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Dear Mr. Kasame: 

Transmitted herewith is the final report for the Mae Mh -
Bangkok EHV Transmission Project. This report has been
 
revised to include aomments from your staff and is being 
transmitted to you as a final document.
 

For your convenience in reviewing the report, we have 
divided it into three volumes. Voltme I is an executive 
summary, Volume II contains technical information and Volume. 
III contains additional back-up data. 

We sincerely appreciate the opportunity to work with EGAT 
on this project and look forward to being of further ser
vice to you. 

Sincerely, 

rim HNGINES (Itraicnal), Inc. 

W. E. Sebastian 
President
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EXECUTIVE SUMMARY
 

MAE MOH - BAIG3KK EHV WANSMISSICti Sb1Y 

1.0 INCU ICN
 

Scope of Work
 

LED was coamissioned to provide the Electricity Generating
 
Authority of qhailand (EGAT) with a technical and economic evaluation of
 
various transmission systems. The transmission system envisioned would be
 
utilized to integrate the proposed generation expansion at Mae Moh into the
 
existing EGAT electric transmission network. The transmission systems which
 
were to be evaluated were based on various voltages which are utilized for
 
bulk power transmission throughout the world and include:
 

an expansion of EGAT's existing 230 kV system 
a higher standard voltage of 400 kV 
another higher standard voltage of 500 kV 

An evaluation of the most viable transmission system would be 
utilized by EGAT to prepare their report on the total Mae Moh Project. 

1.2 Purpose of swtary 

This stumary is a condensed version of the final results of the
 
Interim and Final Reports, as well as a brief description of parts of the
 
EGAT Syste . Its purpose isto present the reader with only the necessary 
information for an overall project review. More detailed information is 
available inthe full reports and this stamtary isnot intended inany way to 
replace them. 

2.0 POWER SYSTEM HIATS 

2.1 Planned Expansion
 

The planned expansion of generation and the anticipated loads to
 
be served, which were the basis for the required transmission expansion, and
 
hence the study, were detailed inEGAT's Power Development Plan (1979-1993).
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2.2 Projected Load 

EGAT periodically prepares a Power Development Plan which details 
the load requirements throughout their system. The most recent plan at the 
initiation of this study was the PDP dated January, 1980, which predicts 
capacity and energy requirements through 1993. These projections, which are 
detailed monthly for the period considered, indicate a 1993 peak load of 
8,642.4 thousand kilowatts and a monthly energy consum]ption of approximately 
4,200 million kilowatt hours.
 

2.3 Generation Plans
 

The most recent PDP utilizes generation projections which consider 
various availability criteria to match both the peak system load and monthly 
system energy requirements to the expected generation availability. This 
criteria considers the projected availability of both peak and base load 
hydro and pumped storage, as well as peak and base load thermal and internal 
combustion generation. In providing the needed generation facilities to 
provide the projected power and energy requirements, EGAT has planned an 
additional 25 generating units which are scheduled to be in-service between 
1986 and 1993.
 

2.4 Mae Moh Generation 

This study was commissioned to study a new transmission system
which would be required to transmit the power generated by at least four of 
the scheduled generating units. These units are planned to be base load, 
lignite-fired, 300 megawatts each and will be located at the lignite mine at 
Mae Moe. These units designated Mae Moe 6,7,8 and 9 were scheduled for 
commissioning in September, 1986; March, 1987; September, 1987; and 
September, 1988 respectively. 

2.5 Additional Considerations 

The transmission system ultimately utilized is also expected to 
have a significant interface with the transmission system utilized for 
additional and subsequent generation facilities which MAT has planned. 
These plans include an additional four units of coal-fired or two nuclear 
units near Ao Phai. These units are planned at 500 megawatts each if 
coal-fired or 1000 megawatts each if nuclear, and are planned to provide an 
additional 1000 M in October, 1990 and in April, 1992. 

-2



EA also anticipates that the Mae Moh lignite reserves will 
support additional generation and accordingly has instructed that additional 
300 megawatt units be studied at Mae Moh. The units would provide an 
additional 1200 megawatts of generation during the period following the Ao 
Phai generation; possibly 1994 through 2000. 

3.0 WSM4ISSICN SYSTEMS 

3.1 Existing System 

The existing transmission network currently utilizes three 
voltages consisting of 69 kV, 115 kV and 230 kV. These voltages are 
presently used to transmit bulk power throughout the country. It should be 
noted also that by far the largest single concentrated load is the Bangkok 
a!:ea. 

3.2 Proposed Systens 

LENOD was assigned to prepare a study on the use of 230 kV, 400 kV 
and 500 kV to transnit power from the new units at Mae Moh to Bangkok 
through a substation at Min Buri. In order to feed the increasing power 
needs of Region 4, an intermediate substation is to be installed at Chum 
Saeng. An analysis was done for each of the three transmission systems. 
The analyses were done on the basis of technical feasibility and economic 
impact. The results of these analyses are given in the information that 
follows.
 

3.3 Transmission Line Requirements 

In order to determine the requirements of each voltage system, 
load flow and stability studies were made for each bystem voltage and for a 
specific time reference, which was determined by the installation of 
generation facilities at Mae Moh. These studies yielded the information 
shown in Table 3-2. 
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TABLE 3-2 

LAD EDW AND STABILITY ST,UDIES - 230 kV SYSTE 

YEAR" 
MAE MO 

GENERATIH FACILITIES REQUIRED 

1986 300 W 2 - 230 kV LI 
1 - 230 kV LINE 

MAE H - CHUM SAENG - MIN BURI 
CHUM SAENG - NAKN SW 

1987 900 MW 4 - 230 kV LINES 
1 - 230 kV LINE 

MAE MOH - CHUM SADI - MIN BURI 
CHUM SA - NAKCN SAMAN 

1988 1200 MW 4 - 230 kV LINES 
1 - 230 kV LINE 

MAE MOE - CHUM SAENG - NI 
CHUM SAEN - NWK SWAN 

BURI 

1995 2400 W. 5 
2 

- 230 kV LINES 
- 230 kV LINES 

MAE MOH - CHUM SAENG - N 
CHUM SAENG - NAKWN SWAN 

BURI 

LOAD FLWW AND STABILITY SIUDIES - 400 kV SYSTEM 

YEAR 
MAE MOH 

GEZ4ERPATIMZ FACILITE REQUIRED 

1986 300 1W 1 - 400 kV LINE 
1 - 230kV LINE 

MAE MOH - CHUM SAENG - MIN BURI 
CHUM SAENG - NAKON SAWAN 

1987 900 m 2 
1 

- 400 kV LINES 
- 230 kV LINE 

MAE lH - CHUM SADN - MIN BURI 
CHUM SAE - NAKCNZSAAN 

1988 1200 Mf 2 
1 

- 400 kV LINES MAE MOH - CHUM SAENG - MIN BURI 
- 230 kV I CHUM SAENG - NAKWN SMWAN 

1995 2400 Wf 3 - 400 kV LINES MAE MEH - CHUM SADN - MIN BURI 
2 - 230 kV LINES CHUM SAENG - NAKCN SAWAN 

LOAD LW AND STABILITY SIUDIES - 500 kV SYSTE 

YEAR 
MAE MOB 

GENERATION FACILITIES REQUIRED 

1986 300 MW 1 - 500kV LINE 
-230 kV LINE 

MAE MDH - CHUM SAE - MIN BURI 
CHUM SAENG - NAKCK SAWAN 

1987 900 MW 2 
1 

- 500 kV LINES 
- 230 kV LINE 

MAE WE6 - CHUM SAENG - MIN BURI 
CHUM SAM - NAKW SAWAN 

1988 1200 1W 2 - 500 kV LINES MAE MOH - CHUM SAENG - MIN BURI 
1 - 230kV LINE CHUM SAENG - NAKWN SAWAN 

1995 2400 Wf 2 
2 

- 500 kV LINES MAE MOH - CHUM SAEW - MIN BURI 
- 230 kV LINES CHUM SAENG - NAKWN SA WN 
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3.3.1 Tower Configuration 

In addition to the number of lines reuired, a considerable effort 
was expended to determine the optimum transnission tower configuration. The 
choices available were narrowed into three possibilities which are described 
as Double Circuit Vertical Configuration, Double Circuit Delta 
Configuration, and Single Circuit Towers. The final choice was single 
circuit towers based on considerations of system reliability. See Figure 
3-3.
 

4.6M 7.4M 7.4M 4.6M 

LONGITUDINAL FACE 

R/W:71.1 M 

FIGURE 3-3 

SINGLE CIRCUIT 500 kV BASE TOWER 
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3.4 

3.3.2 Conductor Size and Ruling Span 

Studies were made to determine the optimum design for conductorsize and ruling span. 7he 230 kV transmission line designs currently
utilized by BGAT were upgraded for the study to enable the 230 kV 
alternative to be more competitive with the higher voltages being
considered. The following conductor sizes were studied for the 400 kV and
500 kV systems at ruling spans of 245, 365 and 490 M. All conductors are 
type ACSR. 

TALE 3-4 

CONDUCIR SIZES 

TWER TYVE 230 kV 400 kV 500 kV 

Single Circuit 2-1272 KCM 2- 795 KCM 4- 795 KCM 
2-1272 KCM 3-1272 KCM 

Double Circuit 2-1272 KCM 2- 795 KCM 4- 795 KCM* 
2-1272 KCM 3-1272 KCM 

*ONE CIRCUIT INSTALLED 

The results of these studies indicated that the most economical 
system to install was 795 KCM conductor with a ruling span of 490 Mon a 500
kV system. 

Reactor Requirements 

Due to the length of the EV line, the system under consideration
would require a significant amount of shunt reactors to prevent rising
voltages caused by line charging current. To compensate for this, it is
recommended that the amount of reactor required for maximum line loading be
permanently connected to the transmission line. The additional amount of 
reactors required between maximum and minimum line loading, would be
connected to the ERV transformers' tertiary windings provided that the MVA
rating of the winding is of sufficient capacity to accommodate the reactors. 

Final recomnendations on the exact reactor installation details 
can be made only after additional transient network analysis (INA), load
flow and economic studies are made, which are beyond the scope of these 
present studies. 
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3.5 Substation Requirements 

Since the substation requirements vary according to the number of 
terminals required at each voltage level, substation layouts were made for 
the 400 kV and 500 kV systems according to the requirements shcwn in 
Paragraph 3.3. The 230 kV substation layout was not made as the information 
necessary for pricing was available from WAT and it had become apparent 
from our studies that economically the 230 kV system was not going to be a 
viable alternative. 

4.0 ENVIROMENT 

4.1 Items Studied 

To determine the envirormental *mpact the UV system would 
produce, different conductor sizes and configurations were studied to obtain 
values for the following: 

Electric Field 
Radio Interference
 
Audible Noise Level 

The studies indicated that the levels to be expected irthe final 

design are acceptable and the supporting data is contained in the Appendix. 

5.0 E]CIOMIC EVALUATION 

5.1 Combined Cost 

The cost comparison of the three voltage levels can be sunuarized 
in Table 5-1. Reactor and generator transformer costs are included in the 
substation prices. All figures are in 1980 million Bahts and include the 
equipment required through 1988. 

-8



TABLE 5-1
 

230 kV 400 kV 500 kV
 
F.C. L.C. F.C. L.C. F.C. L.C. 

SUBSTATIONS
 

IIE MOB 380.7 118.2 551.7 190.0 623.4 211.9 
CHUM SAENG 119.2 58.1 288.7 139.2 365.1 147.1 
MIN BURI 117.3 42.1 392.0 158.7 385.0 166.3 

SUBDOTAL 617.2 218.4 1232.4 487.9 1373.5 525.3 

T - LINES 2105.4 2509.1 1484.0 2010.8 2162.0 2244.0 

TOTAL 2722.6 2727.5 2716.4 2498.7 3535.5 2769.3 

T07AL 5450.1 5215.1 6304.8
 
F. C. &L. C. 

F. C. - FOREGN dPqJREIC NOe 
L. C. = LOCML URRCY)(Mg) 

If Units 10 through 13 are italled between 1988 and 1995, the 
additional costs would be 1924.1 M0 for 230 kV, 2226.9 M9 for 400 kV and 
538.2 M for the 500 kV systems. 

The present value of the cost stream for each system based on 
various discount rates over the expected 25 year life of each system are 
shown in Table 5-2. Figures are in 1980 million Bahts and include the 
expansion planned through 1995. 

TABLE 5-2
 

DISCOUNT RATE 230,kV 400 kV. 500 kV 

8% 6552.1 6338.2 4687.0
 
10% 5680.9 5363.5 4375.7
 
12% 4969.2 4706.2 4053.2
 
14% 4392.5 4135.6 3759.7
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5.2 Cash Flow Requirements
 

The 500 kV system is the most economical of the three systems 
proposed and the supporting data is in the report. For the benefit of the
 
reacer, we are presenting here the cash flow requirements of the 500 kV 
system.
 

TABLE 5-3
 

CASH fLAW REM 
(1980) 

x 1,000,000
 

1981 1982 1983 1984 1985 1986 TOTAL 

F.C. $(US) 1.8 1.8 31.9 91.3 46.9 3.3 177.0
 

L.C. (THAI) 27.7 238.8 685.1 1023.7 600.1 193.9 2769.3
 

6.0 CONCLUSICNS,,AND REOI TINS
 

6.1 Reco n System 

Inview of the data presented herein and the more extensive 
discussion contained inVolume IIof the Final Report, we recommend that 500 
kV be the transmission voltage' utilized for the Mae Moh - Bangkok 
Transmission System. This transmission system should be constructed to 
place the initial portion in-service with the commissioning of Mae Moh Unit 
6 inSeptember, 1986. 

The initial system would consist of substation terminals at Mae 
Moh Generating Station, at an intermediate location at Chum Saeng and at Min 
Buri near Bangkok. Each of these substations would have transformation 
capacity enabling power to flow from the main 500 kV system into the 230 kV 
system at each of these locations. With the comnisLioning of Unit 6 at Mae 
Moh a single circuit 500 kV transmission line would be utilized to carry 
power from the Mae Moh Generating Station to the other two substations in 
this network. 

With the commissioning of Mae Moe Unit 7 in March, 1987 another 
single circuit 500 kV transmission line should be placed in-service between 
Mae Moh and Chum Saeng and Min Buri. We anticipate each of these lines 
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would be 550 kM in total length; with each line extending 315 kM between Mae 
Moh and Chum Saeng and 235 kM between Chum Saeng and Min Buri. 

Volume II of the Final Report contains specific retions 
concerning the equipment and design to be utilized for each phase of the 
project. It also details reactance and transformer capacity which will be 
required as additional generation is added to the Mae Moh Plant. 

This 500 kV system will then efficiently serve the anticipated Mae 
Moh generation for the planned 1200 MW through 1993 and with other small 
additions will transmit the anticipated Mae Moh additions after 1993. 

6.2 Recommended Project Schedule 

To provide the 500 kV system for comnissioning in September, 1986 
concurrent with Mae Moh Unit 6 we have prepared the enclosed Schedules 6-2. 
These schedules anticipate the initiation of transmission line route 
selection and environmental assessment in 1981. 

6.3 Conclusion 

We believe that a thorough analysis has been made and all the 
requirements given to us by the Bonneville Power Administration and EGAT 
have been fulfilled. The recommendation given above is the culmination of a 
thorough study of the situation as it was given to us by BPA and EGAT, whose 
assistance and cooperation is hereby gratefully acknowledged. The 500 kV 
system reconinended should serve GAT well in the years ahead and provide the 
initial step for a future extensive 500 kV transmission network. 

The 1988 configuration of lines and substations will be as shown 
cn Figure 6-1. 
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The objectives for this, the lscond study of the required system, are 
set-forth in the Scope of Work Which is quoted as follows: 

"To provide a technical and economic evaluation of 
a 50C kV transmission system to intergrate the 
generation of the Mae Moh Project into the EfAT 
system. he study shall consider the proposed 
generation as outlined in MT Power Developeent 
Plan (1980-1993) - December 1980 commencing with 
Mae Moh Unit 6 and including Coal Fired Units 1-4 
at Ao Phai. 

The results of the study will be used by EGMT to 
prepare their report on the total Mae Moh Project." 
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1.0 COaNCUSIONS AND RECONDATIONS 

1.1 GENERAL' 

We are providing herein the results of our study of the Mae 
Moh- Bangkok Transmission System. 

This study was undertaken to determine the optimum 500 kV 
system to transmit the power generated at Mae Moh Power Plant to the 
greater Bangkok area. It utilizes the main results of our previous
study of the Mae Moh - Bangkuk EHV Transnission System, and develops
them further for the various construction phasca. It was proven in the 
first study that both 500 and 400 kV operatng voltages reqvire the 
same number of lines (two) to nterconnect Mae Moh with Bangkok in the 
early stages of Mae Moh Power Plant development (2 x 150 MW and 4 x 300 
MW units). However, should additional generation be connected to the 
Mae Moh buses, whether it uses additional 300 lW units or Ing Yom hydro
complex generation, it would necessitate the construction of the third 
400 kV line, which imakes 500 kV transmission system the most economical 
and technically appropriate. Therefore, our present study has not 
considered a 400 kV transmission system as a viable alternate. 

The present study reflects the changes in the generation
schedule, formulated in the new MAT Power Developnent Plan (Reference
2). The major changes which were included in our study are as follows: 

Ao Phai Coal-Fired Plant (4 x 600 Yl Units) was 
incorporated in the system plan.irig studies. 
Two 500 kV lines will interconnect Ao Phai with 
an EHV substation in the Bangkok area (Min 
Buri); 

Two additional 500 kV lines will tie Min Buri 
with another EHV substation located to the west 
of Bangkok (Sai Noi), for future 
interconnection with the western hydro complex; 

Ing Ym .iydro project was included in the 
transmission study for the purpose of checking 
whether the Mae Moh - Min Buri ERV transmission 
system is capable of accommodating future hydro
generation in the north of the country. 



In our study we have also investigated the advisability of 
transmitting Mae Moh power via 500 kV transmission lines initially 
operated at 230 kV as described in Sections 5 and 6. 

Various load flow and stability studies have been undertaken 
to establish a set of technially viable alternates. Economic 
comparisons have been made of the different alternatives for the 
gradual transmission system development, and the most economical and 
technically sound system has been recommended. 

1.2 SUMARY
 

System planning studies for the Mae Koh - Bangkok 
Transuission System cover a period of seven years, beginning in 
September 1986, which is the in-service date of Mae Moh Unit 6. 

1he following logical sequence has been used in deriving the 
recommended system development plan. 

1.2.1 Load flow and stability studies have determined that the ONLY 
appropriate operating voltage for the subject transmission system in 
the year 1993 is 500 kV. It has been established that the Mae Moh -
Bangkok transmission facilities in 1993 will be comprised of the 
following:
 

Installed generating capacity at Mae Moh power 
plant of 1725 MW (3 x 300 M , 4 x 150 MWand 3 
x 75 M units); 

Two 500 kV single circuit lines, each with 4 x 
795 MC! ACSR conductors per phase. 7he 
transmission lines extend between the Mae Moh 
switchyard and the Chum Saeng intermediate 
substation and end at the Min Buri substation, 
where the power will be distributed to various 
230 kV substations in the EGAT network. 

Two 230 kV lines, each with 2 x 1272 M4CM ACSR 
conductors per phase are required between Chum 
Saeng and Nakhon Sawan. 
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In 1993 the Ao Phai coal-firedl, plant (installed capacity: 
2400 Mw) will be incorporated into the BM 'System by two 500 kV lines 
,tojMinBri and, two 500 kV lines frxuMin Buri,to Sai Noi,. 

The, Dig Yam, hydro' complex' (installed capacity:, 60,0 MW) willbe I teiponnectd, with Mae Moh via two 230 kV lines from, SuaTen Dam. 

4.2.2 Similarly, we have determined from the results of, ',the load 
.flow and stability studies that 500 kV becomes MHE CNLY appr priate 
transmission system, voltage in the year 1991. However, the second 500 
kV line between Chum Saeng and Min Buri is not required for,;the years 
1991 and 1992. 

related 
follows:, 

Installed generating capacity 
to the subject project, for 

of the major power plants, 
the years 1991 and 1992 is as 

1991 -1992 

Mae Moh 1425 (3x75 W, 4x150 
WOO WY) 

MW .1725;: (3x75 MW14xl50 
3x300 'W), 

Ao Phai 1200 14 '(2x600 W), 1800, MW (3x600 M) 

Ing Yom 150 1W (70 W 80 M) 150 (70 I* 80MW) 

1.2.3 Despite the necessity for 500 kV in the years 1991, 1992 and 
1993i the load flow and stability studies have' not disqualified 230 kV 
alternative systems for the years 1986 through 1990. For these early 
stages of the Mae Moh power plant development (825 MW through 1125 Ml) 
both 500 kV and alternative 230 kV (built as 500 kV but operated at 230 
kV) systems are technically sound, meet system planning criteria, and 
offer a high degree of reliability and flexibility in the system 
operation. 

Our study has considered three altetnative ,ystem development 
plans: , 

The transmission system could be, ponstructed 
and operated at 500 kV from the very beginhing. 
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The transmission system could'be constructed as 
500 kv but initially operated at 230 kV -
ALTERNATE 1. Incorporated in this alternate 
are special generator step-up transformers,
which would be used for Mae Moh Unit No. 8. 
These would consist of single phase
transformers with double high voltage windings
suitable for operation at either 500 or 230 kV,
and initially -operated at 230 kV. Power 
circuit breakers would be purchased for 230 kV, 
installed, and connected to substation buses 
designed and built as required for the final 
500 kV substation. 

,The transmission system could be constructed as
500 kV but initially operated at 230 kV -
ALTERATE 2. According to this alternate, 
generator step-up transformer for Mae Moh Unit 
No. 8 will be for single voltage operation at 
500 kV. They would be connected to a 500 kV 
bus and then stepped down through a 400 MVA 
autotransformer to 230 kV. Line terminals will 
be built in the existing 230 kV switchyard. 

it should be understood that both 230 kV alternates differ 
withi regard to the Mae Moh substation arrangement. As described in 
Section 6, we have performed an econunic ccmparison of both 230 kV 
alternates and eliminated Alternate 1, since its capital cost as well 
a6 present worth is higher than for Alternate 2. 

Then, the 500 kV system and the 230 kV Alternate 2 systep 
were subjected to the detailed cost stream analysis, based on the total
capital cost, construction cost, estimated losses,, and operation and 
maintenance costs of each system. 

To provide an appropriate technical basis for the economic 
analysis, we have originated preliminary designs of the transmission 
facilities required, which are described in Sections 4 and 5. 

Table 1-1 describes the gradual development of the 
alternative systems at the early stages of the Mae Moh power plant
developoent. 
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TABLE 1-1
 

ANSMISSION LINES WITH 4x795 MC4 ACSR 
230 kV 500 kV 

YEAR GEERATION M-Cs CS-MB M-CS CS-MS 

SEP1986 MAE MM: 675 - -

DEC 1986 MAE MH: 825 MW 1-230 kV - 1-500 kV 

ADG 1987 MAE MOH: 1125 MW 2-230 kV - 2-500 kV

1988 MAE MOH: 1125 W 2-230 kV 1-230 kV' 2-500 kV. 1-500 kV 
AO PHAI- 600 MW 

1989 MAE MOH: 1125 MW 2-230 kV 1-230 kV 2-500 kV 1-500 kV 
AO OAI: 1200 MW 

OCT 1991 MAE MOH: 1425 W CVERSION MO 500' kV 
AD PHAI: 1200 MW WITH" 
ING YOM; 150 MW 2-500 kV 1-500 kV 2-500 kV 1-500 kV 

The 230 kV alternate will be converted into a 500 kV system 
with two 500 kV lines from Mae Mh to Chum Saeng and one 500 kV line 
from Chum Saeng to Min Buri in year 1991. 

It is obvious from the transmission line standpoint that both 
the 500 kV and the 230 kV alternates, as described in Table I-1, are 
absolutely identical. However, as far as substation equipment, system 
losses and reactive requirements are concerned, they differ 
substantially. 

Detailed discussion of the gradual substation developent for 
each system alternate is described in Section 5.2. 

It should be noted that certain portions of 'the substation 
components for Min Buri Substation were not included in substation cost 
estinate, since they would be allocated to the Ao \Phai and Sai Noi 
Projects.I 

Economic analysis of both alternates has led us to the 
conclusion that the 500 kV system, when constructed and operated at 500 
kV for its entire life, exhibits the LOWEST PRESENT WORTM on its cost 
stream of any other alternative system. 



The present values of each alternative system have been 
compted for 8%, 10% and 12% discount rates and based on 1980 prices 
(in Million Bahts) and the results are summarized in the following 
table.
 

1980,PRESENT VALUE OF ALTERNAT~IVE 
NWSISSICN SYSTEM4S 

DISCOJW RATE', INITIAL 500 kV INITIAL 230 kV' 

8% 3895.1 3993.6 
10% 3539.9 3583.5 
12% 3214.8 3216.3 

Results indicate the 500 kV alternate is the more economical. 
Although the difference in the present values of the above alternatives 
computed for 12% discount rate is very insignificant, we would like. ,to 
emphasize an important factor, which makes the 500 kV system even more
advantageous. This factor is the complexity of conversion of the 230 
kV substation into 500 kV, whih may' result in the interruption of the 
power supply and makes construction work. more complicated. 

Based on the above, we recommendconstruction and 'operation 
of a- 500 kV system- with in-service dates comnencing' with the 
instal-lation of Mae Moh Unit 7 (Deiiber '1986). 

Table 1-2 summarizes the recomnded' 500^. kV' 'system
development plan. 

As'discussed in Section 3We are recommending the first line 
from Mae Moh to Chum Saeng ,tobe constructed by December 1986 in order 
to avoid overload of one of the 230 kV lines from Mae Moh, to 
Phitsanulok 2 in case of the'. outage of the second line. 

'The addition of the second line from ,Mae Moh to Chu Saeng, is 
required in August 1987 since the system proved'to be unstable 'for a 
fault at Mae Moh without the second line. 

We are recommending to/complete construction of the first 
line from Chum Saeng to Min Bui in 1988 in order to avoid overload on 
one of the 230 kV lines from Chum Saeng to Nakhon Sawan when the second 
line is out of service. 
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It should be noted that overload of the above lines was 
determined in accordance with the conservative system planning criteria 
described in Appendix 1. Hence, by approaching the system planning
less conservatively, EGAT would be able to postpone the construction of 
the first lines from Mae Moh to Chum Saeng and from Chum Saeng to Min 
Buri for eight months and two to three years respectively. 

For the Mae Moh - Bangkok Transmission System our study 
recommends breaker-and-a-half switching arrangements for Mae Moh, Chum 
Saeng and Min Buri Substation. 

Substation equipment rating and transmission line parameters 
are discussed in Sections 4 and 5. In our study we have attempted to 
standardize the rating of 500/230 kV transformers used for the Mae Moh 
- Bangkok Transmission System. This will increase the overall system 
flexibility. We are recomending single phase substation transformers 
rated 80/106.67/133 MVA, 500/230/34.5 ,kV. We recommend that BWAT have 
one single phase spare transformer at each location. 

As outlined in Section 3, the following number of
 
autotransformers at Chum Saeng Substation is required:
 

MBER OF 
YFAR AU17RPNSFORMERS
 

1986 1 
1987 3 
1988 2 
1989 2,
1990 2 
1991 3 
1992 3 
1993 2 

Although the third autotransformer is not required through
the years 1988, 1989 and 1990, we recommend retaining it at Chum Saenq 
due to the difficulties associated with removing and relocating this 
transformer in 1988 and reinstalling it at Chum Saeng in 1991. 

Our studies indicated that additional transformer capacity 
will be required to avoid overload of the existing 100 KYA 230/115 kV 
autotransformer at Mae Moh. 
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TABLE 3 

SUMMARY OF THE-RECdMMENDED 500 KV SYSTEM DEVELOPMENT 

YEAR 

GEER CN 
AT 

KUMR 
POWER 

PICS 

500 kV 
T. LINES 

M- CS-
CS MB 

NO. CF 
500 kV 
EKR'S 

0F 
- N. OF 
,230 kV 

TERMINAIS 

-IH_ 
AUIV-

TRANS-
" FWMER 

SHL" 
AEACIORS 

NO. OF 
500 kV 
BKR'S 

500 kV SUBSrATINS 
CHM SAEN 

NO. OF AUMI-
230 kV TRANS-

TW4AS FOMERS 

_. 

SHUW 
PEACMORS. 

,_ 

NO OF 
500,kV 
BKR'S 

MIN BUR TO
NO.-O 
230 kV TRANS-

,TME NUS EORERS 
SHUIr 

FACIO 

Sept. 
1986 M: 675 - - - - - ,---

Dec. 
1986 - ':825Mf 

1 
1 -

5 
5 

1
1 IX400MVA 300 MVAR 3 1 1X400 MVA 550 MAR -

Aug. 
1987 )-:1125 m 2 - 7- 1 " 1X400 MVA 400 MAR 8 3 3X400 MVA 800 MVAR -

1988 bt4:1125 MW 
AP: 600 MW 

2 1 7 1 IX400 MVA 420 MAR 9 3 3X400 MVA 84-MVAR - x400Hma 200MAR 

- 1989 H:i125 MW 
AP:1200 WJ-

2 1 7 L 
-. 

1 IX400 IVA 420 MUAR 9 3 3X400 MVA 840 MUAR 1 1-. 1X400 VW 200 MA3R 

1990 1M:1125 M 
AP: 1200 MW1 
IY: 150 M 

2 1 7 
-

1i 1X400 WA 420 MVAR 9 3 3X400 MVA 840 MUAR 1 1 1X400 HYA 200 MJAR 

1991 M:1425 M 
AP:1200 M 
IY: 150 

2--
-

1 8 1 - " 

.-

X400 MVA 450 MVAR 9 3 3X400 HVJA 650 MAR 1 1- 1X400 MWA-150 MJAR 

1992 M1:1725 MY 2 
AP:1800 MW.-. 
IY: 150M-

1 9 1 " 1 X40MVA 480 MUAR 
.. 

9 3 

-

3X400 MVA 680 MUAR 1 
" 

1 lX400 MA 165 MVAR 

1993 MM:1725 MW 
AP:2400 MNlW 
IY: 600 M" 

2 2't 9' 1 IX40MVA 
-

350 .M1AR 9 - 2 2X400 MVA 550 MVAR 3 1 IX400 MVTA 

1G : 4 - Mae ftbh 
CS - Chm Saeng 
IM - Min ri 
AP - ;o Phai 
IY - Ing Yar 



1.3 REOMMENDED ADDITIONAL STUDIES 

Our study indicates that the system under consideration 
requires significant amounts of shunt reactive support at each end of 
the 500 kV lines. This subject is discussed in Section 5.4. However, 
it should be understood that the ratings of the shunt reactors listed 
in this study are not final and should not be used for equipment 
purchase. The final recuamndations on shunt reactors will be made 
after completion of M and reactive power optimization studies. 

A separate study should be undertaken to resolve the problems 
related to the line overload in the greater Bangkok area. 

Also, a study is recommended to develop an automatic 
emergency control system which would prevent the power system's
collapse in cases when double contingencies occur on 500 kV lines, sich 
as a fault on one 500 kV line while the second one is out of service. 

The remedial measures, which could be considered are the 
following: 

Automatic Generator Dropping; 
Automatic Load Tripping; 
Optimized Area Separation 
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2.0 INTROUCION 

2.1 GERAL 

This report was prepared to assist the Electricity Generating,
 
Authority of Thailand in planning the transmission system requirements 
for EGAT's proposed generating facilities at Mae .Moh. This report was
 
prepared under contract to the Bonneville Power Administration at the
 
request of EGkT through the U.S. Ambassador, Morton I.Abramowitz.
 

The Electricity Generating Authority of Ihailand hs
 
,responsibility for generating and transmitting all electrical erergy
 
required inthe Kingdom of Thailand. ECAT provides this energy as bulk 
supplies to those authorities responsible for distribution to the
 
ultimate consumer.. FXAT also has responsibility for directly supplying, 
certain bulk energy requiraents for major industrial users within
 
Thailand. 

In keeping with EGAT's associated responsibilities for 
planning and constructing reuired generation and transmission 
facilities, EGAT has prepared "EGAT's Power- Development Plan" 
(1980-1993) dated December, 1980 (Reference 2)- This report has
 
superseded "EGAT's Power Development Plan" (dated January, 1980), upon
 
which our first "Mae Moh-Eangkok EHV Transmission-System Study was
 
based. This new report reflects the changes inthe generation schedule
 
of Mae Moh units and formulates the generation schedule for the Ao Phai
 
coal-fired plant which was included in this study instead of the
 
previously planned construction of a nuclear plant. Also, we have been
 
instructed by EGAT to include the Ing Yom hydro project in the
 
transmission systen study.
 

This plan describes BGAT's present energy and capacity 
requirements as well as available generation resources. GAT' s peak 
load in 1980 was 2,417.4 W4with 3,246 lW of installed generation 
capacity. 

Projections through 1993 indicate a peak load of 8,546.8 lW 
in1993 with an energy requirement of 51,192 GWh.
 

The EGAT System has historically maintained a load factor of
 
between 65% and 70% and current projections indicate this factor will
 
,be maintained. These projections are indicated inFigure 2.2-1.
 



Base load for the EGAT System is generated with oil-fired 
thermal plants at North and South Bangkok and with the limited lignite 
capacity currently installed at Mae Moh. Intermediate and peaking 
generation- requirements are provided with hydro, when available, and 
various local gas turbine and diesel facilities. 

With the oil price increases of 1979 EGAT has provided 
additionAl concentration toward utilizing lignite resources near Mae 
',ohin:the north of Thailand for their future ,base load generation 
requirOnents. ', ,. . 

S ', " L 

These studies are expected Lo indicate, th viability 'of 
constructing approximately 1800 MW of lignite-f iled generation at the 
Mae Moh Mine mquth location. 

M.AT 'is ccntinikfg its inyestigation,to determine the 
ultimate capacity of the lignite reserves near Mae Koh. To utilize the 
'ligniteresources currently proven in 'the Mae Moh area,'EGT' has 
constructed or has planned Mae Mobh Uhits 1-5 totaling '525 MW. These 
units consist of 3-75 M4W units connected into the existing U5 kV 
transnission system at Mae Moh. Units 4 and 5 currently being designed 
are rated at 150 M each' and will connect to a 230 kV bus presently 
under construction at -Mae Moh. Lhe 230 and 15 kV buses will be 
interconnected via a 100 WVA autotransformer with 2-230 kV transmission 
lines between Mae Moh and the Phitsanulok 230 kV substation. 

Additional generation at -the Mae Moh location is now planned, 
as Units 6 and 7 at 150 M each and Units 8-10 at 300 M each. 
Additional capacity at Mae Moh is contemplated, but the lignite 
reserves have not yet been explored sufficiently to indicate the amount 
and schedule for new generators. B3AT' S initial conception of the 
transmission system for Mae Moh generation includes the following 
alternates: 

SExpand the existinq '2 0 kV tananission system 
by constructing 230 kV bus or buses at Mae Moh 
and connecting Mae Moh units in appropriate 
configuration. Construct 230 kv switching
 
stations at Chiun *eng. and Min Buri and 
interconnect Mae M1h, Chum Saeng and Min Buri
 
with 230 kV lines. The anticipated Mae Moh-Chum 
Saeng-Min Buri transmission line corridors are
 
315 km and 235 km long.
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2.2 

Construct a new EHV transmission system and 
connect Mae Moh 300 MW units to this system. 
Construct EHV substations at Chum Saeng and Min 
Buri and interconnect these substations with 
the existing 230 kV system via appropriate 
autotransfoners. Interconnect these 
substations with appropriate EHV and 230 kV 
networks. 

Our first study established 500 kV as the most economical and 
technically appropriate transmission voltage. Our present study will 
help EGAT to finalize their EiV system development plan, readjust it in 
accordance with new "EM Power Development Plan" (1980-1993), 
investigate the effect of inclusion of Ao Phai coal fired plant and Ing 
Ycm hydro complex on the overall system, and establish the most 
economical and technically sound sequence for the Mae Moh-Chum 
Saeng-Min Buri EHV system development. 

ANSISSIN SYSTEM DEVEOPMENT 

WG1T's existing transmission system currently consists of 
three transmission voltages, 230, 115 and 69 kV, utilized to transmit 
electrical energy between generating sources and distribution loads 
throughout the Kingdm. 

By December 1980, the MT System divided into four regions 
utilized approximately 110 substations and more than 10,300 km of 
transmission lines to transmit power within the system. 

Region 1, in which the city of Bangkok is located, lies 
within the central part of Thailand and contains by far the largest 
load within the system. 

Generation near Bangkok, consisting of the North and South 
Bangkok Plants, is interconnected by a double circuit 230 kV loop 
around the city. Six 230/115 kV and 69 kV substations are located 
within this loop and supply power from the loop to the lower voltages 
within the city. 

The Bang t'akong Generating Facility located outside the east 
of this loop is planned to interconnect with two of the substations 
within the loop and thus begin an outer loop on the city's eastern 
side. 
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The balance of the existing generation currently serving 
Bangkok is hydro and is located northwest and north of, the city. These 
hydro complexes are connected by predominantly radial 230 kV ! " 

transmission systems. 

Power from the western hydro, Srinagarind, is being 
transmitted to two substations on the north side of the loop and power, 
from the northern hydro, Bhumibol and Sirikit is being consolidated at 
a substation north of the loop Nakhon Sawan. The 230 kV lines then 
interconnect this substation with three substations within the Bangkok 
loop. 

The conceptual plan for future transmission envisions 
generating facilities southeast and north, and additional hydro or 
pumped storage west of the city. 

Two EHV substations would be constructed northeast and 
northwest of the existing 230 kV loop. Two EHV transmission lines 
would interconnect these two outer substations. The proposed major 
generating facilities would be connected to these new substations in 
generally a radial configuration. Additional hydro capacity will be 
developed in the west and transmitted via EHIV lines to the northwest 
substation, Sai Noi. The proposed Ao Phai Coal Plant will also be 
connected via EHV lines to the northeast substation, Min Buri. 

The Mae Moh Plant for which this study was commissioned, 
would also be connected with Sai Noi via FEV lines from Min Buri. 

Figure 2.2-2 depicts the conceptual plan of 500 kV 
transmission system interconnecting the large power plant project (Mae 
Moh and western hydro complex) which will provide a total generating 
capacity of 7,245 MW or more with the load centers located mainly in 
the Bangkok metropolitan area. 
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2.3 InD PIMECTION 

As a result of EGT's studies concerning the power demand 
within their service area, they have projected load growth for their 
total system (Reference 2). in August, 1980 a new load forecast for 
the MTailand electric system was released. This new load forecast 
differs from the original (December 1978) one, which was used for our 
previous study. 

New projections cover the period 1981 through 1993 and are 
summarized in the following table. 

