Paper

A New Environmentally Friendly Design Program, TLCALC 2001
for High Voltage AC Transmission Lines

Kwang-Ho Yang™ Non-member
Mun-No Ju" Non-member
Sung—Ho Myung* Non-member
KOO—YOIlg Shin™ Non-member
DOHg—H Lee™ Non-member

Various noises produced by corona discharges from high voltage transmission lines are the important con-
siderations in line design. HVAC transmission lines must be designed to satisfy national environmental
regulations too. Therefore, it is necessary for line designers to pre-evaluate environmental problems using
prediction tools. In this paper, an environmental design software, TLCALC 2001 for AC transmission lines
as a comprehensive window program is introduced. It has 6 modules including audible noise, radio noise,
television noise, magnetic field, electric field and conductor surface gradient module. TLCALC 2001 has
solved some of the problems of the existing foreign tools and has several advantages over those. 1) It is a
common tool that has solved calculating limitations of foreign formulas. 2) It has a wide application range
and enhanced prediction accuracy. 3) It can be applied to almost all transmission line configurations in Korea.
4) Experienced designers can get calculation results within about 15 minutes. As the use of TLCALC 2001 is
easy and practical, it will be applied to the environmentally friendly design and construction of transmission
lines. It is expected that public complaints and social environmental costs will be considerably reduced by
the use of TLCALC 2001 in the future.
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1. The Background and Purpose of Pro-
gram Development

TLCALC 2001, an environmentally friendly design
program for high voltage transmission lines (T/Ls) is the
first of its kind developed in Korea and it is a part of the
765kV transmission technology development project ).
Line designers can utilize this program for the evalu-
ation of environmental effects of existing transmission
lines. In addition, they can estimate the levels of envi-
ronmental effects and problems along the planned line
routes and carry out more effective environmental line
design by using the results.

As the calculation programs used up to now are from
other countries and inappropriate for Korean situation,
and have many limitations in use, there have been de-
mands for domestically developed common calculation
tools that have a wider range of application and en-
hanced prediction accuracy @~®. As TLCALC 2001,
which has better prediction accuracy than foreign made
programs, is easy to use and practical, it will be utilized
for the design, construction, and operation of environ-
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mentally friendly transmission lines by estimating the
level of environmental effects of transmission lines and
establishing countermeasures to reduce noises through
the identification of their field distribution characteris-
tics. And it is expected that preventing environmental
public complaints at the source will reduce social envi-
ronmental costs.

2. Program Use and Features

2.1 Program Use  The uses of TLCALC 2001
can be summarized as follows. 1) Assisting transmission
line designers in planning for environmental countermea-
sures for the construction of new transmission lines, 2)
Evaluation of environmental effects of existing transmis-
sion lines for after management, 3) Minimization of envi-
ronmentally public complaints and social environmental
costs by estimating and evaluating environmental inter-
ferences from transmission lines, 4) Construction of high
voltage transmission utilities that are economic and sat-
isfy environment regulations, and increasing its opera-
tion efficiency.

2.2 Program Features TLCALC 2001 has im-
proved some of the disadvantages of previously used for-
eign prediction formulas and calculation programs, and
has many advantages and special features. The major
features of the program are as follows.
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Fig.1. Composition of calculation modules

in TLCALC 2001

(1) It is a common calculation tool that has resolved
the limitations of existing foreign formulas.

(2) It has a wider range of application in the aspects
of line voltage, diameter, and the number of subconduc-
tor, and it has enhanced prediction accuracy.

(3) It is made for the analysis of vertical 2-circuit
and 4-circuit, but it can be used for the analysis of tri-
angle and horizontal single circuit also.

(4) Asshown in Fig. 1, the calculation module con-
sists of 6 components; audible noise (AN), radio noise
(RI), television noise (TVI), electromagnetic field inten-
sity and conductor surface gradient (G).

(5) For the calculation of audible noise and radio
noise, the formulas developed in Korea are applied. The
audible noise formulas developed in 1998 was the first
of its kind in Korea and the 7th in the world. And the
" radio noise formulas developed in 1999 was the first of
its kind in Korea and the 10th in the world.

