAENG KRACHAN KKC 155, [PHANAT N1KHOM PNN 238, [TRAT TF
2. _[KANTANG KT 156 . |PHARGC KHON PHK 240. TUBQLRATANA UR
3. [KANTHARAL AK KL 157, |PHANGNGA PN 241. fUBON RATCHATHANI 182 uaias2
4. |KHANOH KN 158. JPHAT THALUNG PU 242 TUDON_THANT 182 upie2
5. [XHAD LAEHM KHL 159. |PHAYAKKHAPHUM PHISAIL PYX 43. JUPPER MAE PING ume
6. |KHLONG MAT KLM 160. {PHATAQ PY 244. JTUPBER PA SAK upPs
7. JKHLONG NGAE KNE® 161. JPHETCHABUN PE 45. U _THONG uig
8. JKHOK KLOI KKL® 162. |PHETCHABURL PB 246. JUTTARADIY Ut
9. IxHON KAEN 1.283 xKt.283 J1 163, JPRicHITY PC 47. [MANG WO L.
0. |KHONG KNG 164. JPHITSANULOK 1.243 PL1. 283 [} 248. [WATTHANA NAKHON WNK
1. [XIRIDHARN (HUAT SAPHAN HIN) KRD 165, |PHOR PO 49. [WIENG HAENG WHG
2. JKLAENG KLA 166. |PHON THONG POT 0. [XESEY XSE
3. |xraB KA 167. [PHRA PHUT THABAT PIB . [YALA YL
4. [xup KUD 168. |PHRAE PR 2. JYASOTHON Y
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