-PEAK GERATI-
FISCAL YEAR M% INCREASE 

1981 2,919.00 20.75 
1982 3,379.60 15.78 
1983 3,814.20 12.86 
1984 4,271.20 11.98 
1985 4,694.50 9.91 
1986 5,147.60 9.65 
1987 5,551.80 7.85 
1988 5,978.50 7.69
 
1989 6,428.60 7.53
 
1990 6,902.90 7.38
 
1991 7,412.30 7.38
 
1992 7,959.40 7.38
 
1993 8,546.80 7.38
 

2.4 GENERATION SEQUENCE
 

EGAT's 13 year power development plan projects the sequence
of their proposed generation resources from 1980 to 1983. 

In 1986, prior to Mae Moh Unit 6, EGAT has planned to have 
6732 M net of generation resources to serve peak loads of 
approximately 5,100 Ml. 

Mae Wh Unit 6 is scheduled to be in service in September
1986, with the sequence of further generation planned as indicated in 
Table 2.4-1. 
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TABLE 2.4-1
 

PROPOSED 
FUJEL UNIT CMSSIONING 

POWER PLAT , , E NUMBEkR ATIM TOTAL DALTE 

Mae Moh Lignite 6 150 150 SEP 1986 
Mae Moh , Lignite 7 150 150 DEC 1986 
Kud Hydro 1-2 50 100 JUN 1987 
Mae Mh Lignite 8 300 300 AUG 1987 
Pak mun Hydro 1-3 45 135 . ,SEP 1987 
Upper Que Yai Hydro 1-4 145 580 ,OCT 1987 
Region 3-Combined 

Cycle Oil/Gas 1-3 60 180 NOV 1987 
Ao Phai Coal 1 600 600 MAR 1988 
Man San, N~m Man, 

Nam Loei Hydro - 102 102 DEC 1988 
Upper Pak Sak Hydro 1-2 12 24 DEC 1988 
Ao Phai Coal 2 600 600 OCT 1989 
Region 3-Combined 

Cycle Oil/Gag 1-3 60' 180 JUL 1990 
Krabi Retired Lignite 1-3 20 -60 AUG 1990 
Mae Moh Lignite 9.. 300 300 OCT 1991 
Mae Moh Lignite -10" 300 300 APR 1992 
Ao Phai Coal 3 600 600 OCT 1992 
Ao Phai Coal 4 600 600 APR 1993 

TOTAL NET ADDITIONAL CAPACITY = 4,841 M1 

PLANNED EA N RE CS UNTlf 1986 - 6,732 MW 

OTAL' 11,573 1W 

Furthermore, in 1980, BGAT advised us to use the following 
generation schedule for Ing Ycrn Diversion Project, which consists of several 
pumping stations, canals and high head generating units: 

YEAR GENERATION CAPACITY 

1990 1-70, 1-80 MW 
1993 3-70, 3-80 1W 
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3.0 SYSTM PLANNING SIUDIES 

3.1 flM=CTION 

In our previous study titled, "Mae Moh - Bangkok ERV 
Transmission Study", we established 500 kV voltage level as the most 
economic voltage level (Reference 4). In this study, we will determine 
500 kV transmission system development schedule and associated reactive 
and transformer requirements for bulk power transfer fram Mae Moh to 
Min Buri (greater Bangkok) and incorporate proposed generation at Ing 
Yor and Ao Phai. EAT plans to construct the following additional 
transmission facilities to transport bulk power from Ing Yom 
(consisting of generation at Pong Dam and Sua Ten Dam) and Ao Phai: 

(1) 	 2-230 kV transmission lines from Pong Dam to Sua Ten Dam 
and from Sua Ten Dam to Mae Moh - 230 kV buses. 

(2) 	 1-500 kV transmission line in 1988 and an additional 500 
kV transmission line in 1989 fram Ao Phai to Mf.t Buri 
500 kV buses. 

In addition, 1-500 kV transmission lines in 1988 and an 
additional 500 kV transmission line in 1989 will be constructed between 
Min Buri - 500 kV and Sai Noi - 500 kV buses. 

The determination of 500 kV transmission system development 
schedule requires econamic analysis of various transmission alternates 
between Mae Moh to Chum Saeng and Chum Saeng to Min Buri. This section 
discusses various transmission alternates and associated transformer 
and reactive requirements. In analyzing these alternates, BGAT 
suggested for us to (i) connect 2-230 kV transmission lines from 
Phitsanulok-2 to Chum Saeng 230 kV (instead of existing transmission 
link between Phitsanulok-2 to Nakhon Sawan) and (ii) uprate 2-230 kV 
lines from Chum Saeng to Nakhon Sawan using 2 x 1272 MC1 ACSR conductor 
(instead of 1 x 1272 MC2 ACSR conductor). 

3.1.1 Selection of Viable Transmission Alternates 

The selection of viable transmission alternates requires 
evaluation of voltage, loading and stability conditions of the T 
System for the proposed generation and load schedule. Towards this end 
a planning criteria given in Appendix 1 for Mae Moh to Bangkok 500 kV 
Transmission System was developed. 
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3.1.2, Method of Analysis 

Beginning with the year 1986, Mae Moh to Min Buri
transmission alternates were developed for those years ,ii which 
generation additions were made at either Mae Moh or Ing Ycm or Ao Phai. 

For each transmission alternate, load flow analysis for 
normal and abnormal conditions was performed for peak load conditions 
to determine compliance with the voltage and loading criteria given in 
Appendix 1. We should, however, point out that some of the existing
system components (transformers, transmission lines, shunt reactors and 
shunt capacitors) will be inadequate to meet growing EGAT load demand. 
Hence, our analysis assumes that these components will be either 
uprated, upgraded or modified. Also, in our analysis we have neglected
the affect of Region 3 generation resources and load demands, as 
approved during discussion with BPA and EWAT. 

Transient stability analysis was performed only for the 
selected viable alternates for peak load condition. Also, load flow 
analysis for light load (60% of peak load) condition was performed to 
determine reactive requirements for the selected viable alternates. ' , 

The following transmission alternates were considered in our 
analysis: 

BGAT TRAN4ISSION ALTERNATIVES FOR 
MAE MOH MO MIN BURT POWER TANSMISSICN 

YEAR !WNSMISSION ALTERATIVES 

1986, (1) No additinal line from Mae Moh to Chm Saeng 

(2) Install 1-230 kV line from Mae Moh to Chum Saeng 
and CS-NS uprating. 

1987 (3) Install 1-230 kW line from Mae Moh to Chum Saeng 
and CS-NS qprating. 

(4) Install 2-230 kV lines from Mae Mnh to, Chum Saeng
and CS-NS uprating. 

(5) Install 2-500 kV lines from Mae Moh to Chum Saeng 
and CS-NS uprating. 
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YEAR 	 MM~SSION ALTERNAIVES
 

1988, (6) Install 1-230 kV line from Mae Moh, to Chum Saeng,' 
and CS-NS uprating. 

(7) Install 2-230 kV lines frou Mae Moh to Chum Saeng 
and CS-NS uprating. 

(8) Install 2-230 kV lines from Mae Mob to Chum Saeng 
and 1-230 kV line fram Chum Saeng to Min Buri and CS-NS 
uprating. 

(9) Install 2-500 kV lines fran Mae Moh to Chum' Saeng 
and 1-50 kV line frum Chum Saeng to Min Buri and CS-NS 
uprating. -, 

1989 	 (10) Install 1-230 kV line fran Mae Moh to Chum Saeng 
and CS-NS uprating. 

(11) Install 2-230 kV lines from Mae Moh to C' Saeng 
and 1-230 kV line fra Chum Saeng to Min Buri and CS-NS 
uprating. 

(12) Install 2-500 kV lines from Mae Moh to Chum Saeng 
and 1-500 kV line fran Chum Saeng to Min Buri and-CS-NS 
uprating. 

1991 	 (13) Install 2-230 kV lines from Mae Moh to Chum Saeng, 

and CS-NB 	 uprating." 

(14) Same 	as (4) above. 

(15) Install 2-230 kV lines fram MaeMoh to Chum Saeng 
and 1-230 kV line fram Chum Sieng to,Min Buri and CS-NS 
uprating. 

(16) Install 2-500 kV lines fram Mae Moh to Chum Saeng 
and CS-NS uprating. 

(17) Same 	as (5) above. 

(18) Install 2-230 kV lines from Mae Mob" to' ,Chum Saeng 
to Min Buri and CS-NS uprating. , . 

"(19) Install 2-500 kV lines frm Mae'Moh to Chum Saeng 
and 1-500 kV line frm Chum Saerig to Min Buri and CS-AS 
uprating. 
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YFRkA1 	 ' AISSICN ALT IVE 

1992 	 (20) Install 2-500 kV, lines from Mae Mob to -%chmn Sang 
and 1-230 kV line, fram Chum Saeng to Min Buri and CS-NS" 
uprating. 

(21) Install 2-500 kV lines from Mae Moh to Chum Saeng
and CS-NS uprating. 

(22) Install 2-230 kV lines from Mae Mo' to Chum' Sang
and 1-230 kV line fran Chum Saeng to Min Buri and CS-NSB, 
uprating. 

(23) Install 2-230 kV lines fram Mae Moh to Chum Saeng'
to 'Min Buri and CS-NS uprating. 

(24) install 2-500 kV lines fram Mae Moh to Chum Saeng

and'2-230 kV lines fran Chum Saeng to Min Buri and CS-NS
 
uprating. 

(25) Install 2-500 kV lines from Mae Moh to Chum 
Saeng

and i-500 kV line fran Chum Saeng to Min Buri and CS-NS
 
uprating. 

(26) Install 2-500 kV lines from Mae Moh to Chum Saeng
to Min Buri and CS-NS uprating. 

i993 	 (27) Install 2-500 kV lines fram Mae Moh to Chum 'Saeng
and CS-NS uprating. 

(28) Install 2-230 kV lines fram Mae Moh to Chum Saeng

and 1-230 kV line frm Chm Saeng to n Buri and CS-NS 
uprating. 

(29) Install 2-230 kV lines fram Mae Moh to Chum 
Saeng

to Kin Buri and CS-NS uprating. 

(30) Install 2-500 kV lines fram Mae Moh to Chum Saeng
and 2-230 kV lines fram Chum Saeng to Min Buri and CS-NS 
uprating.
 

(31) Install 2-500 kV lines from Mae Mob to Chum Saeng
and 1-500 kV line fram Chum Saeng to Min Buri and CS-NS 
uprating. 

(32) Install 2-500 kV lines frcan Mae I'bh to Chum Saeng
to Min Buri and CS-NS uprating. 

LGW: 	 M - MAE MB NS = NAKHOC SAMA' 
CS - CHUMSAENG EL - PISANUwK2, 
M - MINBURI 
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3.2 DISCUSSION OF RESULTS 

3.2.1 Load Flow Analysis 

The load flow studies were undertaken for each of the above 
transuission alternates using appropriate peak loads. Sane of the 
above transmission alternates, includ EXAT's suggestions (Reference 
5). Table 3-1 gives a summary of the results for load flow analysis of 
the BGAT suggested alternates. 

Based on our analysis of various transmission alternates, 
following viable alternates were selected for stability analysis: 

TANSMISSION ALTERNATS WITH 4x795 MC(i ACSR 

ALTERNATE 1 ALTERNATE 2 

YEAR ADDITION MM-CS CS-MB MM-CS CS-B 

1986 MM-6 
1986 MM-7 1-230 kV 1-500 kV -
1987 MM-8 1-500 kV -

1987 MM-8 2-230 kV - 2-500 kV -
1988 AP-1 2-230 kV 1-230 kV 2-500 kV 1-500 kV 
1989 AP-2 2-230 kV 1-230 kV 2-500 kV 1-500 kV 
1991 MM-9 2-Z30 kV 2-230 kV 
1992 MM-10,AP-3 2-500 kV 1-500 kV 
1993 AP-4 

Ing Yom 450 MW 2-500 kV 2-500 kV 
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Consideration was given to utilizing the existing 230 kV 
lines from Mae Moh to Phitsanulok 2 to accommodate Mae Moh Units 6 and 
7. Our studies have indicated that the system under consideration 
would be stable for a three phase fault at Mae Moh. However, any 
outage of one of the 230 kV lines from Mae Moh to Phitsanulok 2 would 
create an overload of the second line by 21%. Therefore, we are 
recommending that the in-service date of the first 500 kV line from Mae 
Moh to Chum Saeng coincide with the installation of Mae Moh Unit 7. 
However, if M=AT would adopt a line loading criteria less conservative 
than the one described in Appendix 1, it would be possible to postpone
the in-service date for this line until August 1987 (the in-service 
date for Mae Moh Unit 8). 

Our studies have indicated that the first line between Chum 
Saeng and Min Buri should be put into service in 1988. Since there is 
no additional generation scheduled for installation at Mae Moh in this 
year, we would like to discuss here the factors which have been used to 
justify the necessity of having this line in-service in 1988. 

The recommendation to construct the first line between Chum 
Saeng and Min Buri in 1988 is based upon the fact that postponing
construction of this line will create an overload on one of the 230 kV 
lines fram Chum Saeng to Nakhon Sawan when the second line is out of 
service. This was not the case for the year 1987 despite the fact that 
the total generation at Mae Moh for both years remains unchanged. The 
difference betwee these cases is explained by the different 
distribution of EXAT generation between power plants in Regions 1 and 4 
for the years 1987 and 1988. Taking into account the rapid load growth
in the greater Bangkok area and the possibility of a delay in the 
construction of the first unit at Ao Phai in 1988, we have attenpted to 
simulate the situation where more power would be transmitted to the 
Bangkok area from the northern hydro plants (Sirikit, Bhumibol, Kud) 
and less power would be generated at the southern and western plants 
(South Bangkok, Srinagarind). 

In our model of the 1988 system, therefore, both lines from 
Chum Saeng to Nakhon Sawan carried more load than they did in our 1987 
model. 

Using the conservative approach outlined above, we recommend 
putting the first line from Chum Saeng to Min Buri in service in 1988. 
By approaching the system planning less conservatively, however, BGAT 
might be able to postpone the construction of the first line between 
Chum Saeng and Min Buri until 1990 or 1991. 
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Briefly, in Alternate 1 Mae Moh to Chum Saeng to Min Buri 
Transmission Lines will be constructed as 500 kV but operated as 230 
kV, while in Alternate 2 Mae Moh to Chum Saeng to Min Buri Transmission 
Lines will be. constructed as 500 kV and also operated as 500 kV. 

Figures 3.1 through 3.11, depict voltage, transformer and 
transmission line loadings and reactive requirements of both 230 kV 
alternate (Alternate 1) and 500 kV alternate (Alternate 2). It is 
obvious that both alternates meet voltage and line loading criteria. 

3.2.2 	 Reactive Requirements at Mae Moh, Chum Saeng and Min Buri 
Substations 

Load flow studies of the above viable 230 kV and 500 kV 
alternates have indicated the following shunt reactor requirements at 
Mae Moh, Chum Saeng and Min Buri 500 kV buses based on light load 
conditions: 

ALTERNATE 1 

SHUN RCR REQUIR WAR) 

YEAR MAE MOH 	 CHUM SAD 

1986 200 300
 
1987 300 350
 
1988 300 	 '450 
1989 300 	 450
 

ALTERNATE 2 
SHUNT REACTOR REQUIREMENT 

SHUNT REACTOR SIZE (4VAR) 

YEAR MAE M1H CHUM SAENG MIN BURI 

1986 300 550 	 
-1987 400 	 800 

1988 420 840 200'
 
1989 420 840 200
 
1991 450 650 150
 
1992 480 680 165
 
1993 350 550 
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It is assumed that Ac Phai to Min Buri 500 kV transmission 
lines will provide the balance of Min Buri reactive requirements. 

3.2.3 Transformer Requirements at Mae Moh, Chum Saeng and Min Buri 
Substations 

Based on the load flow studies, following 500/230 kV 
transformer requirements for 500 kV Alternate 2 are estimated for Mae 
Moh, Chum Saeng and Min Buri buses. It is assumed that during 
transformer outage, remaining transformers will carry required loads. 

ANSFORMER SIZE (IA) 

YEAR MAE MOB CaUM SAEG MIN BURI 

1986 
1987 1-40 3-400 -
1988 1-400 2-400 2-400 
1989 1-400 2-400 3-400 
1991 1-400 3-400 3-400 
1992 1-400 3-400 3-400 
1993 1-400 2-400 4-400 

3.2.4 Additional Reactive Requirements for BE4T System 

Reactive support, consisting of both shunt reactor and shunt 
capacitor installations, is needed for desired power transfer &id 
voltage levels. Based on our studies, we recoimnend that EGAT undertake 
additional studies to determine reactive requirements at other 
substations. For example, our 1993 load flow study indicates a need of 
i) additional 20 MVAR shunt reactor at Khon Kaen and (ii) additional 

shunt capacitor installations at number of locations in EGAT system 
(excluding Region 3) as given in Table 3.2. Similarly, our 1988 load 
flow study for 500 kV alternate indicates a need for i)additional 200 
MVAR shunt reactor r-guirement and (ii) additional shunt capacitor 
installations at number of locations given in Table 3.3. 

3.2.5 Tranamisoion Line and Transformer Overloads 

As discussed previously because of the increased load demand, 
the existing BGAT System will have to be reinforced by either uprating, 
upgrading or modifying various system components and configurations. 
Tables 3.4 through 3.7 give transmission line and transformer overload 
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summary of the preferred 500 kV alternate. We recamnend that EGAT 
undertake additional studies to minimize the overall cost of the 
existing EGAT System reinforcement to econcmically carry future load, 
growths. 

3.3 IANSIENT STABILITY STUDIES 

Transient stability studies were undertaken to establish 
stability of the EGAT System in each of the years when Mae Moh, Ing Yom 
and Ao Phai generation will be installed. As discussed in Appendix 1 
"System Planning Criteria", a three phase fault at no automatic 
reclosing at one of the following buses was considered: 

(1) 	 A three phase fault at Mae Moh-500 kV on one Mae
 
oh to Chum Saeng Line,
 

(2) 	 A three phase fault at Chum Saeng-500 kV on one
 
Chum Saeng to Min Buri Line,
 

(3) 	 A three phase fault at Chum Saeng-230 kV on one
 
Chum Saeng to Nakhon Sawan 230 kV Line,
 

(4) 	 A three phase fault at Mae Moh-230 kV on one Mae
 
Moh to Phitsaunok-2 Line.
 

The 230 kV and 500 kV alternates which had been determined 
viable from a load flow standpoint were tested for transient stability
during fault conditions. Tables 3.8 through 3.12 summarize the results 
of these tests. Figures 3.12 through 3.24 show the generator swing 

.curves during and immediately after a three phase fault. 

We have recommended the addition of the second &Lne from Mae 
14h to Chum Saeng in 1987 for stability reasons. Our transient 
stability studies indicate that the system is unstable for a fault at 
Mae Moh without this connection (Figure 3-23). Similarly, the 
conversion from 230 kV to 500 kV in 1991 is considered necessary
because in this year, the system becomes unstable when operated at 230 
kV (Figures 3-24 and 3-25). 

The EGAT System remains stable for a three phase fault at Mae 
Moh with the system development plan we have chosen when additional 
generation at Mae Moh, Ing Yor and Ao Phai is incorporated as 
scheduled. 
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3.4 CONCLUSIONS AND PXMMMONS 

(1) Both 230 kV and 500 kV systems which we have chosen are 
technically viable. Hence, the 230 kV alternate with recommended 
reactive requirements and the 500 kV alternate with recomended 
reactive requirements will be further evaluated to determine the most 
econcmical alternate for the future EWAT system. 

(2) Ad(,.,tional reactive support on other parts of the BGAT 
System is required for anticipated power transfer and voltage levels. 
It is recomnded that EGAT undertake a detailed study to determine 
future reactive requirements and optimum locations in other parts of 
EGAT System. 

(3) Existing system cctponents, such as transformers,
transmission lines, etc., need reinforcement to carry future EGAT load 
growth. It is recommended that EGAT undertake additional studies to 
minimize the overall cost of the existing EGAT System reinforcement. 

(4) 7he EGAT System will be stable when Mae Moh, Ing Yom and 
Ao Phai generation is added to the existing EGAT System as planned,
through the planning horizon of this study. 
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TABLE : 3-1
 

EGAT SUGGESTED ALTERNATIVES FOR MAE MOH -BANGKOK TRANSMISSION SYSTEM 
WITH 230 KV LINE FROM PHITSANULOK 2 TO CHUM SAENG AND 

CHUM SAENG TO NAKHON SAWAN 230KV LINE UPRATING TO 2 X 1272 MCM ACSR 

CASE: AMDON AT MM 	 TRANM4ISSION ALTE1AE reSULTS OF OAD FLOW SJLMJ ON 
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SECTION 
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EGAT SUGGESTED ALTERNATIVES FOR MAE MOH -BANGKOK TRANSMISSION SYSTEM
 

WITH 230 KV LINE FROM PHITSANULOK 2 TO CHUM SAENG AND
 
CHUM SAENG TO NAKHON SAWAN 230KV LINE UPRATING TO 2 X 1272 MCM ACSR
 

CASE AMtDITIOC AT M4 TRANS4ISSION ALM REJLTS OF LAD FN SUILATIW 
WITH 4x795 M2M ACSR 

UN PN-CS POWER# Mm 
LANT 

CS-MB TRANSMISSION 
TE SEC1M 

% OVEKDAD JUDGEMENT 

1987-ME M10H 
230 kV TO 
CHUM SAEG 8 1-230 kV MAE MDH 230 106 
230 kV LINE o NOT VIABE 
CwYAG PHITSANULOK-2 AII1ERN=-
1987-CHUM 
.AmIG 'ID 
NAZBM SAAN 8 1-230 kV 
230 kV LINE 

1988-NAE MCH 
230 kV 'M"O 8 1-230 kV MAE MCH 230 W 108 
CHUM SAENG mT 
230 kV LINE PHIISANULOK-2 NOT VIABLE 
OUUICE ALtERNAM 
1988-CHI 
SAEG 
NAKH 

'TO 

SAWMN 
8 1-230 kV - IM qAENG TO 

NAKHNU SAN 
3.71 

230 kV LINE(XETAGE 



TABLE : 3-1
 

EGAT SUGGESTED ALTERNATIVES FOR MAE MOH -BANGKOK TRANSMISSION SYSTEM
 
WITH 230 KV LINE FROM PHITSANULOK 2 TO CHUM SAENG AND
 

CHUM SAENG TO NAKHON SAWAN 230KV LINE UPRATING TO 2 X 1272MCM ACSR
 

CASE ADDITION AT M TRANSMISSION ALTEEVAThTS OAD swIAWrM 4x795 MCM ACSR 

PUER PiA NM-CS CS-m TRANR4ISSICN %OVEEMM JUDGEM 
UNITS # SECTIM 

1989-NAE MH 
MO CHUM SAENG 

LINE wrG 8 1-230 W - AE MDH MO 104.5 
PHITSANUIOK-2 

1989-CGI NOT VIAEE 
SAENG Mt ALTA 
NAMAA8 
230 kV LINE 

-1-230 kV _HUH SAENGT
NA1 A 106 

1991-CGM 
SAENG MO 8,9 2-230 kV - CHI SAEM TC 145 NOT VIABLE 
MOMfl SM NIQGD SAW~N A QELINE Ot 

1991-MAE MNl 

PHTO 8,9 2-230 kV - MAE M4i TO 105 NOT VIABLE 
230 kV LINE TSAN- ALT AE 
OUA__ _ _ 



TABLE : 3-1
 

EGAT SUGGESTED ALTERNATIVES FOR MAE MOH -BANGKOK TRANSMISSION SYSTEM 
WITH 230 KV LINE FROM PHITSANULOK 2 TO CHUM SAENG AND 

CHUM SAENG TO NAKHON SAWAN 230KV LINE UPRATING TO 2 X 1272MCM ACSR 

CASE ADDION AT M 	 TRANMISSIN ALTMOs r 
Wi 4x795 X AMCSR IMSULT OF D FUR SI14ZAIO 

POWER PLANT CS-M S II 	 %OVERIDAD-M JUDGEMEtaum # I 	
s 1 CN 

1991-0U1 8,9 2-500 W 	 CHUM SAM c 1.3 NOT VIABLESAEG MO NuKu SAWAN 

230 kV LINE 

1992-CHER4 8,9,10 2-500 kV 1-230 kV CHR SAEMG MV 104 NOT VIABLE
SAEG MD NARHDN SAW@M 	 ALTRNTE 
NAM= SAWAN 
230 kV LINE 

1992-CHIrM 8,9,10 2-230 kV 	 CH11-230 kV SAENG MO -112 NOT VIABLE 
SEGM-NAIMM SANAN 	 AW~AINKO SAN 

230 kV INE
OUTAGE
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TABLE :3-1
 

EGAT SUGGESTED ALTERNATIVES FOR MAE MOH -BANGKOK TRANSMISSION SYSTEM
 
WITH 230 KV LINE FROM PHITSANULOK 2 TO CHUM.SAENG AND 

CHUM SAENG TO NAKHON SAWAN 230 KV LINE UPRATING TO 2 X 1272 MCM ACSR 

CAse A WNr AT M 	 TANSMISSIM ALTERNTEs 
WrI 4x795 WM ACSR [s CF 1.AD FCW SJI 4 PIPION 

POWER PLANT I.MCS CS-NB TRNDISSI ZN 'O~v~~XNJ 3Uci1SCI 

1992- 8,9,10 2-500 kV 2-500 kV - VIABLE 
ASE,AM AUMEMATE 

ANDCS
 
500/230 kV 

1993- 8,9,10- 2-230 kV 1-230 kV CHUM SAM 0 132 NOTVIABLE 
CI14 SAEIM TO WRJN ST 
NAIM SAW1 
LINE OUT 

1993-CHUM 8,9,10 2-230 kV - 2-230 kV CfM P TO- 122 NOT VIABLE 
SAI-NG TO -ISE -

NAIKH SA~MN 
LT OUTAGE 

C5_ 	 __ 



TABLE : 3-1
 

EGAT SUGGESTED ALTERNATIVES FOR MAE MOH -BANGKOK TRANSMISSION SYSTEM
 
WITH 230 KV LINE FROM PHITSANULOK 2 TO CHUM SAENG AND-


CHUM SAENG TO NAKHON SAWAN 230 KV LINE UPRATING TO 2 X 1272 MCM ACSR
 

CASE ADDrTICN AT M TRANSMSSION ALTERNATES I RSLSFIA LWS KTO 
CASE ~~WITH 4x795 MC24 ACSR I FUT-O ODFNSMLTO 

POKER PLANTC 
UITS-# 

cs-MB TPANSMISSION 
SBCl'ION % OVERIOAD JUDGEN 

1993- 8,9,10 2-500 kV 2-230 kV VOLTAGE S NOT VIABLE 
500/230 kV ALE1pm 
TRANSFORM4ER 

tiJ 

1993-
ME M TO 

8,9,10- 2-500.kV 
.PHITSANULOK-2 

1-500 kV MAE MIi 0 109 

LIME OUTGENOT VIABL 

AIIIERNAM 
CHUM SAE24G TO 8,9,10 -2-500 kV 1-500 kV CHU SAHIG TO 
NAKHI SAWAN NAHWN SAWAN 105 
LINE UTAGE 

1993 
MAE MOH TO 

8,9,10 
., 

-

2-500 kW 
--

. 
2-500 kV 

,PHITSANULOK 
ME 
PI 

MOH TO 
~DK106 VIABLE]IF

M-LLN 

- ";-. -IS UPRAMD 

1993-M4-CS 8,9,10 - 2-500 kV 2-500 kV 
CS-M, cs 
500/230 kV 
0rJIAGES 



TBLE 3-2 

1993 PROPOSED 500 kV EGAT SYSTEM 
WCATICNS AND RATINGS OF SHUN CAPACITORS 

ABOSUMED FOR THE STUDY 

SHUND CAPACITOR CAPACITOR SIZE SHUNT CAPACIOR 
LOCATI 

iphamn-115 

Kaniphaengphet-U5 

Phichit-U 5 
Nan-15 

Phayao-U5 
Chiang Pai-Ul5 

Nakhon Sawan 
Mansrcnm-69 

Takhli 2-69 

Takhli 1-69 

Lop Buri-69 

Phra Phutthabat-ll5 

Chai Badan-U5 
Lop Buri 2-115 
Singburi-69 

Singburi-Ul5 
Saraburi-69 

Ayulthaya 2-15 

Saraburi 2-15 

Buri Ran-U5 
Surin-ll5 

Phon-15 

Chaiyaphum-U5 

Khon Kaen-U5 

(R) 

35 
40 
45 
33 

82 
67 

"'.90 
89 

.,26 
20 
19 
12, 


8 
40 
34 


'28 
,,71 

48 
448 


35 
51 
50 
53 
33 


OCATIN 

Udon Thani-U5 
Khon Kaen 2-U5 
Nong Khai-ll5 
Maha Sarakham-15 
Chm Phae-U5 

Udon Thani 2-15 
Roi Et-U5 
Yasoltron-U5 

Kalasri-l5 
Phang Khon-U5 

Sakhon Nakhon-U5 

Muk dahan-15 

Ubon Ratchathani-U5 

Si Sa ket-U5 

Nakhon Phanon-66 

That Phancu-66 

Prachin Buri-U5 

Wathana Nakhon-l5 

Satlahip 2-115 

Razong-US 

Chanthaburi-U5 

Sanut Sakhon-l5 

Cha-Am-ll5 

Pran Buri-Ul5 

ChumThon-U15 

CAPACITOR SIZE 
(mR) 

47 
20
 
45 
91 
15 
88 
25
 
39 
24 
16 
20 
19
 
29 
'31
 
26
 
20 
49 
28 

-70 
103 
,34
 
,47
 

39 
15
 
10 

3-18
 



TABLE 3-3
 

1988 POPOSED 500 kV DGT SYSTEM 
LOCATIONS AND RATINGS OF SHUNT CAPACITORS 

ASSJE IN THE STUDY 

SHUNT CAPACITOR CAPACITOR SIZE SHUNT CAPACITOR CAPACITOR SIZE 
LOCATION (MVAR) LOCATION (VAR) 

Lanphurt-115
Kamphac.ngphet-lU5 
Phichit-U5 

25 
25 
35 

Khon Kaen 2-115 
Nong Khai-U5 
Maha Sarakham-115 

20 
23 
53 

Nan-U5 20 Udon Thani 2-115 36 
Phayao-U5 
Nakhon Sawan-69 

40 
79 

Roi Et-U5 
Yasothon-15 

14 
23 

Manorom-69 51 Kalasin-Ul5 7 
Takhli 1-69 17 Mukdahan-15 11 
Takhli 2-69 12 Ubon Ratchathani-U5 5 
Lop Buri-69 
Chai Badan-U5 

13 
5 

Ubon Ratchathani 2-115 
Nakhon Phancar-66 

16 
17 

Lop Buri 2-115 
Sing Buri-69 
Sing Buri-ll5 
Saraburi-69 
Ayutthaya-ll5 
Saraburi-Ul5 

32 
16 
27 
51 
49 

248 

That Phancin-66 
Prachin Buri-ll5 
Watthana Nakhon-ll5 
Sattahip 2-115 
Rayong-ll5 
Chanthaburi-15 

15 
50 
ii 
57 

165 
17 

Phon-Ul5 40 Samut Sakhon-ll5 49 
Chaiyaphn-15 
Khon Kaen-U5 
Udon Thani-15 

23 
70 
24 

. Cha-Am-Ul 5 
Pran Buri-Ul5 
Prachnap Kmiri Khan-1l5 
Chumphon-115 

39 
15 
20 
10 

3-19 f
 



TABLE 3-4
 

ANSAISSICN LINE AND TANSFORMER OXLOD SUMMRY 1988 
2-500 kV LINES FRCZ MAE OH TO CHUM SAM 
1-500 kV LINE FRC4 CHUM SAG M MIN BURI 

ERG! m1 %CAPACITY 

43-W4-230 38-MM-500 102.3 
60-RY2-230 194-BY-li5 119.4 
60-BY2-230 194-1-U1 119.4 
61-SB-230 62-SIB-230 103.0 
61-SB-230 80-SB-U5 115.8 
82-NB-69 64-NB-230 100.4 
110-PY-U5 108-MM-U5 115.2 
113-CR2-15 220-FUD-II5 114.5 
116-NS-69 49-NS-230 118.5 
117-MR-69 16-NS-69 131.6 
127-AT2-U5 132-AY2-U5 100.8 
128-Mi-69 129-SR-69 106.3 
156-MK-U5 176-MK-66 126.5 
168-SO-U5 179-S0-66 108.8 
183-BPK-U5 184-CC-315 124.4 
189-AP-U5 191-BL-U5 106.2 
200-BN-U5 201-SA-U5 104.3 
200-BN-U5 201-SA-U5 104.3 

3-20
 



TABLE 3-5
 

TANSMISSION LINE AND TRANSFORMER OVERLOAD SUMMARY 1991
 
2-500 kV LINES FROM MAE MOH TO CHUM SAM
 
1-500 kV LINE FRCM CHUM SAENG TO MIN BURI
 

FRmO %CAPACITY 

46-KK-230 151-KK-115 113.3 
46-iK-230 151-KK-115 113.3 
49-NS-230 16-NS-69 125.9 
50-AT-230 120-AT-69 113.7 
50-AT-230 120-AT-69 113.7 
53-RS-230 73-FS-69 105.7 
60-RY2-230 194-RY-I15 140.1 
60-RY2-230 194-RY-U5 140.1 
61-SB-230 62-SMB-230 110.4 
61-SB-230 79-SN-69 120.3 
61-SB-230 79-SB-69 120.3 
61-SB-230 80-SB-US 144.0 
63-BN-230 200-BN-15 109.5 
63-BN-230 200-BN-U5 109.5 
110-PY--15 108-MM-U5 147.9 
116-NS-69 17-MR-69 178.5 
120-AT-69 125-SI-69 135.8 
127-AT2-U5 126-SI-U5 105.7 
127-AT2-U5 132-AY2-15 124.0 
128-ML-69 120-AT-69 100.9 
129-SR-69 128-'L-69 129.8 
135-AT-15 137-J-115 100.7 
135-AT-15 137-g-115 100.7 
136-ATA-U15 137-'L-15 115.3 
151-KK-315 156-MK-15 113.8 
156-MK-I5 176-MK-66 184.7 
168-S0-US 179-S0-66 135.4 
183-BPK-U5 58-BPK-230 100.2 
184-CC-U5 183-BPK-U5 148.9 
189-AP-15 188-SC-15 125.0 
189-AP-115 191-BL-U5 125.4 
200-BN-UI5 201-SA--15 124.3 
200-EN-U5 201-SA-I15 124.3 
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TABLE 3-6
 

FNWSMISSICN LINE AND TRANSFORMER OVEkOA SUMMARY 1992 
2-500 kV LINES FRGI MAE MH CHUM SAENG 

AND CHUM SAENG M MIN BURI 

FROM TO %CAPACITY 

109.940-CS-500 48-CS-230 
44-PL-230 96-PL2-U15 128.5 
46-KK-230 151-KK-U5 117.2 
49-NS-230 16-NS-69 134.1 
50-AT-230 120-AT-69 123.4 

103.7
58-BPK-230 57-BPL-230 

58-BPK-230 183-MPK-325 104.5 

148.360-RY2-230 194-rY-U15 
61-SB-230 79-SB-69 128.6 
61-SB-230 80-SB-15 153.6 

124.063-BN-230 200-BN-15 
63-BN-230 200-BN-UI5 124.0
 
65-BP2-230 208-BP2-I15 106.0 
73-RS-69 53-RS-230 108.9 
110-PY-15 108-M-15 145.5 
113-42-115 220-KUD-U15 116.0 

192.5117-MR-69 116-NS-69 
152.0120-AT-69 125-SI-69 

120-AT-69 128-ML-69 107.5 
126-SI-15 127-AT2-I15 131.0 
127-AT2-U5 132-AY2-U5 132.7 

137.5128-Mh-69 129-SR-69 
107.2135-AT-15 137-L-115 

137-M115 136-ATA-U5 118.3 
156-MK-35 151-KK-.15 116.7 
168-S0-15 179-S0-66 141.1 
176-MK-66 156-MK-U5 197.9 
183-EPK-IS 184-CC-U5 162.2 

137.5188-SC--15 189-AP-15 
189-AP-U5 191-BL-U25 135.0 

140.2200-BN-15 201-SA-U5 
203-SN-I15 201-SA-U5 105.8 
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TABLE 3-7 

SANSISSION LINE AND 7RANSFORMER OVERLOAD SUMMARY 1993
 
2-500 kV LINE FROM MAE MOH M CHUM SAENG
 

AND CHUM SAENG MIMIN BURI
 

FROM m %CAPACITY 

40-CS-500 48-CS-230 141.5
 
44-PL-230 96-PL2-15 
 148.0
 
46-KK-230 151-KK-U5 
 135.0
 
48-cS-230 49-NS-230 
 112.0 
49-NS-230 116-NS-69 
 143.0
 
50-AT-230 120-AT-69 134.4
 
51-AT2-230 140-SR2-230 101.0
 
52-SNO-230 225-SNO-500 112.3
 
53-Me-230 73-FZ-69 121.0 
54-LPO-230 55-BK-230 106.0
 
55-BK-230 76-BK-69 
 107.4
 
57-BPL-230 58-BPK-230 
 -10.2 
60-R72-230 194-RY-5 160.0
 
61-SB-230 79-SB-69 
 138.5,

61-SB-230 80-SB-U5 165.0 
63-BN-230 200-BN-U5 
 135.3
 
65-BP2-230 208-BP2-15 114.0
 
108-NM-U5 112-LP-115 121.0 
110-PY-15 108-0-US5 156.0
 
117-MR-69 116-NS-69 210.1
 
120-AT-69 128-MI-69 
 117.2 
126-SI-I5 127-AT2-115 118.0 
127-AT2-I5 132-AY2-U5 143.2
 
128-M[-69 129-SR-69 147.0 
135-AT-U5 137-IL-115 118.0 
137-L-I5 136-ATA-U5 130.0 
151-KK-U5 159-UD2-U5 100.5 
156-MK-I5 151-KK-U5 139.5 
168-S0-15 179-S0-66 151.2 
176-MK-66 156-MK-115 235.0 
179-S0-66 168-SO-U5 160.4
 
183-BPK-U5 184-M-115 174.0 
184-C-I5 185-PA-U5 103.0 
188-SC-15 189-AP-U5 153.0 
189-AP-U5 191-BL-U5 144.2
 
200-BN-U5 201-SA-I5 152.0 
203-SN-I5 201-SA-115 114.1 
50-AT-230 135-AT-U5 101.5
 
53-PS-230 74-RS-U5 
 107.0
 
58-BPK-230 183-BPK-U5 
 109.0
 
63-BN-230 81-N-69 107.0i, 
113-OG-15 220-KUD-i5 101.2 
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TABLE: 3-9
 
SUMMARY OF EGAT TRANSIENT STABILITY STUDIES
 

FAULT SIMULATION PREFAULT FAULT RESULTS OF TRANSIENT STABILITY 
CASE FAULT T- LINE FLOW TIE RELATIVE ANGLE JUDGEMENTLOCATION TIMERE TV A L 

1987
1-50kV87M-s 
 5 Mae Moh 22>2000
 
1-500 w MaeM h 17>2000 Unstable 
Line from 
 Mae Moh 13>2000

lK-CS Srinagarind=220
 

South Bahgkok=-370

Bang Pakong=Fef. 

