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Abstract: Social conflicts with extremely low frequency magnetic field(ELF-MF) exposures are
expected to exacerbate due to continued increase in electric power demand and construction of high
voltage transmission lines(HVTL). However, in current environmental impact assessment(EIA) act,
specific guidelines have not been included concretely about EIA of ELF-MF. Therefore, this study
conducted a standardization study on EIA method through case analysis, field measurement, and
expert consultation of the EIA for the ELF-MF near HVTL which is the main cause of exposures.
The status of the EIA of the ELF-MF and the problem to be improved are derived and the EIA
method which can solve it is suggested. The main contents of the study is that the physical
characteristics of the ELF-MF affected by distance and power load should be considered at all stages
of EIA(survey of the current situation - Prediction of the impacts - preparation of mitigation plan ?
post EIA planning). Based on this study, we also suggested the ‘Measurement method for extremely
low frequency magnetic field on transmission line” and ‘Table for extremely low frequency magnetic
field measurement record on transmission line’. The results of this study can be applied to the EIA
that minimizes the damage and conflict to the construction of transmission line and derives rational
measures at the present time when the human hazard to long term exposure of the ELF-MF is
unclear.

Keywords : Extremely low frequency magnetic field(ELF-MF), Environmental Impact evaluation(EIA),
High voltage transmission line(HVTL)
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Table 1. EIA survey overview of ELF-MF impact near overhead High Voltage Transmission Lines(HVTL)

No. Year Category Project
1 2017 TL Construction Project of 154kV Sejong-Songgang, Deokjin-Dachwa HVTL
2 2016 TL Construction Project of 154kV Goryeong-Guji HVTL
3 2012 TL Construction Project of 345kV Singapyeong-Sinpocheon HVTL
4 2012 TL Construction Project of 345kV Sindangjin-Sinonyang HVTL
5 2015 TL Construction Project of 765kV Sinjungbu Substation and HVTL
6 2005 TL Construction Project of 765kV Shin-Kori~Bukgyeongnam(2section) HVTL
7 2017 TL Construction Project of 154kV Changan Branch HVTL
8 2018 TL Construction Project of 154kV Bukmyeon Branch HVTL
9 2018 TL Construction Project of 154kV Bukosong Branch HVTL
10 2014 TL Construction Project of 154kV Yanggu~Hwacheon Hydro Power plant HVTL
11 2017 TL Construction Project of 154kV Namyang-Dongsongsan-Sagang HVTL
12 2017 TL Construction Project of 154kV Inju-Buldang HVTL
13 2017 TL Construction Project of 345kV GangneungAhnin Thermal Power Plant HVTL
14 2016 L Construction Project of 345kV Shin Pyeongtack Natural gas power plant~Hwaseong Substation
HVTL
15 2018 TL Construction Project of 345kV FosPower HVTL
16 2017 DH Development Project of Public Housing district Near Suseo Station
17 2017 DH Designation Project of Public Housing district in Sasa-dong, Ansan
18 2016 DH Development Project of UlsanDaun-2 Public Housing district
19 2014 DH Development project of Hwaseong Bibong Public Housing District
20 2007 DH Development Project of Gimpo River New Town Site

TL: Construction project of HVTL; DH: Development project of housing district

(Source: https://eiass.go.kr/)
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Table 3. Measurement information of High Voltage Transmission line(HVTL) including Capacity, annual Avg. and Max.
power in 2015~2017.

