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Analysis on The ELF Magnetic Fields Exposures of Worker in The
Electrical Substation and Reduction Countermeasures
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Abstract There are ongoing concerns on the possible negative health effects of the exposure to ELF
(Extra Low Frequency) magnetic fields of human beings. In this regard, the International Commission on
Non-Ionizing Radiation Protection proposed human protection guidelines in the years 1998 and 2010.
One of the main revisions of the 2010 guideline is to change the basic restriction quantity that evaluates
health effects from the induced current density (a value from 1998) as compared to the induced electric
field inside the human body. In this paper, the magnetic field environment to which the Korean
substation workers are exposed was investigated by substation type, voltage, and equipment. In addition,
to establish measures to reduce exposure to magnetic fields, the properties of magnetic materials iron
and silicon steel were reviewed by applying the boundary element method from the point of view of the
induced electric field. As a result of the investigation, both 154 kV and 345 kV indoor GIS showed high
magnetic field values when arranging power facilities in a space where indoor GIS was denser than
outdoor steel type. In the case of the underground tunnel, the patrol route was close to the cable and
showed the highest magnetic field value. As shielding material of neutral ground reactor, iron can reduce
the electric field induced in the internal organs of the human body, but silicon steel shows a

phenomenon that the induced electric field becomes very large.
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u]=: EnertecAt®] Emdex II, Emdex lite, Linda
(Linear data acquisition system) 3712 Z5¥X7}
B Aol ARE wEt Fig. 29 Zo] 20199 394
10870 &A1t Hdahes AAE(765/345/154
kV), BHEEH/&L)/EF/GIS/AISt AghE &
Sh3drt.
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2= 1,210 mG ¥tk Fig. 4= 154 kv 29 739 A
QF 8A WHAAR 45974 EAR9 HAAE 53.51
mG, FHAE 318 mG Arh Fig. 5+ 345 kV 29
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kV 29| GIS Aok HAAR 601704 2429 B
2E=166.86 mG, A= 1,082 mG At Fig. 82
345 kV S GIS @5 HHAS} B Aot AH1E
Emdex lite® £33 Antg HAL HFAE 60.4
mG, Aot AYFY HHAE= 195.96 mG, HdAE=
1,125 mG 9k

i

(2) Emdex II

(b) Emdex lite

(c) Linear data acquisition sysem

Fig. 1. Measuring instrument
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Fig. 2. Measurement example by the use of Emdex II

and Linda

Fig. 3. Magnetic fields distribution in indoor 154 kV
GIS Jangjeari substation

Fig. 4. Magnetic fields distribution in outdoor 154 kV
steel type Seonggeo substation
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Fig. 5. Magnetic fields distribution in outdoor 345 kV
GIS Asan substation
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Fig. 6. Magnetic fields distribution in outdoor 345 kV
steel type Shinokcheon substation

Fig. 7. Magnetic fields distribution in outdoor 765 kV
GIS Shinansung substation
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Fig. 8. Magnetic fields distribution in 345 kV GIS

Yeongdeungpo substation and underground
cable tunnel
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(IEC: International Electrotechnical Commission)
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(a) Indoor 154 kV GIS
neutral ground reactor

(b) Indoor 154 kV GIS
incoming cable
m

(d) Indoor 154 kV substation
incoming cable

(c) Outdoor 154 kV GIS
disconnect switch

Fig. 9. Substation equipment
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Table 1. Magnetic fields (mG) distribution near
electrical equipments

Hight from GIS Disconnect Substation
NGR incoming . incoming
ground switch
cable cable

250 em | 11920 11,000 | 6,098(head

200 cm 6,496 2,800 11,390 | under Ao)

150 cm 5,848 4,744 6,784 6.936(head

100 cm 5,200 7,168 6,525 under Bo)

50 cm 2,488 7,424 6,257 7.080(head

0 cm 8,048 6.144 under Co)

V X E=—jwB 6

VvV e J=0 )

J=ockF (3)
Where, E: induced electric field, B: magnetic flux
density, ®: angular frequency, J: induction

current density, ¢: conductivity, time differential
is transformed into jo.

(b) Harmonic components of

(a) Waveform of NGR NGR

(d) Harmonic components of
transformer

(c) Waveform
of transformer

Fig. 10. Waveform and harmonic components of magnetic
field on the NGR and transformer surface

Fig. 11. Worker model near NGR and boundary element
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Table 2. Organ conductivity (S/m) of human modell[11]

Brain Heart Lung Liver |Intestines| Others

0.75 0.70 0.10 0.10 0.03 0.11

Table 3. Maximum electric fields induced in a
worker's organ near NGR without shield

layer
Maximum electric field (mV/m)
Organ
180 Hz s4o H, | 180 Hz + 540

Hz

Brain 57.86 21.7 61.8
Heart 110.9 41.57 118.4
Lung 149.5 56.04 159.7
Liver 88.64 33.24 94.7
Intestines 38.23 14.33 40.8

Table 4. Maximum electric fields induced in a
worker's organ near NGR with steel
shield layer

Maximum electric field (mV/m)
o 180 Hz sé0 He |80 Hfl; 540
Brain 38.64 4.83 38.9
Heart 62.75 7.84 63.2
Lung 167.1 20.88 168.4
Liver 92.57 11.57 93.3
Intestines 57.55 7.194 58.0

Table 5. Maximum electric fields induced in a
worker's organ near NGR with silicone
steel shield layer

Maximum electric field (mV/m)
Oreen 180 Hz sq0 1, | 180 Hz ¥ 540
Hz
Brain 2,348 88.05 2,350
Heart 2,351 88.15 2,353
Lung 6,060 2,272 6,472
Liver 3,947 1,480 3,936
Intestines 2,114 79.27 2,115
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(b) 540 Hz of NGR without
shield layer

(a) 180 Hz of NGR without
shield layer

(c) 180 Hz of NGR with steel steel

(d) 540 Hz of NGR with
shield layer

shield layer

(f) 540 Hz of NGR with
silicone steel shield layer

(e)180 Hz of NGR with
silicone steel shield layer

Fig. 12. Distribution of electric field induced in
surface of worker's brain near NGR
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