2482-500 W m N-cS. .248 -3 14h 22=820 StableMaeMae 1-h 17=720
 
_Lines frm 
 Mae Moh 13=680
1w-c-,Srinagrind=16 o 

South Bangkok=-32-
Bang Pakong=Ref. 

1987 CS CS-NS 295 3 Mae Moh 22=780 'Stable
2-500 kV Mae oh 17=740
 
Lines frm 
 Mae N4± 13=660 

Srinagrin=160 

South Bangkok=34
°
 

Bang Pakong-Ref. 



TABLE: 3-10 
SUMMARY OF EGAT TRANSIENT STABILITY STUDIES 

FAULT SIMULATION PREFAULT FAULT RESULTS OF TRANSIENT STABILITY 
CASE 

19___89 ___ 

FAULT 
LOCATION 

T- LINE FLOW 
ITIMERELATIVEANGLE 

CLEARING RELATIVE ANGLE JUDGEMENT 
JUDEMENT 

1989 
2-500 W m R4-CS 275 3 Mae Moh 22=810 Stable 

e fMae LinesFMe Moh 17-660Mob. 13=-570 
-cs and 

1500 kV 
in from 

CS-B 

Sriagrind=470 
South Bangkok=230 
Bang Pakong=Ref.
Ao Phai=660 

1989 CS CS-m 221 3 Mae Mobh 22=-750 Stable 
2-500 kv Mae Mch 17=640 
Lines from Mae Mbh 13=520 
-MM-CS and 
1-500 kV 
Line fron 
C:-M 

-

-

-A 

Srinagrind=-8 0 -
South Bangkok 210 

Bang Pakong=Ref. 
o Phai=680 -

1991 mM t4-CS 307 - 3 Mae Mih 17>2000 Unstable 
2-230 kV 
Lines F 

M-CS- and 
-- -

Mae Moh 13>2000 
Srinagarind=260 
South Bangkok=-32 0 

CS-MB 
-- *-Ing 

nBrg Pakcng=Ref.
Yorn >2000 

k, Phai=760 



TABLE: 3-11
 
SUMMARY OF EGAT TRANSIENT STABILITY STUDIES
 

CASE 
FAULT 
FAULTLOCATION 

SIMULATION -
T-LINE, -

- PREFAULT 
FLOW 

FAULT 
CLEARINGTIME 

RESULTS OF 
RELATIVE 

TRANSIENT 
ANGLE 

STABILITY 
JUDGEMENT 

1991 
2-230 kV 
Lines from 
MB-CS and 
CS-MB 

CS CS-MB 101 3 Mae Moh 17>2009 
Mae Moh 13>2000 
Srinagarind=34-
South Bangkok=-380 
Bang Pakong=Ref. 
Ing Yar >2000 
Ao Phai=780 

unstable 

w 
1992 
2-500 kV 
Lines from 
MB-CS and 
1-500 kVL 
from CS-MB 

MM MB-CS 502 

- -

3 

,Ao 

Mae Mhh 22=1050 
Mae Moh 17=-950 
Mae Moh 13=950 
Srinagrind=160 
South Bangkok=-280 
Bang Pakong=Ref.
Ing Yc=1130 

Phai=790 

Stable -

1993 
2-500 kV 
Lines fran 
MB-CS and 
CS-MB 

MB MM-CS 567 

-

..- -

3 

-Ao 

Mae Moh 22=1080 
Mae Moh 17=1040 
Mae Moh 13-860 
Srinagrind=140 

South Bangkok=-260 
Bang Pakong=Ref.
fIng Yan=1240 

Phai=840 

Stable 



TABLE: 3-12
 
SUMMARY OF EGAT TRANSIENT STABILITY STUDIES
 

- CASE 
FAULT 
FAULTLOCATION 

SIMULATION 
T- LINE 

PREFAULT 
FLOW 

FAULT 
CLEARINGTIME 

RESULTS OF TRANSIENT 
RELATIVE ANGLE-

STABILITY 
JUDGEMENT 

1993-
2-500 WV 
Lines frau 
N n-csand 
CS-M-

CS CS-MB 3214 Mae Yoh 22=1000 
Mae Moh 17=960 
Mae Moh 13=820 
Srinagrind=140 

South Bangkok=280 

Bang Pakong=lef. 
Ing Yarri116 

0 

-- Phai-840 

Stable 

w =%, 

I-a 



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

FIGURE 3-12 

EGAT 1986 TRANS. STAB. STUDY BASED ON TS86RD2, FAULT AT 11t-230 (MM-CS) PLOT OF GENERATOR ANGLES VS TIME
 

N = 147- SHR-17 B = CHARACTER CODES FOR GENERATORS R = 6-BPK-21 1 S = 145- SB-211 

150- BB-134 

TIME A-----------------------------------------ANGLESDEGREESIN -----------------------------------------
(SEC) -50 -40 -30 -20 -10 0 - 10 20 30 40 , 50 

-------- R------------
0.0600 . . . . R . H . BS
 
0.1200 . . . . R N . S, ,
 

0.0-- - --------------- N-------------------B---------------

0.1800 . . R- . N ." .B. S.
 
0.2400 . .... R H .B-S
 
0.3000 .... . R . . S ,
 
0.3600 .... R . H . . BS
 
0.4200 ..... R . H . . B
 
0.4800 . . .. R H . . SB
 
0.5400 . R . H S B .
 
0.6000 R ------------ ------------------- S---B-----------
0.6600 ... . R . H . S B.
 
0.7200 . ... . R ,N N . . S B.
 
0.7800 . . . R . N . SB
 
0.8400 . . . R . H . BS .
 
0.9000 . . . .. R . . .8 S .
 
0.9600 . ... R H . B. S
 
1.0200 . ... 

,. . RR - HNN . BB . SS
 
1.0800 .
 

1.1400 ..... R . H . B . S .
1.2000 " 7 ----------. .
1.00 ---- -------------- B-----S---------------- -R----------N 

1.2600 . - R . N . B. S
 
1.3200 . .. R N . .B S
 
1.3800 . . R .H . B
 
1.4400 -R . .N . . SB
 
1.5000 . R . H . B
 
1.5600 . R, . H . BS
 

- " 
1.6200 . R H .- B S
 
1.6800 . .. . .R . .. B S .
 
1.7400 . . R .H B. S 

1.8000 R B---S----------------
1.8600 . . . R • N - . B. S '
 
1.9200 . . . . NH- . B. S .
 
1.9800 . . . -R N .B- S
2.0400 *. R- H 5BS 

2.1000 . . . .. R HN . . SB
 
2.1600 . - R . N - . SB
R . 
2.2200 R. N . SB
.R . 
2.2800 RR..- . . . S B.
 
2.3400 . . .: . . R . H . B S .
 
2.4000-------------------------------------- R-------------- N----------- ---- B---------
2.4600 . . .. R NH . BS
 
2.5200 .*. R -N . .
 
2.5800 R N B S .
 

2.7600 R . H . B- S
 
2.8600 R . N B S
 
2.8800 R . N .B S
 
2.9400 R .N B S

3.0000 -------------------------------------------------- R-----------------------------------------------
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FIGURE 3-12 

EGAT 1986 TRANS. STAB. STUDY BASED ON TS86RD2, FAULT AT IMM-230 (MM-CS) PLOT OF GENERATOR ANGLES VS TIME
 

CHARACTER CODES FOR GENERATORS K = 151- SK-134 T = 152- MM13 4 0 - 153- MM17 4 
TIME ----------------------------------------- ANGLES IN DEGREES ---------------------------------
(SEC) -100 -80 -60 -40 -20 0 20 40 60 80 100 

0.0-----------------------------------------------K ------ T--0--------------
0.0600 ..... K. T. 0
 
0.1200 ..... K. T 0
 
0.1800 ...... K. . T .0.
 
0.2400 ....... K. . T . 0
 
0.3000 ........ K. . T . 0
 
0.3600 . . . . K . T . 0
 
0.4200 . .- , .. . .. K T . 0
 
0.4800 . . - . . ... K . T .0
 
0.5400 ". . . . . . K TO.
 
0.6000 --- - ------- 7------------------- -- K----------- OT---------
0.6600 . c. . . K 0 ..
 
0.7200 . -. . K TO
 
0.7800 ........ K .T 0
 
0.8400 . . . . . K T. 0
 
0.9000 . . . . .. •K T . 0
 
0.9600 . . . .K 'T . O
 
1.0200 . . . . . . K. -T 0
 
1.0800 . K . T . 0
1.1400 " - '- K T 0 ..
 

1.2000 -......-- .......-- .....----------------------- K --------- T-- --0
 
1.2600 .... . . .-K , T.T . 0
 
1.3200 . .. . .K • T 0
 
1.3800 ..... , .K . . TO
 
1.4400 . " - . . K . . 0
 
1.5000 . .KK. . .0
 
1.5600 .....- K . . TO
 
1.6200 ... . - . K . T 0
 
1.6800 . ... K. T 0
 
1.7400 ... . . K. T. 0
 
1.8000 K T ---------0------
1.8600 . . . K T
 
1.9200 .KT 0 .
 
1.9800 . . . KKT . 0 .
 
2.0400 .T. .
" "0
 
2.1000- ...... K T 0
 
2.1600 . . ,-. K .T 0 .
 
2.2200 . . .. 0.. 

2.2800 .; . .K . T O
 
2.3400 .. ... TO .
 
2.4000 ---------------------------- K --- ---- T0-------
2.4600 .. ..... K . T, 0*.
 
2.5200 . -. . K ". 'T 0 .
 
2.5800 " . " . K .T 0.
 
2.6400 . . . K T 0
 
2.7000 .- - . ... K . T . 0.
 
2.7600 . . .-- . . K , T . 0
 
2.8200 . - ,. . K.. T . 0
 
2.8800 . . . . . . -. - .K- T .0 .
 
2.9400 . ." " ,- - K . T .0 .
 
3.0000 ----------------------------------------------------------------------K-------T ---- 0----------------
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FIGURE 3-13
 

EGAT 1987 TRANS. STAB. STUDY BASED ON TS87RDS, FAULT AT M-230 (MM-CS) PLOT OF GENERATOR ANGLES VS TIME
 

145- SB-211 T = 152- MM13 4 
CHARACTER CODES -FOR GENERATORS R 6-BPK-21 1 S = 0 

153- MMi17 4. 

TIME------------- ---------------- ANGLES IN DEGREES---------------------------------------------
(SEC) -200 -160 -120 -80 -40-1 0 40 80 120 160 - 200
 

R-------S --------------------------
0.0800 ... R S- T . .
 

.--------- --------- --------- ..-.... T---O 

S. 0 

0.1600 . . R S. T . 0 .
 
0.2400 . . R S. T,. 0
 
0.3200 . . . R S. T 0 .
 

. S.0.4000 R So. .T 0.
 
0.4800 . . . R -S. . T 0 ..
 
0.5600 . .- ... R S. .. T
 
0.6400 . . .R . . R S -TO
 
0.7200 . . it.R S, 0
 
0.3000 -------- R-------__S-------------TO------------------------
0.8800 . .- ,+. R S. - T. 0
 
0.9600 . . . R S. T .0 ." +
 
1.0400 .. R S. - T .0
 
1.1200 .. . R S. T .0 ..
 
1.2000 .- .... R S. T .0>.
1.2800 ,.+ . R S. T 0
 
1.3600 . . Ri S. T 0.
 
1.4400 .. R S. -T 0.
 
1.5200 , . . R S. T o.
 
1.6000 ------- ---------------------- R-------S-------T-O ---------


S+
1.6800 . R-+R 5 . ' TO0.0 .
. R-

+++
1.7600 .... + +:+.+•;+ SS . T ,,o+++ " "
1.8400 ." - RR . T 0-.-O.


1.9200 .. .. s-.... R, S . T 0 
2.0000 . . ... . . , - R S T 0
 
2.0800 ... . . R S . T .0
 
2.1600 .... ,. R S. T '.D
 
2.2400 - .S .T R 0
 
2.3200 . .- -, , Z R S. T 0
2.-000 ----------- ---- --------- -..----- S---------- T-O-

2.49800 . . R S. .TO ....
 
2.5600 .o R S T7 0
 
2.6400 . .. . R S.- .T ' 0
 
2.7200 . . - .- R ,- S. T 0 .
 
2.8000 R.R " - S. T. o 0.
 
2.8800 . R S. T . 0'
 
2o9600 .--. ,- -S. .0-
R .0 
3.0400 .. R S T . . .
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FIGURE 3-14
 

EGAT 1987 TRANS. STAB. STUDY BASED ON TS87RD7, FAULT AT CS-230 (CS-HS) PLOT OF GENERATOR ANGLES VS TIME 

S 145- 5B-211 T ='52- 111134 0=
CHARACTER CODES FOR-GEHERATORS R= 6-BPK-21 1 


153- MM17 4-


TIME --------- ------ ANGLES IN DEGREES-"-------------------------------------
(SEC) -100 -60 -40 --20 -0 20 -40 60 80 100"
 

.------------ ---------- S------------ ------ ------------
0.0800 . . R . - S . .T 0
 
0.1600 .... - R -S - T 0

0.2400 . . . R T.
 
0.3200 . . . R . S. . T 0.
 
0.4000 . . . R . S. . T 0
 
0.4800 ..... R . S. T 0.

0.5600o. . ... .TS._ . o
0.6400 . - .R .S. - T 

0.7200 .... . . R - S . T .0
 

0
.000 - -------------------- -------- R----------------- -------------- T ----------
1.8800 . . . R .. T. 0

0.9600 .... R - . S . T - 0
 
1.0400 . . . . .R . . T 0
 
1.1200 .... . R . .T 0
 
1.2000 . - . . R . S . T. T " .
 
1.2800 . - . . ". R . S . T . 0
 
1.3600 R .S T 0
 
1.4400 . . R • S . T-T. 0
 
1.5200 . . . - R -5 . T 0
 
2.6000 ------ --------------------------- ---- ----------- R--------------- S-------------- T---0------ ---------
1.6800 . - - -- R . 5 T. 0
 
1.7600 . * -. R .+"S T 0.
 
1.8400 .. - .R . S. T . 0.
 
2.9200 . R . S. T. '0

2.0000 R S. T. .0
 
2.0800 . . . R ." S. .T .0
 
2.1600 " " R • S. . T .0
 
2.2400 . . . R . S . T .0 "..
R S. .0 . .2.3 2 00 ---- R.. ...-----.. .. S -' -T.- -02.4000 


2R00 --------------- --------------------T---0------
2.4800 . . R . S. . T ' 0
 
2.5600 ... .. R, ,5 . T .0
 
2.6400 .... R S . "T 0
 
2.7200 . -. . . R " S - T 0.
 
2.3000 . .-. - . R " S -T . _0
 
2.8800 . . - . R - S T 0c
2.9600 . . . +.- R S .T .0

3.0400 . . - . -- R . S T .0
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FIGURE 3-15 

EGAT 1987 TRANS. STAB. STUDY BASED ON TS87RD6, FAULT AT MN-500 (NIl-CS) PLOT OF GENERATOR ANGLES VS TIME
 

CHARACTER CODES FOR GENERATORS 0 = 153- NM17 4 M = 154- 1122 4 
TIME -------------------------------------- ANGLES IN DEGREES-----------------------------------------
(SEC) -100 -80 -60 -40 -20 0 20 40 60 80 100
 

0.0---------------------------------------------------------------------------------------------------------7
0.0600 • • . . . . 0 N
M-

0.1200 ..... 0 N.
 
r.1800 ....... O N
 
0.2400 - " ..... 00 •1
 
0.3000 ........ M
0.3600 • . - . . 0 N
 
0.4200 .- " ." . 00 M
 
0.4800 .0... • - "• .OM .
 
0.5406 .... . . . • • . N.
 
0.6000 .--
NO---------------------
0.6600 . . . • - . + . . N . ..
 
0.7200 ..... N
 
0.7800 -. • • . N .
 
0.8400 • -, . . . ON.
 
0.9000 - ." . . O0 N.
 
0.9600 . • . - . . 0O N.
.
 
1.0200 .- N
 
1.0800 • " - " " - .. 0 .

-
1.1400 . • 0 

1.2000------------- ------------- - --N--------------------
1.2600 .7. .- --- - - -- . - ON. .-.
 
1.3200 .-.. . . . . -,ON. .
 
1.3800. ... .- . ... . . N.
 
1.4400 . - - . - • . N. .
 
1.5000. . . .•. N ...
 
1.5600 . ." ON.
 
1.6200 . -- - - . . . ON .
 
1.6800 . . . - . - - O.N .
 
1.7400 . " " " 0. "
 
1.8000 -------------------------------- ---------------------------------------------
--------------0
1.8600 . . - ++ - - - • • O N .
 
1.9200 . - . . - ... O N .
 
1.9800 -. .. . 0.ON .
 
2.0400 . . . . - - 0OM
 
2.1000 - . . . - - . " am
,ON

2.1600 . . + - , -. •. ON "
 
2.2200 .... . . .- " ON
 
2.2800 . . - Om. 

2.3400 . • . .. O .
 
2 4000 ------------------------------------------- H------------- 
.2.4600 .0.. . - " - i-- • ONM-

2.5200 .... " ."
 
2.5800 .... . . . - - . • O .
 
2.6400 . - - . .M.. . 00 N.
 
2.7000 . .. - . . ... • • ON . .
 
2.7600 " - " ." 0
.--. .-- + OM 
2.8200 . . . . .. ON.
 
2.8800 . " -m • - - . + . ON . - .
 
2.9400 .. - - . ON
 
:3.0000------------------ ------------ ------------------------------------------ON-------------------
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FIGURE 3-15 

EGAT 1987 TRANS. STAB. STUDY BASED ON TS87RD6, FAULT AT 1111-500 (Wi-CS) PLOT OF GENERATOR ANGLES VS TIME
 

CHARACTER CODES FOR GENERATORS R 6-BPK-21 1 S 145- SB-211 H 147- SNR-17 T 

152- 1113 4 % 

----- ANGLES IN DEGREES----------------------------------------
(SEC) -100 -80 -60i -40 -20 0 20 40 60 80 100
 

-


TIME -------------------------

0.0 ----------------------------- -------..- S-----------------------------
R N--- .--------------

0.0600 . . . . R H . S . T.
 
0.1200 . . . R N. S .T
 

0.1800 ... " . R H S .T
 

0.2400 .... . R H . S . .T .
 
0.3000 . . R N. S. . .T
 
0.3600 . . . . . R N * S . . T
 
0.4200 . . .. . o. R H4. 5 . .T . •
 
0.4800 . . R H 2. S . .T..
 

0.6000 --------------- --------- --------------------------- R------NH---------S-----------T------------
0.6600 . . . . . . R H . S . T
 
0.7200 R . .HR . S . T
 
0.7800 . .N S T
 

++

0.8400 .S R T .
 
0.9000 . . . . " R H . S T .
 
0.9600 . . . . . R N . S T, . . 

1.0200 ..... • R N . ST . .
 
0.0800 ..... R N . S T ...
 
1.1400 . . . R N ." S T .
 

R----H----- -----------------1.2000 ------------------------- S------- T,-------

*1.2600 . . . . R . T 
 . T .
 
1.3200 .... . R N . Ss . - - .
 
1.3800 . . .. R N .- S T .
 
1.440b R H. S T T .
 
1.5000 . . . . R N . S . T. .
 

1.5600 . . . . R H . S . T .
 
1.6200 . . - "". . . R H . S . T .
 
1.6800 . . . . R N . S j
 
1.7400 ..... R -H S T ..
 
.1.8000 ----------------------------- ---------- R --- ---------- S--- T------------------- --
1.8600 ....... - . R N . .T
 
1.9200 . - . R N S T


R
1.9800 R. HN. S T
 
2.0400 . R N . S . T . .T
 
2.1000 ... ." R N S .. ..T. .
 
2.1600 " " " " R N . S -. T
.3o00 . . . . . R N -. T.
2.2200 . . . . . R H 5 . T.
 
2.2800 . . . R H . S . T ... - .
 

H ------- S------ T -----.----2.4000 -------------------------------

2.4600 R
 
2.5200 . . -D" . R H . S T,
 
2.5800 . . - -. R H . S .T T
 
2.6400 . . , . * - R H . S T. .
 

2.7000 R NH S ... 

2.7600 . . . . R N S . .
 
2.8200 .... 2.40R R NH . SS T T.
 
2.8800 . .• - - RR H . SS T. . . .
2.9400 . .. NH .T 


3.0000-------------------------------------- --------- ---- N--------S-------T------------------- -------

3-47
 



FIGURE 3-16
 

E ,AT 1987 TRANS. STAB. STUDY BASED ON TS87RD6, FAULT AT CS-230 (CS-HS) PLOT OF GENERATOR ANGLES VS TIME
 

CHARACTER CODES FOR GENERATORS 0 = 153- 11117 4 M =" 15q- M1122 q
 
TIME A-----------------------------------------ANGLES
IN DEGREES-----------------------------------------
(SEC) -100 -80 -60 -40 -20 0 20 40 60 8 100
 

0.0- - - - - - - - - - - - - - --------------------- -- -0-- 
0.0600 .O
 
0.1200 0 M
 
0.1800 -: N 

0.2400 .MON. 0. 

0.3000 . ""N. M 

0.3600 . . . OM
 
0.420C a.-O M .

0.4800 . . . . - _ . . .. 0
 
0.5400 . . . . •. ON.
 
0.6000--------------------------------------------ONm---------------------
0.6600 ON
 

-
0.7200 . . . + 

0.7800 . . . .- . - . . M.N . .
 
0.8400 . - ... .
- .+ *. M
 
0.9000 .- . .- . . ONam. . .
 
0.9600 . . . 0 .
. . . OM . 
1.0200 - . • .- . . ON.
 
1.C00 . . ... ; . . . 0 M.1.1;00 0M
 

1.60 ... . . ONH...
1.2000 O--0-------------------------------------!--------------
1.26000 -m----------

1.3200 . .. ." . . . Om.
 
1.3800 . . . . . . 0M*.
 
1.4400 • +. . . . . M
 
1.5000 . . . . . . . .
 
1.5600 . . ... . . M.
 
1.6200 . . - .. .. *. • ON.
 
1.6800 - -. . . • ON
 
1.7400 - .. O.M.
 
1.8000 ---------------------- ----------- --------------------------------------------- m---------------
1.8600 ....... O-M.0 

1.9200 . . .
"0N 0 M. 

1.9800 . - . . 0
ON
 
2.0q00 . . . . . •ON 0 ..
 
2.1000 . - . .° 0O " "
 " 
.2.1600 "m ." 


* - - ONN " .2.2 2 0 0 . .
 
2.2800 . . . . M..
N.-,-
2.3400 . . . . . . ON.
 
2.4000 ----------- ------------- ------------------------------------------------- - -------------
.2.4600 . 0.ON. ..
 
2.5200 . . -O
 
2.5800 " 0"N " 

2.6400 . . . O .
 
2.7000 - ° - . . . M.
 
2.7600 . - .- - - . .m . .
 
2.8200 .. . - . . •. ON.
 
2.8800 . . . -.. . ONm. . .
 
2.9400 . - * • . . . ON..
 
:3.0000 ------------ - - ---------------------------- K------------
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FIGURIE 3-16 

EGAT 1987 TRANS. STAB. STUDY BASED ON TS87RD6, FAULT AT CS-230 (CS-HS) PLOT OF GENERATOR ANGLES VS TIME 

CHARACTER CODES FOR GENERATORS R 6-BPK-21 I S = 145- SB-211 N = 147- SHR-17 T 

152- MM13 4 

TIME ------------------------------------------ ANGLES IN DEGREES 

(SEC) -100 -80 -60 -40 -20 0 20 40- 60 80 100 

0.0 -------------------- R-------H-------S----------- T-:-------------------
R NH S , T.
0.0600 .... 
R H . S .T0.1200 ..... 


, R H . S •T0.1800 . , 

0.2400 , . .,R N . S . T
 

. " R H . S . . T0.3000 . . 
S .. T0.3600 ., .- R N 

R N S . T0.4200 
, 'R N. ST0 4800 , 

. R N. -S . T.0.5400 . . . 

R- --H ------- S---------- T-----------------------
0.6000 -----------------


R N T0.6600 ..... 
R H S ,T
0.7200 . . , , , 

H -S T.,0.7800 . • - - R- N ""ST0.800 .* 
R H , ST -.
0.8400 . ... 

. R. --. N . S T0.9600 

R H , S T ..1.0200 .... 

. , ,. R H , S -T..1.0800 . . 
. , R N S- T1.1400 . . , 

... 1.2000 - ---------------- R-----------S-----

, S- , R -N S , - T1.2600 . , 

1.3200 . , . , R N , -S T
. . . - R N • S . T .1.3800 . . 

1.4400 .... " + - R N . S • T . . -. 

1.5000 .. , . R NH S , T . 
. R N . S . T .1.5600. 

1.6200 . . -+ . R N . S . T 
S .T
1.6800 . . ,-+ :-N. 

- . R N . S .T " - 1.7400 . * 
. .---------------------S--"--T:1.8000 ------- .
 

. R H . S . T .1.8600 . . -
R s T'1.9200 .R... 

N. S T .... ° ++ RR , H S T, "
 

,
 
2.1600 . . " - , R N. S + T.
 
2.1000 . .R N . S . -T , 

R2.2200 -... N S , T 
2.2800 . . " - . R H S T+. 
2.3400 . , - , • R NS 

T- -------------------------- -------------- --------------------R ----- -----------

2.4600 . . - . , R H S ., 

2.4000 


2.5200 . . - ., " . R N . S. .T 
2.5800 ....... R H , S -T.
 
2.6400 . , , , , , R H , ST
 
2.7000 . . , , , R H * ST , ,. •
 

ST + 
2.7600 , R N " 
:- 

2.8800 . . - . R H . S T. . .
 
2.9400. ... R H 


2.8200 . . * . , R H , ST 
S .T, - •
 

3.0000 ----------------------------------- R -----H-----------------------S-.....T.
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FIGURE 3-17
 

EGAT 1989 TRANS. STAB.-STUDY BASED ON TS89RD3, FAULT AT MM-500 (MM-CS) PLOT OF GENERATOR ANGLES VS TIME
 

CHARACTER CODES FOR GENERATORS R 6-BPK-21 1 S 145- SB-211 H : 147- SHR-17 T : 
152- M13 4 

TIME ---------------------------- ---- ANGLES IN DEGREES--------------------------------------
(SEC)-100 -80 -60 -40, -20 0 20 - 40 60 80o 100 

0.0 --------------------- N-------- S ------------------------------------
0.0600 .. .R. HS . T . 
0.2200 ..... .. RH_ S • T • 
0.1800 . - .. . RN S . T . 
0.2400 ..... R N S . T0.3000 .•-•R
0.00. . N ! S .T ... .. . RN .S . 'T. - . - •*0.3600 . .°.. R N •S T
 
0.4200 . .>- • • . R N S T .
0.4800 . . ... RN .S . T. . "
0.5400 . . RR .Ss . T 
0.6000- ------------ - ------ -------- RH---- -S ------T ------....

0.6600 . . ... . RH S .T 
0.7200 . -* - • RN S. T. . • 
0.7800 • . . .; - • N S. T
 
0.8400 . - • HN S • T . . 
0.9000 NHR S. T
 
0.9600 . - . . NR S . T
 
1.0200 . . . . NR S . T
 
1.0800 . • N- HR S. T . 
1.1400 . .. H. S. T.NR -
1.2000 ------------
-----------------------------------NR--------- S-----------T --------------- -------

.1.2600 H S . T . - 1.3200 
 N S . -T.
 
1.3800 . H S .
1.4400 ..... H S . 

T
T . 

1.5000 . '" RH S T
1.6200 . .- . -. . RN
1.6800 . - - .. . RN S. T.S T . . . 

:.600S 
 T.
.- . RN~ S. 


1.9200 . - -. .
 

.7 0 * --- .... ; - j- 

.. RN S T." "-- " " 
1.9800 - . " RH S .T
 
2.0400 .-... .. . RH - . - . T

2.1000 ..... RH .S . T

2.1600 ....... RH .S . T .
2.2200 . . - . HH S . T - . 

2.2200 . . NN S .. T . -

2.3400 - . - . NR S. T
2.4000 ----- NR-------S----------R -- ----------- ---------------- T----------
2.4600 .... . HR S . 
15200 
 S . T

T 
"NR 

,!.5800 . HR S . T.2.6400 • . . .N . T .
 
2.7000 ....
 N S. T.. 
2.7600 . . . . N T. . 2.e200 ... .. RN ST .
 
2.8800 ..... 
 RN .S . T
 
2.9400 ..... RN S T
 
3.0000 ----------------------------------------
RN--------- S------------ -------------------------
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FIGURE 3-17
 

EGAT 1989 TRANS. STAB. STUDY BASED ON TS89RD3, FAULT AT M-500 (MM-CS) PLOT OF GENERATOR ANGLES VS TIME
 

CHARACTER CODES FOR GENERATORS 0 = 153- MM17 4 1 = 155-.1122 4 A = 157- AP
 
TIME- ----------------------------------------- ANGLES IN DEGREES- --------------------------------------
(SEC) -100 -80 -60 -t0 :20 
 0 20 40 60 80 100.
 

0.0 --------- --------- --------- ------------------------------------
---------- ---- A ---------------
0.0600 .0.1200 ..... . Al
0 A I
 
0.1800 .OA I
 
0.2400 
 . ... A .1
0.3000 ..... . A I
0.3600 . . . " " OA I-.

0.4200 ........ 
 0 AA I. 

0.4800.*." 
 . -.- - . - O. A .
0.5400 . . . -- . - *- 0 1. A
0.6000 ------------------------------------------------------
O---I---A----
0.6600 . " •. ... 0 I .A

0.7200 ........ 
 0 I.A

0.7800 ....... 
 . . .IA0.4OC . " ... •.... . 0 .AI 
0 9000 . . .I. . "0A

0.96J0 . - - - - . • . 0 .A I 
1.0200 ....... 
 . . 0 .A I1.C300 . " " * . 0 .AI 
1.12000 
 0--Al
 
1.2000-------------------------
--------- -----------------------------------------------O----A-------------------1.2600 
 . . . - - • . . 0 IA .
1.3200 . - 0- .A
1.3800 . . " .. .. IA 
1.4400 . " " • . * . • 0 IA . 
1.5000 . . . ... • . 0 .A"Al
1.5600 . " - " -  - .. 0 .A-1 .1.6200 ." ""•° *0
1.6800 ..... .A I- • -. O. A I
 

1.7400 . - - - - - - ; . 0A I
 
1.8000---------------------------------
 ---------------------- A--.--------------
1.8600
1.9200 ... .... "- .. ."0 .AlA I
 
1.9800 . . * 
 . •• " . 0 .A
2.0400 ....... 
 0 .IA
 
2.1000 . • . ..... 0 .IA 
2.1600 • . • . . . .- 0 IA 
2.2200 . . . . . . . 0 IA . 
2.2800 ... . - " O .A
2.3400 . Al.
 
2.4~000 ------------------------------
*2.4 . . ------------------------ -. 0----Al---------00- --- ----------.00 . .AA 1------ -- -- -- -
2.4600 .... 0 .Al
 
2.5800 
 . " .A. .0I.
2.6400 
 0 .AI . 
2.7000 . . - • -  0 .A

2.7600 " " ..... . 0 .A 
2.8200 
 . - . 0...0 .Aj
2.8800 .0.. . - 0 .A2.9400 . . . 0 -.Al 
"3.0000 ---------------------------------------------- 7- . 7 0O---AI-------------------.-AI
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FIGURE 3-18 

EGAT 1989 TRAHS. STAB. STUDY BASED OH TS89RD3, FAULT AT CS-500 (CS-MB) PLOT OF GENERATOR AHGLES VS TIME
 

CHARACTER CODES FOR GENERATORS R = 6-BPK-21 1 -S : 145- SB-211 H 147- SNR-17 T : 
152- 11113 4 

TIME ----------------------------------------- AHGLES IH DEGREES----------------------------------------

ItSEC) -100 -80 -60 -40 -20 0 - 20 40 60 80 100
 

0.0 -------------------------------------------------- RH--------S-- ---------T--------------------------
0.0600 ..... RH S . T
 
0.1200 ..... RH S . T
 
0.1800 . 1 .. R H S . T .
 
0.2400 . . . . R - S . T
 
0.3000 . . . R H. S . T
 
0.3600 ..... R N. .S- . T
 
0.4200 ..... RH S T
 
0.4800 ..... RN s T
 
0.5qO0 ... . HN. S T .
 
0.6000 ----------------------------- --------------------R--------S----T---------------------------------
0.6600 ...... HR S.T . .
 
0.7200 . . .. HR ST. .
 
0.7500 . . . ... H R T ..
 
0.8400 ..... .H- R TS . .
 
0.9000 ..... H R T ..
 
0.9600 . . • • . H R ST . .
 
1.0200 .... N R S T .
 
1.0800 " .... H R S . T • .
 
1.1400 . . . ... HR S. T.
 
1.2030 ------------------------- H-R--------S --------T --
.1.2600 . . . . • HR S. T.
 
1.3200 . . . .. ..
 
1.3809 . . . HR S. T
 
1.4403 . . . HR S. - T.
 
1.5000 ..... H S. T.
 
1.5600 . . . . - . N S. T .
 
1.6200 . . . - . . RN S. T
 
1.6800 .... . RH S. T . . .,
 
1.7400 . . . .. .. RN S. T . .
 
.1.8000 ----------------- R--------S T-----------
1.8600 . . RRHM. S T. .
 
1.9200 .. . . . - RN S T. . .
 
1.9800 . .H . . T-N .
 
2.0400 ..... HR S T.
2.1000 . • • . . HR S. T. .
 

2.1600 . . . . . . R- S. T
 
.
2.2200 .... . H R S. T -.. "
 

2.2800 ..... N. R S .T . .
 
2.3400 .... . N R S T- .
 

2.400-------------------------------------- -- H --- R--S--T-----------------------------
2.4600 • . - . H R ST. . .
 
2.5200 . . * . . - -. HR S T . .
 

..6400 M R S. T 

2.7000 -. HR S. T . ""
 
2.7600 NH.... S T
 
2.8200 . . .... N S T
 
2.8800 ...... N S . T
 
2.9400 . N S .T
 

C3.000b ------------------------------ --------- --------- N-------- ------------T--------------------------
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FIGURE 3-18
 

EGAT 1989 TRANS. STAB. STUDY BASED ON TS89RD3, FAULT AT CS-500 (CS-MB) PLOT OF GENERATOR ANGLES VS TIME
 

CHARACTER CODES FOR GENERATORS 0 = 153- MM17 4 
 M = 155- MM22 4 A = 157- AP

TIME ----------------------------------------- ANGLES IN DEGREES-----------------------------------------
(SEC) -100 -80 -60 -40 -20 0 20 40 60 80 100 

0.0 --------------------------------------------------
-------------------------O----AM----------------
0.0600 
 0 .-AM

0.1200 
 .. 0 A M

0.1800 ....... 
 . .OA M . 
0.2400 .0 A M
 
0.3010 
 - .OAN 0 .
0.3600 . . 0 A•
0.4200 ..... • • • O MA0.4800 . ..... . 0 M A
0.5400 .... . . 0 M A. 
0.6000 ------ ---------------------------------- .---o---- M---- A-------------------
0.6600 ...... • 0. M A.
0.7200 .0... . 0-. M A .
0.7800 . . • • 0. M A
0.8400 .0..... . 0. M- A
0.9000 . . - • • 0 M A
0.9600 
 - 0 A 
1.0200 . . . . a A
1.0800 .0.. 0. M A.
1.1400 . 0 A. 
1.2000 - ., + A.1.2600 " • -, • • •. 00 -N A. - .. 
1.3200 .- .•-.... 0 M A1.3800 .... • . . MA 
1.4400 .a.... " 0 M.A .1.5000. .0.. . . . 0 M.A •
1.5600 . " . ... 0 M A 
1.6200 . " • • 0 .NA .
1.6800 . " "" - - " "+ " 0 .MA
1.7400 ..... - -. ". . A
1.8000 ----------------------------------------------------- -------- ----- MA-----------------1.8600 
 . • • . 0 .A
1.9200 . . . .. 0 MA
1.9800 
 . ". . .00 M A2.0400 . . -A . . .0 N A
2.1000 . •.- . - . - 0 N A 
2.1600 . . . . . 0 M AA"
'.2200 . . . • . 0 - M A .
2.2800 
 - - 0:. M A .. 0.
2.3400 . " " " . 0. M -A - 
2.4000 
 " -- -0-- M---A--------------2.4600 
 - M- A2.5200 . * " " "- -- .0 N A. .2.5806 " " 
 - - - - .0 M A. - ..
2.6400 .... . - - . .0 M A -. .2.7000 
 . . . -- 0A2.7600 . . . . . - . . MA" 
2.8200 . . .. . -A M.

2.8800 . . • - ... .. • - . 0 M.A 
2.9400 . . . •- ,0 M.A 

0 ----- MA 
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FIGRE 3-19 

EGAT 1992 TRANS. STAB. STUDY BASED ON TS92RD4, FAULT AT M11-500 (iI-CS) PLOT OF GENERATOR ANGLES VS TIME
 
CHARACTER CODES FOR GENERATORS R : 6-BPK-21 1 S 145- SB-211
= H = 147- SHR-17 T
 

152- MM13 4
 

TIME -----------------------------------------
 ANGLES IN DEGREES----------------------------------------
(SEC) -100 -80 -60 -40 -20 0 20 40 
 60 80 100
 

0.0 --------------------------------------------------- RH-------------------- - - -- 
0.0600 
 . . . RH S. T. .0.1200 . - • . . RN S. T 
0.1800 . - - -. . R H S. . T.
0.2400 .... . RH S. .
0.3000 . - • • • R H S . T0.3600 . . . R H .S • . T
0.4200 ... .. R H . S .T
0.4800 ... 
 . R H' S . .•0.5400 . - • R .- S. ... T

0.6000 ----.-
 ----------- R------N------------- - -------- -------
0.6600 R H S T
 
0.7200 ..
 R H • - .... T0.7800 
 R. H " T
 
0.8400 " . R N . " • T0.9000 -. - - R H •• S " " T• 
0.9600 
 R" -S .- T
R . 
1.0200 . -  . -. R H .S 
1.0800 • .-.- - • R H S .-

. -
T

1.1400 
 . R-.RN H S . T1.2000 
 - -- H-----S------------------T-------------------*.2600 . .1 2 0 -* . . . - RR--N .yS .* T .;H-- S 
 T,-
1.3200 . .RH R s . T
1.3800  .- . RH S . T. .
1.4400 . • . ... RN'- S • T.
1.5000 .H...N 
 S - T.
 