. .. . 345kV Sinseosan- 765kV Sinseosan-
Name of T/L 154kV Sindangjin-dangjin Sindangiin dingfinhwalybok
Equipment of measurement Emdex I Emdex II Emdex II
Range of survey from T/L (m) 100m 100m 100m
Time of measurement (hour) 17/9/19 13:00 17/9/19 12:00 17/9/19 17:00
Location 36°51°49.6” 36°50°40.2” 36°50°39.4”
ocatio 126°36' 7.4 126 36°03.9” 126°3552.6”
The nearest height of T/L (m) 15 17 48
No. of circuit / conductor 2/1 2/4 2/6
Power at measurement (A) 675.0 14414 -1,632.1
Capacity of power (A) (914:5]- 84 7F3) 1,474.6 4,040.5 -6,239.7
Annual Avg. power (A) 5209 970.3 -1,301.1
Annual Max. power (A) 1,388.8 2,533.3 2,112.1
o] RIHskA AL Q7] ol & Aol T4 e o A== A AIStojof jitk, & 3 & A F
4 9 F4S S5l S o et ek nf A5 A FHAll fIAIR HVTL| gk 7]
dsloic, BAEHE 20179 9% 199 FAA] § EANE A Flolck, A, HUEAL Tt
A7 154 kV, 345 kV, 765 kV 2} U A5 ny ARRAE @ Aeolle /8wt LA 5824
71867441 (Table 3) 2aHA1 2278 100 m Eof 3RS At A AlAISEAL, B AR 2
A HY7A FAZFTA | a2 g SAs,  LEDY AR AR HESLojo 3ttt
o| %2 EMF CaleZ & 192 AH-5H5ict, )
2. INTOAP |3 57 W
1. ZAHS R A=A 1) 234)7]

ARF2A] 2AP = SAFEAT S G EIAA 0] EAA} 2R Z2uta}7] 4 H2ako| u}
SelE 20 B AN AT o mmao] glonz, ¥aF 2| BFA A
e AR ANk Ao] Basih 2ARELS =ere w2 Qw2 Agstolof dith AR
SAM R HAER, AXRASIA, AA Eol), 9 W B2 ko2 Qg A7|e8 ) koAl o F
Ague gAY e H2AE WAL E  mEd ASAAL 122) Bs 2 ASE QX
& mEstolof s, TAFMA Y =5 B AL (Kim 2010), ARo] w2 AeEA0] Q= A9E 9l
o &2 gl v o] Ast=s Astoiof gtk =4 T} o]¢} o] A AR 2 x| A @
FA7| 43 BE Ao o UAAIAAT  A7ho] met MEAS] Aue A% @ HE 2go
o]} Z|EPUALA (A AR, AFATA] 7HEALY Fslojo} it} HkEZ=Ao) oL AL 4 13
)o@ A PR 5 b, Tl ARG B AREHS S $, o] LS 2T 347 A% 2
ol 718dE SRR g AAEF 2 AAx AR 9 AS ARl gt AL 2
Ak Ao 24 oyl Jeasel ol A4, A 4 Adslel B EAR Bat ot
R 52 bR 2ARpEe] EPAA AT Y 2 QAolA] 24 BN S] HVTL] tid 2 3
Azg 4GS Ao, BN ARA 24T AH015A~201Td)e] 4 e au|ske B
92 SA2ARIA, AAzel, 347171 ol tst - 3t Aak AE 2 Aol w2 A3 et v,
o] LA MR A8, T ATES HL} TP o 20174 94 B 2Xhef AIZHE it AR Ff=
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Figure 1. Hourly mean transmission power of TL in
Dangjin-si by voltage on September, 2017.
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sk ZA 2AF A= 9AI~214] Afo] A|ZHH|¢} o]
O AIZF & RSt BHE A4S sho] AYRAE
Sh= Zlo] Agel Ao ' wekEr), B3k sS4

B2 A7 FFE 2Lejsto] Bt} %’43}
Wit AFEE 483 AlEYolA %k—% Rigz s
AR AASh= Zlo] ARe Ao R sk

il

LA ]

=] §A o= o}z %X*EM AUA] %’%71 o] 2o of

U AAGE AR RE Bpg

Lm% YeAste] =4S sl1

= J Q)= EIARLE &23} Hl i
2 AA Yr1E 75 st 7]Eke| 2

23, ujebd 7)o *}%Pﬂ 9!