(6) An experienced designer can obtain a calcula-
tion result within 15 minutes approximately.

3. Prediction Formulas for Corona Noises

For the development of TLCALC 2001, internally de-
veloped audible noise and radio noise prediction formu-
las are used (" ® and the Bonneville Power Administra-
tion (BPA) formula, which is used throughout the world,
is applied as the television noise prediction formula.

3.1 Audible Noise Formulas

3.1.1 AN formula for L5% level in rain

General Formulation

Ki- logG+K;y- logN+XK;- logd+ XKy log Ks+ Kg
Ph.=
g N K| K K| K| Ks Ks

L <3 (179.23] 0 |58.71| =55.02 (2DG+206 G -3.81

5 ‘
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3.1.2 AN formula for L50% level in rain
SLTps0 = 122.68 log G + K7 log N + 58.68log d

— 10.53 IQgD + K2 ............... (2)
Ph. N K, K,
<3 0 -122.73
1,3,6 -
23 24.99 ~133.89

The application conditions are as follows.
® Application:. Vertical AC 3-phase 2 and 4-circuit
T/L
® Noise Measure: L5% and L50% in rain
® D (m): The radial distance from the phase under
consideration to a calculating point

e G (kV/cm): Average-maximum bundle gradient

® N: Number of subconductor in a bundle

¢ d (cm): Diameter of a subconductor

® Range of Validity: 235 < kVr_;, < 1690kV
1<N<16
2.35 < d<5.59cm

3.2 Radio Noise Formulas
3.2.1 RI formula for L50% level in fair weather

RIFL50 = —105.81 4+ 117.41 10g G + 40.38 log d
+ 1.541log N — 10.221log D — 27.101log f

................... (3)

where RIprs0 (dBpV/m) : Radio noise from a
model T/Lf (MHz): Radio frequency

3.2.2 RI formula for L50% level in rain

RIprso = —81.98 4+ 119.56log G + 43.57 log d
+3.97log N —19.05log D — 25.07log f

The application conditions are as follows.
® Application: Vertical AC 3-phase 2 and 4-circuit
T/L
® Noise Measure: L50% levels in fair and rainy weather
® Range of Validity: 230 < kVy_; < 1200kV
1<N<ZS8
2.24 < d <6.35¢cm
(in fair weather)
2.72 < d < 6.35cm (in rain)
0.475 < f < 1.0 MHz

3.3 Television Noise Formulas  FEq.(5) is the
BPA formula to calculate 150% television noise in rain.
Of the results calculated on each phase, the maximurn
value is used as the final number.

G d
TV Inpso = 201og —— 4 40 log ——
Vigrso =10+ 120log 7575 -+ 40log 75—

75
+2010g~f—+ﬁ+p .......... (5)

where ¢: Correction coefficient for above the sea, <
3000 m

F in Eq. (5) is subject to the following,.

eif (D AND 61) < A4,

1
then F' = 20log %

eif (D = A) AND (61 < A),
, 1 A
then F:2010g%+4010g5
eif (D < A) AND (61 = A),

A 1
then F' = 20log D + 40log GZ
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eif (D AND 61) 2 A, then F' = 40log %

108
where A = ;i—l(g [m]
12 x Height of Antenna x Height of T'/L

A
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A

4, Major Functions and Configuration of
TLCALC 2001

4.1 Calculation Functions of the Program

TLCALC 2001 has following major functions.

(1) Creation of input file: The user can enter, store
and control line specifications and various calculation
conditions by using menus.

(2) Types of calculation: Calculation of the noise
amount and field profile at a random point and height.

(3) Line specifications: Vertical arrangement of 2-
circuit and 4-circuit. It can be applied to all kinds of
transmission lines in Korea.

(4) Output of calculation result: Able to select
whether to produce the result in numbers or in a graph

(5) A module that enables the calculation of con-
ductor surface gradient

(6) Calculation of environmental interferences: Pro-
duce 5 items including audible noise and others by
weather condition and by distance from the line.

4.2 Program Configuration TLCALC 2001
consists of data input area, calculation area, output area
and other auxiliary windows as shown in Fig.2 of Ap-
pendix, and the program help contains information on
these.