1.5600 . - ". . RH , S. . .1.6200 . . - : * RH S., - . c T " 
1.6800 . " : .... "R" S. -"T....

1.7400 - . RN, 5'. -'. - TT 
.000 
 R---S-------------------T---------H-------

1.8600 . - - ". . R H S- . T.
1.9200 . - --. - - RRH S;. . fT-. 1.9800 . . - . . R N S. T ""
 2.0400 R-,, H S . T.2.1000 .... . R H .S T .
2.1600 . . - . - R -H -.S- -.T

2.2200 
 R N S

2.2800 . . R H 5 ..T-S
2.3400 ..... 
 R H . S-,,, T
2.4000- -------------------- --
 R- H------S-------------2.4600 - *'- ------ - ----N .... T-. . ---2.5200 --.. R N .S -. . .T.2.5200 . . - . R. H S T2.5800 -~. R.R- - . T .2.7000 . . • •.2.7000 . . . R H .S - . . T .2.7600 . . ..-• -* " RR-:NH SS .... "" TT " 

2.8200 . . - RRT
2.8800 .  • . R N 5 . .T2.9400 .... R N S . .T3.0000 ------------------------------------------------
R--H------S----------------- T-------------------
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FIGURE 3-19
 
EGAT 1992 TRANS. STAB. STUDY BASED ON TS92RD4, FAULT AT 11-500 (NN-CS) PLOT OF GENERATOR ANGLES'VS TIME
 

CHARACTER CODES FOR GENERATORS 0 : 153- 1117 4 M1 154- 1M22 4 I 156- SUA
 

157- AP - * 

TIME -------------------------------------
----- ANGLES IN DEGREES.....................................
(SEC) -200 -160 -120 -80 
 -40 0O 40 80 120 160, 200
 
0.0 -O-----------------------------------------------------------------------------------
0.0600 . .
 . -. . OAl.I .0.1200 ..... - . . A IN .
0.1800 . *- * - • .- . AO.I-M0.2400 .A... . . A 1 M 0.3000 .A... -A.0 IN
0.3600 .... A. 0 IN
0.4200 .... . . A. 0 1
0.4800 . A 0 " "M"
0.5400 . " 0.6000 °" +. . .. . - A 0 I., _ _ _ _ _. . . . . 

0.00 ----------------------
 ------------- A---O-N-I----------------------0.6600 ..... I
0.7200 .... . . AONI.
0.7800 . • . - . - A. 0 M0.8400 .... - *. . A. 0 MI0.9000 •. - . A.0 I .0.9600 
 . . . A. 0 1
1.0290 . .-
 A.O IN "
 1.0800 . . "  -- A .OI M . 1.3400 .  - A0ININ .. ' 1.2000 ------ A-O-I-------------
1.2600 
 ,+. - . AO.I . .
1.3800 .... , .
 A .NI
 
1.4400 ..... A I .
1.5000 . . .  • A M . , .1.5600 . . " " - MI
1.6200 . .  oAI. " 1 . " 1.6800 . . . '- ...
*1.7400 . -*. . AlI .
.1.8000 ---------------------------------

. . 
AI-M ---------------------------1.8600 . . -. A .. At .1.9200 .... . + . AOI.M . . " 

1.9800 AIM . .
2.0 40 0 • - - A O .I . . 
2.1000 . . A.ADIN

2.1600 . ----. AO MI . - . 
2.2200 

2.2800 . . -.-

A.O .
. I2.3400 " " 
 --. A.0 M I
 2.4000 -----


2.4600 . "  , . A. 0 N I
2.5200 .  • A. 0NI
2.5800 . . + *.A.0I .2.6400 ..... 
 A.O I . .2.7000 . .• • A.O IN
2.7600 
 A .0 IN
2.8200 
 . . - " .... A"0 IN .
2.8800 . . . A0INA-2.9400 . • . . AO. I 

.
" 3.0)00 ---------- ------------ ----------------------------------AO--I 
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FIGURE 3-20
 
EGAT 1993 TRANS. STAB. STUDY BASED ON TS93RD1, FAULT AT M11-500 (MM-CS) PLOT OF GENERATOR ANGLES VS TIME
 

CHARACTER CODES FOR GENERATORS R . 6-BPK-21 1 S = 145- SB-211 H = 147- SNR-17 T
 
152- 1M13 %
 

TIME 
 --ANGLES IN DEGREES------- -----------------------------------(SEC) -100 -80 -60 -40 + -20 0 
 20 - 40 60 80 100 

0.0 --------- ---------
--------- --------- --------- A------------N---S-------------T------------------- ---------0.0600 ...... 
 S.. _ .... T
 
0.1200 
 RN --S,,. T
0.1800 . - - .. RH S-. . T . .
0.2400 . . - . R H S. . T,
0.3000 . . . R H -S. T.0.3600 
 . R.R H *S" T
O.4200 . . . R N S T0.4800 .. . . . . R + N0.5400 . . *--:.. S . T+*R -N S.
.5• . T. -. 
0.6000 R .. H ..
 
0.6600 ------------
 ---------------R- -H ------S--- ------------------- -------0.6600 .... R N. T
 
0.7800 
 . R NH' - SS - • . T-0.8400 
 . . . - . R N .S ... T0.9000 . .. . - R H S T0.9600 . . -  - R N .5 . T.1.0200 .... . *R N 5 . . T1.0800 .....1.1400 . . . -• R N S + . . TR N 5 . .T
 
1.2000 .... 
 R--- ------S - - -T--------------------
1.2600 .. .. . R N S . T . .1.3200 . . .... - -RN .S . T
1.3800 .. 
 • . RN _S . T . 1.4400 .... . RH S., T1.5000 . . . HN - . S. - . T . .1.5600 . . • - . NH + IS.. . T * 1.6200 • - . N S - . T1.6800 . - .- " • .-- N S. .- T. 
1.7400 "H .... -. - T 
1.8000-------------------- ----------------------------------RN------ ------------------T-------------------------
1.8600 . . -. - -7RH S . -T . .
1.9200 . . . . RN S- . TT1.9800 . . -. " RN S. . T 
2.0400 - R H S. . T'
2.1000 - " , ." " N *.... T

2.1600 . -  . . R NH. • T .2.2200 . . .- . -- R S . T.
2.2800 . . .- . R H S • T . .2.3400 . . -S- . R N .T T

2.4000----------------------------------------
 ------- -N-----------------------------.......
.5zO0 . °2.4600 . ..- - -" - -. " RR HN ..S - . .. T T, '. 
2.5200 "+ 
. - " . . R NH S T2.5800 . . - R- .S T " 
2.7000 . . . . R .N : SS. - . 
2.7600
2700.0 R N S . .. -. R H- S T,"2.7600 . --
 + . R H --,-,+s  . T -. .2.8200 . - . R N .5 . . T2.8800 . - . • . R N S . . T2.9400 . R N S T
3.0000 ----
 R--N S -- T...................
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FIGURE 3-20
 

EGAT 1993 TRANS. STAB. STUDY BASED ON TS93RD1, FAULT AT 11-500 (IM-CS) PLOT OF GEHERATOR ANGLES VS TIME 

CHARACTER CODES FOR GENERATORS 0 = 153- M17 4 H = 154- 1M!22 4 I = 156- SUA A 
157- AP - -° 

TIME-------------- ----------------------------- ANGLES IN DEGREES-----------------------------------------
(SEC) -200 -160 -120 -80 -40 
 0 40 80 12', 160 200
 

0.0-- - 
0.0600------------------------------------- ---------------------- AMl!--------------------------------0.0600 • .• .• • -' • . OAI.

0.1200 . - A IN

0.1800 . - . . . . " "A"IM
0.2400 .
 A.OI .
0.3000 ....... 
 A. 0 IM
0.3600 
 - . A.AOIN0.4200 . • - .... . . A 0 I .
0.4800 .  - A 0 I

0.5400 .- • . A 0M. 
0.6000 -- -- -- --- -- --
 -- --- A----OM--I-------------------
0.7200 
 . .A H .10.7800 
 .- .A GM .1
3.8400 .  . .A M I
0.9000 . . .. * . A 1 I.0.9600 . . . . A O I
1.0200 .. .. -- . . A OMI .
1.0800 . . ... A 0! . 

1.2000 ---------- ------ ------ ------ 7------------------ --------------------- A-DIM------------------------1.2600 . . .... A.0 M .1.3200 
 AOM "
 1.3800 .. . . .M

1.4400 .+ • 
 • • • . AG.O
1.5000 
 A MI

1.5600 
 - - . . • AM.I .
1.6200 . ..... AM.I

1.6800 .. - . . AM.I
1.7400 . " . . - " " "AM.!
 
1.8000 ------------------------- 7----7---------------------- ------------
 A-1--------------AM-------------1.8600 . - - . . • AM!

1.9200  . . AMI1.9600 " 
 - . . . . A .! ." 
2.0400 . .. AO.IN2.1000 
 * AGIN

2.1600 
 O.I
AIM

2.2200 -I
 

2.3200 
 A I
2.0400" - .  . -. A. OMI
2.4000------------------------------------------
--------------------------A-GM-!------- ----------2.4600 . .A . - . AM" I.2.5200 •. 
 • - . AA- I .2.5800 . . " - ." A.GM .
2.5 00:, + :A ON I .2.6400 ... . A GM I .2.7000 ... . " A I
 

2.7600 . "I A" O .
 
2.8200 .A.. . . - • - A. G! .2.8800 . - . . AA. GI .
2.9400 
 . . . A. 0 I . 
3.0000 --------------------
 --------------------------A--O-!-------------------------
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FIGURE 3-21 
EGAT 1993 TRANS. STAB. STUDY BASED ON TS93RD1, FAULT AT CS-500 (CS-MB) PLOT OF GENERATOR ANGLES VS TIME
 
CHARACTER CODES FOR GENERATORS R 6-BPK-21 1 
 S 145-,$5B-211 N 147- SHR-17 T 

152- M13 4 -

TIME ------------------------------ ANGLES IN DEGREES
 
(SEC) -100 -80 _-60 -40 
 -20 0 20 .
 40 60 80 i00
 

0.0--------------------- ------------------------
 T - .T------- - .-.-------------0.0600 ...... N S. . T0.1200 .... RH S. -+ T
0.1800 .... . R N S. . 'T .0.2400 " -
. 

. . R H --S.- .• T0.3000 
 . - - • R N' S0.3600 . " • • • R N .S . -T0.4200 .S.. R N .S . . . T .0.4800 • - . R H %•S • • T .
 
0.5400 
 R H ST
0.6:00 -----------------------------------
 -----T---------"
0.6600 . R N . S ._T0.7800 
 -R N S . .- T.0.78000.8400 .....+-- R H .S • .
-. . + .S+-•"T . T. 
0.9000 . . . R N S . . T0.9600 .... 

. 

. R H S .. T- .1.0200 . . --  . . R N S. .- •T1.0800 . . -  . • R 'N s. 2 - - T.1.1400 . . - . R'N + - S., . T" 
. -----------
1.2600 .- ---------------------------------------- --- S
+R ---------T-----------------
H -S T
 

1.3200 . . . " .-R+ . T1.3800 .H-
 - . - N S .T1.4400 
 •.
. • NN S .T1.5000 
 - N S . TT. 1.5600 . -  • N S. . T . " 1.6200 .  - N S. . T .
1.6800 . 

++ RN - S 1.8000"
1.7400 . . +: 
" 

" RN"S... T ...• ++ + +,'RH - S ..
-- T-----------
1.8000 -R-N----S T + .
 
1.8600 
 . . .RN - - " T-'- .1.9200 ...
 R-NH, S. . T I -1.9800 . R H S. T2.0400 . . R_ '" T.
2.1000 .-...- R- N .S - . T2.1600 
 +R R N"SH . T.. 2.2200 . -. " ,
. R H S * T2.2800 . . R .-:SS..
2.3400 •- - . .R H .S- . T 
2.4000-------------------------------------- ---------------
R----N-------------------------
2.4600 T-----------------,R.. . S ... T2.5200 . -- . . R N  . T2.5800 ";.  - H*-" S . . TR N

2.6400 
 . * .". R N S .T
2.7000 . . - + . . R N S - . T2.7600 . . , + R N _S' . . T2.8200 . . •~ . - +. R NH S-S.' . -T T. .• -
2.8800 
 - R N S .. T.2.9400 " 
 " 
 -
 R N SS • T.
3.0000 
 '-------------------------------------------------R--N
-------S-------------- T-----------------------
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FIGURE 3-21 

EGAT 1993 TRANS. STAB. STUDY BASED ON TS93RD1, FAULT AT CS-500 (CS-MB) PLOT OF GENERATOR ANGLES VS TIME
 

CHARACTER CODES FOR GENERATORS 0 153- MM17 4 M : 154- M1122 4 I 156- SUA A 

157- AP
 

TIE --------- ANGLES IN DEGREES----- ----------------------------------
(SEC) -200 -160 -120 -s0 -40 0 40 80 120 160 200
 

0.0 --------- --------- ----------- - AMI--------------------- -------
0.0600 . . •-- 7- .. 
0.1200 .. AI 
0.1800 . . .. AIM 
0.2400 . . AI. 
0.3000 .. -. .AO.I . 
0.3600 . .A 0 I 
0.4200 . . .... - .A O M I . 
0.4800 .... . . - . . .A ON I . 
0.5400 . . . . . . .A ON I-

A---ON---I--------------------
0.6600 • . . A M I. 
0.7200 • . . .. A M I. 
0.7800 ........ A ON I . 

0.6000 --------- -------------------------------------------------------------

0.8400 .. . . . AN I.I 
0.9000 . . . . . . A !I . 
0.9600 . -. . . . . . . A O I • 
1.0200 ..... . . - AOMI 
1.0800. +.+ . . . A I1.1400 . . . . . . . I .1.2000 AIM 

1.2600 . . . . . . AIM .
 
1.3200 .... DAN .
 
1.3800 .... . . . OAI.
 
1.4400 . . . . . . OAMI • -. 
1.5000 . . OAA.
 
1.5600 . . . .. OA,I. 

1.6200 . . . OAA I1.6800 OAI 

1.7400 .. + .OA GA. . 
-------------- ---------------------- AMI---------------

1.8600 . . .. AI 
1.8000 ---------- -------- ------

1.9200 .. ... OAMI 
1.9800 .. . + . A.I 
2.0400 " .. A.I 
2.1000 .... . AG I 
2.1600 . . . .+... AO I 
2.2200 . . . - . . AOMI 
2.2800 . . "" AGNI 
2.3400 . . " " AONII 
2.4000 - -- -- -- -- -- -- -- -A-M--I-------- ---------------
2.4600 . - - A M I . 

2.5200 . +"". " ANM I -. 

2.5800 *A A M I 
2.6400 . . - - - +. . A M I . 
2.7000 . . . .A A DNI , .
2.7600 
 AG.
. AOMII. .2.8200
2.8800 . .I . 

. 
. A.NI2.8800 ... AO MI.. 

2.9400 . . O . 
3.0000 -------------------------------------------------------------- A-NI---------------------------
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FIGUIRE 3-22
 

EGAT 1987 TRANS. STAB. STUDY BASED ON TSB7RDA, FAULT AT MM-500 (MM-CS) .PLOT OF GENERATOR ANGLES YS TIME
 

CHARACTER CODES FOR GENERATORS R = 6-BPK-21 I S = 145- SB-211 T = 152- MM13 4

TIME -- - - - - - - - - - - - -- - - - - - - - ANGLES IN DEGREES - - - - - - - - - - - - - - - - - - - - (SEC) -200 -160 -120 -80 -40 0 40 80 120 ++ 160 200 

0.06 00 ••R S . T +0.1200 ...
 R S . T .• "•0.1800 ...
 R S . T ... +
0.2400 ...
 R S,. T •°•.•
0.3000 ...
 R + S-• T .•
 
0.3600 ••+ •••R 
 +T .

0.4200 •• •"• 
 R- *S-• .T ... +
0.4800 . ••.•R 
 +S++ T
 
0.5400 
 + '..R +" S T ------------------------ R- ...
0.6000 -.. -- R-----S7 ---------- T - -------
0.6600 
 V S. • + T
0.7200 . .. R S., T. ' :0.7800 .. . ..
 R -5. T 
 .
0.8400 . "  • , -. " R - + S.. T-.

0.9000 
 - - - - .R S. .T
0.9600 
1.0200 ". * +** R -S ? 

+ 
R' S. . TT ' 

1.0800 - +.-,R +- . 
 S. . +.T .
1.1400 -• •R 
 S.. .. -.T
 

1.2600 ... . ++.R S. .. T+,1.3200 . + "-*R- S. 
 T1.3800 .
 - R S.'r+ T+
1.4400 
 + + + R S.' -+ T 
1.5000 "+-
 R S. . T 
 -
1.5600 .. 
 -R S. - + .T.
1.6200 ..
 • R S. -.. T
1.6800 ..- -•R S. • 
 .T
1.7400 .
 ". R S .*-.T

1.8000 --- - ------ -'- -- -"------ --
 T*--
1.8600 . .+ 
 ..- " S .+' =
1.9200 
 --"R S-- - • .
 T
1.9800 R '- -- "• •* "2.0400 . .".. ." "+"R +S . +-- ++ , . +- T2.1000 .
 +R S .- + .- + S
2.1600 - -•R 
 S .
 " T
2.2200 .
 -
2.2800  •.RS ., + " " " " Ti
 
2.3400 ....
 R + S ... 
 -+:T
2.4000 - - - - - - - - - - -' 
 - - - - - - - - -7 --R------S -. - - - .-- - -- - - --.- -.- - - - T
2.4600 • ."R- S--. +2.5200 . -+-. ' ,R+ + -S .,:- + " " 

+' 
" 

T,
T

2.5800 . 'R S +•T2.6400 .* -" - " 
 -R + S 
 T
2.7000 * 
 + .R S U+ . -*" T: 


2.8200 • - R S + :,., T+2.8800 
 -- R S "-+ ' 
 T'
2*9400 .T 
 ' ... 
 '
3.0000 ------- - --------------- ----
 ----- T
 -- - --- 7R......S- 7 -- -- -- --
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FIGLJE 3-22
 

EGAT 1987 TRANS. STAB. STUDY BASED ON TS87RDA, FAULT AT MM-500 (MM-CS) PLOT OF GENERATOR ANGLES VS TIME
 

CHARACTER CODES FOR GENERATORS R : 6-BPK-21 1 0 = 153- 1117 4 1 154- M22 4
 
TIME ----------------------------------------- ANGLES IN DEGREES-------------------------------
(SEC) -200 -160 -120 -80 -40 0 40 80 120 160 200
 

0. ---------------- --- --- ------ ----- ---------- --- 0-- ----- -------------------------
0.0600 R 0 I. 
0.1200 . . R . 0 .1
 
0.1800 .... R . 0 I1 
0.2400 .... R . .0 I
 
0.3000 . . . . . R . .a I. 
0.3600 .... R . . 0 1
 
0.4200 ...... R . . O .-I
0.4800 ...... R 0.0 . I
 
0.5400 . R. 0 . I
 
0.6000 R- --- I---------------
------------------------ 0 

0.6600 ... . . . R . . -I1 .
 
0.7200 . . . . . R . . .0 I
 
0.7800 . . . . . R .... . .. 0 1
 
0.8400 ..... R . .0 a. I. 
0.9000 .... . R .. .0 I 
0.9600 .R... . R . . 0 .1
 
1.0200 .  . . .. R . ., . O, 

1.2000----------------------- ------------------- ------- R------------------------------ ----- I ------
1.2600 . . RIR.. .... 0 I .
 
1.3200 • . . -R . . 0. 
1.3800 -R -1 .0-I- 0. 
1.4400 .... R . . . 1..I. 
1.5000 ... R- . . . . 0 
1.5600 ...... R -0 I
1.7000 . . . .. R- . . . . O I
1.6200 . . . R.R .-. . I 

1.8000------------------------------------------------------R--------------- ---------------------------- I
 
1.8600 . . . . R - -... .O I
 
1.9200 R - I 
2.0400 . . • • . R .... ,
2.1000 ... R . .- I

2.1600 " . .R. .... 
2.2200 . -R. R . . . . I
2.2800 . . . RR . . . I
 
2.3400 . . • . . R. . . I
 
2.4000 ------- ---------- R------------------ ---------------------- I
 
2.4600 ..... R . . • . I
 
2.5200 ......- *R" , . . ". . ,.. .-. . . I2.7000 R 
2.5800 .... . R - . . . I
 
2.6400
2.7600 . ...... .. .R R .... . . . . II 
2.7600 ... R . . I
 
2.7000 . . ..... R . I- .... 

2.8200 . . • . • R . . . I

2.8800 R "
 
2.9400 ........ R . . .... I
 
3.0000 ------- ----------------------------------R--------------------------------------I
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FIGURE 3-23
 

EGAT 1991 TRANS. STAB. STUDY BASED ON TS91RD6, FAULT AT MM-230 (ti1-CS) PLOT OF GENERATOR ANGLES VS TIME
 

CHARACTER CODES FOR GENERATORS R = 6-BPK-21 i S = 145- SB-211 H = 147- SNR-17 T 

152- 1M13 4 ,
 

TIME ----------------------------------- ANGLES IN DEGREES -----------------------------------------
(SEC) -200 -160 -120 -80 -40 0 40 80 -12& 160 200
 

o. ~ ----- -------- R---,H-,-,,,---,T--,-,. . . . .:. . . . .:0.0 --------- --------- ------------ ----------------------------------------------------------
0.0600 . . . . . R N 5 'S. T
 
0.1200 - . . R Sso. . T.
 
0.1800 ..... R N S . T
 
0.2400 ...... R N S . T. . ,

0.3000 . . . R H S . T
 
0.3600 .... R N S . . T
 
0.4200 ..... R H S. . T
 
0.4800. . .. R H S . .T
 
0.5400 .... R HS . T
 
0.6000 ---------------- --------------------R- N---H-S-- -------- T
0.6600 . . - . R NS . . T
 
0.7200 . . .. R HS ... , T
 
0.7800 ..... R NS • T
 
0.8400 . . . R NS . . . T
 
0.9000 . . . R HS . . . T
 
0.9600 " " • R H S . " . T
 
1.0200 .. * . R NS " " T
 
1.0800 -- . . R H S . . . T
 
1.1400 . .. R N S . . TT
1.2000 RH-S-:

120 ----- ----- ----- R-N--- ---------------- -- T
---------- S------- ---------1.2600 .... R N S . . - , T
1.3200 .... R N S . T
 
1.3800 . . . . RN S . . " T
 
1.4400 ..... R N S .- . . T
 
1.5000 . . R H S . . TT
 
1.5600 -- . . . R N S . . . T
 
1.6200 R HS 
 T 
1.6800 .... R HS . . . T
 
1.7400 ... . R NS . . " T
 
.1.8000------------------------------ --------------- R--- NS------------R---U---------------
.1.8600 R---S ------------
1.8600 .•. . R US . - . . TTT
 
1.9200 . -, . . R NS . . . .
 
1.9800 R N S . T
 
2.0400 - R N ... . T
 
2.1000 . • . . R N S .. . . T
 
2.1600 .... . R N S . . . T
 
2.2200 . . . R N . . T
 
2.2800 ...... R N S . -. '
-T
 
2.3400 ..... R N 5- . . T
 
2.4000 -------------------------------------- R--N--S -T------------------------------------------T
 
2.4600 . . . . R H 5 . . • T

2.5200 . R H S . T
 
2.5800 . . ' . R NS . - . . T
 
2.6400 . .R- *. -. R N S . . . T
 
2.7000 . . . R S5 . . T
 
2.7600 . . R NS . " . T
 
2.8200 o . R...R HS,. . . . T
 
2.8800 . . - . R NS . . . .T
 
2.9400 . . . R N S -. . . . T
 
3.0000 R-------------------------------------------------R---N--S
------------------------------------------ T
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FIGRE 3-23
 

EGAT 1991 TRANS. STAB. STUDY BASED OH TS91RD6, FAULT AT MM-230 (MM-CS) PLOT OF GENERATOR ANGLES VS TIME
 

CHARACTER CODES FOR GENERATORS 0 153- MM17 4 M = 154- MM22 ,4 I 156- SUA A
 

157- AP
 

TIME A----------------------------------------ANGLES
IN DEGREES----------
(SEC) -200 -160 -120 -80 -40 0 ,.'40 80 120 160- 200
 

* .,- . .... . 
0.0 ------------------------------------- --------------- A-----------
0.0600 . M . A .1 0 
0.1200 . M . A . I 0.

A0.1800 . . . . -A- I : 0 
0.2460 .... .M . A-. 1. 0 
0.3000 .. . . m . I. 0 
0.3600 -. . . A. . I 00 
0.4200 ...... M " A. . - I 0 
0.4800 •... . M . A. • . I 
0.5400 . . . . M . + A. . . 1I 
0.6000 -------------- N--- A ------------------------------0.6600 ------ ---------------- Mm----------------- I0.6600 . . . ." N+ . - A ..-. . . + I 

0.7200 " " .. A .. 
0.7800 . . ." . M . A . "I 
0.8400 . . - M .+,. A . . . I
0.9000 .... --... N ' . A . . 
0.9600 .-- o. . -NM.. . A . . - I 
1.0200 .. . -A . . . 
1.0800 . . - . . . AA. . - . I 
1.1400 .. ... . M . A . -. I 
1.2000 ------------- - - - ---- ---. I "----------------------------N---------------A 
1.2600 . " . m . A . . I 
1.3200 . . -M . . N . A-. -" I 
1.3800 . . .M • . A . . -".N 
1.4400 .... - . N . A •- .I 
1.5000 .- ... .. M . A , - . . I 
1.5600 . . - .- MK • A . . . I 
1.6200 . . .. . - . - A - - I 

1.8000 --------------------------- ----------- M--------------;.-----------A---------- ----------------------- I

1.9200 
1.9800
2.0400 
2.1000
2.1600 
2.2200
2.2800 
2.3400 

.. 

. 

. 

. 

. 

--

. 

. 
. 

. 

-
. 

. 

. 
. 

- . 

-
-

. 

-

. 

. 

. 

. 

-1 
- M 

M.- " -N 
MN
N
N 
.. 

-

" 

. 

-A 

A
A 
A-A. 
A. 
A 
A 

- A 

. 

. -

. 

.++A. 

-
.• 
. --

-

.-
- .... 

. 

•I 
. 

" 
. 
. 

,I 
. 

I
I 
I 
I 

I 
2.4000 
2.4600 
2.5200 
2.5800 
2.64002.8200 

---------------- ------------------
...... 

.. . 

.A-. .2.20" ... " . --" 

. 

. 

-

--

N------------- ---A--------------------------
M-N . A . . 

AN - . A-. -. 
-.....N K2. A .." .

N - . A . .N - . >. - . -'°M " +,. AA .. 

-------- ;-I 
. I 
. I 
. I 

. I. I+,I 
2.7000 
2.7600 
2.8800 
2.94002.88000 

.M 
. 

+" 
" .. 

" 
.. "I'".. . -.N

'":M 
N, - . 

-
. 'A " 

AA 
A-- +A . - - - -. ... . 

-
-I 

- I
-I+1 

2.9400 . . . . A - . . zI 

3.0000 ------------------------------------------ ---------------------------------------------- I 
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FIGURE 3-24 

EGAT 1991 TRANS. STAB. STUDY BASED ON TS91RD6, FAULT AT CS-230 (CS-MB) PLOT OF GENERATOR ANGLES VS-TIME
 

CHARACTER CODES FOR GENERATORS R = 6-BPK-21 1 S = 145- SB-211 H 147- SHR-17 T 

152- M113 4 -

TIME ------ --------- ANGLES IN DEGREES ------- -----------
,(SEC) -200 -160 -120 '-80 -40 0 40 g0 120 160 200 

0.0 --------- -------------------- -------------------R---N-S----T-------------------------------------
0.0600 . . . . . R N S , T .S .
0.1200 . . . . R H S . T . .
 
0.1800 . N T
 
0.2400 " . " R N S . T.
 
0.3000 ... . . R HS . - . T
 

.
0.3600 ..... R N15. • T . .
 
0.4200 . . . • R H15.S • T
 
0.4800 . . . .. R N S. . .T '.

0.5400 T
 
0.6000 ------------------- ----------- R -- HS ------
0.6600 . • . . - . R HS. .T
 
0.7200 ... . . . R NS. . . T
 
0.7800 . . . .. . R . . . T
 
0.8400 . . . - . - . . R N . .. T.T
 
0.9000 .... . R N .
 
0.9600 ...... R HSI- . . . TT
 
1.0200 . . - R HS_ . .T. " T
 
1.0800 . . . R NS . . , T'
 

1.1600 . . RNR H.S .. .... T
 

1.200 R S
1.3800 . •-. • . N S . . -". . .T

1.3200 ..... NR S . .... T
 
1.3800 . . S . T
 
1.500 N S . . . TT
 
1.5000 . . . RH S .T . T
 
1.5600 . . ,. - . H .. -. T
1.20 RR N SS . _T
 
1.6800 . , ••R H S . T
 

1.8600 R N . ..
1.9200 . -. " .R H ' T 

1.9800 . . . . R SN." .. . .T
 
2.0400 . . R N . .. . T
 
2.1000 . . . . R SN . ~, T
T-
2.1600 " - . R N . . " - "
 
2.2200 .. . . R N .....- T
 
2.2800 .... R HS . . .
 
2.3400 . - ., - .- R NS . . . . - T
 
2.4000 ----------------------------------------------------RN---S ------------------------------------------- T
 
2.4600 . .H -. R ST- .
 
2.5200 -. - - . N S . . . T 

2.5800 .... . . N S - -. . T
 
2.6400 - - - RH S . .- • T
 
2.7000 . .. . RN S . T
2.7600 -- . RN S . " :' T 

2.8200 - . ' . - R N S . - T'T
 
2.8800 -" . . R N S .... T
 
2.9400 • . R N . . . T
 
3.0000 -------------------------------------------------- R---- N------ -------- --------- -------------------- T
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FIGIRE 3-24 
EGAT 1991 TRANS., STAB. STUDY BASED ON TS91RD6, FAULT AT CS-230 (CS-MB) 

CHARACTER CODES FOR GENERATORS 0 153- MM17 4 M = 


157- AP
 

TIME ------------------------------------------ANGLES IN DEGREES 
-

(SEC) -200 - -160 -120 ;80 -400.0 

0.060 

0.0600
0.1200 

0.1800 

0.2400 
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PLOT OF GENERATOR ANGLES VS TIME
 

154- MM22 4 I 156- SUA
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4.0 PRELIMINARY DESIGNS - TRANSMISSIN LINES 

4.1 GENERAL 

Various alternative transmission line options for the Mae Moh 
- Bangkok EyV Transmission Project have been examined in previous
studies. The option selected and presented here includes 500 kV 
transmission lines with 4 - 795 KCM 54/7 ACSR conductors per phase. 

Because of the greater probability of outages affecting both 
circuits when they are on the same tower, double circuit lines have not 
been recommnded. The preliminary design data presented here is for 
single circuit lines only. During the final design, however, it may 
become necessary to use double circuit structures in the more heavily 
populated areas to minimize right-of-way requirements. 

4.1.1 Transmission Line Design Requirements 

We have provided all preliminary designs for transmission 
lines based on hot-line maintenance requirements. Since the two 500 kV 
lines between Mae Moh and Bangkok will be the primary route through 
which Mae Moh power will be transmitted, we believe the ability to 
provide maintenance during energized in-service conditions is of prime 
importance to system reliability. 

In their "Mae Moh - Bangkok FEV Transmission Project (Data
for Feasibility Study)" (Reference 1), EGAT has directed that a 
keraunic level of 100-110 be utilized in these studies. We have 
provided a design with shielding angles which are consistent with an 
outage rate of less than one per hundred kilometers per year. he 
keraunic level is quite high by most standards, but with properly
grounded structures and with the insulation level specified, we believe 
the required reliability will be attained. 

As in previous studies, the preliminary transmission line 
design presented here is based on a nominal ruling span if 490 m and a 
corresponding right-of-way width of 71.1 m. Factors other than those 
considered in this study may make it necessary to further optimize
these values in the final design. 

The following Electrical and Mechanical Design Criteria, as 
shown in Table 4-1, is submitted as our reccmendations for the 
proposed 500 kV transmission line. 
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TABLE 4-1
 

500 kv mmaNussiCU LINE REM2nwom
 

SINGLE CIRCUIT 
FIGURE 4-1 

Average Tower Height, M. 46.8 

Average Ter Weight, IG 20,000 

Mininn R/W Width, M. 71.1 

Conductor 4x795 KCK 54/7 ACSR 
Bundle Dimension 

Shield Wire 3/8",ES Steel 
Number 2 
Angle
 

Design Voltage Surge 2.5 P.U.,! 

Structure Tpe S.SuPt.Lat.Steel', 

Span Normal, M. i'490, 

Minimu Clearance, M. 
To Ground , 12.8 
To Structure 4.0 

Insulators 
Ma.!ier of Strings/Phase 1-2 
Vee or Parallel, V&P 
Number of Units/String 25
 
Strength, K LB. 30
 
Size 5, 3/4"xIO"
 

Ground Resistance, 0 <20 

Hot-Line Maintenance Clearance 
Phase to Phase 10m
 
Phase to Structure 4 m 
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4.2, PRELIMINARY ELEC'ICAL 'DESIGN CRITERIA 

To insure adequate, performance and reliability are 
,incorporated into the Mae foh - Bangkok Transmission System, we suggest
the foll6wing-criteria be utilized in the final transmission line 
designs. 

The transmission line design which has been offered for 

further consideration is based on this criteria. 

4.2.1 Preliminary Design Smmnary 

RIGHT OF WAY 	 Determined by conductor blowout, 
electric field and corona effects 

bO" CTOR 	 4 - 795 KCM 54/7 ACSR subconductors per 
phase. May be further optimized. 

INSULATOR SIRING 	 Single string of 25 ball and socket 

suspension insulators per phase 

OR 

Vee-string of 2 x 25 ball and socket 

0=~E FROMCY 
INSULATION Leakage distance of 22 mu per kV line to 

ground at maximum operating voltage 

SWITCHING SJIGE Surge at 2.5 P.U. with personnel
INSULATION safety requirements for live-line 

maintenance 

LIGENING INSATION 	 Satisfied by switching surge requirements 

PHASE TO SWCITRE 4.0 mminimum based on personnel 
CLEARANCE clearance for live-line maintenance 

PHASE SEPARATICN 	 10 mminimum based on personnel clearance 
for 'live-line maintenance 
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DING 	 Driven grounds, counterpoise or bc.th 

as required 

'
GROUNDING RESTAN	 20 ohms or less
 

LIGHMING OUTAGE RATE 	 Less than one outage per 100 km of line 
per year 

CM CTOR GROUND 	 Based on 5 mA let-go current. 
CLEARANCE 	 Approximately 12.8 m depending upon 

structure configuration and maxi:mum 
vehicle size
 

RADIO NOISE 	 Less than 40 dB:lVV/m at the edge of the 
right-of-way under wet conductor 
conditions 

4.2.2 Conductor Selection 

The selection of an optimum conductor bundle is based on
 
several electrical perameters. These include conductor cost, corona,

audible noise and radio noise.
 

4.2.2.1 Audible Noise 

Audible noise emanating from transnission lines is due to
 
conductor corona. Transmission line audible noise increases as water
 
collects on the conductor and is greatest during heavy rain. Since the
 
noise of a rainstorm effectively masks that of the transmission line,

it is during the period of time just after a storm when the conductor
 
is still wet that the noise will be most annoying. A level of 55 dB
 
(A), at the edge of the right-of-way under wet conductor conditions has
 
been selected as likely to produce few complaints.
 

4.22.2 :]Radio Noise 

Corona-generated radio noise is predomiinnt in the AM radio 
,broadcast band and decreases rapidly with increasinq frequency. A 
noise level of 40 dB:lP V/m at the edge of the right-of-way during fair 
weather conditions is considered acceptable. Listeners should perceive
little degradation of the quality of received signals from stations in 
their area at this level. 	 r 
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4.2.3 Clearances 

The two most important factors which affect the required 
separation of phase conductors from other objects and ground are 
personnel safety and the security of the transmission line. Distances 
must be determined for clearance to ground, between phases, to the 
supporting structure, to other structures and to objects outside of the 
right-of-way. 

4.2.3.1 Ground Clearance 

The minimum height above ground of the transmission line 
phase conductors is determined by the 5 mA let-go criteria. A minimu 
ground clearance of approximately 12.8 meters has been used for the 
preliminary design, although tower configurations and other parameters 
vary this requirement. 

4.2.3.2 Phase Separation
 

The separation between phase conductors is based on the 
assumption that live-line maintenance methods will be utilized and 
alloance is given for the maximum switching surge over-voltages likely 
to occur anywhere on the transmission line. The minimum separation 
used in the preliminary configuration was 10 m. 

4.2.3.3 Phase Clearance to Structure 

The minimum clearance from a phase conductor to the 
supporting structure is also determined by live-line maintenance and 
switching surge considerations. The assumption is made that a linean 
would climb the tower inside the tower body and that he would stand on 
the bottom members of the tower arms. Allowances are made for his 
reach outside of the tower body and his height above the anm member. 
The minimum clearance used in the preliminary design was 4.0 m. 

4.2.3.4 Right-of-Way Width 

The required right-of-way width is determined primarily by 
conductor blow-out considerations, but attention is also given to 
electric field and corona effects. The amount of blow-out depends in 
part on the type of insulator strings (vee or suspension) and the span 



length. The electrical considerations that enter into the 
determination of a right-of-way width are the same as those determining 
the selection of an optimmz conductor bundle. 

4.2.3.5 Clearances to Other Structures 

Clearances required between the transmission line and other 
structures depend on the type of structure (power lines, comunication 
lines, pipe lines, buildings, etc.) and on the amount of conductor 
blow-out. At EHV levels, there are also electrical considerations 
which include precautions such as grounding nearby fences, metal roofs 
and gutters which must be taken to assure the safety of persons near 
the transmission line. 

4.2.4 Lightning Performance 

The lightning performance of EHV transmission lines is 
governed by the average number of thunderstorm days per year (keraunic 
level), the structure footing resistance, the structure height and 
configuration, and the line insulation level. For a given keraunic 
level, the other parameters are varied somewhat during the design stage 
to give assurance that the final design will result in an acceptable 
probability of outage. 

4.2.4.1 Shielding Angle 

The shielding angle is chosen such that virtually all 
lightning strokes to the transmission line will contact the shield wire 
and not the phase conductor. As the structures increase in height, the 
required shielding angle becomes smaller. Preliminary calculations 
indicate that essentially perfect shielding can be obtained for the 
average height structure of the configuration under consideration. 

4.2.4.2 Insulation Level 

The insulation level of EHV transmission lines is usually 
controlled by the amplitude of switching surges. Where the keraunic 
level is high however, lightning Purges may be a controlling factor. 