o
op
2,
°x
il
=
éé
JLJ
2
_l
a=)
D)
N,
>.1
_ll}l'
ol
oL
Hz rlo

o

rll‘ LJ HE 30 |

Jlx-
O_L4
o
it
flo

WS 851 BIAY] A3leles
FaAk skeinh, 7]1&9 s e
SAFTA7 o ek =9 573
[EEE(Institute of Electrical and Electronics
Engineers)(19944), o]=t AF¢] A &3] (AIHA :
American Industrial Hygiene Association), %<
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ol A AAIRE 7= o] tiEAolrt, Ffjof A
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Table 4. Actual field measurement value(FV), predicted magnetic field strength value at annual mean power(Mean) and
annual max. power(Max.) during recent 3 years 2015~2017 by the distance from the ground reference point
under the HVTL(DGR) and the distance from the HVTL(DTL) (unit : mG)

DGR DTL 154 kVHVTL DTL 345 kV HVTL DTL 765 kV HVTL
(m) | (m) FV | Mean | Max. | (m) FV | Mean | Max. | (m) FV | Mean | Max.
0 15 33.6 194 51.7 17 63.7 58.6 153.1 48 24.6 154 25.0
10 18 19.1 13.0 34.7 19 36.8 474 123.8 49 21.1 14.8 24.0
20 25 8.8 5.8 15.6 26 19.1 27.1 70.8 52 183 132 21.5
30 34 43 2.7 7.2 34 9.8 14.4 375 57 15.9 11.2 18.1
40 43 24 1.4 3.7 43 52 8.0 21.0 63 13.7 9.0 14.7
50 52 1.5 0.8 22 53 32 4.8 12.6 69 11.5 7.2 11.6
60 62 0.9 0.5 1.4 62 22 3.1 8.0 77 9.5 5.6 9.1
70 72 0.6 0.3 0.9 72 1.6 2.1 54 85 7.9 44 7.15
80 81 0.5 0.2 0.7 82 1.3 1.5 3.8 93 6.5 35 5.6
90 91 04 0.2 0.5 92 1.1 1.1 2.8 102 53 2.8 45
100 101 0.3 0.1 0.4 101 1.0 0.8 2.1 111 44 22 3.6
UAAZE B7F Aol A B SgA B8k > F= e 8dE0l diste] BAS shofof it ot
T AB-RAS A7) ffstel AR 4= Qe 7 24 o7t 7124 E(Input data)E B7HA ol =3
EEE 288 o gle Aot AJAOF ﬁ&‘;}
i o HHFEG A oA FFASE AT FAF
3. 23S t=En A e AEHN R 93 A0ATY
A FFE7IHA SHoA AR FAFAL E= HUEEAFIE ASE Al S -
7189 &gk o2l 20 whdsto] diEAQl gt Ql o] &= (Dip) @/ gt Xk o] AA (HA A
= EESlofof slRE, o SA] dlEstofor o B4 I AAZIR) A AAETE ASEE Y dSges
QA ARl gt EE317E B R siet, 1A 28414 Sfal, o5 F7pAfol| etstoiof jitt, 7H, QI =
T e SR A ST oRs AN S & AT 27| 4E WEshe S Adu 7L fAshe
SotAY, AP FALl A e TLCALC2001 %, AS sho] s g9 dSgtol ASghe &
9 u)<t BPA(Bonneville Power Administration)©]] Aele S0 HATNAS AX 2E o 2ZFS AFES)
A 7§28t Corona and Field Effects Program-s 2 ofof 3t} o Z2ke 7R AR MBI HEE 2
&3h= Wilo] tisAlolTt, of2|gt oSz = 4100 m o o]AAZ = skof 10 m HAC= At
ofel] A&t 5= SR A9 Akt o =35t AAskE, AL A FAANE ol EAsH=
T A7h 9lith(Yoon et al, 2013; POSPower Aol F7H o7 dEgtE AAstolof gt ®
2018). R, oS3t} A&gke] eaph B st 4 g, 7SRl Rske] a5 w0l AR E U
F= gl ols FHAIY A $1A] °4—r A5, A 7SR FHEATE He AA
AEA o] SR RE 2 Zgro] obd 74, tfsto] SAFIAR7 1 32k S A= Foto] dl5at
AR dAA W, AFHst 5 vhefet 8419 & F7h2 AlAstofoF jitt,
7|qlg —’F— Ak, A 7S e AT} oS AA g
Hefir= A5 7 sFste 7FeAd = AL Hs-83d79] 30%,
Az A=r, s, A s8R, st 50% AFgel et dlSgha AlEsto] HE=A] AJA)
O] AL, ASAH A FE 5 AAG G staz, HAFZ(100%)ol that ol &ghe ArEsto]
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Table 5. EMF-MF exposure Mitigation Options