It is the actual screen shot of program operation. In
Appendix, Fig.3 shows the initial screen. The main
menu window shown in Fig. 4 has input data creation,
execution of prediction calculation, control of calcula-
tion result file and help. Fig.5 shows an input window.
Even a novice can easily create and control 2-circuit and
4-circuit input data. The user just needs to enter the co-
ordinates of the right circuit. If the user makes an input
error, an error message appears since valid application
ranges have been specified. For the line height, enter the
average height. However, when calculating the electric

Starting Window
~ Program Title
- Version & Date
- Copyright
I
Information Window

- About TLCALC2001
- Configuration of Program

[
r Main Window
I

Déta fillpllt V}/;;ldow Calculation Window Output Window
- Coordnaies of Lines - Calculation Items selection i Graphul: Display
- Bundle Specifications - Calculation Model Data - Analysis Output
* Field Sensors Height - Input/Output Files Print

+ Current, Altitude, Frequency
- Lateral Profiles

Fig.2. Configuration of TLCALC 2001
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field, the minimum height is applied to the maximum
voltage automatically. In other cases, the average height
is applied to the nominal voltage. As for the number of
subconductor (N), in the case of audible noise, whether
N < 3 or N > 3 is assessed first, then different formula

TLCALC 2oel Ver. 1.0

Dec. 2oot

'

Environmental Friendly Design Program for HVAC Transmission Lines
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Fig.3. The initial screen of TLCAL 2001

Fig.5. Example of 4-circuit data input window



is applied to increase prediction accuracy.

Fig. 6 shows the input of calculation conditions and
the main operation area. The interference items for
the calculation and various calculation conditions are
specified. The calculation conditions include the height
of calculation point, calculation frequency, height above
sea level, and load current of upper and lower lines. The
output of calculation can be produced in a lateral nu-
meric display as shown in Fig. 7 or a lateral graphic dis-
play, which shows the field distribution around the lines.
To get a graphic output, select ‘Graph output (G)’ from
the ‘Data control (D)’ menu. It shows the lateral profile
of the corresponding interference item in.a graph. There
are 2 ways of display; one is ‘the general output’ that
shows only 1-circuit profile, and the other is ‘the sym-
metrical output’ that shows symmetric 2-circuit profile
as shown in Fig.8. It is possible to print the output
and save it in a BMP file. It is also possible to view a
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specified area in detail by setting a zoorﬁing area in the
graph, Fig. 8.

5. Technology Transfer and Utilization
Method

About 50 people working in the field of transmis-
sion line design from Korea Electric Power Company,
KEPCO received training on TLCALC 2001 in Decem-
ber 2001 through a seminar, and CDs and user manuals
were distributed. The program has been put into prac-
tice and publicized through user registration and con-
trol program. In addition, the program was registered
(N0.2001-01-12-7479) to the Ministry of Information and
Communication in November 2001.

6. Conclusion

When we consider the current social background
where people demand comfortable living environment,
government imposes strict environmental regulations,
and power companies are required to construct and op-
erate environmentally friendly power utilities, TLCALC
2001, an environmentally friendly high voltage transmis-
sion line design program introduced in this paper will be
utilized actively by transmission line designers. The sig-
nificance of TLCALC 2001 and the effects expected from
it can be summarized as follows.

(1) TLCALC 2001 is the first environmentally
friendly design program developed for high voltage
transmission lines in Korea.

(2) Compared to similar calculation programs de-
veloped in other countries, it has less restrictive condi-
tions, wider application ranges, and enhanced prediction
accuracy.

(3) As it is easy to use and practical, its active
use in the environmental evaluation of existing transmis-
sion lines and the design of new environmentally friendly
transmission lines is expected.

(4) Tt can be utilized for the establishment of proper
countermeasures to reduce environmental problems by
estimating the environmental interferences caused by
transmission lines and identifying the characteristics of
field distribution.

(5) Prevention of environmental public complaints
at the source and reduction of social environmental costs
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caused by transmission utilities is expected.

(6) At present, the user registration control pro-
gram is in operation to protect TLCALC 2001 and to
support the users.

(Manuscript received Feb. 25, 2003,

revised July 25, 2003)
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