A keraunic level of 100 was used in the preliminary
calculations. This number is high, but the level of switching surges 
used was also high. Calculations show that the insulation, both 
porcelain and air gap, chosen on the basis of switching surges is also 
reasonable for adequate lightning performance. 

4.2.4.3 	 Structure Grounding 

Preliminary calculations were based on the assumption that a 
structure footing resistance of 20 ohms could be attained by reasonable 
means. This assumption anticipated the use of driven ground rods, 
counterpoise or both. 

The number of ground rods or length of counterpoise required 
wa.u. vary from structure to structure depending upon the soil 
resistivity encountered at the individual tower site. A good ground is 
essential 	for adequate lightning performance. 

4.2.4.4 	 outage Rates
 

The outage rate, due to lightning, of transmission lines is 
usually expressed as the number of outages expected to occur on a 100 
kilcmeter length of line in one year. Good design practice dictates 
that this number should be kept as low as reasonably possible. 

Preliminary calculations indicate that the structure design
under consideration should give a probable outage rate of less than one 
per hundred kilcmeters per year. 

4.3 	 500 kV TRANSISSICN LINE 
PRELIMINARY MECHANICAL DESIGN CRITERIA 

4.3.1 	 General
 

This set of design criteria is written to cover all aspects
of structure and fcundation design for a family of lattice steel 
structures recounended to be used to support 500 kV lines extending
from Mae Moh to Min Buri. 



4.3.2 Lattice Steel Towers 

The family of structures will include: 

.. 	 00 Tangent Structure 
00 to 50 Small Angle Structure 
50 to 150 Light Angle Structure 

150 to 300 Medium Angle Structure 
300 to 900 Heavy Angle Structure, and 
0* to 150 In-Line Deadend Structure 

The towers should be designed with a basic body, a 6-meter 
and 12-meter body extension and leg extensions ranging from 1.5 meters 
to 7.5 meters in 1,5 meter increments. 

The structures shall be designed to support two shield wires 
of 3/8" DES, 7-strand, galvanized steel and one or two 500 kV circuits 
of bundled (4 per phase), 795 KCM ACSR, 54/7 strand, code name "CONDOR" 
conductor.
 

Towers will be designed by the Engineer; shop details and 
erection drawings will be supplied by the Tower Fabricator. Tower 
design should conform to the American Society of Civil Engineers' 
"Guide for Design of Steel Transmission Towers".
 

4.3.3 Cable Data and Design Spans 

The cable data given in Table 4-3 shall be used in the 
developoent of structure loadings as outlined in Paragraph 4.3.4. 

TBLE 4-2
 

CABLE DATA 	 SHIELD WIRE CX4WCIVR 

Cables per location 1 4 
Size 3/8" EHS Steel 795 KCM ACSR 54/7 
Code Name N/A ONDOR 
Ultimate Strength 15,400 W 28,200 IBS 
Diameter 0.360" 1.093"
 
Weight 0.273 lBS/fT 1.024 LBS/FT
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HORIZONAL WIND ON CABLES SHIELD WIRE mrMUTCTR 

10.75 PSF 	 0.323 lBSAT 0.979 LBS/FT 
16.63 PSF 	 0.499 LBS/FE 1.515 LBS/ET 

CABLE TENSIONS 	 SHIELDWIRE CONDUCTOR 

0 PSF, 30F, Initial 	 2,6f47 LBS 8,445 IBS 
10.75 PSF, 600F, Initial 	 3,394 lBS 9,720 IBS 
16.63 PSF, 60OF, Initial 	 4,135 lBS 11,402 LBS 

DESIGN SPANS 	 SHIELD WIRE ONUXJCTOR 

Ruling S3pan 1,600 FT (488M) 1,600 ET (488M) 
Wind (Horizontal) Span 1,600 FT (488M) 1,600 FT (488M) 
Weight V~ertical) Span 2,000 FT (610M) 2,000 FT (610M) 

4.3.4 Structure Loading Criteria 

WAT 	 All cables intact 
Transverse wind of 10.75 PSF on cables 
37.28 PSF wind on lattice towers 
applied to the projected area of one 
face 
60 0 F, initial tensions 

OVERLAD FA 'TORS: -- 2.00 All Loads 

EKTREME WIND 	 All cables intact 
Transverse wind of 16.63 PSF on cables 
89.95 PSF wind on lattice towers 
applied to the projected area of one 
face, 
600F, initial tensions 

CERLOAD FACTORS: 	 1.00 All Loads 
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IaGITMINAL WIND 	 All cables intact 
No transverse wind on cables 
89.95 PSF wind on lattice tower in 
longitudinal direction applied to the 
projected area of one face 
60F, initial, no wind tensions 

OVERLOAD FACTORS: 	 1.00 All Loads 

BROKM WIRE 	 All cables intact 
Transverse wind of 10.75 PSF wind on 
lattice tower applied to the 
projected area of one face 
60F, initial tension, with a 
longitudinal unbalanced load (normal 
to crossam) at any one shield wire 
location equal to the shield wire 
tension or any one phase location 
equal to the tension of one 
phase (4 conductors) 

OVEROAD FACTORS: 	 1.50 All Loads 

TERKMINALLODIN 	 Any or all of the above loadings,
including overload factors, with all 
cables attached in one span and no 
cables attached in the other span 

N M: 	 All towers should be capable of 
supporting one circuit with one shield 
and two circuits under all loading 
cases. 
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4.3.5 Tower Foundations
 

Tower foundations should be divided into two categories
 
depending on the soil classification. Spread footings shall be
 
utilized inthe "good" soil locations and pile footings shall be
 
utilized in the "poor" soil locations. A safety factor of 3.0 should
 
be used for all foundation designs.
 

Spread footings may be constructed of either steel or
 
concrete. These footings will be primarily designed to resist uplift
 
and compressive forces. The uplift force shall be resisted by the
 
weight of soil as defined by the frustrum of an inverted pyramid with
 
sides sloping at 20 degrees.
 

UR = Vxs
 
UR = Uplift Resistance
 
V = Volume of Pyramid Frustruu
 
s = Unit Weight of Soil
 

The compressive force shall be resisted by the bearing
capacity of the soil. Settlement shall be limited to a maximum of one 
inch. Ultimate bearing capacity shall be determined using the 
following formula: 

qds = 1.2cNc +DfNq + .4BN 

WHERE 

c = Cohesive Strength 
y = Unit Weight of Soil 
Df = Depth to Bottom of Footing
 
B = Width of Bearing Area 
Nc = Functions of Angle of Internal Friction 
Nq = Functions of Angle of Internal Friction
 
Ny = Functions of Angle of Internal Friction 

REFERENCE: "Soil Mechanics inEngineering Practice"
 
by Terzaghi & Peck, Second Edition 1967
 
John Wiley & Sons Inc. (Reference 12)
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Prestressed concrete pile footings shall be used in "poor" 
soil locations. The number of piles will vary depending on the loading
and the soil conditions. The footing for each tower leg will be 
composed of a pile group tied together with a reinforced concrete pile 
cap. The ultimate bearing capacity of the piles shall be determined 
using the Danish Pile Formula: 

Qd WuH/(S 1/2 Se) 

WHERE 

Od = Bearing Capacity 

W = Weight of Hammer 
H = Height of Fall 
S = Penetration 
Se = Elastic Compression 

E
Se2 

L = Pile Length
A = Cross-Sectional Area of Pile 
E = Modulus of Elasticity of Pile 

REFERENCE: "Soil Mechanics in Engineering Practice" 
by Terzaghi &Peck, Second Edition 1967,
John Wiley &Sons Inc. (Reference 12) 
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Piles designed to be used in groups shall have a minimum 
spacing 2.5xD. [he ultimate bearing capacity of the pile group shall 
be determined using the following formula: 

=g qP Df (2B9+ 2L)S 

WHERE: 

000 0000 
00 *00 

O0 0 

00 06 

00___________ 

000000 00 

0000000000000
 

B - Width of Pile Group 

L = Length of Pile Group 

s - Average Shearing Resistance of Soil, Per Unit of Area, 
Between Ground Surface and Depth, Df 

d Bearing Capacity, Per Unit of Area, of 
=Ultimate a Rectangular Loaded Area with Dimensions B x L 

and Depth Df 

:Piles shall not exceed allowable loading as individuals and/or as 
groups. 

Mie uplift resistance of the piles shall be taken as one-half of 
the compressive resistance. 

Concrete foundations shall be designed in: accordance with the 
latest revision of the American Concrete Institute's Standard 318 - Building
Code Requirements for Reinforced Concrete. 
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4.3.6 Soil Parameters 

Ultimate values of soil resistance (not working values) will 
be used in the foundation design. 

It will be considered that the top two feet of soil offers no
horizontal support, but may be 'used as effective overburden on the 
lower layers. 

For solid bedrock avalue of 0 = 0 and c = 5.0 ksf will be 
used to obtain an initial design depth. 

For fractured or layered rock, a value of 0 established by
the soil investigation will be used. If a value of 0 is not obtainable
from the soils investigation, 0 will be developed from Table 4-4. 

4.3.6.1 Soil Properties 

Independent of the theory used to compute earth pressure on 
retaining structures, the results can be no more accurate than the soil 
properties used in the calculations. Because of the wide variations of
subsurface conditions at various sites, the soil constants should be 
determined on the basis of an exploratory boring program and laboratory
tests of representative samples. Only then can a safe and economical 
design be assured. However, for the purpose of preliminary design, it
is often necessary to presume appropriate soil properties. 7he 
following tables and graphs are included for this purpose merely as a 
guide.
 

Table 4-4 shows an approximate relationship between the
relative density, standard penetration resistance, angle of internal 
friction, and unit weight of granular soils (after Tang - Reference 
13). 
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TABLE 4-3
 

GRANULAR SOIL
 

OM4PC]ThS VERY WOCSE W)SE MEDIUM DENSE VERY DEN1SE 

Relative Density Dd 0 15% 35% 65% 85% 100% 

Standard Penetration 0 4 10 30 50 
Resistance, 
N=number of blows 

per foot. 

0(Degrees)* 28 30, 36 41 

Unit Weight, pcf
Moist <100 95-125 110-130 110-140 >130 
Submerged <60 55-65 60-70 65-85 > 75 

*Highly dependent on gradation 

Table 4-5 shows an approximate relationship between the
unconfined compressive strength, standard penetration resistance and 
the unit weight of cohesive soils (after Teng - Reference 13). 

TABLE 4-4 

COHEIVE SOIL 

OCNSISTNCY VERY SOFT SOFT MEDIUM STIFF VERY STIFF HARD 

qup= unconfined 0 0.25 0.50 1.00 2.00 4.00 
mpression strength, 

tons per square foot 

Standard penetration 0 2 4 8 16 32 
resistance, 
N=number of blows 
per foot
 

Unit weight, PCF 100-120 110-130 120-140 130 
Saturated 

IDENTIFICATION (AAT ERISTICS 

Very Soft - Exudes from between fingers when squeezed in hand 
Soft - Molded by light finger pressure 
Medium - Molded by strong finger pressure 
Stiff - Indented by thumb 
Very Stiff - Indented by thumbnail 
Hard - Difficult to indent by thumbnail 
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4.4 RIGHT-OP-W COSIDER:TIC: S 

We have'reviewed the proposed right-of-way corridor for the Mae
 
Moh - Bangkok Transmission Lines and have,reviewed the criteria utilized by
EW2 for selecting this corridor. Our experience with similar projects also
 
indicates these to be the important considerations for line routing in
 
s6utheast Asian,Highlands and rural agricultural districts.
 

Our review of terrain and soil conditions along the Rangsit -

Nakon Sawan - Bhumibol Corridor also appear to confirm the soil and terrain
 
'data descriptions for the Mae Moh - Min Buri Corridor. Socio-econmic
 
considerations include seeking to avoid conmumity areas while attempting to
 
maintain appropriate access to the right-of-way for construction and future
 
inspection and maintenance requirements.
 

We are not aware of any major communications facilities or major

,governmental or defense installations which may be located adjacent to the 
corridor. Ifsuch are encountered, appropriate measures may be taken during
 
final design or routing to mitigate possible RI or inductive interference.
 

Attempts to route lines through mountain passes are generally
effective and maintaining line elevations below 600 M(msl) or 2000 ET msl 
are desirable inavoiding altitude correction considerations. Crossing 
passes with railroads, roads or other vehicular access facilities tend to 
minimize envirormental effects and also assist,in providing access to the 
right-of-way. 

We also note the proposed Mae Moh - Chum Saeng Route parallels the 
Mae Moh - Phitsanulok 2 Route for a portion of its length; although this* 
common corridor is very effective in minimizing access requirements; 
consideration should be given to mitigating 'the possibility of single 
catastrophies destroying the effectiveness of an entire generating source. 

During final',design, WYM may wish to investigate further 
minimizing the effect of possible, multi-circuit outages by considering 
alternate routes for individual transmission lifes. 
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5.0 PRELIMINARY DESIGNS - SUBSTTIONS 

5.1 GENRAL 

The transmission system recunemded in Section 1 should 
consist of three substations including Mae Moh, Chum Saeng and Min 
Buri. 

Each substation is recommuended to contain a 500 kV 
breaker-and-a-half bus arrangement and be interconnected'through auto 
transformers to the 230 kV bus. 

This section contains our recommendations concerning the 500 
kV substation requirements for the Mae Koh-Bangkok Transmission System. 
Although we have not provided similar recommendations for the 230 kV 
portions of these substations, we believe EGAT's existing criteria and 
design philosophy will be completely satisfactory for the 230 kV 
portions. 

We also believe that these design criteria will also be
 
satisfactory for other 500 kV substations which are contemplated
 
including the Ao Phai Plant and Sai Noi. 

All design will be in accordance with recognized industry 
standards for each individual component part. 

Consideration will be given to'all pertinent basic parameters 
before detailed design begins.
 

Same site selection has been accomplished. However, as far 
as possible, areas of consideration will include:
 

Future expansion as well as present use 

Site access and right-of-way for transmission lines 

Soil types for drainage and resistivity
 

Transportation
 

Noise levels
 

Electrical effects
 

Security 
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Probiems of nature will be considered: 

S. femperature
 

.. Wind 

.. Rain..
 

Ice
 

Lightning,
 

Earthquakes
 

Contamination
 

. Elevation 

Erniromnental areasof concern will include: 

Safety,, 

Noise
 

Electrical
 

Appearance
 

Interfacing with incoming lines will be carefuly planned. 

Reliability is stressed.' This'will include considerations of 
operation, safety, maintenance and outages for future expansion.' 

Arrangements of facilities at voltages lower than 500 kV will 
utilize existing 3AT designs as far as possible for integration into" the EfV system. I 

Designs will be coordinated to allow for construction in 
phases as required by the power system expansion, in an orderly manner 
and with minimum interruption of in-service equipment. Where 
practical, salvaged equipment will be reused. 
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Three different system development plans were considered, as 
detailed in other sections of this report. For each plan, substation 
layouts and construction phases were considered to evaluate the 
economic requirements of the particular alternate. 

5.2.1 230/1 Alternate 

This alternate was based on 500 kV final design parameters,
but would be initially operated at 230 kV ( Figures 5.2-7.1 and 
5.2-8.1). All equipment would be installed as required by the overall 
power systen in the final 500 kV configurations. The 500/230 kV 
autotransformer bays would be built, but bypassed with jumpers until 
the transformers would be required. Power circuit breakers and 
coupling capacitor voltage transformers would be purchased for 230 kV 
and installed in the 500 kV switclyard. These devices were considered 
salvagable when the system was converted to 500 kV, at which time 500 
kV equipment would be purchased to replace then. Special generator 
step-up transformers could be used for Mae Moh Unit G8. These 
single-phase transformers would have double high voltage windings, for 
full capacity operation at 230 kV by paralleling, and full capacity
operation at 500 kV by series connecting the windings. Our 
investigation with a manufacturer resuilted in relative prices and 
physical details of these transforniers which were used for the economic 
studies. We do note that the reliability of these GSJ's is unknown due 
to their prototype nature at this voltage level. 

Construction phases at Mae Moh and Chum Saeng essentially
follow similar stages as the 500 kV alternate. Min Buri construction 
phases would be more complex, with the concurrent Ao Phai/Sai Noi 
construction at 500 kV in the same switchyard as the Mae Moh Project
construction for operation at 230 kV. This is possible by operating 
one bay isolated from the rest of the station, but is not recommended. 
System economics indicated this alternate was not advantageous. 

5.2.2 230/2 Alternate 

This alternate would also be for initial operation at 230 kV. 
The principal differences are that Mae Moh's generator step-up
transformers would be for single voltage operation at 500 kV, operated
into only that portion of the 500 kV switchyard as required for 
protection and operation, then steppe down through a 400 MVA 
autotransformer to 230 kV. The autotransformer bay would be the same 
as for the ultimate systen. Special 230 kV line termination bays would 
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be built for the lines to Chum Saeng. Except for salvaging the PCB's, 
these line bays would be abandoned when operation began at 500 kV. 
Development of Chum Saeng and Min Buri would be similar to the 230/1 
Alternate development. 

Mae Moh's initial 1986/87 construction (Figure 5.2-4.1) 
consists of one 500 kV PCB protecting the generator, step-up 
transformer, and the autotransformer to the 230 kV substation. The 
equipment arrangement and disconnect switches are arranged for ease in 
future construction. The 230 kV termination, not shown on the one line 
diagram, would be a one element continuation of the existing 230 kV 
switchyard. Two line terminals would also be built in the 230 kV yard. 
These would be jumpered to the transmission line deadend structures of 
the Chum Saeng lines. The 1991 expansion (Figure 5.2-4.2) add seven 
PCB's in a folded breaker-and-one-half arrangement. These positions 
are for Generator No. 9 arid its GSJ, and for the Chum Saeng line 
terminals, now operated at 500 kV. The 230 kV line terminals are 
abandoned. Bus work and disconnect switches are included for the PCB 
and GSU of Generator No. 10, added in 1992 (Figure 5.2-4.3) completing 
this project. 

Chum Saeng's 1986/87 construction (Figure 5.2-5.1) consists 
of three full bays of 500 kV bus work arranged in a folded breaker and 
one half. 230 kV breakers are provided for protecting the lines from 
Mae Moh. Breaker Positions 1 and 3, and Transformer Positions T1 and 
T2 are jumpered between the disconnect switches, as ar: the breaker 
positions of the 230 kV bays (not shown), effecting bus ties to the 
existing switchyard. Breaker Positions 6 and 7 are jumpered between 
the disconnect switcnes, for initial operation as a double breaker 
switchyard. Breaker 7 is added in 1988 (Figure 5.2-5.2) with the first 
230 kV line to Min Buri, completing this breaker-and-one-half bay. 
When the station is converted to 500 kV operation i-n 1991 (Figure' 
5.2-5.3) the five 230 kV breakers are salvaged and replaced with 500 kV 
PCB's. Additional 500 kV PCS's are added inPositions 6, 1, 2, and 3. 
Stepdown autotransformers Ti, T2, and T3 are added, 'the third unit 
being connected to the position for the future second line to Min Buri. 
An additional 230 kV bay position is required for this transformer., 
The five 230 kV breakers removed will -eused in this bay position and 
to replace the jumpered positions of the previously built 230 kV bay, 
for transformer low side protection. When the second line to Min Buri 
is added in 1993 (Figure 5.2-5.4) autotransformer T3 is removed and its 
,ay position used to protect this line. The transformer may be moved 
to Min Buri and used by the Ao Phai Project. The 230 kV bay is 
abandoned, and the two PO's salvaged. 

Min Buri's development begins in 1988 (FigaIre 5.2-6.1) with 
the construction of one electrically isolated 500 kV breaker-and 
-one-half bay operated at 230 kV, one 230 kV PCB, and a 230 kV low side 
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position without breakers. A transformer position is constructed, but 
jumpered, to effect a single bus tie to the existing 230 kV switchyard.
Isolation is maintained from the 500 kV Ao Phai-Sai Noi construction by
locking open the disconnect switches, as shown on the one line diagram.
When the Mae Moh Project converts to 500 kV in 1991 (Figure 5.2-6.4)
transformer T2 and PCB's 7 and 9 are installed and PCB 8 replaced, 
integrating the system into the Ao Phai construction. The second Chum 
Saeng 500 kV line is added in 1993 (Figure 5.2-6.5) by adding one PCS 
to a Sai Noi line bay, completing the Project. Because of the 
concurrent construction of the Mae Moh Project and the Ao Phai Project 
some of the estimated Mae Moh costs may not be precise; howv,-er, the 
relative costs of the Mae Moh alternates will be valid for comparison
of the alternates. 

5.2.3 500 kV Alternate 

This system's initial operation iS at 500 kV. AU 
construction phases are coordinated with the ultimate system
development, except the following: 

1) Mae Moh Generator No. 8 would initially be temporarily
connected to G9's position at 500 kV,, to prevent open

r ended operation of the Chumn Saeng lines in the event 
of a breaker failure. -

2) Chum Saeng would have a third- autotransformer through the 
years 1987-1992 connected to the Min Buri Line 2 bay 

- position. 

Mae Moh's initial 1986/87 construction (Figure 5.2-1.1)
consists of seven breakers in a folded breaker-and-one-half arrangement
for two lines to Chum Saeng, one tie transformer to the existing 230 kV 
switchyard, and one generator and GSU. Consideration was given to 
initial operation as a ring arrangement. however, with the addition in 
1991 (Figure 5.2-1.2) of the second 300 MWA generator and GSU, and the 
required conversion to breaker-and-one-half for system dependability,
the ring alternative was dismissed as impractical. When Generator No. 
9 is installed, G8 is reconnected as described above, and Breaker No. 
3 is added, replacing the previous jumpers. Generator No. 10, and its 
GSU are added in 1992 (Figure 5.2-1.3) and PCB No. 9 is added,
completing the substation. 

Chum Saeng is constructed in 1986/87 (Figure 5.2-2.1) with 
two lines to Mae Moh and 3 autotransformer stepdcwns to 230 kV. The 
230 kV bays are not shown, but would be continuation of the existing 
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switchyard. Transformer T3 iS a tqmporary unit and is connected-to tee 
future Min Buri Line 2 terminal. The eight 500 kV P('s are connected 
in a folded breaker-and-one-half arrangement. The addition of one 500 
kV P(C in 1988 (Figure 5.2-2.2) terminates the first Min Buri line;
The second Min Buri line, in 1993 (Figure 5.2-.2.3) requires no 
additional PCB's. Transformer T3 is removed and may be reused at Min 
Buri by the Ao Phai Project. Its 230 kV PCB's are salvaged, arid the 
remaining facilities are abandoned. 

Mm Buril's 1988 construction, Figure 5.2-3.1, consists of one 
500 kV PCB and one autotransformer in one bay position of a traditional 
breaker-and-one-half arrangement. The second Mae Mob Project line,
added Jn 1993, Figure 5.2-3.5 would be in an Ao Phai Project bay, as 
shown on the one line. The economics of this station's construction, 
and cash flow are based on the premise that it is physically
independent of the Ao Phai Project. Consequently the value assigned 
per year result in a three-breaker ring physically orientated in a 
brea!.er-and-one-half arrangement. This has been consistently followed 
An economic evaluation of the Mae Moh Project alternatives, and yields 
a valid comparison between the alterratives. 

5.3 PHYSICAL DESIGN 

In this section we will discuss the design parameters of 500 
kV substations only. 

Ultimately all substations will be a full -breakar-and-one
half scheme. This is a preferred 500 kV configuration i-nd offers a 
high degree of reliability for the system. 

The actual physical bus arrangements at Mae Moh and Chum 
Saeng are inverted configurations. This keeps land requirements to a 
minimum and allows a convenient location for line disconnect switches 
and provides for an easy method of adding onto the bus for future 
additions. The physical bus arrangement at Min Buri is a traditional 
breaker-and-one-half configuration. All breakers and lines will be 
provided with disconnect switches. Grounding Alades will be utilized 
on line and transformer owitches. 

As far as practical all stations have been layed out to keep
incoming or outgoing lines, generator transformers and substation 
transformers in opposite bus positions and different bay locations to 
,improve reliability in case of a main bus fault. 
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IA dual cable trench system should. be utilized to separate 
primary - and secondary relay and control circuits and AC and DC power 

'Bus reactors will be capable of being connected to either of 
the main buses or line terminals, or transformer tertiary windings, as 
ap licible. 

Shielding ill be provided by means of static wires ,utilizing 
.deadend structure masts and individual static towers; 

grounding will utilize the appropriate size copper conductor,
 
grid spacing, individual equipment ground mats, and structure and fence
 
grounds.
 

5.3.1 Clearances 

For purposes of,preliminary-design and estimating costs of 
tid 500 kV system, the fol-lowing clearances have been used: 

Minimum 'Clearance (metal to metal) 
Phase to'phase, FT centerline to centerline 20 
Phase ,to'metalground (electrical) ET 16,. 

Main Bus 
Phase spacing, ET centerline to centerline 25/25 
Maximum distance between supports, ET 40 
Height above ground, ET '50 

Bay Bus 
Phase spacing, ET centerline to centerline 25/35
Maximum distance between supports, F2 40 
Height above grbund, f2, 30 

Values were obtained 'asnominal from IEEE Transactions on 
Power ApparatuS and Systen, Vqlume PAS-88 No. 6, June 1969, Pages 
854-861, titled "500 kV AC Substation Design Criteria Smeary of 
Industry Practices" (Reference '11). 
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5.3.2 Equipment 

The 500 kV equipment types and ratings are preliminary and 
will be changed as necessary by final design considerations and system
requirements. 

A basic impulse level (BIL) of 1800 kV was selected. 

Power circuit breakers are SF-6 gas insulated rated 3000 
amperes continuous, 50 KA interrupting capacity and 2 cycle 
interrupting time. 

It should be mentioned that in the past 10 years some circuit 
breaker manufacturers have attempted to develop a one cycle circuit 
breaker. Basically it was achieved by modifying the existing two cycle
circuit breakers. However, along with providing a one cycle
interrupting time, these breakers would have the following
disadvantages: 

Relay sensitivity or security might be sacrificed, since 
relays would operate on the transient basis only; 

One cycle breakers do not have a sufficient amount of proven
field expeirence; 

One cycle breakers would be considerably more expensive than 
two cycle 

Switches are 3000 ampere vertical break. 

All generator and substation transformers will be single
phase units. Substation transformers will have minimum thirty-five 
percent capacity tertiary windings. 

Generator transformers are rated 74.33/98.67/123.33 MVA, 
500/20 kV, 10. 

Substation transformers are rated 80/106.67/133.33 MVA,
 
500/230/34.5 kV, 10.
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5.4 

Line traps are rated 3000 amperes.
 

Reactors will be supplied to substation buses, line 
terminals, or transformer t6rtiaries as required. 

SCAM~ Remote Lerminal Units (RIU) will be used. 

5.3.3 Material and Hardware
 

Bus will be 5" aluminum alloy 6063- Schedule 40 with welded 
connection and fittings. 

Control cable will be shielded. 

,,Steel structures will be lattice.
 

Surge arresters will be of the new non-linear metal oxide 
varistor design. hese units give greatly improved switching surge
protection over conventional station class arresters. 

REACTOR INSALtATION 

As it was indicated in Section 3, the system under
 
consideration requires a significant amount of shunt reactors to be
 
connected to each section of the 500 kV lines. This necessitates from
 
the fact that the flow of capacitive charging current through the
 
system impedance results involtage increases on the system that are
 
especially serious on the long EHV lines.
 

Same effects of the high capacitive charging current are as 
follows:
 

Itcauses voltages higher than equipment ratings
 
and their operating limits;,
 

The capacitive reactance of 1EV lines may intensify
 
switching surge overvoltages;
 

Generators must absorb their proportionate amount of
 
the leading VARS, and this can reduce unit loadings
 
or cause stability problems.
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The application of shunt reactors to compensate for a portion 

of the charging current is widely used in design of EEV systems. 

5.4.1 Typical Installation Practicas 

A typical installation for shunt reactors contains the 
following: 

Reactor bank (3-pIase); 

Switching device capable of energizing and 
de-energizing the reactors; 

Surge protective devices (surge arresters). 

The following is the most widely recmmended practice in 
terms of connecting shunt reactors to the system: 

EHV reactors required for the maximum line loadings are 
permanently connected to the transmission line using 
motor oerated disconnect switches and therefore will be 
switched with the line. 

The additional compensation required between maximum and 
minimum line loadings is normally lotated on the mEV 
transformer tertiary winding. The tertiary reactors are 
normally dry-type reactors and are switched in MAR 
blocks, as required, by inexpensive neutral breakers 
(located at the ground end of reactors). 

5.4.2 Reactor Switching 

It should be understood that the size of reactors connected 
to the transformer tertiary is limited by the transformer rating 
(tertiary is usually rated at 35% of transformer MVA rating).
Therefore, for cases when the difference between the shunt reactor 
requirements for maximum and minimum loads exceeds the rating of the 
transformer tertiary, it becomes feasible to have EHV reactors 
connected to the line using circuit switchers or load interrupters 
which are capable of switching the reactors on and off depending on the 
line loading. These types of switching devices are significantly
cheaper than the appropriate circuit Lreakers because they do not have 
a fault current interrupting capability. Fault protection for the 
reactor installation is provided by line circuit breakers. 

5-35 



Another way to avoid any problens associated with reactor 
switching is to install shunt reactors which provide acceptable
voltages under normal operating conditions but which increase the 
amount of compensation under low load conditions. This could be 
accomplished by using reactors with a well-defined knee in the 
saturation curve and with the slope of the curve lower in the saturated 
range than in the unsaturated range. However, it is possible that 
non-linear type of shunt reactors could cause significant non-linear 
oscillations, especially if it is used in conjunction with the series 
capacitors. Another disadvantage of using non-linear shunt reactors is 
their relatively high price. Thus, at this point they are not 
recommended for the Mae-Moh Project. 

In addition, it should be mentioned that in recent years some 
efforts have been made to suppress ground fault current during single
pole switching operations by using different types of shunt reactor 
installations (four-legged reactor bank, modified four-legged reactor 
bank, etc.).
 

However, the final recommendations on the shunt reactors
 
could be made only after additional NA, load flow and comparative
economic studies are done. 

5.5 PROTECTIVE RELAY SYSTEM4 DSCRIPTICN 

5.5.1 'Line Relaying 

The importance of a 500 kV transmission system dictates the 
optimizing of the protective relaying system. The relaying should be 
flexible and optimize speed, dependability, and security. State of the 
art static relays provide the best relaying available for optimizing
the protection. They can permit the use of single pole trip and 
reclose schemes if they become desirable, and they can be used with 
series capacitors if series compensation ever becomes needed. 
Recommendations for the line relaying scheme are: 

(1) Two primary static relay systems. This greatly iiiproves
the dependability, and most importantly provides a big operating
advantage in being able to take one system out for maintenance and 
still have complete protection. 

The first system should be used with a power line carrier 
pilot channel. This could be either a directional comparison scheme or 
a phase comparison scheme. 
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With the first system. using a power line carrier pilot
channel, the most ideal set up would be to use the second system with a 
microwave pilot channel. This would provide a completely separate
conmmication path. Howweer, since it appears that a microwave system 
may not be installed initially at all terminals, the second system
could also be used with a power line carrier pilot channel. 

The use of relay systems with different operating principles 
can improve the dependability. Therefore unless security would be 
degraded, euipment costs turn out to be too high, costs of spare parts 
appears too high, or the desire to become familiar with just one type
of relay turns out to be a big factor, the second primary system will 
be selected from a different manufacturer than the first system. 

A complete set of spare parts will be ordered with each 
system. The final selection of the two primary systems will be made 
after evaluating proposals from different manufacturers. TWo relay 
systems that could be used are a segregated phase comparison scheme 
with a single sideband unit on power line carrier, and a directional 
comparison blocking scheme with a frequency shift unblocking power line 
carrier channel.
 

(2) One set of electro-mechanical relays will be used in a 
backup mode. 

The backup relays will include two zone phase distance relays
and a directional ground overcurrent relay. This provides remote 
backup and relays that are not affected by the operation of a channel. 

(3) Out-of-step relaying will be provided on each line 
section. The line relays will be blocked from operating on stable 
power swings. 

(4) In addition to a bi-directional relay channel for each 
primary relay system, dual bi-directional transfer trip channels will 
be used with each relay system. This will provide transfer tripping
for line reactor faults, breaker failure, and the opening of breakers 
at either end of a line. 

The dual bi-directional transfer trip channels can share two 
channels with the primary relays to conserve power line carrier 
frequency spectrum. This means that a minimum of four power line 
carrier channels will be needed with each system. 
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(5) The relay supplier of the primary relay systems will be 
required to demonstrate the response of the relays on a model power 
system which can adequately model the system. This will provide 
the opportunity to see how the relays respond to all types of faults 
and fault locations. This will also help verify relay settings and 
that the relays are operable before they are shipped. 

(6) Current is supplied to the relays and meters from 
multi-ratio current transformers. They may be contained either in the 
power circuit breaker bushings or in a separate current transformers 
per phase associated with each power circuit breaker. 

(7) Potential is supplied to the relays and meters from 
coupling capacitor voltage transformers located on the line side of the 
power breaker. 

(8) Each circuit breaker will be equipped with dual trip 
coils. Each relay system will energize both trip coils. Thus when 
either system is out of service, both trip coils will still be 
energized. Each trip coil will be off of a separate 125 VDC battery. 

Each relay system will operate off of a separate 48 VDC 
battery. This isolates the relay power supply from the circuit breaker 
tripping battery and improves dependability by providing each relay 
system with its own battery. 

5.5.2 Breaker Failure Relaying 

All power circuit breakers will be provided with local 
breaker failure relaying. A timer and overcurrent fault detector unit 
will be incorporated in the same relay. The breaker failure relay will 
be initiated by any protective relay operation that should trip that 
breaker. That breaker failure scheme will isolate the fault by 
tripping all adjacent breakers and transfer tripping any remote 
terminals. Reclosing will not be initiated if the breaker failure 
relay operates. 

5.5.3 Reclosing
 

High speed single shot reclosing will be used. Proper
reclosing can help the operation of the power system by reducing the 
possibility of multiple outages. It would be best to use sequential 
reclosing where one breaker at the line terminal farthest from the 
generating bus is reclosed at high speed (after a .5 second deionizing 
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time delay) and the remaining terminal and local breaker reclosed 
through a synch check relay upon a successful high speed reclosure. 
This will reduce stresses on the generators produced by closing into a 
fault. Successful reclosing can help stability while the sequential
reclosing scheme reduces stability problems caused by closing into a 
fault. Reclosing will be blocked for three phase faults. 

It may become desirable to use a single pole trip and reclose 
scheme to improve system stabiity. The primary relay systems will be 
selected with this in mind. 

5.5.4 Bus Protection 

Two sets of bus differential relays are recemmended for all 
500 kV buses. The most favorable is high impedance differential relays
combining both voltage and current sensitive elements. These relays 
are secure from operation on an external fault with current transformer 
saturation and are dependable for internal faults even with a high
degree of current transformer saturation. 

Bus differential relays will operate a lockout relay which 
will initiate tripping of all breakers adjacent to the bus. 

5.5.5 Transformer Protection 

Two sets of percentage differential relays with harmoni. 
restraint should be used for transformer protection. Harmonic 
restraint will prevent relay operation on in-rush current with very
little reduction in sensitivity for internal faults. Any delta 
connected tertiary windings will also be included in the differential 
zone. 

All transformers will be equipped with sudden pressure relays
for incipient type fault detection. The type of sudden pressure relay
will be dependent on the type of transformer purchased. 

Transformer winding hot spot and top oil temperature will 
also be detected. The winding hot spot will trip the transformer 
breakers. 

Additional transformer overload and fault backup will be 
provided by three phase time overcurrent relays and one ground time 
overcurrent relay. 
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7he differential, sudden pressure, and winding hot spot 

relays will operate lockout relays to isolate the fault. 

5.5.6 Annunciator and Sequence of Events Systen 

An electronic annunciator providing visual and audible 
signalization for the most important abnormal situations such as line 
and equipment faults, loss of certain relaying systems, loss of 
protection channels, loss of auxiliary power supply circuits for 
breakers and relays, etc., is recomended for use at each 500 kV 
substation. 

We also recommend EGAT consider a sequence of events (SOE) or 
fault recording system to be installed at each 500 kV substation. 

5.5.7 Local Metering 

In order to make final reccumendations on local metering, it 
would be necessary to have complete knowledge of all metering types,
principles and standards that have been used by W1,AT in the past. 

However, recommended indicating metering will include, but 
will not be limited to: 

line WATI-, VAR-, VMT-, and AMWMS; 
bus voltmeters;
transformer high side voltmeter; 
transformer load tap-changer position indicator;
transformer low side WATT-, VAR- and VOL!ETER, etc. 
individual breaker ammeters 

In addition to the above metering, major equipuent
(transformers and breakers) will have their own pressure and 
temperature metering devices. 

5.5.8 Supervisory Control and Data Acquisition (SCADA) 

Very close coordination with the existing supervisory control 
and data acquisition system currently being used by EGAT is necessary
to integrate all 500 kV substations into the centralized SCADA system. 
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Remote terminal units should be installed at each 500 kV 
substation and data will be transmitted between a central dispatching
center and 500 kV substation via power line carrier or microwave 
channels. Solid-state transducers will provide analog inputs into the 
SCUD system. 

Closure or opening of relay, control switch and breaker 

auxiliary switch contacts will provide status/indicating inputs. 

The following SCADA control outputs are recommended: 

power circuit breaker control (trip/close)
transformer load tap-changer control 
(raise/lower;manual/auto; etc.) 

5.6 PRELIMINARY DESIGNS - OMMUNICATIONS SYSTEM 

5.6.1 General 

In order to properly evaluate and select the comnunications 
system for the Mae Moh - Bangkok 500 kV Transmission System, it is 
necessary to define the choices available. The requirements for any
commnication system for this project are the same, that is to provide
voice communications, telemetering, protective relaying and supervisory
control on a reliable basis for each 500 kV line section. 

At the present time there are three methods available from 
which to choose: 

Microwave Radio 
Power Line Carrier 
Pilot Wire 

The selection of the proper system must take into account the 
distance between stations, the availability of power along the way,
type of terrain, accessibility to equipment and reliability of the 
equipment in its present "state of the art" form. In addition to this,
consideration must be given to the future requirements of the 500 kV
tran.mnission system in general. In the preparation of this 
recommendation, generator control has not been considered; however, it 
could be included as part of any final system design. 
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Finally, the most important consideration is the reliability 
of the commications system. Since the two Mae Moh - Bangkok single
circuit 500 kV transmission lines will be a vital part of the 
transmission system, a communications system of the highest reliability
that is commensurate with sound economic practice is essential. 

5.6.2 Existing Conditions 

The present EGAT communications system is defined in their 
Report No. 844-2306 dated February 1900 by the System Planning
Division, Planning Department, entitled Mae Moh - Bangkok EHV 
Transmission Project, (Data for Feasibility Study) (Reference 1). 
While this report shows that there are UHF links between Bangkok and 
Mae Moh, it does not show any links between Bangkok and Chum Saeng or 
between Chum Saeng and Mae Moh. 