Mitigation Options Contents
Distance - Relocatbion of the transmissi'on line
- Increasing the conductor height above ground
- Conductor separation
Phase cancellation - Undergrounding
- Partial cancellation by reversing the phase order of the other circuit
Shielding - Shielding by some materials that have magnetic shielding characteristics
Reduction in voltage or current level - Downsizing the voltage class of the facility
Conservation - Conservation to delay or eliminate the need for additional power lines in certain areas

Source : The Minnesota State Interagency Working group on EMF Issues 2002
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Figure 2. Process flowchart of EIA for ELF-MF of high voltage transmission line (HVTL).
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Table 6. Checklists of environmental impact assessment for EMF-MF

Category Checklist
1. Is the scope of investigation appropriate?
2. The plan includes a survey if there were transmission facilities around the target area?
3. Are field measurement points properly selected?
}s)llfll'lxlre‘g; 4. Are the field measurements carried out properly?
5. Are the field measurement methods and instruments appropriate?
Current 6. Are period (time) and frequency of field measurements appropriate?
status 7. Is the reference cited appropriate?
8. Is the ELF-MF value according to the separation distance from the HVTL or reference point under the
HVTL?
. 9. Have the ELF-MF values according to the recent average annual power load and annual maximum power
Analysis load of the HVTL been analyzed?
10. Has the basic information for field measurement (ex: date, location, height and name of HVTL)?
11. Is the result expressed in a table or graph that contains the correct number?
12. Is the prediction point appropriate?
Plan 13. Does. the prediction Plan adequately explain the information about construction plan, including the
location, expected height of HVTL etc.?
14. Is the reference cited appropriate?
15. Are the voltage, power, distance and configuration of HVTL applied to the calculation of the predicted
ELF-MF values properly?
16. Does it include the Max. and mean of ELF-MF value according to Max. and mean of power load?
. 17. Does the height of the HVTL take into consideration the greatest dip at the center between the two
Prediction Analysis & cireuits(top)
results 18. Does the height of HVTL take into account the difference in the geographical altitude of the target area?
19. Are the predicted ELF-MF values according to the separation distance (Min. 100m) from the HVTL or
from the reference point under the HVTL at intervals of 10m?
20. Do the predicted values reflect the effects of exposure to ELF-MF near the predicted point?
21. Is the result expressed in a table or graph that contains the correct number?
Assessment 22. Are the effects of the ELF-MF evaluated comprehensively based on the predicted value?
23. Has the EIA of vulnerable groups or sensitive facilities been carried out separately?
24. Ts the mitigation plan specific and suitable?
Mitigation plan 25. Has analysis and explanation about mitigation effects been carried out?
26. Is the mitigation plan economic and stable?
27. Has the post-EIA plan been established?
Post-EIA 28. Has the post-EIA plan been established taking into account EIA methods?
29. Are the items, sites, the period, frequency and the method of survey for post-EIA plan appropriate?
227}k 9 A 5 Hlek(Figure 2) o 7NHOR ARHOR ATYES /MO A
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Appendix 1. Measurement method for extremely low frequency magnetic field on transmission line
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Appendix 1. Continued.
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Appendix 2. Table for extremely low frequency magnetic field measurement record on transmission line
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