The route profile map in the WAT report listed above shows 
that while most of the route is relatively flat there is a mountainous 
region between Min Buri and Chum Saeng and a very considerable mountain 
range between Chum Saeng and Mae Moh. 

The availability of power in the general area of any proposed
microwave link in the Min Buri-Chm Saeng-Mae Moh Corridor is 
considered to be adequate should this become a possiblity for a 
communications system. 

5.6.3 System Comparisons 

For the purpose of this report, the pilot wire system can be 
eliminated as it is primarily used for short distances and is subject 
to failure in adverse weather conditions. This leaves microwave and 
power line carrier, either one of which would be satisfactory for the 
proposed transmission lines and ezibstations. 
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5.6.3.1 Microwave 

Microwave is used on many electric power cmpanies systems in 
the- United States. It is a reliable system with the following
advantages and disadvantages: 

Advantages 

capability of handling heavy traffic 
operation is unaffected by power line 
outages 

a wide band of frequencies are available 

signal is not influened by the power line 

Disadvantages 

Repeater stations are required on the average 
of every 25 miles 

.. access roads would be very costly, in the 
mountainous terrain 

not very economical if traffic density is low 

requires a source of nearby power or on-site 
generation 

5.6.3.2 Power Line Carrier
 

Power Line Carrier is the. most widely used coarnuication 
system employed by electric power companies in the United States. It 
is also a reliable system and has the following advantages and 
disadvantages: 

Advantages 

low maintenaice cost with equipment at 
accessible locations 

capable of transmission over long distances 
without repeaters 
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low susceptibility to outages due to weather 

most economical for transnission of small
 
number of channels 

no need for purchase of additional site 
locations 

Disadvantages 

limited number of channels could make 
integration into large system difficult 
in the future 

susceptibility to power line noise 

susceptibility to interference from other 
carriers, radio stations and low frequency 
aircraft guidance systems 

In order to make an accurate economic comparison of the two 
systems it would be necessary to have complete knowledge of all site 
locations for the microwave system; however, suffice it to say that it 
is apparent that the microwave system would have a much larger
installed cost than the power line carrier system. 

5.6.4 Recommendations &Conclusions 

With due consideration of all the preceeding, plus the 
information provided by the Electricity Generating Authority of 
Thailand and Bonneville Power Administration, we recommend the use of 
single side band power line carrier for the communications system. 

For the 500 kV two circuit line under consideration, the 
power line carrier system will be adequate. It is apparent that the 
carrier system will also be the most economical system that could be 
installed at the present time. As the system grows however, it would 
be well to consider the establishment of a microwave link between the 
three substations. Microwave could then be used as the primary system
while the carrier system which would be installed could be used as a 
backup system. 

5.6.5 Systen Operation 

The power line carrier system will consist of 
transmitters/receivers on each power line at both Mae Moh and Min Buri. 
At Chuoi Saeng there will be. transmitters and receivers on both the 
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incoming and outgoing lines with repeaters on Line 1 and Line 2 to 
allow transmission of voice and data directly between Mae Mh and Min 
Buri. The carrier system will accomplish the following: 

0 	Protective relaying for each line section 

so 	 Supervisory control of the substations at 
Min Buri, Chum Saeng and Mae Moh 

00 	 Telemetering of HW and VAR from Mae Moh to Min Buri 

Voice cmimmication between all three substations 

• quipment status indication from all three substations 

The most efficient coupling scheme for power line carrier 
coupling is three-phase coupling. However. with two transmission lines 
a very reliale system can be set up with phase-to-phase coupling on 
each line by doing the following: 

(1)Primary Relay and Transfer Trip System 1 on 
Line 1 will use power line carrier channels on Line 1. 

(2) 	 Primary Relay and Transfer Trip System 2 on 
Line 1 will use power line carrier channels on Line 2. 

(3) 	 Primary Relay and Transfer Trip Systems on Line 2 
will work in a similar manner. 

An elementary block diagram of the cuummications 'system for 
one line only is shown in Figure 5.6-1. 

Voice and telemetering are used with a single sidebalad 
system. A relay and transfer trip systen from the other lire (as
described above) will also use this single sideband systen. The other 
relay and transfer trip system will be coupled separately from the 
single sideband equipment. 
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6.0 SYSTEM EONOUIC ANALYSIS 

This section includes the criteria, assuptions and findings 
we have utilized for our system econcmic studies. 

6.1 SYSTE4 GNERATION SCEDULE 

As provided in the EGAT Power Development Plan (1980-1993) of 
December 1980, (Reference 2), BA has scheduled Mae Moh generation as 
shown in Table 6-1. 

TABLE 6-1 

MAE MOB GERATIN SHDLE 

UNIT NUMER RATIG TOTAL COMISIOZMflG 
M0 DATE DATE
 

1W 

6 150 675 AUG 1986 
7 150 825 DEC 1986 
8 300 1125 AUG 1987 
9 300 1425 OCT 1991 
10 300 1725 APR 1992 

EWT has also scheduled 4-600 )W units at Ao RPai 'on the 
following schedule: 

.. ,March 1988 
*. October 1989 

October 1992 
April 1993 

The Ing Yam Project is currently scheduled to bring its units 
in-service as follows: 

1 x 70 W 1 x 80 W 1990 
3 x 70 3 x 80,W 1993 
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6.2 SYSTEM CST COMPOETS
 

We have utilized load flow and stability modeling to predict
the transmission facilities required to support these generation
schedules and have scheduled construction of these transmission 
facilities accordingly. 

We have provided cost estimates for each transmission 
facility required to support the Mae Moh generation schedule. The 
facilities include the cost of transmission lines, substations and 
reactive compensation. 

Utilizing the estimated cost of each system component and 
estimating its cost in each year of construction we have determined a 
cash flow necessary to support the planned schedule. 

6.3 ALTERNATIVE ANSMISSION SYSTEMS 

As directed by EGAT in its transmittal of arch 1981 
(Reference 5), GAT wishes -the study to consider the poslibility of 
constructing portions of the transmission system for initial operation 
at 230 kV with later conversion to 500 kV. 

6.3.1 500 kV Transmission System 

Our base case for the previous study had indicated the base 
transmission system would ultimately consist of three 500 kV 
substations at Mae Moh, Chum Saeng and Min Buri. These substations 
would ultimately be interconnected with two 550 kM, 500 kV transmission 
lines. This study has also confirmed this configuration and has 
determined that this should be the system in 1993 and thereafter. The 
500 kV transmission facility should be constructed as shown in Table 
6-2. 

6-2
 



TABLE 6-2
 

500 kV MAE MOH RAN4ISSICN FACILITY SCHE ULE
 

IN WITH UNIT 
SERVICE FACILITY MAE MOH (MISIONINI 

UNIT DILTE 

1986 
1987 

Mae 
Mae 

Moh-Chum Saeng Line 1 
Moh-Chum Saeng Line 2 

7 
8 

DECEMBER 1986 
AUGUST 1987 

1988 Chum Saeng-Min Buri Line 1 N/A N/A 
1991 9 OCTWER 1991 
1992 10 APRIL 1992 
1993 Chum Saeng-Min Buri Line 2 N/A N/A 

6.3.2 Alternative 230 kV Transmission Systems 

We have conceived and modeled two alternative 230 kV 
transmission systems which require constructing substation facilities 
at Mae Moh, Chum Saeng and ultimately Min Buri. These substatior4 3 
would be interconnected with transmission lines which could be 
constructed at 500 kV but initially operated at 230 kV. 

The basic difference between the 230 kV alternatives is as 
follows:
 

Incorporated in the 230/1 ALTERNATE, the Mae Moh Unit 
main step-up transformer would be specified and purchased 
for initial operation at 230 kV with later conversion for 
operation at 500 kV. 

The ALTERNATE we have developed and designated 230/2 
would utilize a 500/230 kV, 400 WA autotransformer to 
interconnect the 230 kV bus serving Units 4, 5, 6 and 7, 
and the 500 kV bus serving Units 8, 9 and 10. The main 
step-up transformers for Units 8-10 would be conventional 
500 kV step-up transformers. 
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In each case the transmission lines interconnecting Mae Moh, 
Chima Saeng and Min Buri would operate at 230 kV between appropriate 230 
kV bus terminals at each of these locations. Table 6-3 indicates the 
Transmission Facility Schedule on which either of these alternative 
transmission systems could operate. 

TABLE 6-3 

230 kV ALTERNATE 7ANSMISSICN FACILITY SCHEIULE 

FACILITY TANSMISSION c WAE MOH UNIT 
COMMISSIONING FACILITY WITH OOMMISSIO2iNG 
DATE MAE )H UNIT DATE 

1986 Mae Moh-Chum Saeng Line 1 7 DECEMBER 1986 
1987 Mae Moh-Chum Saeng Line 2 8 AJGUST 1987 
1988 Chum Saeng-Min Buri Line 1 - -

1991 Chum Saeng-Min Buri Line 2 9 OCTOBER 1991 
1992 Conversion to 500 kV 10 APRIL 1992 

Either of the 230 kV alternatives proposed would require 
conversion to operate at 500 kV concurrent with the commissioning of 
Mae Moh Unit 10. 

We have estimated the capital cost as well as the present 
worth of each of these alternative 230 kV arrangements and have 
determined that scheme 230/2, utilizing the 500/230 kV autotransformer, 
offers certain advantages as indicated in Table 6-4. 

TABLE 6-4 

ALTERNATIVE 230 kV TRANSMISSICN FACILITY
 
COlST EVALUATION
 

(1980 Million Baht)
 

AR N E D T T07AL COST 	 .1980 '(10%) 
PRESENT 

230/1 6193.7 3756.4 
230/2 6137.6 3744.0 
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6.3.3 Alternative System Evaluation 

Our cost estimates for the 230 kV alternative have considered 
equipment and facilities which will be required when the system is 
operated at 230 kV and appropriate credits have been given for this 
equipment when it must be removed for conversion to 500 kV. 

Other factors which affect the alternative cost include: 

so 	 losses are higher for the 230 kV alternatives 

.. 	 substation 0 & M is lower for the 230 kV 
alternatives 

capital cost for the 230 kV alternative are 
higher but cost disbursements are later than 
for 	the 500 kV initial system 

Since alternative 230 kV arrangement 230/1 is demonstrated to 
be the less desirable 230 kV alternative 230/2, we will only consider 
alternative 230/2 further. 

Then we compared 500 kV alternative with the 230 kV 
alternative based on conversion to 500 kV in 1991, since it has been 
proven (See Section 3), that 230 kV system becomes technically
unacceptable in 1991. 

Although alternates 230/1 and 230/2 were compared based on 
conversion to 500 kv in 1992, revisin4 this conversion to 1991 would 
not affect the comparison, since capital costs, losses, and operations 
and maintenance expenses would be equally affected in either alternate. 
Also the postponement of the second line from Chum Saeng to Min Buri 
was not reflected in the 230 kV alternates comparison; however, it 
would not affect the comparative results. A new 230/2 cost stream was 
calculated based on the above system revisions for additional 
comparison to other alternative systems. 

We will, therefore, subject the new 230 kV alternative with 
conversion to 500 kV in 1991 to cost stream analysis against the 
alternative of constructing and operating the transmission system at 
500 kV initially. 
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6.4 COST STREAM ANALYSIS 

We have prepared cost stream analysis of each alternative
 
studied and have predicted the 1980 present value for each alternative.
 
We have utilized the instructions provided by W-AJ (See Appendix 3,
 
Conference Report dated September 22, 1981) informulating this cost
 
stream. 

6.4.1 Substation Cost Disbursements
 

We have predidicted the cost of the substations and utilized 
the following cash flow for construction of a substation at a new site
 
(Table 6-5). 

TABLE 6-5 

S1BSTAIO COST DISBUESMN'S 
NEW SITE 

-YEAR 
1 2 3 4 5 6 

Percentage of 
Substation Cost 1% 4% 30% 47% 13% 5% 

For substation construction which is a major expansion on an 
existing site we have utilized a four year cash flow similar to that 
shown in Table 6-6. 

TABLE 6-6 

S3BSTMIN COST DISBESE EME11IS 
EXISTIN, SITE 

-Y E A R---
1 2 3 4 

Percentage of
 
Substation Cost 3% 7% 50% 40%
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6.4.2 Transmission Line Cost Disbursements 

We have utilized the cost disbursement schedule shown in 
Table 6-7 to predict the cash flow for each transmission line required. 

TABLE 6-7
 

MMENSISSICN LINE OST DISB[ 

i i YEAR 

1 2 3 4 5 6 

Percentage of 
Transmission Line Cost 1% 5% 20% 40% 30% 4% 

6.4.3 System Econcmic Life 

As directed by WAT, we have assumed the economic life of 
components within the system at 40 years for transmission lines and 25 
years for substations. Accordingly at the end of the 25 years of the 
cost strean, we have credited the system with the remaining value of 
its transmission lines. 

6.4.4 Estimates of Operations and Maintenance Costs 

We have assigned annual cost for operation and maintenance of 
the systems based on EGAT's demonstrated cost for maintenance of their 
existing 230 kV system and relative BPA estimates of O&M cost on their 
500 kV system. 

6.4.5 System Loss Estimates 

System losses for peak generation and peak load have been 
predicted by our load flow studies for each alternative system and for 
each year of study. 

We have. prepared cost for system losses based on the 
incremental peak losses of each alternative system. During the years
in which alternatives exiits, 1986 through 1990, we found the 500 kV 
alternative exhibits the lowest losses and therefore we have computed
relative incremental losses for the alternative system. 
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We have assigned a cost of peak losses at Bahts 1690/9 year
 
as a capacity charge. 

We have assumed a plant availability of 76%for the Mae Mkh 
installation and have predicted a loss factor as follows: 

Loss Factor =-0.20 (76%) x 0.80 (76%)2 

we have assigned a charge of 0.852 Bahts/KWH for energy 
losses thus computed. 

6.5 COST SMYEM ALMLATIMS 

We have copiled all data for each system in each year of 
considlration (1981 through 2011). 

Values for capital investment, operations and maintenance, 
salvage, and capacity and energy losses were computed for each system 
based on the sequential development of each alternative. Cost stremas 
for each alternative were identical in 1992 inasmuch as the 230 kV 
alternative should be converted tc 500 kV in 1991. 

Table 2-1 in Appendix 2 shows the formulation of each cost 

stream for each of the alternatives. 

6.5.1 Results of the Cost Stream Analysis 

The calculation of the present value of each of the 
alternative systems cost streams is shown in Table 6-8. 
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TABLE 6-8
 

1980 PRESENT VALUE OF ALTERUTM 
SRANSMISSICN SYSTEMS 

1980 ~BM X 1,000,000 

DISCM RAE INITIAL 500 kV INITIAL 230 kV 

8% 3895.1 3993.6
 
10% 3539.9 3583.5
 
12% 3214.8 3216.3
 

As can be seen from this table, the 500 kV system when 
constructed and operated at 500 kV for its entire life exhibits the 
lowest present worth on its cost stream of any other alternative 
system. 
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7.0 COT ESTIMAM AND ANNUAL (BLIGATIONS
 

7.1 COST SI M 

The transmission system recamended for the Mae Mah-Bangkok 
Tr nsmission System consists of two 550 FJ, 500 kV transmission lines 
and three 500 kV substations. 

Our estimate for the cost (1980) for the systei to serve Mae 
Moh Generating Units 6-10 is 6207 Million Bahts. 

This estimate is based on two single circuit 500 kV 
transmission lines interconnecting Mae Moh, Chum Saeng and Min Buri. 
This estimate does not include any other 230 kV facilities except the 
500/230 kV autotransformer and terminations at these locations. It does 
not include any 230 kV transmission lines to interconnect these 
facilities with the existing system. It does however, include the cost 
of generator step-up transformers for Units 8-10 at Mae Moh. 

7.1.1 Summary of Cost 

All cost are million Bahts (1980) and do not include IDC: 

Mae Moh 500 kV Substation............... 737.7
 
Chun Saeng 500 kV Substation ........... 720.0
 
Min Bu........... 286.8
 
2 single circuit 500 kV lines -S-I4.. 4405.6 

Although the Min Buri Substation will be constructed to 
accnmodate the transmission interface to serve the Ao Phai Coal 
Generating Plant we have included the initial site development cost 
herein, including land and land improvements. We have only included a 
proportional part of the other equipment and facility cost for Min Buri 
in this Mae Moh Project Estimate. 

The details of these estimates are included in the following
tables and include the cost of these facilities through the 
comnissioning of Mae Moh Unit 10 in April 1992, and final completion of 
the 500 kV transmission system in 1993. 
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ABE 7-1 

ME MDH-EANGKOK EHV TRANSMISSICN PRIM 
MAE MH SUBSTATIaN COST ESIATES FOR 500 kV 

L. Steel Structures 4.8 1.0 5.8
2. Misc. Hardware &Bquipment 28.2 9.4 37.6 
3. Power Circuit Breakers 76.3 20.6 96.9
 
1. Disconnect Switches 15.4 4.6 20.0
5. Min Control Boards, 9.4 2.8 12.2 

Bquipnert &Camwiicatins -
S. Power & Control Cable 4.4 1.3 5.7
7. Foundations 0 12.'6 12.6
3. Substation Transfoner 68.3 4.9 73.2 

Generator Transfonter 187.5 13.2 200.7 
LO. Miscellaneous Facilities 0 4.6 4.6 
Li. Land 0 0 
 0 
L2. Land Improveent 0 1.7 1.7 
L3. Miscellaneous Expenses 13.8 5;9 19.7

L4. Bus Reactors 80.1 5.7 85.8 
.5. 230 kV Terminals 7.7 3.9 11.6 

SUBTOrAL DIRECrCOST 495.9 92.2 588.1 

.6. &Supervisia 0 41-.2,. 41.2

.7. Contingencies 49.6 9.2 58.8

.8. Import Duties 0 49.6 .49.6 

TOAL ST 545.5 192.2 737.7 

AIL COSTS IN 1980 LCN BAIHTS (M) 
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TABLE 7-2 

z4RE we-BANGi K EV TIANstiSSIN P1mJ= 
am SAEAG SBSTAIN cOST ESTIMATES FR 500' kV 

D R F.C. L.C. TOrAt 

1. Steel Structures 	 5.7 1.2 6:9' 
2. Misc. Hardware & Equipmnt 26.7 	 8.1 34.8
3. POer Circuit Breakers 76.5 20.7 97.2
1. Disconnect Switches 	 15.6 4.8 20.4

5. Main Control Boards, 	 8.6 2.3 10.9
 

Equipment 	&Camnuications 
5. Power &Control Cable 	 1.7 0.5 2.2
7. Foundatians 0 	 8.9 8.9
3. 	 Substation Transfoner 204.9 14.7 219.6 

(Credit-Transformer) (54.6)' (54.6) 
Generator Transforner 0 '0 0

Lo. Miscellaneous Facilities 0 	 4.4 4.4
UL. Land 0 	 2.1, 2.1
L2. land Mqrvement 	 0 5.1 5.1
13. Miscellaneous Expenses 14.4. 6.0 20.4

14. Bus reactors 	 141.7 10.0 151.7 
L5. 	 230 V Terminals 23.1' 11.7 34.8 ,'

(Credit , 230 kV PCB's) C2,1) :'0 (2.1)* 

SUBTOTAL DIRET COST 	 518.9 100.5 619.4
SUBTOL-CRCMITS (56.7) 	 (56.7) 

L6. Engineering & Supervisi~i 0 43.4 43.4 
L7. onnges 51.9 10.1 62.0
L8. Import Duties 0 51.9 51.9 

TOTAL COST 	 5i4.1i 205.9 720-0* 

*Indicates rdit for, equipment installed 1988 & reoved 	in 1993 

ALM ST 1980 MI oN BAHrS (1) 
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TABLE 7-3 

MAE MDH-BANGKOK EHV TRANSMISSICN PROM=ET 

HMN4 RI SUBSTATICN COST ESTIMATES FOR 500 kV 

1, 	 Steel Structures 
2. Misc. Hardware Bgipment 

3 Power Circuit Breakers 

4. 	 Discomect Switches 
5. 	 Main Control Boards, 

Buipnent &Cammications 
6. 	 Power & Control Cable 
7. Foundations 

8., Substation Transfonrer 

9. 	 Generator Transfoutter 

'10. 	 Miscellaneous Facilities 
Ui. Land 
12. 	 Land Improvement 
13. 	 Miscellaneous Expenses 
14. 	 Bus Reactors 

15. 	 230 kV Teninals 

STI DIPEC] T 

16. 	 Engineering & Supervision 
17. 	 Contingencies 
18. 	 Inort Duties 

TOIAL COST 

F.C. 

2.5 

13.6 
25.5 
9.8 
5.3 


1.8 

0 

68.3 
0 
0 
0' 
0 
5.8 

, 

33.8 
7.7 


174.1 

0 
17.4 

0 

171.5, 

L.C. OIAL
 

0.5 3.0
 
4.1 17.7 
6.9 '32.4 
3.0 12.8 
1.4 6.7 

0.6 2.4
 
13.4 13.4 
4.9 73.2 
0 0 
2.8 2.8 
4.5 4.5 
4.6 4.6 
3.2 9.0 
2.4 36.2, 
3.9 31.6 

56.2 230.3 

16.1 16.1
5.6 23.0 

17.4 17.4 

95.3 286.8 

ALL'COSTS IN -1980,MlLtICtN BA~S7
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TABLE 7-4
 

O STDM FOR 2 s1VLE CIRCUIT 500 kV 2W - 550 KM LN 

DESCRIPTlIN F. C. L. C. TOQTAL 

1. Preliminary Work - 52.1 52.1 
2. '11erFoundation - 396.6 396.6 
3. Towers 385. 82.5 467.5
 
4. Conductor & Overhead 386.1 55.6 441.7
 

Ground Wire 
5. Insulators & Hardware 115.5 3.9 119.4 
6. Grounding Materials 6.6 4.4 ii. 
7. Right-of-Way, Purchase - 121. 121. 
8. Misc. Expenses (10%) 89.1 71.5 160.6 

SUBTOTAL DIREET COST 982.3 787.6' 1769.9 

9. Engineering &Supervision 132.6 132.6I(7.5%)1"
10. Contingencies (10%) 98.4 91.9 190.3 

TTAL W/O ESCAL, IEORW 1080.7 '1012.1 2092.8 

DUY & IDC 

11. TImnort Duties (10%F.C.) 0,,- no. 

TOTAL W/o mc(1980) 1080.7' 1122.i 2202.8

x 2 Lines 2161.4 2244. 4405.6 

ALL COSTS IN 1980 MILLION BASTS N) 
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7.1.2 	 Summary of Facility Cost 

We have prepared our cost estimates relative to the in-service date 
required of each facility including transmission lines, substation terminals,
transformer capacity and reactive compensation. The facility schedule upon which 
our cost estimate is based is shown in Table 7-5. 

TABLE 7-5 

500 kV ANSMISSIZ FACILITY SCHEILE 

UNIT 
WI CMMISSICIMG 

IN SERVICE FACILITY MAE MOE UNIT DATE 

1986 	 Mae Moh and Chum Saeng Substation 7 Dec. 1986
 
Mae Moh-Chum Saeng Line 1 7 Dec. 1986
 

1987 	 Mae Moh-Chum Saeng Line 2 8 Aug. 1987
 
Line Termination at Mae Moh and 8 Aug. 1987
 
Chum Saeng Substation
 

1988 	 Min Buri Substation - -

Chum Saeng-Min Buri Line 1 - -

Line Termination at Chum Saeng

Substation
 

1991 	 Mae Moh Unit 9 Termination 9 Oct. 1991 

1992 	 Mae Moh Unit 10 Termination 10 Apr. 1992 

1993 	 Chum Saeng-Min Buri Line 2 - -

Line Termination at Chum Saeng

and Min Buri Substation
 

To affect the in-service dates for the required tranaiission 
facilities detailed in Table 7-5 we have estimated the cost for each 
facility to support this schedule. Cost for each facility to support
the in-service dates recmnended are detailed in Table 7-6. 



TABLE 7-6
 

UMANSISSICN 	 FACILITY CWT SCEDULE 
COST (1980 NO) 

SCEDULED 
IN SERVICE FACILITY F.C. L. C. TDAL 

Dec. 1986 Mae Moh Substation 218.8 74.2 293.0 
Dec. 1986 Chum Saeng Substation 265.2 91.5 356.7 
Dec. 1986 Mae Moh-Chum Saeng Line 1. 619 642.7 1261.7 
Aug. 198) Mae Moh Substation 150.5 69.4 219.9 
Aug. 1987 Chum Saeng Substation 265.2 91.5 356.7 
Aug. 1987 Mae Moh-Chum Saeng Line 2 619 642.7 1261.7 
Mar. 1988 Min Buri Substation 116.6 60.0 176.6 
Mar. 1988 Chum Saeng Substation 29.5 14.6 44.1 
Mar. 1988 ChLtm Saeng-Min Buri Line 1 461.7 479.4 941.1 
Mar. 1988 Mae Moh Reactors 4.6 1.0 5.6 
Jun. 1989 Min Buri Reactors 37.2 8.5 45.7 
Oct. 1991 Mae Moh Unit 9 Termination 85.8 23.8 109.6 
Apr. 1992 Mae Moh Unit 10 Termination 85.8 23.8 109.6 
Apr. 1993 Chum Saeng Substation 10.9 8.3 19.2*, 
Apr. 1993 Min Buri Substation 37.7 26.8 64.5 
Apr. 1993 Chum Saeng-Min Buri Line 2 461.7 479.4, 941.1 

TTALS 	 3469.2 2737.6- 6206.8
 

* 	Does not include credit for autocransformer equipnent which may be 
relocated in 1993. 
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7.2 SYSTEM COST DISBUPSEMEN'1 

We have utilized the Transmission Facility Cost Schedule 
depicted in Table 7-6 to predict the in-service cost for each 
transmission facility necessary to suport the Mae Moh Project. To 
predict the cash flow requirements necessary to support this schedule 
we have prepared construction schedules (Section 8) which are necessary 
to support these in-service dates. 

Our schedules contemplate a time frame of approximately 
six years for transmission lines and site development for new
 
substations. We have assumed approximately four years will be required 
to make major substation modifications at an existing substation site. 

Table 7-7 is our development of the cost disbursements for 
the transmission facility. 
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TABLE 7-7
 
500 KV TRANSMISSION SYSTEM COSTS STREAM
 

(MB 1980) 

lam TM%7SISSMN1 
CXSTS 

SUMTO 
COSTS 

WERATiais & 
HD1U WENM 
TRAN34ISSION 

OPERTIMS & 
HIWMENAlN 
SUBSTATI(I 

PEAK 
I 

(MW} 

COSTPCF 
PEAK 

ILSSES 

EE.Y 
IOSE 
(GiH) 

C aSTOF 
ENMCY 
I26SES 71TAL 

CIATIVE PIUMENT WORE 
8% 10% 12% 

1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 

12.6 
75.7 

324.8 
803.9 
1071.2 
805.5 
332.9 
47.0 
47.1 

188.2 
376.5 
282.4 
37.6 

(1871.8) 

12.3 
12.3 
49.1 

367.9 
570.9 
175.1 
174.5 
90.5 
45.7 
4.1 

119.2 
68.3 
54.6 

5.8 
U.5 
15.8 
15.8 
15.8 
15.8 
15.8 
20.1 
20.1 
20.1 
20.1 
20.1 
20.1 
20.1 
20.1 
20.1 
20.1 
20.1 
20.1 
20.1 
20.1 
20.1 
20.1 
20.1 

4.4 
8.8 

10.5 
10.5 
10.5 
12.1 
12.1 
12.3 
12.3 
12.3 
12.3 
12.3 
12.3 
12.3 
12.3 
12.3 
12.3 
12.3 
12.3 
12.3 
12.3 
12.3 
12.3 
12.3 

BASE 
BASE 
ASE 

BASE 
BASE 
BASE 
BASE 
BASE 
BIASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 

BASE 
BASE 
EASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 

BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 

BASE 
BASE 
BA 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 

ASE 
BASE 
ASE 
BA 
BASE 
BASE 
BASE 
BASE 
BASE 
BASE 
B 

aSE 
BASE 

24.9 
88.0 

373.9 
1171.8 
1642.1 
980.6 
517.6 
157.8 
119.1 
218.6 
522.0 
378.6 
120.1 
32.4 
32.4 
32.4 
32.4 
32.4 
32.4 
32.4 
32.4 
32.4 
32.4 
32.4 
32.4 
32.4 
32.4 
32.4 
32.4 
32.4 

(1871.8) 

23.1 
98.5 

395.3 
1256.6 
2374.2 
2992.2 
3294.2 
3379.4 
3439.0 
3540.3 
3764.1 
3914.5 
3958.6 
3969.7 
3979.9 
3989,3 
3998.1 
4006.2 
4013.7 
4020.7 
4027.1 
4033.1 
4038.6 
4043.7 
4048.4 
4052.8 
4056.9 
4060.6 
4064.1 
4067.3 
3895.1 

22.6 
95.4 

376.3 
1176.6 
2196.3 
2749.8 
3015.4 
3089.0 
3139.5 
3223.8 
3406.7 
3527.4 
3562.2 
3570.7 
3578.5 
3585.5 
3591.1 
3597.7 
3603.0 
3607.9 
3612.2 
3616.2 
3619.8 
3623.1 
3626.1 
3628.8 
3631.3 
3633.6 
3635.6 
3637.5 
3539.9 

22.2 
92.4 

358.5 
1103.2 
2035.0 
2531.8 
2765.9 
2829.7 
2872.6 
2943.0 
3093.1 
3190.2 
3217.8 
3224.4 
3230.3 
3235.6 
3240.3 
3244.5 
3248.3 
3251.6 
3254.6 
3257.3 
3259.7 
3261.8 
3263.8 
3265.5 
3267.0 
3268.3 
3269.5 
3270.6 
3214.8 

MT COSTS AIM IN MIUTZC OF BA'S 



TABLE 7-8
 

500 kV TWNlaNISSION SSTE1 COST DISBURSEMET 

*Sr3B&SATIO9 *TRANIISSICtI *TTAL *TOTAL 
F. C. L.C. F." C. L. C. F. C. L.C YEAR CMIATIVE 

1981 9.1 3.2 2.0 10.6 11.1 13.8 24.9 24.9 
1982 9.0 3.3 10.6 69.1 19.6 68.4 88.0 112.9
 
1983 36.1 13.0 138.7 186.1 174.8 199.1 373.9 486.8
 
1984 289.9 78.0 513.9 240.0 803.8 368.0 1171.8 1658.6
 
1985 418.5 152.4 649.2 422.1 1067.7 574.5 1642.2 3300.8
 
1986 127.3 47.8 459.1 346.4 586.4 394.2 980.6 4281.4
 
1987 113.3 61.2 138.1 210.5 251.4 271.7 523.1 4804.5
 
1988 47.2 43.3 - 47.0 47.2 90.3 137.9 4942.0 
1989 39.8 9.2 9.4 37.7 49.2 46.9 96.1 5038.1
 
1990 7.4 2.8 94.1 94.1 101.5 96.9 198.4 5236.5
 
1991 132.1 38.1 282.4 94.1 414.5 132.2 546.7 5783.2 
1992 63.6 22.1 131.8 150.6 195.4 172.7 368.1 6151.3 
1993 14.5 19.0 - 37.6 14.5 56.6 71.1 6222.4
 

TOTALS 3737.1 2485.3
 

TOTAL IN MILLIMZ $ U.S. (1980) 186.86 - - 311.12 

TOTAL IN M9 (1980) 2485.3 " - 6222.4 

*ALL COSTS IN MILICN BAHTS (NO) 
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8.0 CIONSWRUCION SCHEDLES 

8.1 We are enclosing Project Schedules for the Mae Moh-Bangkok
Transmission System (Table 8.1). We have divided the design and 
construction periods into four cateories: 

Survey/Design
Bidding &Award of Contract 
Manufacture &Delivery 
Construction 

Our scheduling anticipates somewhat shorter schedules for site 
additions or second parallel lines based on previous related work for 
the facilities. For a more detailed breakdown of the relative 
sequential details involved, please refer to the schedules included in 
our 	report of May, 1981. 

8.2 We have scheduled the project facilities on four (4) phases 
for the 500 kV system, as follows: 

(1) Phase I - The first 500 kV line from Mae Moh to Chum 
Saeng, and related substation facilities for in-service 
in late 1986, to coincide with Mae Moh Generator 6. 
7hen the second 500 kV line from Mae Moh to Chum Saeng, 
and related substation facilities in service in mid 
1987 with Generator No. 8. 

(2) 	 Phase II - The first 500 kV line from Chum Saeng to 
Min Buri, and related substation facilities in early 
1988.
 

(3) 	 Phase III - Mae Moh Generator No. 9 and required 
substation facilities in service late 1991, and 
Generator No. 10 in service in early 1992. No trans
mission lines are involved in this phase. 

(6) 	 Phase IV -The second 500 kV line from Chum Saeng 
to Min Buri and related substation facilities in 
service in early 1993. 
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TABLE 8-I CONSTRUCTION SCHEDULE FOR MAE MOH BANGKOK TRANSMISSION SYSTEM AND RELATED FACILITIES 

PROJECT STAGE 

PHASE I 

FACILITIES 

___________ 

TRANSMISSION 
LINE 

SUBSTATION 

1981 1982 1983 

nmumor amMASmoK aFmu&mJJaSrmIfl 
Basal .ll llla 13a8hllan 

-

•imumuatlll jalIImlU 

- s 

1984 1985 

oicg lxImJJ&ot 

D. 

1986 

aMiMW 

1987 

ir~~amJUAM 

1988 1989 

FUA*IJSUW*JaJIMMA5OU 

1990 

MUAMM 

1991 

JnIFMJJASOU 

-1992 1993 1994 1995 
FUAMJJ&SOSI&O90 JWAMJiA-= 

0PHASE 2~~IlUIIII 
PHASE~~LIEIIm 

TRANSMISSION 
LINE 

SUBSTATION 3 

m 

3513155I 

-A SW 

PHASE 3 

TRANSMISSION 
LINE 

SUBSTATION f/ ii / m / 

PHASE 4 

TRANSMISSION-: 
UNE 

va, 
"// 

-

SUBSTATION m,. .

/ 

I"i3.aaaaasaasa 
".'m , 

mi-..i 

SURVEYI/DESIGN 
BIDDING a AWARD OF CONTRACT 
MANUFACTURING a DELIVERY 
CONSTRUCTION 
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1.2 

1.0 APPENDIX 1 - SYSTEM PLANNING CRITERIA 

This section describes the system planning criteria used in 
planning transnission alternate from Mae Moh to Min Buri. The transmissionalternate will be planned so that it can be operated to transmit the 
specified power during credible system contingencies without over stressing
the existing EGAT System. 

1.1 Transmission System Requirements 

The transmission system fran Mae Moh to Chum Saeng and Chum Saeng
to Min Buri will be developed so that it can be operated at peak load level 
to meet the following unscheduled contingencies without causing overload,
instability, and generator dropping of the FGAT System. 

The loss of a single transmission line from either Mae Moh 
to Chum Saeng or Chum Saeng to Min Buri, any single generating
unit installed at Mae Moh 2, and 500 kV/230 kV 
transformer without exceeding the emergency rating of any 
facility.
 

After the outage, the system must be capable of readjustment 
so that all equipment will be loaded within normal ratings. 

EXCEPTIONS 

.. Wo or more transformers should not be lost during line 
fault on one of the lines fram either Mae Moh to Chum 
Saeng or Chum Saeng to Min Buri without dropping the load. 

of The loss of one line, transformer, reactor, or conbination 
during bus fault or line fault and stuck breaker shall be 
permissable. 

Stability Requirements 

The stability of the EGAT System will be maintained without loss
of load during and after the three phase fault at peak load transfer period.
The fault clearing time during this period shall be 3 - 5 cycles. The 
circuit breaker reclosure shall not be assumed for transient stability
studies. 
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1.3 Reactive Requirements
 

Sufficient reactive compensation with adequate controls will be 
planned to allow supply of the reactive load and loss requirement, in order 
to maintain system voltage between 0.9 pu to 1.1 pu during both normal and
abnormal conditions at 500 kV and 230 kV buses. 

(1) Voltage Criteria 

The voltages at load and no-load buses shall be maintained within 
0.9 to 1.1 pu limits at 500 kV and 230 kV buses. 

1.4 Acceptable Facility Loadings 

1.4.1 Transmission Line Ratings 

The Mae Yoh to Min Buri EHV transmission lines shall be loaded 
such that the raximum conductor temperature during normal and abnormal 
conditions shall not exceed a temperature of 600 C over 4010 C ambient. The 
230 kV transmission lines will be loaded as per EGAT's existing criteria,
namely, maximum conductor temperature of 450 C ambient. 

1.4.2 Transformers 

Main transformers (500 kV/230 kV) shall have sufficient capacity
and interconnections between main transformation points such that no load is 
lost with the loss of any one transformer bank during abnormal operating
condition. 

1.4.3 Power Circuit Breakers 

WIo cycle power circuit breakers having sufficient interrupting
capacity shall be used to interrupt faults. 
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2.0 APPENDIX 2 - SUBSYNCHRJBOUS RESCNANCE STUDY 

2.1 Introduction 

This section covers the results of a preliminary evaluation of 
potential subsynchronous problems for the Mae Moh to Min Buri 500 kV 
transmission system in which transient stability studies have determined the 
need for 60% series capacitor compensation. The subsynchronous resonance 
analysis (SSR) was based upon a system given in Figure 2.1. The study was 
performed using hybrid computer facility by the Power Systems Technology
Department of Siemens Allis, Inc. 

2.2 System Data
 

In the absence of actual inertia values of various steam and 
hydrogenerators, the following parameters were used: 

2.2.1 Steam Generator - 300 MVA Base 

Mechanical: .I nertias - H Constantv in Seconds: EXC i 0.0314,
 

GEN = 0.856, Turbi - 0.331,
 

TURB2 = 0.185, SHAFTS -P.U./RAD,
 

EXC-GE - 4.94, GE-TU1MI - 67.7,
 

UMI - TURB2 - 45.5
 

f = 27,30 Hz
 
n
 

2.2.2 Hydrogenerator
 

Hg = 3.5
 

Ht = 0.35
 

K = 2512.3 pu/Radian
 

=fn 10 Hz
 

HM = 38.5
 

Maximum Gain = 0.216
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2.2.3 System Network
 

The network given in Figure 2-1 is described by the impedance 
parameters given in.Tables 1-1 and 1-2. 

2.3 Method of Analysis 

The preliminary analysis of BGA System waL made using a frequency 
scanning program to determine if the series capacitors produce a potential 
SSR resonances. This program provides equivalent impedance viewed fron a, 
given generator as a function of frequency. 

Transient torque analysis was then undertaken to study the torque 
amplification and stability of generator, network, and torsional system. 
The transient torques occur during normal system disturbances such as fault 
clearing, and conditions which can produce SSR steady state instability. 

2.4 Discussion of Results and Conents 

2.4.1 Frequency Scan Analysis 

Frequency scan of thirteen different system configurations were 
run to determine r[tential SSR situations of practical concern. These 
configurations are designated as Case I, Case 2, through Case 13. The 
results of each case are plotted in terms of both amplitude and phase of the 
circuit impedance as viewed from a given generator in Figure 2-2 through 
2-14. Thus, for example, Case No. 1, Figure 2-2 depicts equivalent 
impedance of the whole system viewed from Bhumibol Generator. Since the 
mechanical natural frequency of hydrogenerators is 10 Hz, it is obvious from 
Figures 2-2, 2-3, 2-7, and 2-8 that there is no SSR problem due to series 
capacitors to either Bhumibol or Sirikit. The natural frequency of Case No. 
1 configuration is 11 Hz and hence mechanical natural frequency of Bhumibol 
Generator should be 39 Hz for SSR to occur. 

Mae Moh-ll5 and Mae Moh-230 generators are not affected by series 
compensation as can be seen from Figures 2-4, 2-5, and 2-10. 

However, Mae Moh-2 generators (2400 MW total generation capacity) 
show a distinct natural frequency of 29.5 Hz (Figure 2-6). It is expected 
that considerable SSR interactions will occur for a generator turbine having 
torsional natural frequencies in the 20 Hz range. Figures 2-11 through 2-14 
give impedance characteristics for various operating conditions. It is seen 
that the potential for SSR exists since the required mechanical frequencies 
vary from 19 Hz to 33 Hz. 
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2.4.2 Transient Torque Analysis 

Results of transient performance and stability of SSR interaction 
are given for twelve cases (Cases 14 - 25), given in Figures 2-15 through
2-26, involving variations in both number of 300 MW units at Mae Moh and the 
500 kV lines to Min Buri. Figures 2-15 through 2-26 show the system dynamic 
response to a fault-clear disturbance at the Chum Saeng Bus. A fault with 
an impedance of .01 pu was applied at .01 seconds after a positive going 
ze.-o crossing of phase a source voltage and cleared on successive current 
zeros after a fault duration of .047 seconds. 

The rotating portion of each generation system consists of: 

.. Two turbine stages (H2 and H1), 

00 The generator inertia (H ), 

0. and a rotating excitor (H ).exc 

Strip charts show the air gap torque (Telectrical), and 

The torques in the shafts between each inertia 

09(T 21, T1gr and Tgec)
g exc 

The following was also plotted: 

The generator speed deviation from synchronous speed 

(A Wgen), 
0. the 500 kV bus voltage at Mae Moh, 

so the voltage across the capacitor bank 
to Chum Saeng Line, and 

on the Mae Moh 

•. the Chum Saeng fault current. 

The variables in these figures are plotted in per unit on 1000
MVA, 500 kV system base. 

Table 2-2 sunarizes results in terms of stability and peak shaft 
torques during the period following a fault clearing transient. For the 
turbine generator system selected for this preliminary study the major 
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mechanical natural frequency of concern was at 30 Hz (mechanical). 
Therefore, network configurations which have 20 Hz electrical natural 
frequencies are of particular interest and concern. Line outages,
variations in capacitor compensation level, levels of system stiffness, and 
number of generator units in service provide a large variation in the 
electrical network of significance to SSR. 

Cases 16 and 17 show that with 60% compensation both the 2 and 3 
units of generation cases will be unstable. 

2.5 Conclusions 

Hydrogenerator units - Bhu ibol and Sirikit - will not experience
SSR problem even under the most pessimistic assumptions. 

Mae Moh-115 and Mae Moh-230 steam generating units will not 
experience SSR problens under normal operation. However, the worst case 
situation in which Mae Moh-2 units are off line and the Mae Moh-230 units 
remain connected would produce SSR problems. This is considered a possible
but highly unlikely possibility. 

Mae Moh-2 steam generating units will experience serious SSR 
problems if countermeasures are not used. From a practical point of view 
the Mae Moh to Chum Saeng to Min Buri Transmission System is essentially
radial. The shunting ties have minimal effect. 
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'M= 2-1 

7M NMWMIC TS DE~aaB~ IN TH ECTW BRANOM 

I F1X1 T TYPE, VAlUE I FIM TO TYPE VAlUM I nrc( 10 TYPE VA=U 

1 0 1 L 0.120E 00 21 9 14 L 0.540E-01 41 15 2 R '0.860E-01 
2 1 0 C 0.130E 00 22 9 0 L 0.833E 00 0.415E 00 
3 1 0 C 0.180E 00 23 14 0 L 0.683E 00 42 '0 2 L 0.100E 01 
4 1 0 C 0.180E 00 24 14 0 -R 0.167E 00 43 2 0 L 0.588E 02 
5 1 4 L 0.325E 00 25 14 0 6 0.500E-01 44 2 0 R 0.286E 02 
6 1 10 RL 0.230E-01 26 8 16 L 0.160E 00 45 15 0 C 0.210E 00 

0.300E OOJ 27 16 7 L 0.750E-02 46 15 7 IRIL 0.105E 00 
7 10 8 C 0.556E 01 0.550E-OJ 0.498E 00J 
8 1 11 RL 0.230E-01 28 0 4 L 0.953E 00 47 7 0 C 0.210E 00 

0.300E00J 4 6'L 0986E 00 48 7 0 R 0.138E 01 
9 i 8 C 0.556E 01 30 6 0 R 0.145E 02 49 7 0 C 0.246E 00 

10 8 0 C 0.180E 00 31 6 0 C 0.310E-01 50 7 0 C 0.130E 00 
11 8 0 C 0.180E 00 32 6 5 RL 0.365E-01 51 7 17 RL 0.168E 00 
12 8 0 L 0.143E 01 0.11 o0J 0.130E 01J 
13 8 0 C 0.135E 00 33 0 5 L 0.127E 01 52 17 0 C 0.130E 00 
14 8 12 EL 0.170E-01 34 5 0 R 0.311E 01 53 17 0 R 0.303E 02 

0.2251 0W 35 '5 0 C 0.250E-01 541, 17 0. L 0.500E 03 
15 

16 

12 

9 

9 

0 

C 

C 

0.741E 01
9000.353 

0.135E: 00 
0 

36 

37 

,4 0
C

4 15 

C 

EL 

0.310E 00 

0.945E-01 

55 17 3 L 0.460E-01
003 

17 8 0 C 0.13S 00 0.68E o0J 56 7 0 C 0.353E 00 
18 8 13 PL 0.170.-010.2251:003 38 

39 
15 
15 

0 
0 

C 
R 

0.310E 00 
0.248E 01 

7- 7 3 L 0.106 00
0.7791: 0030.35900 

19 13 9 C 0.741E 01 40 15 0 C 0.670E-01 58 3 0 C 0.33E 00 

20 9 0 C 0.135:00 59 0 3 0.748E 0 
60 3 0 L 0.333E 02 
61 3 0 R 0.294E 02 
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TABLE 2-2
 

Case Simmary
 

MAE MOH Generator Dynamic Response
 

MAE MOHM Chum Saeng 

MAE MOH 
to

Chum Saeng 
to 

Min Buri 
*Peak Shaft Torques
buring First .5 sc. 

Generator T T T 
Units in- C XC SSR 21 Tg g-oxc 

Set6Iice Lines PU/Line Lines PU/Line Stable? PU PU 

8 2 .18 2 .135 Yes' .30 1.07 .08 

6 2 .18 2 .135 Yes .83 1.60 .43 

4 2 .18 2 .135 Yes 1.67 3.17 .87 

3 2 .18 2 .135 No 2.70 5.00 1.50 

2 2 .18 2 .135 No 5.00 9.33 2.33 

1 2 .18 2 .135 Yes 3.90 5.83 1.13 

8 2 .15 2 _0 No 1.27- 2.27 .53 

8 1- .18 2 .135 Yes .33 .67 .20 

8 1 .0325 2 .135 No 1.00 1.67 .40 

7 1 .0325 2 .135 No 1.27 1.93 .43 

4, 1 .0525 2- .135 No 1.00 3.83 .833 

4 1 .18 2 .135 Yes .73 1.50 .43 

*Peak torques in per unit on 300 MVA generator base result
 

from fault-clear disturbance at Chum Saeng bus.
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3.0 APPENDIX 3 - ELEB CAL ENVIR MEN= CONSIDERATIONS 

3.1 Introduction 

This section discusses electrical enviromental effects considered 
in i) design of 500 kV and 400 kV transmission line structures and 
optimum right-of-way widths for use in comparative analysis of transmission 
alternates between Mae Moh to Chin Saeng to Min Buri; and (ii) preliminary
design of 500 kV transmission line structure. 

3.2 Electrical Envirormental Effects 

Electrical environmental effects of EHV transmission lines include 
the following: 

3.2.1 Power Frequency Field Effects 

Electric Field
 
Magnetic Field
 

3.2.2 Corona Generated Effects 

00 Radio Interference (RI)
Television Interference (VI).
Audible Noise Emission 
Ozone Emission
 

Of these, the magnetic field and ozone emission levels produced by 
ERV lines are negligible and hence are excluded from detailed evaluation in 
both comparative and preliminary line design studies. Also, since TVI 
produced by corona discharges is proportional to RI, it is not considered in 
these studies. Thus, only the electric field effects, RI, and audible noise 
emission levels are considered. 

3.3 Comparative Analysis of 500 kV and 400 kV Transmission Alternates 

3.3.1 Criteria
 

Inorder to compare the cost of constructing 500 kV and 400 kV 
transmission line alternates, it isnecessary that these lines by designed
for the same electrical enviroznental and structural criteria. Towards this 
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end, the following criteria was established: 

Maximum Electric Field - 8 kV/m and Minimum Electric Field = 
3 kW/t. 

At the edge of the right-of-way, fair weather RI = 40 dB 
above 1 V/m. 

At the edge of the right-of-way, wet cotductor audible 
noise level = 55 dB (A). 

Conductor 	blow out <criteria as per 1977 Nationai Electrical 
Safety Code (NESC). 

3.3.2 	 Structure Configurat 

'The 500 kV vertical structure recommend by EATM (Reference 2) 
was used; two bundle conductor sizes (4 x 1.1092" 'Condor' conductor and 3 x 
1.345" 'Bittern' conductor) were considered. Figure 9-3 in Volume II -
Final Report shows the double circuit 500 kV vertical structure used in this 
study with both bundle conductors. 

3.3.3 	 Analysis of Electrical Effects 

Computer programs developed by SHAH &ASSOCIATES, INC., were used 
to calculate electric field, fair weather RI, wet conductor audible noise 
levels, and right-of-way widths of (i) 500 kV double circuit line with 4 x
1.1092" 'Condor' and 3 x 1.345" 'Bittern' conductors, (ii) double circuit 
400 kV line with 2 x 1.1092" 'Condor' and 2 x 1.345" 'Bittern' conductors,
and (iii) single circuit 400 kV line with 2 x 1.1092" 'Condor' and 2 x 
1.345" 'Bittern' conductors. 

3.3.3.1 	 Right-of-Way Width Requirements of Double Circuit 500 kV 
Transmission Line 

The minium conductor to ground clearance of 42 feet would result 
in 8 kV/m electric field for 500 kV double circuit line if phasing
configurations, ABC-ACB for 4 x 1.1092" 'Condor' conductor and ABC-ACB for 3 
x 1.345" 'Bittern' conductors are used. The right-of-way width required for 
1200 feet span length was determined to meet the criteria specified in 
3.3.1. Table 3.1 gives the right-of-way width requirenents for both 
'Condor' and 'Bittern' conductors. 
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3.3.3.2 	 Right-of-Way Width Requirements of Double Circuit 400 kV 
Transmission Line
 

Table 3-2 	gives the right-of-way width requirements of both 2 x1.345" 'Bittern' and 2 x 1.1092" 'Condor' conductors for the criteria
specified in 3.3.1. 7he minimum conductor to ground clearance was 
determined to be about 29 feet. 

3.3.3.3 	 Right-of-Way Width Requirements of Single Circuit 400 kV
 
Transmission Line
 

The minimum conductor-to-ground clearance of 30 feet for the
single phase horizontal configuration would give maximum electric field of 8
kV/m. Table 3-3 and 3-4 give right-of-way width requirements for 'Bittern' 
and 'Condor' conductors. 

3.4 	 Electrical Environmental Effects of Preliminary 500 kV
 
Transmission Line Design
 

Economic analysis discussed in Section 7 established the 500 kV as
the optimum transmission voltage level for the Mae Moh to Chum Saeng to Min
Buri transmission. he determination of minimum conductor-to-ground
clearance, RI, audible noise emisnion, and right-of-way widths for the
preliminary delta tower given in Figure 3-1 is discussed in this section. 

3.4.1 	 Minimum Conductor-to-Ground Clearance 

At 500 kV voltage level, let-go current level of 5.0 mA is the
dominant factor in establishing the minimm conductor-to-ground clearance.
As per Rule 232 of the National Electrical. Safety Code (1977 Edition),
(Reference 9), the minimum conductor--to-ground clearance should be
determined such that the maximum short circuit current experienced by
persons while contacting vehicles under the line should not exceed 5.0 mA
let-go current. The determination of short-circuit currents requires
knowledge of electric field gradients at ground level in close proximity of 
the transmission lines. 

Electric field gradients are calculated by using the programs
developed by SH & ASSOCIATES, INC. Figure 3-2 gives electric field
profiles of the 500 kV tower configuration given in Figure 3-1 The maximum
electric field produced by double circuit delta towers is about 10.30 kV/m.
The worst case short circuit current that can be obtained while contacting 
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rge gasoline trucks (8'x 10.5' x 50') located in 10.3 kV/m electric field 
5.0 mA. Hence, the minimum conductor-to-ground clearance for tower given 
Figure 3-1 is determined to be 34 feet. Also, the horizontal clearances 

pend upon switch surge levels, weather parameters, and pollution
nditions. 7he detailed studies must be undertaken to optimize various 
ne clearances with respect to the environment. 

4.2 Radio Interference 

The fair weather radio interference levels produced by 500 kV 
wer configuration given in Figure 3-1 is plotted in Figure 3-4 for 1600 
et span length. RI program developed by SHAH &ASSOCIATES, INC., was used 
compute fair weather radio noise levels. The evaluation of impact of the 

gh frequency interference to communication facilities is beyond the scope 
this investigation. However, such a study should be made prior to final 

lection of transmission line route. 

4.3 Audible Noise Emission
 

The wet conductor audible noise levels produced by 500 kV tower 
nfiguration given in Figure 3-1 is plotted in Figure 3-4 for 1600 feet 
an length. Audible noise program developed by SHAH & ASSOCIATES, INC., 
B used to compute audible noise emission levels. 

4.4 Right-of-Way Width Requirenents 

Ta)le 3-5 gives right-of-way width requirements of the tower 
nfiguration given in Figure 3-1 for the criteria specified. It is seen 
at the right-of-way widths required by radio noise and electric field 
eels are higher than conductor blow out criteria. The shock problems 
used by higher electric fields can be mitigated by undertaking 'grounding 
ograml. Also, interference to the radio and TV signals caused by 
gh-frequency interference can be mitigated. Hence, it is recommended that 
e right-of-way width based on conductor blow out condition be used. Table 
6 gives the radio noise, audible noise and electric field levels at the 
ge of the right-of-way. 

5 Conclusions 

Electric field, fair weather radio noise and audible noise levels 
oduced at the edge of the right-of-way by the proposed preliminary line 
signs given in Figure 3-1 is acceptable. 
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7he maximum electric field gradient required to limit the short 
circuits current to 5.0 mA depends upon the permissible vehicle size. 

Hence, the maximum electric field determines minimum 
conductor-to-ground clearance at 500 kV voltage level. Studies must be 
undertaken before final design is selected to determine appropriate line 
clearances over roads, highways, farm lands, residential areas, etc. 

Before final line route is selected, a detailed high-frequency 
interference study must be undertaken to avoid interference to sensitive 
military installations and radio and W transmitters. 
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FIGURE 3-3 FAIR MA RADIO NOISE IATERAL PROFILE OF D/C 500 kV LINE GIVEN 
IN FIGURE 3-1 
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3 FIGURE 3-4 Wr 0ONDUCMR AUDIBLE NOISE IAMML PROME OF D/C 500 kV IME GIM IN FIGURE 3-1C. 

Span length = 1600' 
......I.... ....................... 

EEffi ........................... ....................... .....
.......
EEHE HETEEHH 
r ...
 

E9H -v
HHi .1 V ....... 
 I I
4

i -+4044:1 44 1EH±E 
++- MOM 401H 4-t 

Effif 4 f-4 
all 

-
+

T........... ------- ------H:14V MMV M-9m Wuh M rm II IMP,f t R 
.....------ 1 H 4 

M Bull' 4 MMI T 4 0 1
##i: w If "win li nA4 TM IM M 09,10 1, IT' Irim.. , I mmmma MIT. M w "I aff H IM141: 

+++4 ++ 
.1j;:p ++-+4+1++ 4-,T , W', I f 

444- f++44 -4 -Im MIN 1 -:14" MW IM 941111 M11, 4x-4+ +-++ MW 
+ M - 909 wpllffil,%4 V%$qF1NR-.iM US t 

I+f lam 

jj t4411 OR !NMI 4 

if 

f++ H"HiH +++-T Mm SO .HH .+++t-HWH 4-4. -TT
T 14#:ta+MMT 100- 4IM rr. 114,11m 144 M M, 

IM R Mai rl,- I+-+ + --+++--Fi -ft-t 

t::: ff: jj 44444 +
 

1441 min RKI 1491 

4., M-1 + 
::::441MI ZrO V 1 -4011 IW! M- ff-, ffh:. THIN V- 44VP Wlfiffll

f 040Mg, o I-,!t 9W 6w, 
I 

, '. ilIMM14M 
V 4 W, 1114 4 ;:1 w MIMMMMUMM 

FRCk1t_ OF ROW (FT) 

I 

http:qF1NR-.iM


TARLE 3-5
 

RIG-OF-W R OF ET D/C 500 kV
 

R I M m 90M (r 
- PAIWMEI CRflERIA 

3 x 1.345" BIIERN CONICTOR 4 x 1.092" CONDOR CONDUCTOR 

Electric Field 3.0 kV/m 136 140 

Fair Weather Radio Noise 40 dBli 158 102 

Audible Noise 
(Wet Conductor) 55 dE(A) -0 0 

Conductor low Out NESC 150 147 



TABLE 3-6 

RIGr-OF-WAY REWRMETS OF EGAT D/C 400 kV LINE 

CONDUCTDR SIZE: 2 x 1.345" B1TER 

ROW WnDIH REMIrE S ( 

PARAMEIER CRITERIA SPAN- 800' SPAN = 1200' SPAN 1600' 

Electric Field 3 kV/m 104 100 96 

Radio Noise 40 dBp 168 156 " 136/ 

Audible Noise 55 dB(A) 0 0 0 
(Wet Conductor) 

Conductor Blow Out NESC 132 153 

CONDUCTOR SIZE: 2 x 1.1092" CONDOR 

ROW ITMIfl REW~IRGS (E'M 

PARAMEER CRITIA SPAN = 800' SPAN = 1200' SPAN= 1600' 

Electric Field 3 kV/m 104, 100 88 

Radio Noise 4 dBp 252 232 208-

Audible Noise 55 dB(A) 80- 0 0 
(Wet Conductor) 

Conductor Blow Out NESC 114 129 147 

3.11
 



TABLE 3.7 

ROW WI DE'XI 4INAITN OF 400 kV SINGLE CIRCUIT 
MAE MDH - NO BURI TRANSMISSION LIM 

CONIUCMOR SIZE: 2 x 1.345" BIITERN 

PARAMEER 

Electric, Field 

CRITERIA 

3.0 kV/m 

ROW wImm REWJIRD 

SPAN =800' SPAN = 1200' 

150 150 

U (FT) 

SPAN 

150 

1600' 

Radio Noise 40 dBpi 120 68 '52, 

Audible Voise 
(Wet Conductor) 

55 dB(A) 0 0 . 0 

Conductor Blow Out es 

a 

=350 

-25.19 

164 

154 

6 

172-

'215 

192 

3.12
 



TAIKE 3-8 

ROW~ WIHI DET'EMINION OF 400 kV SflUE CIRUI 
MAE NIH - MIN BURI TRANMISSION LINE 

ODNDUCTLR SIZE: 2 x 1.092"OONDOR 

RMW WMIH RFX EU S (FT) 

PARAMETER CRITERIA SPAN = 800' SPAN = 1200' SPAN = 1600' 

Electric Field 3.0 kV/m 144 144 144 

Radio Noise 40 dBj, 166 148 128 

Audible Noise 55 dB(A) 0 " 0 
(Wet Conductor) 

Conductor Blow Out 6 -350 162 12 207 s 

s 2.10 153 168 187 
3NESC 

3.*13
 



____________________ _____ 

TABLE 3--9" 

gIQGH-F-WAY WJ REWIRDW OF D/C MTA SUsM ON CN. 

ROW WIDTIH RE)WUIRM (ME
 

PARAME CRITERIA SP -800' SPAN = 1200' SPA -1600'
 

Electric Field, 2 kV/m 252 252 252
 

3 kV/m 240 240 240
 

Radio Noise 30 dBp 301- 211 171
 
Fair weather 


Audible Noise 50dB(A) 0 0 0
 
Wet Conductor
 

Conductor Mwk, NESC 232 , 248-,, 266
 

3.14
 



TABL 3-10 

ELEG'ICEAL "=E T THAEDGE OF ROW OF D/C 500 kV TOEEIE 

GIVEN IN FIGURE 3.1 FR SPAN LEN= = 1600' 

PARAMEIER MAGNITUDE AT EDGE OF ROW
 
I , 

Electric Field 1.4kV/m 

Ftir Weather Radio Noise 24 dBp 

Wet Conductor Audible Noise 42.0 dB() 

3.15
 



4.0 APPENDIX 4 - SYSTE COST AND EXtONIC DAM 

TABLE 4-1
 

- In cnparing each alternative transmission system we have utilized 
the following cost data for each system. 

1980 NO 

500 kV 

1ST 500 kV LINE 
SUMShTCN 
2ND 500 kV LINE 

1981 

22 
19.0 

-

1982 

110 
76.0 
22 

1983 

441 
569.6 
10 

1984 

881 
892.4 
441 

1985 

661 
246.8 
881 

1986-" 

88 
95.0 

661 

1987 

-
-

88 

TOTL 

2203 
1898.8 
2203 

1995 ADDITIC 538.2 
41 208 

MOR SMSTICN 

1120.6 2214.4 1788.8 844 88 6304.8 

538.2 

400 kV 

1ST 400 kV LINE 
SUBSTAION 
2ND 400 kV LINE 

1981 

17.6 
17.2 

1982 

87.4 
69.0 
17.6 

1983 

349.5 
516.0 
87.4 

1984 

699 ,. 

808.5 
349.5 

1985 

524.1 
223.6 
699 

1986 

69.8 
86.0 

524.1 

1987 

-
-. 

69.8 

TOTL 

1747.4 
1720.3 
1747.4 

34.8 174.0 952.9 1857 1446.7 679.9 69.8 5215.1 

3RD 400 kV LINE 
U CN-

1990 

17.6 

1991 

87.4 

1992 

349.5 

1993 

699 

1994 

524.1 

1995 

69.8 
479.5 

1747.4 
479.5 

17.6 87.4 349.5 699 524.1 549.3 2226.9 

230 kV 
1ST D.C. 230 kV LINE 
SLMSMTCN 
2ND D.C. 230 kV LINE 

1981 
23.1 
8,4 
-

31.5 

1982 
115.4 
33.4 
23.1 

171.9 

1983 
461.5 
250.7 
115.4 

827.6 

1984 
922.9 
392.7 
461.5 

1777.1 

1985 
692.2 
108.6 
922.9 

1723.7 

1986 
92.2 
41.8 

692.2 

826.2 

1987 
-

92.2 

92.2 

TOTAL 

2307.3 
835.6 
2307.3 

5450.2 

1ST S.C. 230 kV ME 
S1SW 

1990 

15.4 
1991 

76.9 
. 

1992 

307.6 
1993 

615.3 
1994 

461.5 
-

1995 

61.5 
385.9 

1538.2 
385.9 

15.4 76.9 307.6 615.3 461.5 422.6 1924.1 

4.1
 



TABL 4-2 

500 W COT S~l 
MIA(1980) 

j. 
; 

YEAR 

1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 

2011 

]sT 
JNIM, 

22 
110 
441 
881 
661 
88 

ON 
-BEN.T1 

Taiv mISSm2A 

22 
110 
441 
881 
661 
88 

(2698)-

SUB.S_'ICN 

19.0 
76.0 

569.6 
892.4 
246.8 
95.0 

538.2 
-

OPEATIONS a 
M I ONAITPNMISO 

10 
20 
20 
20 
20 
20 
20 
20 
20 
20' 
20 
20 
20 
20 

.20 
20 
20 
20 
20 

-20 
20 

20 
20 
20 

(ERMEIQS 
N.SB ZMO 

5.8 
7.9 
7.9 
7.9 
7.9 
7.9 
7.9 
7.9 
7.9 

10 
10 
10 
10 
•10 
10 

- 10 
10 
10 
10 
10 
10 

10 
10 
10 

& -COlST 

PEAK X.(IC) 

10.6 
REFEENC& 
REFEENE 
REFEENRF 
REFCE 
RFREN 
REERNCE 
REERENE 
REF=DM 
REFERENCE 
REFERC 
REFERECE 
REFERENCE 
REFERD3E 
REFERNCE 
REFERzE 
REFERu= 
REFERNCE 
REFERE 
REFERE 
REFERENCE 

REFERENCE 
REFERENC 
REFERENE 

OF EEYR!TO 
PEAK TENERGT (GWH) IOE 

17.8 57 58 
RENM REFENE REETIRNE 

REFERENC REFERENE REEREC 
R EREFERENC REFERC 
REFERENCE REE REE ER4C 
feREE REFERNC REERC 

RENCE REFERECE REFER 
RfeRENCE RUMUNCE REFERNC 

RENM REFERENCE REFEMNCE 
REFERECE REFERENCE REFERNC 
REFERENCE REERENCE REFE!N 
REF-RCE REFERCE REFERNCE 
REREIWERENCE RMER 
HRE24 RE MIM 
RtlE, REFERENCE REFERENCE 
REF E REFERENLE REFEEC 
REFERENCE REFEEC FEFERC 

RE CE RaERENCE REFEURC 
REERENCE REEREC REFERENC 
REFERENCE REFERENCE REFERENCE 
EE Z REFER ,RIREERE 

REFERENCE REFERN REFERENCE 
REFERNE REFERENCE REFERN 
REFERENE REFERC REFERC 

TO Lm 

41208 

1120.6 
2214.4 
1788.8 
919.8 
103.8 
27.9 
27.9 
27.9 
27.9 
27.9 
27.9 
27.9 
27.9 
27.9 
30 
30 
30 
30 
30 
30 
30 
30 
30 
3030. 

30 
30 
30 



TAVLE 4-3 

400 W COS STREAM 
M$ (1980) 

1sT 
7RRNSHSSICK 

V3BSE.T 
TRO9SSICN 

OPERATICNS & OPERIATICN & 
HLINENANE WMfl1TEZQUE PEAK I6~ 

0)6T OF 
PEAK 

2EEI 
T 

COT OF 
ESEEY 

YEAR MEIJNE SUBSA1C TRANENISSI1N SLBSTMON(6~ ILDSE (GW) IDlSES TOTAhL 

1981 17.6 17.2 34.8 
1982 87.4 17.6 69.0 174.0 
1983 349.5 87.4 516.0 952.9 
1984 699 349.5 808.5 1857.0 
1985 524.1 699 223.6 1446.7 
1986 69.8 524.1 86.0 E 679.9 
1987 69.8 9.4 4.6 9.2 15.5 49.4 51.9 151.2 
1988 18.7 6.3 17.7 29.7 95.2 102.8 157.5 
1989 18.7 6.3 17.7 29.7 95.2 105.8 160.5 
1990 17.6 18.7 6.3 17.7 29.7 95.2 109.1 181.4 
1991 87.4 18.7 6.3 17.7 29.7 95.2 112.3 254.4 
1992 349.5 18.7 6.3 17.7 29.7 95.2 115.6 519.3 
1993 699 18.7 6.3 17.7 29.7 95.2 119.2 872.9 
1994 524.1 18.7 6.3 17.7 29.7 95.2 122.7 701.5 

-r 1995 69.8 479.5 18.7 6.3 45.3 76.1 243.7 323.4 973.8 
1996 28 8.4 45.3 76.1 243.7 332.1 444.6 
1997 28 8.4 45.3 76.1 243.7 343.1 455.6 
1998 28 8.4 45.3 76.1 243.7 353.4 465.9 
1999 28 8.4 45.3 76.1 243.7 053.4 465.9 
2000 28 8.4 45.3 76.1 243.7 353.4 4659 
2001 28 8.4 45.3 76.1 243.7 353.4 465.9 
2002 28 8.4 45.3 76.1 243.7 353.4 465.9 
2003 28 8.4 45.3 76.1 243.7 353.4 465.9 
2004 28 8.4 45.3 76.1 243.7 353.4 465.9 
2005 28 8.4 : 45.3 76.1 243.7 353.4 465.9 
2006 28 8.4 45.3 76.1 243.7 353.4 465.9 
2007 28 8.4 45.3 76.1 243.7 353.4 465.9 
2008 28 8.4 45.3 76.1 243.7 353.4 465.9 
2009 28 8.4 45.3 76.1 243.7 353.4 465.9 
2010 28 8.4 45.3 76.1 243.7 503.9 616.4 
201 (2927) -



VOW 4-4 

230 kV COr STn4 
Ho (1980) 

1ST SUBEDO OPEIRIOS & A3W, I S& (flST (F ENRG o~T (7RASMIaIC 7RANML~ssicz MA4fl1ThCE MZnfmvih~m PEAK TOSE PEAK T~P ENERY 71EALYEAR LUZE SUBMTIGI 1PJMSION ~3SBMAIOt LOSSES (GflH) WOSFS 
1981 23.1 8.4 - 31.51982 115.4 23.1 33.4 171.91983 461.5 115.4 250.7 827.61984 922.9 461.5 392.7 1771.11985 692.2 922.9 108.6 1723.71986 92.2 692.2 41.8 
 22.5 37.8 121.0 123.1 987.1
1987 92.2 11.5 10.7 29.3 49.2 157.6 165.1 328.71988 23.0 10.7 31.8 53.4 171.0 174.0 261.11989 23.0 10.7 31.8 53.4 171.0 184.6 271.71990 15.4 23.0 10.7 31.8 53.4 171:.0 190.1 292.61991 76.9 23.0 10.7 31.8 53.4 171.0 201.7 365.71992 307.6 23.0 10.7 31.8 53.4 171.0 207.8 602.51993 615.3 23.0 10.7 31.8 53.4 171.0 214.0 916.41994 461.5 23.0 10.7 " 31.8 53.4 171.0 220.4 769.01995 61.5 385.9 23.0 10.7 30.2 50.7 162.4 215.6 747.41996 30.7 15.4 30.2 50.7 162.4 222.1 318.91997 30.7 15.4 30.2 50.7 162.4 228.7 325.51998 30.7 15.4 30.2 50.7 162.4 235.6 332.41999 30.7 15.4 30.2 50.7 162.4 235.6 332.42000 30.7 15.4 30.2 50.7 162.4 235.6 332.42001 30.7 15.4 30.2 50.7 162.4 235.6 332.42002 30.7 15.4 30.2 50.7 162.4 235.6 332.42003 30.7 15.4 30.2 50.7 162.4 235.6 332.42004 30.7 15.4 30.2 50.7 162.4 235.6 332.42005 30.7 15.4 30.2 50.7 162.4 235.6 332.42006 30.7 15.4 30.2 50.7 162.4 235.6 332.42007 30.7 15.4 30.2 50.7 162.4 235.6 332.42008 
 30.7 15.4 
 30.2 50.7 162.4 235.6 332.4
2009 30.7 15.4  30.2 50.7 162.4 235.6 332.42010 30.7 15.4 30.2 50.7 162.4 335.9 432.7(2716.5) 



7BLE 4-5
 

MAE MH 400 kV SUBSTATION COST ESTIMATE TROGH 1988
 

DESCRIPTION F. C.... 	 .L M. 

1. Steel Structures 	 2.7 0.7 3.4
 
2. Misc. Hardware & Bquipment 32.0 9.6 -41.6 
3. 	 Power Circuit Breakers 64.1 17.7 81.8
 
4. 	 Disconnect Switches 19.8 5.9 25.7
 
5. 	 Main Control Boards, 10.1 3.0 13.1 

Equipmnent &Communications 
6. 	 Power &Control Cable 5.4 1.7 7.1 
7. 	 Foundations 14.5 14.5
 
8. 	 Substation Transformer 58.1 4.3 62.4 
9. 	 Generator Transformer 207.0 14.6 221.6
 
10. 	 Miscellaneous Facilities - 4.9 4.9 
11. Land 
,12. Land Improvement - 1.4 1.4 
13. 	 Miscellaneous Expenses 13.3 5.3 18.6
 
14.1 	 Bus Reactors 33.8 2.3 36.1
 
14.2 	 Bus Capacitors 55.2 3.6 58.8
 

SUBTOTAL DIREC COST 501.5 89.5 591.0 

15. 	 Engineering & Supervision 41.4 41.4
 
16. 	 Contingencies 50.2 9.0 59.2 
17. 	 Import Duties - 50.1 50.1 

W7TAL COST W/O IC 	 551.7 190.0 741.7 

ALL COSTS IN 1980 MILLION BAHTS (M) 

4.5
 



TABLE 4-6
 

Cm SAmG 400 kV sBSTATIN COST ESTIMATE T[ROUGH 1988
 

DESCHPTICN F. C. L. C. TOTL 

1. Steel Structures 4.2 1.1 5.3 
2. Misc. Hardware & Equipnent 37.9 11.4 49.3 
3. Power Circuit Breakers 46.6 12.7 59.5 
4. Disconnect Switches 18.0 5.4 23.4 
5. Main Control Boards, 9.9 3.0 12.9 

Bjuipment &Communications 
6. Power &Control Cable 3.9 1.2 5.1 
7. Foundations - 17.1 17.1 
8. Substation Transformer 58.1 4.3 62.4 
9. Generator Transformer - - -
10. Miscellaneous Facilities - 5.3 5.3 
11. Land - 2.4 2.4 
12. Land Improvement - 5.8 5.8 
13. 
14.1 

Miscellaneous Expenses 
Bus Reactors 

13.1 
70.8 

6.1 
4.8 

19.2 
75.6 

14.2 Bus Capacitors -

SJBTOTAL DIRECT COST 262.5 '80.8 343.3 

15. Engineering & Supervision - 24.0 24.0 
16. Contingencies 26.2 8.1 34.3 
17. Import Duties - 26.3 26.3 

7TOL COST W/O IDC 288.7 139.2 427.9 

ALL COSTS IN 1980 MILLICONBM'S (N9) 

4.6 



7ABLE 4-7 

MIN BURI 400'kV 'SBSTATICNCOST 0STIMNM
nffldUGH 1988 

DESCRIPTION F. C. L. C. T07AL
 

1. Steel Structures 2.6 0.6 3.2
 
2. Misc. Hardware & Equipment 27.6 .8.3 35.9 
3. Power Circuit Breakers 34.9 9.6 44.5
 
4. Disconnect Switches 14.9 4.5 19.4 
5. Main Control Boards, 7.3 2.2 9.5
 

Equipment &Communications 
6. Power &Control Cable 5.4 1.7 7.1 
7. Foundations - 21.8 21.8 
8. Substation Transformer 116.3 8.4 124.7 
9. Generator Transformer --
10. Miscellaneous Facilities 4.4 4.4 
11. Land - 3.7 3.7 
12. Land Improvement - 3.8 3.8 
13. Miscellaneous Expenses 10.5 5.5 16.0 
14.1 Bus Reactors 136.9 9.4 146.3 
14.2 Bus Capacitors _ -

SJB1DTAL DIRECT COST 356.4 83.9 440.3 

15. Engineering &Supervision - 30.8 30.8 
16. Contingencies 35.6 8.4 44.0
 
17. Import Duties - 35.6 35.6 

ZTAL COST W/O IDC 392.0 158.7, 550.7
 

ALL COSTS IN 1980 MILLION BAHTS (MO) 

4.7 .22
 



TBLE 4-8
 

MAE MOB - BANGKOK EHV TRANSMISSION PRQEC 

TOTAL 400 kv SUBSTAION COS ESTIM THROUGH 1988 

DESCRIPTICN 	 F. C. L. C. TOTAL
 

1. 	 Steel Structures 9.5 2.4 11.9
 
2. 	 Misc. Hardware & Equipnent 97.5 29.3 126.8
 
3. 	 Power Circuit Breakers 145.6 40.2 185.8
 
4. 	 Disconnect Switches 52.7 15.8 68.5
 
5. 	 Main Control Boards, 27.3 8.2 35.5 

Bquipment & Communications 
6. 	 Power & Control Cable 14.7 4.6 19.3
 
7. 	 Foundations - 53.4 53.4 
8. 	 Substation Transformer 232.5 17.0 249.5
 
9. 	 Generator Transformer 207.0 14.6 221.6
 
10. Miscellaneous Facilities - 14.6 14.6 
Ii. Land - 6.1 6.1 
12. 	 Land Improvement - 1.0 11.0 
13. 	 Miscellameous Expenses 36.9 16.9 53.8
 
14.1 	 Bus Reactors 241.5 16.5 258.0
 
14.2 	 Bus Capabitors 55.2 3.6 58.8
 

SJBTOTAL DIRECT COST 1120.4 254.2 1374.6
 

15. 	 Engineering & Supervision s.z 96.2
 
16. 	 Contingencies 112.0 25.5 137.5
 
17. 	 Import Duties 112.0 112.0
 

L OST W/O IDC 	 1232.4 487.9 1720.3
 

ALL COSTS IN1980 MILLIN BAHTS (MO)
 

4.8
 



TABLE 4-9
 

COSTS FOR MAJOR 400 kV EQUIPMNT ADDITIONS (from 1988 to 1995)
 

DESCRIPTION 	 F. C. a. C. TOTAL 

MAE VA* 4 	Generator 207.0 14.6 221.6 
Transformers 

MAE MOB 7 	PCB's 40.8 11.3 521 

CHUM SAENG 3 PCB's 17.5 4.8 22.3-

MIN BURI 1 Transformer 58.1 4.3 62.4 

HiN BURI 3 PCB's 17.5 4.8 22.3 

SUBTOTAL 	 340.9 39.8 380.7
 

Engineering & Supervision 	 26.6 26.6
 

Contingencies 	 34.1 4.0 38.1 

Import Duty 	 34.1. 34.1
 

TOTAL EUITIPAL 375.0 	 479.5TI 	 04.5 


ALL COSTS IN 1980 MILLION BAHTS (Mg) 

.4.9
 



TNBLE 4-10
 

MAE MOB 230 kV ,SBSTATICO COST ESTIMATES 7HROUGH 1988
 

DESCRIPTICN F. C. L. C. 70TTL 

230 kV Terminal Cost 61.3 30.9 92.2 

for 1-8 &10-13 

9. Generator Transformer 201.1 14.2 215.3 

14.1 Bus Reactors 32.2 2.2 34.4
 

14.2 Bus Capacitors 51.5 3.4 54.9
 

sJB LU DIREBT COST 346.1 50.7 396.8
 

15. Engineering & Supervision - 27.8 27.8 

16. Contingencies 34.6 5.1 39.7
 

17. Import Duties - 34.6 34.6 

ThL COST W/O IDC 380.7 118.2 498.9
 

ALL COSTS IN 1980 MILI(1N BWTS (Mg) 

4.10
 



TABLE 4-il
 

CMHM SAE 230 kV SUBSTATIM COST ESTIM ME M1GH 1988
 

DESCRIPTIf F. C. 6a. C. TOTA 

230 kVTerminal Cost 61.3 30.9 92.2 

for 1-8 & 10-13 

9. Generator Transformer - - 

14.1 Bus Reactors 37.0 2.5 39.5 

14.2 Bus Capacitors 10.1 0.6 10.7
 

SUBTOTAL DIRECT COST 108.4 34.0 142.4 

15. Engineering & Supervision 9.9 9.9 

16. Contingencies 10.8 3.4 14.2
 

17. Import Duties - 10.8 10.8 

TOTAL COST W/O IDC 119M2 58.1 -177.3
 

,ALLCOSTS IN 1980 MILLIO4 I
oBA () D 

4.11
 



TABLE 4-12
 

MIN BURI 230 kV SJBSTATION COST FZSIMTES WOUGH 1988
 

DESCRIPTIC F. C. L. C. TOTAL 

230 kV Terminal Cost 30.7 15.4 46.1 

for 1-8 &10-13 

9. Generator Transformer - - 

14.1 Bus Reactors 35.4 
/
2.4 37.8 

14.2 Bus Capacitors 40.5 2.7 43.2
 

SJBTOTAL DIRECT COST 106.6 20.5 127.1
 

15. Engineering & Supervision - 8.9 8.9 

16. Contingencies 10.7 2.0 12.7 

17. Import Duties - 10.7 10.7 

TOTAL COST W/O IC 117.3' 42.1 159.4 

ALL COSTS IN 1980 MILLION BAHTS (Mg) 
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TABLE 4-13 

MAE MOH -- BANGKOK EBV 1NSMISSION PROJLV 

TOTAL 230 kV SUBSTATION COST ESTIMATES THRO GH 1988 

DESCRIPTION F. C. L. C. 'TOAL 

230 kV Terminal Cost 155.3 77.2 230.5 

for 1-8 &10-13 

9. Generator Transformer 201.1 14.2 215.3
 

14.1 Bus Reactors 104.6 7.1 131.7 

14.2 Bus Capacitors 102.1 6.7 108.8
 

SUBTOTAL DIRECT COST 561.1 105.2 666.3 

15. Engineering &Supervision 46.6 46.6 

16. Contingencies 56.1 10.5 66.6
 

17. Import Duties 56.1 56.1
 

T07TAL COST W/O IDC 617.2 218.4 835.6 

ALL COSTS IN 1980 MILLIN BAHTS (M) 

4.13
 



TABL 4-14 

COSTS FOR MJOR 230'kV EQUIPEWT ADDITIONS (fran 1988 to 1995) 

DESCRIPTIN F. C. L. C. TOTAL 

S MOH 4 Generator 201.1 14.2 215.3 

Transformers 

M MOB 5 Terminals 38.3 19.3 57.6 

UKSANG 2 Terminals 15.3 7.7 23.0 

BURI 1 Terminal '7.7 3.9 3.6 

BTOTAL 262.4 45.1 3,07.5
 

gineering & Supervision 21.5 21.5 

ntingencies 26.2 4.5 30.7 

port Duty 16.2 26.2, 

TAL ADDITIONAL BEUIPMENT 288.6 97.3 385.9 

L COSTS IN1980 MILLION B1 RC (Mg) 

4.14
 



TABLE 4-15
 

COST EsTmn Fog 2 S Lz CIR IT 400 kV LIMS - 550 KM 

W/KM (1980) 

DESCRIPTICN 	 F. C. L. C. TOTL 

1. 	 Preliminary Work 49.0, 49.0
 
2. 	 Tower Foundations 341.0 341.0
 
3. 	 Tower Steel 291.5 60.5 352.0
 
4. 	 Conductor &Overhead 278.3 40.2 318.5 

Ground Wire 
5. 	 Insulators &Hardare 99.0 3.3 102.3 
6. 	 Grounding Material 5.5 4.4 9.9 
7. 	 Right-of-Way 113.3 113.3 
8. 	 Miscellaneous Expenses 67.7 61.0 128.7 

TOTAL DIRECT COST 	 742.0 672.7 1414.7
 

9. 	 Engineering &'Supervision -106.1 106.1
 
10. 	 Contingencies 152.3 152.3
 

TOTAL W/O IDC, IMPORT 742.0 931.1 1673.1 

DTY &ESCAL 

11. 	 Import Duties 74.3 74.3
 

TOTAL W/O IDC (1980 9) 742.0 1005.4 1747.4
 

x 2 Lines 	 1484.0 2010.8, 3494.8
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TBLE 4-16
 

C(ST ESTIMATE FOR 2 DOUBLE CIRCUIT 230 kV LINES - 550 KM
 

DESCRIPTION 


Preliminary Work 

Tower Foundations 

Tower Steel 

Conductor & Overhead 

Ground Wire
 
Insilators & Hardware 

Grounding Material 

Right-of-Way 

Miscellaneous Expenses 


'OTAL DIRET COST 

Engineering & Supervision 

Contingencies 


TOTAL W/O IDC, IMPOIR 

DUTY & ESCAL
 

Import Duties 


TOTAL W/O IDC (1980 ]) 


x 2 Lines 


M9/XM (1980)"
 

F. C. 


302.5 

547.8 


101.2 

5.5 


95.7 

1052.7 


1052.7 


1052.7 


2105.4 


L. C. TOTAL
 

30.8 30.8
 
456.5 456.5
 
62.2 364.7
 
71,.5 619.3
 

3.3 104.5
 
4.4 9.9
 

68.8 68.8
 
69.8 165.5
 

767.3 1820.0
 

182.0 182.0
 
200.2 200.2
 

1149. 2202.2
 

1051.1 105.1
 

1254'6 2307.3
 

2509.2 4614.6
 

4.16
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IXMO0 RM ERS, INC. 
'REC REPORT 

DATE: 'September 24, 1980 

CLIENT: Bonneville Power Administration 

LOCATICN: Offices of LHM Engineers, Inc., St. Louis, Missouri 

SUBJET: EBV Transmission System Study for Electric Generating 

ATENEM: 

Authority of Thailand 

EGAT REPRETOIVES 
Mr. Sirid 

Mr. Saciet 

I D REPRE1Th 

W.E. Sebastian 

Dr. K. Shah 

JES 

During Mr. Sirid and Mr. Sukiet's visit to St. Louis, additional 

discussion was held on the study and the following discussion and or 

requests were addressed: 

Modifying the 400 kV criteria to reflect.voltages of .95 to , 

1.1 on a per ur.it base of 380 kV and same at 500 W on 500 kV base. 

Consider an emergency loading factor for EGAT's existing 
facilities consistent with 450C over 400C ambient and full load 

is 200C over 400C ambient. 

Modify load flow drawings showing figure numi-xs more conspicuously 

and stating the generation at each unit near its sWmbol; and 

stating system losses for each base case. 

Mr. Somkiet also desires drawings be included that indicate flows 

in nuchI mo re of the EGAT system in -the Bangkok area. 
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Cmtinued 

Mr. .Snkiet also requested that systen loads be predicted in 
accordance with a new load predition, study dated August, 1980, 
which he had presented at the meeting in Portland on Septenber 22, 
1980. He also requested LEMM to re-check our unit dispatching 
against the chart he had furnished during our meeting in nmiland. 

Mr. Samkiet also requested that LEMvt consider a total of three 
sequences for the power developnent plans including: 

Sequence 1: Original study using original power develoment plan 
including 2400 MW at Mae moh with units 10-13 in 1995. 

Sequence 2: The sequence presented in the Portland meeting with 
Mae Moh units 10-13.in 1995. 

Sequence 3: Sequence 2 through 1995 without unit. 10-13 at Mae Mob. 

He also requested the Sequence 2 above be studied with Me moh 
Unit 7 on both the existing 230 kV bus and , also on the EHV bus. 

With the new coal fired generation southest of Bangkok, the EHV 
line iwuld probably be constructed betee Sai Noi and the 
Sringarind Switching Station in 1987 and another in 1990.' 
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LEMCO ENGINEERS, INC. 

BERNM REPORT 

DE Septeer 22, 1980 
CLIENT: Bonneville Power Ad inistraticn 
LOCATICN: Offices of BPA, Portland, Oregon 
SUBJECT: EHV Transnission Systen Study for Electric Generating 

Authority of Mhailand 

EGAT PR N BPA RES TIVES 1O2SENTATI 
Mr. Sirid R.E. Eastvedt W.E. Sebastian 
Mr. Sonkiet Len Bradshaw Dr. K. Shah 

Mike Raschio G.W. Holmes 
Bill Middlestadt 

Dean Perry 

Mhe purpose of the conference was to deliver, review and discuss the, 
interim report for the project. 

In as nmch as a prblen had developed a progress report was presented 
and discussed. 

EGAT and BPA personnel were given copies of the report and a discussion 
ensued concerning the methods utilized and the result predicted. 

GENERAL 

EGAT believes that the assumption that 13% of the right-of-way would 
require piling foundations was too low 

EGAT wishes LEMOD to study a delta configured double circuit tower in 
the final report. EGAT will furnish a determination of the size vehicle 
for short circuit considerations later. 
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Cntnued 

IMf's approach centered around preparing prelkdnary designs and cost 
estimates for numerous cctos, tower configuration, and soil 
conditions fr each alternative. These alternatives involved as near 
as possible the same criteria considerations for each systen and voltage. 

The total econamics showed that the 500 kV system had the lowest present 
wrth of any alternative-beginning in 1993 and continuing through the 

total period. 

7he system technical considerations discussed included that our stability 

studies had been unable to predict a satisfactory transient stability 
nodel for the addition of an additional 1200 M (total '400 MW on the 
Mae Moh EHV bus in 1995 nor a stable system with 4 X 660 MW of the 
coal fired generating units connected to Min Buri in 1992. For these 
reasons LEM3) was not presenting an interim report recaunedng a 
preferred voltage. 

EGAT recamended that an alternate sequence of systen generation be 
considered and studied. This sequence included Mae Moh units 1 - 5 as 
originally scheduled; Unit 6 to be considered as 6A and 6B @150 M, 
each with in-service 1986 and connected to the existing 230 kV bus. 
Unit 7 rated @300 M, connected to the existing 230 kV bus and 
scheduled in-service 1987. At this time the initial EHV line would be 
constructed and operated at 230 kV until additional generation was con
structed at Mae Moh. 
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Continued 

Also in 1987 a 600 NW coal fired uhit'would be constructd southwest 
of Bangkok and line (s) built to the sai Noi substation northwest of 
Bangkok and a double circuit line between Sai Noi and Min Buri. It is 
assumed that these additional facilities would be of the sam general 
designs r for the Mae Moh Project. 

Install a D/C 230 kV line between Saraburi 2 and Nakhbn Ratchasima. 

Unit 2 @ 600 MW would be constructed at the south coal fired installation 
in 1990. 

IngYcmwith 70 + 80 MWin 1990 and 210 + 240D Win 1993. Mae Mh#8@ 
300 M in-service 1991 on the EHV bus. Mae Moh #9 @300 , in-service , 

1992 on the EHV bus. South coal fired #3@600 M in-service 1992. 
South coal fired #4 @600 M in-service 1993. 

EGAT requested the ecwocnc evaluation of the Mae Moh alternatives be 
performd on a "coost stream"' system utilizing, the foloig tod 
and/or factors: 

Iosses to assLme a base condition either system or year 
Utilize a constant 1980 prica for all capital expenditures 
Develop a construction cash flow and consider 1980 cost as a 

one time annual expense
 

Demand losses to be installed at $84/W-YR and not escalated 

Energy losses couputed per Loss Factor = .20 (load factor) + 0.8 (load 
factor)2 load factor to be 76% and charged aually with 3% escalation 
at .852 a/KWH or 40 mills. 
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Continued 

Akitiona1l0 &Mcmiptations based on length of lines and substation 
equipmnt will be furnished by BPA. LEMCO will attempt to prepare a 
cost comparison with WT' s stated cost for 230 kV facilities and arrive 
at new 0 & M cost for each alternative. The cost will be installed as 

an unescalated annual cost. 

BSAT considers the life of facilities at 25 years for generating plants; 

40 years for transnission lines and 25 years for substatios. 

For this study = wishes the economic study prepared for 25 years and
 

onsidering facilities on a straight line depreciation, the lines would
 
v salvage value which is considered a credit in 2031 and install as
 

• 1ch in the stream. All cost (credits) are to be totaled based on their 
/ 1986 present worth and the alternative systems compared accordingly. 

FGT wishes the LEM0 Interim Report to be reorganized considering the 
salient factors for each alternative in its own appendix; rather than 

the salient factors of all alternatives organized as individual appendixes. 

EGAT also further requested that alternate location for the intermediate
 
substation (Chum Saeng) be considered including possibly Phitsanulok
 

or Saraburi. This request had previously been made during our visit to
 
Thailand in July but no work has been performed on it at this time.
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COMENC~E REP)ORT
 

m :, September 9, 1980 
CLIENT:. Bonneville Power Arministration 

ICION: 
SWT : 

I 

Offices of BPA, Portland, Oregon 
EHV Transnission Systen Study for Electric Generating 
Authority of Thailand 

CLIENT REPS IE0 RLtRESbTVS 
Mike Rashio Ken Williams 

Bill Middlestadt Dr. Shah 

Duane Birkeland Gordon Holmes 

Richard Perlas 

Fre2 Schaufelberger 

Ten Bradshaw 

The purpose of the conference was to report to BPA on the status of 
the study and to receive their guidance on the balance of the study 
and instructions for the interim report. 

GMAL 

A short briefing was given on the background of the study and additional 
requirements which had arisen since the amencement of the wrk. 

These Licluded the study of an additional major hydro project designated 
Ing Yun and an additional 4 X 660 M generating facility south of 
Bangkok. The Ing Yum facility was to be connected to the Mae Moh 
230 kV bus and the "south plant" was to be intetconnected with the 

Min Buri 500 kV bus. 
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Continued 

LOAD FE.W STJDIES 

BPA personnel were briefed on the planning criteria being utilized and 
on those load flw studies and stability studies which had ben capleted 
through 1988 for each alternate system and which included a total of 
1200 MW of generation at Mae Moh. The results of these studies were 
generally acceptable to the BPA personnel, although they suggested that 
the 230 systems be connected at Mae Moch and that a case be studied wherein 
the transformer tie between the Mae Moh 500 and 230 kV busses at Mae Moh 
be faulted. 

OOSr SDmIES 

*BPA personnel were briefed on the cost estimating process being used by 
LEMCO which included preparing a preliminary line and substation designs 
for each systen and utilizing previously bid Thailand unit cost for 
est-:mating where applicable. Other prices utilized were fram U.S. and 
foreign manufacturers price books where applicable. Attempts are 
generally being made to get both 400 and 500 kV substation equipment 
prices frmnmanufacturers who market equipnent of both voltages. 

Our 230 kV prices are taken fran actual EGAT estimates for similar 
230 kV facilities. BPA personnel indicated that there appeared to be 
an unexplained price differential on transmission line cost between the 
230 kV estimates and other voltages. LEMl0 was instructed to prepare 
similar criteria for 230 kV lines and utilized the same unit prices for 
cost estimates. 
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Continued 

Based on the previously determined transmission system cost and the-load 
flaw cases indicating the requiremnts for each alternative transnission 
system, BPA personnel were briefed on IM4O's preliminary detendnations 
for relative losses between the alternatives. 

BPA generally concurred with the preliminary determination of cost 
including losses; but suggested the load flow studies allo the cacputer 
to calculate the actual system losses. Although this method would give 
total systen losses, scme of which were not attributable to this trans
mission alternative, the relative system losses would be more accurate 
and satisfactory for the alternative oaiparison. 

LECO briefed BPA on our understanding that Mae Moh was eventually 
planned to have approximately 2400 M of capacity installed on the EHV 
buss but that EGAT had not given load or generation forecast past 1992. 
BPA personnel concurred with the assumption that this additional 
capacity should be studied for in-service 1995 and with the inclusion 
of the 1995 generation the study obuld be completed. 
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MINUTES OF MEETING
 

DATE:' May 22, 1980 

PIACE: LE G1I1EERS, Inc.
 
PARTCI62ANTS:
 

BPA 'SHAH and Assoc. LEMO
 
Mr. R. B. Eastvedt Dr. K. Shah 
 G. W. Holmes 

J. C. Curran 
W. E. Sebastian 

PURPOSE: 

To review the proposed Planning Criteria and the project in general. 

DISCUSSION: 

1. 	 The proposed Planning Criteria was discussed. Modifications and additions 
ware made. A copy of the agreed on Planning Criteria is attached. 

2. 	 The question was raised as to whether the system should be considered in 
normal operating condition when a single contingency takes place. A 
telex will be sent to LEMO's consultant in Thailand requesting that the 
question be resolved with EGAT. 

3. 	 Item I.B.I - It will be necessary to review the 230 kV system during line
fault conditicns on the EHV system taking this contingency into considera
tion.
 

4. 	 Item II.A - Stability - Five cycle clearing will be investigated and if 
the system is marginal 4 and then 3 cycle clearing will be investigated. 

There will be no reclosing for multi-phase faults. 

5. 	 Item III.A - Reactive requirements - Hv and ERV line connected reactors 
should be avoided if possible. 

6. 	 Table 1., Voltage Limitations, will be revised to show cnmditions for 
500 kV, 400 kV and 230 kV. 

7. 	 All nmown generation will be included in the slability study. 

8. 	 IBM must notify EPA well in advance of date for reviewing the draft 
interim report so personnel from EXAT can be invited to U.S. 
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with BPA - continued 
 Page 	2 

9. Some 35m slides of insulator strings received fron EGAT on contamination 
were reviewed and discussed. There was no conclusion except that a con
tamination problem does exist in the Bangkok area 	on the 230 kV line, 

10. 	 The next meeting Will be held prcbably during August to review the in
terim report unless need for clarification on some item requires a prior
reeting. 
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July 30, 1980 

Zir. Pert B. Eastvedt 
Chief Engineering FAXon. &izge
Bomeville Power Acmiistration 
Branch of System h~gineering-X) 
P. o. Box 3621
 
Portland, CR 97208 

Subject: BP)VBMT Project, 
m x- Bangkok EHV Tanssim 

Dear mr. Eastvedt: 

We are eclosing one (1) copy of a Conference Rqeprt prepared as a 
result of our visit to Thailard on July 6-16, 1980. 

We believe the data provided will be of immeasurable assistance in 
asoompleting the Base Case Study, vihich we will frward as soon 

comleted. 

Our cbservation, of the right-of-way, plant, substations and methods 
of construon will be very valuable in coupletim our study. 

We did not find EW personnel lacking in any technical abilities to 
install, naintain or operate any of the Sophisticated or state-of-the
art type equipment that we were conteMiating for this project. 
We are looking forward to meetirg with you on August 26, ard believe 

we will have data and stuies we advanced for that conference. 

Sinceeely,
 
LEMM ENGINMWR3, Inc.
 

GIcN . Holms, Jr.Project Manager
Enclosure 
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COER EPORT 

DATE: July 7 - 13, 1980 
CLIENT: Bonneville Power Administration/EGAT 
LOCATION: Held at EGAT Offices Nonthaburi, Thailand 
SUBJECT: MAE MDH-BANGKOK ERV Transmission Project 
ITEEM: EGAT 

Mr. Srid Aphaiphuminart Director-Planning Department 
Mr. Scmkiet Phaloprakarn Chief-System Planning Division 
Mr. Viroj Nopkhun Chief-Po-r Econcmic &System Operation 

Planning Division 
Mr. Siridat Glaunkwanrdee Asst. Chief-System Planning Division 
Mr. Samart Prandan Head of Power Development & 

Energy Planning &Analysis Sect. 
Mr. Prakob Dienhininya Head of Power System Planning Sect. 
Mrs. Woraluck Aphaichartbuth Econanist-System Planning Division 

LEMC 

Mr. D. Ralph Young President 
Mr. Gordon Holmes Project EngineL:' 
Mr. David Tzou System Analysis 

DISCUSSION 

The Planning Criteria Draft of June 3, 1980 was presented and discussed;
 
ECAT does not wish the Chum Saeng Substation to be considered as final.
 
EGAT desires an Intermediate Substation but desires studies and recmenda
tions concerning it's location at either Chum Saeng, Phitsanulok 2 or Saraburi 2.
 
stability should be tested on the proposed system at 4-5 cycles for proposed
 
EHV system; 5-6 cycles on existing 230 kV system and 6-7 cycles for 115 kV.
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EGAT does not desire any line loaded above 1000C conductor temperature 
for planning; therefore Ia, Table II should be nmdified accordingly. 

REF: Our Telex Of June 13 

Questions 1-6 on Ing-Ycu. see Representation on SK1-3, 1-2 &1-3 
Questions 1 & 2 on S.S.R.; see data on SK2-1 

FEF: Our Telex Of JLne 25, 1980 

Question #1 - Figure 6-4 is proper representation of Bang Pakong 
Generation. The cmbined cycle units consist 6f.2 blocks each 
block consist of 4 coIbustion turbines rated at 60 M and steamone 
turbine rated at 120 MW. Each systen is operated as a block and is 
better shown in SK3-1. The steam units S3 &S4 will not be constructed 
during the time frame of this study. Figure 6-4 shows a double circuit 
230 kV line between Bang Pkong and Min Buri which will be in-service 
May 83; a second identical line will be in-service in July 84; this 
second line is not shown of Figure 6-4 but is listed on Table 3-3. 

Question #2 - The nuclear units are no longer Vianned during the time 
frame of this study. On Figure 6-4 delete the nuclear 230'kV bus 
and the double circuit (3 kM) line to AoPhai, also delete the double 
circuit (56 kM) line between AoPhai and Bang Pakong. 

In lieu of the nuclear plant establish a 500 kV bus 120 kM south of 
Min Buri and connect to Min Buri with a double circuit 500 kWline 
of the configuration detenined for Mae Moh - Min Buri Line. Establish 
2-660 M thermal units connected to this bus in 1990 and two more in 
1992. No connection to the 230 kV systen are contemplated for this 
plant at this time. See SK4-1 
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Question #3 - The impedance of the Mae Moh 115/69 kV transformer. 
is represented on SK5-1. 

Question #4 - There is no direct line between Chiang Mai and Mae Mh 
U5 kV. A double circuit 115 kV line will be in service fram Mae Moh 
U5 kV in 1988. This line will extend between Mae Moh U5 kV and 
Kud Hydro with connections to Lamphun 2 and Chiang Mai 2 busses. 
One US kV circuit will be connected to the LaIpang 2 115 kV bus-
and a double 115 kV line (approx. 5 kM) will be constructed between 
Lamphun 2 and a new U5 kV station Chiang Mai 3. A 115 kV line 
between Bhumibol Dam and Lampang 2 will be in-service in 1988. 
SK6-1 is an accurate representation of Figure 6-11 & 6-12. Toads 
on each bus have becn determined and furnished. 

REF: Our Telex Of June 24, 1980 

Question #1 - The Lan Sak Substation is proposed to tie several 
Hydro plants to the EGAT 230 kV system units include 2 x 13 M, 
(NamMan), 2 x 12 MW (Upper Pasak), 2 x 29 MD(Nam San), 1 x 18 MW 
(Nam Loei) and will be in-service in 1988. 

Question #2 - The number of transformers requirel at Min Buri and 
at the Intermediate Substation and their rating and tim of installa
tion are within the requirements of this study to determine., 

Question #3 - The capacities listed in Tables 7-2 and 7-3 -are 
approximate for planning purposes at the present time. Actual design 
will be determined by final design, For purposes of this study we 
should make consistent, realistic assumptions similar to the data 
listed. 
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Question #4 - EGAT does not utilize for planning purposes equipment 
capacities beyond its 650C rating.
 

Question #5 - EG does not utilize an emergency MVA rating for 
transnission lines and have furnished their top anioacity rating for 
each conductor contemplated. The following ratings are based on 600C 
rise over 400C ambient with 2.2 1M/HR wind velocity with no derating 
for multi-coductor bundles. 

1272 MC4 42/7 1308.4 AMPS
 
795 MCM 42/7 988.3 AMPS
 
477 MM 26/7 709.7 AMPS
 

336.4 M24 26/7 564.9 AMPS
 

Question #6- Total Tikit Hydro presently has 3',x 125,Wunits with 
3 x 150 MVA transfonu~ :s. An additional 150,M unit and4190 MA, 
transfoner will be installed in 1993 during Stage #3 of the Ing-Yan 
Project.
 

Question #7 -Erawan Hydro is same as Ban' Tba ThngM 

Question #8 - South Bangkok Thenmal Plants consist of 2 x 225 MVA 
and 3 x 370 MVA transfonners. 

Question #9 - Bang Pakong will have Only 2 x,550 MW thennal uniti\ 
during the time frame of this study., The auto transformer at 
Bang Pakong is 1 x 200 MVA 230/115 kV. 

Question #10 - The nuclear units at Ao Phai are no longer considered 
4 x 660 MW with 500 kW lines to kin Buri as previously discusaed are 

appropriate. 

Question #ii - The unit at Kang Krachan Dam (Fig 6-8) is 19 Ml with 
a 21.5 MVA FA transfomer. 
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Question #12 - Ban Tha Thung Na (Fig 6-8) also krxxn as lower -
Qual Yai Hydro is 2-19 MW units with 2 x 17.7 MM OA & 23.6 MVA 
FA transfoxmers. 

Qudstion #13, - Delete -A 

Qestin #14 -,Chlabhorn Dam (Fig 6-10) 2 .x 20'MW units with
 
.2x 22.,5 M transformers.
 

Question #15 - Na Khon Ratchasima transfonner is 16/21.3 MVAOA/FA.
 

Questin #16 - Udon Thani transformer 'is16/21.3 MVA QA/FA. 

Question #17 -Nam Ngum is a Hydro Plant in Laos f=n Which m ss 
power is,purchasedby EGAT; delivery schedules were furnished to 
D. Tzoq. Transnission representation may be as shown SK7-1 &7-2. 

Question #18 - Nan Ngum is similar to Fig 6-10 without unit 5 and 
units as shaw on SK7-1. 

Question #19 - Sir rn Dam' s third -unit is also 12 .M identical 
to units 1-2. 

Question #20 - tbon Ratchathani 1 (Fig 6-10) no gas turbine is presently 
planned at this location.
 

Question #21 - Kud Dam'units are scheduled in-service in 1988 see,
 

SK8-1.
 

Question #22 - Sirikit Dam will not have a fourth .unit before 1993 
with completion of the Ing-Yam Hydro -Project Phase 3. 

Question #23 -, Ioer Quae Yai Hydro is 2 x 19 MW sho n as Ban Tha Thing Na 
on Figure 6-8. 
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Question #24 - The proposed nuclear units near Ao Phai are deleted
 
in favor of 4 x 660 MW units previously-described. 

Question #25 - Srinagarind Dam will consist of 5 units 3 x 120 MW & 
2 x 180 M se SK9-1. The pumped storage 14 x 250 MW) on SK9-1 
and shown as Huai Klong Ngu on Fig 6-4 is proposed after 1995. 

Question #26 - Bus tie transfbrmers at Sirikit Dam 2 x 66.7 MVA.are 

Question #27 - One 30/40/50 MVA Bus tie transfomrpr presently installed 
at Nakhon Sawan with second 30/40/50 proposed for 1984. 

Question #28 - Ang Thong 2 - 230 kV will receive 2 x 2Q0 MA trans
formers in 1988. 

Question #29 - Ang Thong 1 - 230'kV'ill receive 1 x 200 MVA 230/15 kV, 
transformer in 1981., 

Question #30,- Sringarind 230 kV wiil-have 1 x100 MVA 230/115 kV
 
transformer in 1979.
 

Question #31 - There are 3x 66.7 MVA 230/115 ,V tra omers at 
Bangkok Noi.
 

,uestion#32 - Prachuap 
KhiriKhan has'2 x 60/80/100 M '230111 W 
transformers. 

Question #33 - I4= was instructed to consider a 40 Mq-interchange 
at the interface between Region 1 &3 and to refram froin odeling 
the systai in Region #3., EiT will assume this region as self suf
ficient for the present and near future. 
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REF: Telex Of June 27, 1980
 

Question #1 - Loads on Chiang Mai 1,2 & 3 are as shown on SK6-1 
with CH-1 eliminated; consider 70% of the load shown in Table 1-8 
on CM-2 115 kV Bus and 30% on CM-3 115 kV Bus. 

Question M- Uni t7 at Bhumibol Dan is 133 MR. 

Question #3 Lower Quai Yai Hydro is Ban:Tha Thunq Na 2-19. Mv 
of Fig 6-8. 

Question #4 - Ban Tha Thong M~n is same as Erawan on Fig 6-4 
"4x 250 MN units. 

Question #5 - Gas Turbines to be retired are all presentt an 
listed on page A-l35, Appn. II, Table II-1. ? 

Questio 6-The 300 M miscelaneous Hydro is'actually '334 MW and
 
is listed on SKI0-1.
 

estion #_7- Huai K10ng Nqu pmped-storage will,be constructed after,
 

1995.
 

Question #8 - D. Tzou was provided load infornation on all busses. 

'Question #9 - Lines may be loaded as sbown in Question #5 to telex 
of June 24, 1980.
 

Light loading for Mae Moh lines should be considered as 60%BGAT provided' 
a booklet on Data from System Operating Department which details informa
tion as shown in its table of contents SIl-1 & 11-2. 

Prepared by:
 
I 

W=ENGInEES, Inc. 

Gordon W. o
 

7.19
 



SK'-1-~1MNG -YO 11187 

~ w~(.5 ~ iwsUNITYI 
zo3 O.Ou84: +j,3. M5 Yo.~0.274 VM. 

io-rs: PONG DR~ CAM~ 

91-PB NSJlLL 0t1(ONVI R1 

Z0~M(Z)SUA ,ThN'(I ,K Wi 
,DAM(UPPER, MI' SAK) 

lo. .04Z4 4jo.A4 lo.1-it

7.20 



N,,tG - "A -10) SK-1-2
 

I , 

Y ' ' 'P5P4 V'5d-DF 

-Pun? 

I ' P,, D 0 V+M 

.D, 
.5 K 

V 

*5MFl' 
AII K 

7.21
 



\NG YDI 115-

8~ esMWl-PS 

0.0:.; ~~03:d 1 

ISM TE - J 
JAA 

(UPRAV= A 

MCM 
85MM40IY P: ~T 

:0.04Z4Pi~l ~J JtI 

a~L~ME MZ14 

~~~~a g7BUS~I~t 

7.22~ 



SK-2-1 

MAE %1OH THEMRMAL 75 MW, 

GENERATOR DATA 

Rated voltage (Ky) 13.8
 
Rated outp t (XVA) 83.3
 
Rated capacity (.W) 75.0
 
Power factor 
 0.90
 

Rated speed (RPM) 3000
 
2FlywheelFlweeaffectffc (a 5.6t 2

(WR)2 5.76 ton-mInertia Constant(H)2.8424 per unit-sec.
 

REACTANCES AND RESISTANCES I' }SYMBOL PERCENT 1(10 MV BAE)• 
 ; (100 MVA BASE),
 
Negative sequence reactanceunsaturated. 
 X 13.5 0.1621
 
Zero sequence reactance 6.8 0.0816
 
Direct-axis synchronous reactance,unsaturated 
 I Xd 163.0 1.9568 
Direct-axis transient reactance,unsaturated 
 1d 16.0 0.1925 
Direct-axis sub-transient reactance,unsaturated 
 d 10.3 0.1236d 
Quadrature-axis synchronous reactance, unsaturated ) I 163.0 1. 956a 
Quadrature-axis transient reactance,unsaurated 
 X 1 81.8• 0.2257 
Quadrature-Lxis sub-transient reactance unsaturatedl 
X" 12.1 0.1453
 

TIME CONSTANTS SYMBOL SECCND 

Armature time constance 
 T 0.26 
Direct-axis transient short-circuit time constant 
 T1 0.78


dDirect-axis sub-transient shor-circuit time cons ant V 0.035
 

Direct-axis transient open-circult time cdnsoant"" TO G.5
 
Direct-axis sub-transient open-circuit-time constan T" 
Quadrature-axis sub-transient 6oen-circuit time 
 d"o 0-02"
 
constant 
 TO .. 0.022' 
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~.ME MOn THERVAL .150 MU, 

GENERATOR DATA 

Rated voltage (Xy) 17.0 
Rated output (MVA),, 175.0': 

Rated capacity (MW) 150.0 

Power !actor 0.85 

Rated speed (RPM))2 3000 21, 

Flywheel effct ' (WR) 11.S2 ton-m Ine4.ia constant(H)ll.3696oer unit-sec. 
'100 MVA BASE 

REACTANCES AND RESISTANCES SYMBOL PERCENT PER-UNIT 

(100 MVA BASE)
Negative sequence reactance, unsaturated . 16.5 0.0'943 

Zero sequence reactance X* 8.6 0.0491 
Direct-axis synchronous reactance,unsaturated X

0 
175.0 1.0000dDirect-axis fransient reactance,unsaturated X ' 20.2 0.1154 

Direct-axis sub-transient reactance,unsaturated Xd 13.3 0.0760 
Quadrature-axis synchronous reactance,unsaturated X 175.0 1.0000 

D qQuaerature-axis transient reactance,unsaturated 
 K' ,20.5 0.1171Quadrauure-axis sub-transient reactance unsaturated 
 X" 23. 0.34
 
q 

TI2E CONSTANTS 1YItOL SECOND
Armature time constance T 0.26 

Direct-axis transient short-circuit time constant 
 . 0.7a
 
Direct-axis sub-transient shor-circuit: time constant T",

d 070.022 
Direct-axis transient open-circuit time constant "o 6.5 
Direct-axis sub-transient 6pen-circuit tim econstan T" 0.022 

-- .do
'Quadrature-axis sub-transient ooen-circuit, time 
Constan 'T! 0.022


C s4qo 
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-MAE 3OH THERMAL 300 MW 

GENERATOR DATA 

Rated voltage '()21.0 
Rated output (MVA) 35o.0
 

Rated capacity (MW) '300.0 
Power factor 
 0.85
 
Rated speed (RPM) 360t
 
Flywheel effect (1WR) 2 21*04 ton-m 2 Inertia Constant(H).1'.3696per unit-sec. 

REACTANCES AND RESISTANCES SYMQOL PERCENT PER-UNIT 

-_ (£80 VA BASE) 
;egative sequence reactance,unsaturated X 18.0 0.051"4 
Zero sequence reactance X 11.3 0.0323 
Direct-axis synchronous reactance,unsaturated 0

X. 85.0 0.5429 
Direct-axis transient reactance,unsaturated Xt 34..2 0.0977 
Direct-axis sub-dransient reactance,unsaturated X22.3 0.0637 
Quadrature-axis synchronous reactance,unsaturated d 

)e" .183.0 0.5229 
Quadrature-axis transient reactance,unsaturatedQuadrature-axis sub-transient reactance unsaturated X 

X11 
20.5
24.8 

0.0586
0.0709 

q 

TIXE CONST.TS kSY.OL SECOND 

Armature time constance T 0.26a 
Direct-axis transient short-circuit time TAconstant 
Direct-axis sub-transient shor-circuit time constant 
 T" 0.78constn.Tao.022' 
Direct-axis transient open-circuit time constant V 6.5 
Direct-axis sub-transient oen-circuit time constan Tdo,do °
0.022 

Quadratue-axis sub-transient open-circuitConstant time o 0.022T" + ,'0.022, 
qo ,
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MAE MOH-BAZU'SKOK EHV TRANSMISSION, SYSTEM S-fl-i 

DATA FROM SYSTEM OPERATION DEPARTMENT 

FOR
 

MR. GORDON 1U0,S, AND MR. DAVID TZOU 

LEMCO ENGINEERS, .:-


Page 

,i..- - Average Actual GeneratingqCapaility of Thermal Power 

Plants F.T. 1975-1978 ". 1 

2. -	 Aurage Actual Generating Capaility Excludin ShutDown 

Time of Thermal Pcwer.-Plats F.Y. 1975-1978 2 

- early-Plant Factor of Thermal'Power Plants,,,F.Y. 1975-1978 3 

4. of Thermal 	 1975 4
-Outage-Rate: Powdt Plants' F.Y. 


- Outage-Rate of Thermal Power Plants' F.Y. i476 5.
 

6. -	 Outago-Raate of Thermal Power Plants F;Y. 1"977 6 

7. -	 Outage-Rate of Thermal Power-Plants F.Y. 1978 7 

8. -	 Outage-Rate of Thermal Power Plants- F.Y. 1979 8 

9. -	 Average Actual Generating Capability of'Hydro Plants-Region . , 

" 9
F.. 1975-1978 


10. 	 -/Average, Actual"Generating Capability of Hydro Plants-Ragion 2' 

,., ;975-1978 - I,,, , 

1 . -I~.aarly Plant Factor of-!1kdro Power "Plants ,F. l975-l978. 	 11 

12. 	 - tomparison of Runginq-Hour a.nd Shut-Down Time-of Hydra-

Plants F..- 1976 , - - 12 

13. 	 -Comparison of Running Hovr and Shut-Down Time of Hydro 

_13 ,slantsF.Y. 1977 
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Page 

14. 	 - Compazison of Raunni g Hour,and Shut-DoWn Time of Hydzo--

Plants F.Y.- 1978 14' 

15.- Existizig Load Duration Curve of EGAT. 15 

10_.' Existng Oad'Duratioii 'Curve of -EGAT 1 . +.R 4 . -16 

$7; Operation of Tap, Sett'ig of S.bsltation T ansifoe.s, 

of All EGATIS System,'F.Y. 1980 17

18. 	 Operation of-Tap Setting ot ,neator ?Tansformers of All 

E4 sT', 19'System, 	F.Y. 198b, 


19. 	 VAR Support of All E61'!s System .,.; 1980 '20 

- Shunt Reactor 	 20 

-. Capacitor Bank 20 

- Synchronous Condenser, '22. 

Power, Economic And System Operation Planning Division 

-System Operation Deyartment -- EGAT 

July 10, 1980 
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