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Telluric current measurement o

Conventional telluric current measurement

Voltmeter
Y,
Ground
V2 Telluric Current V1
Electrode Electrode

*\We use two electrodes and voltmeter.

The potential difference i1s measured.

We measure the telluric currents by using already existing
electric power line system.
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In each wire, 3 phase alternatlng
-current flow

Three Phase Alternating Current

The electric power is usually transmitted by
-3 Phase 3 Wire Alternating Current.
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Neuf[ral Line Neutral point is connected to the earth directly .

s

In the neutral line, no current flows
theoretically because the sum of
three phases is zero.




Telluric Current

If there are electromagnetic anomalies, V1 is not equal to V.
500kV Power Llne

3-phase 3-wire A

The potential difference Vi - V2 generates
the telluric current.

This current in the earth may be measured by the
ammeter (A) (DC range).

This method has been used to measure GIC
(Geomagnetically Induced Current).
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Observed during
1998 to 2003 Observed since 2002

Western Japan ‘ ‘Eastern Japan ‘

@.

*sﬁr o[ Higashi

35°30 i B i L] oo g e LT . Yama ashi [eeg50e
100 km 5 775 Shin
% Ll 35°30" e Hadano
CR 4 - - @ P Cboo
LS I+ A Minami ¥ TR
35°00" °] Kvot - : F o n it
__- B .4 KYOLO ShinFujipg > [Oms
— T 90 e, |Oma
35°00" 5 o o m3
- S 5% 34 1367 138 1 20 ko, o M2
20km?C@ @ o o M1 T oy o M1
34°30" O R
135°00' 135°30" 136°00' 13830 13900 13930




L

Magnetic Storm

Neutral currents and geomagnetic components (Kakioka)
during the large magnetic storm

2004/11/09 - 2004/11/11
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Fluctuation range is at most 10A.
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Anomalous neutral current [EESEEEEEY e kNI

O DD(@

O

Analogue record in Inagawa electrical subskyil
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However, there are many earthquakes larger than this earthquake.
No other anomalous current has been observed. |




Quantitative analysis

The observed neutral current at STO ( |7, ), can be considered
as the superposition of current which flows between 2 sets of
substations ( st = Iy + loy) -

We consider that induced
neutral current are generated
from the geomagnetic
variations, of which variation
are perpendicular to the
direction of 2 substations.
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Transfer Function

Relationship between neutral current
and geomagnetic changes

|« o(@w) =TFlw) - H,(®)+TF2(w) - H,(®)

| o(w) -+ Neutral current observed at STO
H,(w) - component 1 of geomagnetic field (Kakioka)
H,(w) - component 3 of geomagnetic field (Kakioka)

TF1l(w), TF2(w) - Transfer Function Coefficients

We calculated TF1 and TF2 using observed data.
RRRMT (Robust Remote Reference MT) algorithm (Chave et al., 1987)
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Transfer functions at Shin-Fujl _
| sr0(®) = TFU(@) - H, (@) + TF 2(®) - H, ()
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Transfer functions at Shin-Hadano
| sro(@) = TFl(@) - H, (@) + TF 2(w) - H; (@)

Shin-Hadano & Shin-Fuji
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(b) TF1(Im)
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Telluric current measurement in Atsug®

We have observed telluric currents at Atsugi by
conventional method.

IO DA Conventional I\/Iethod‘
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MT parameters at Atsugt

Apparent resistivity
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Compare to MT method

MT method
Ex(@)) _[Zu(®) ny(w)].[Hx(w)j
Ey(@)) \Zx(@) Zy(0)) \Hy(®))
apparent resistivity phase
1 |E)] _ -{'m(z(w))j
pa(@) = Lo |H(w) plo)=tan Re(Z(w))

Transfer Function
| sro(@) =TFN@) - H (@) + TF 2(0) - H;(w)
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“Pseudo-" apparent resistivity and phase
at Shin-Hadano

Apparent reS|st|V|ty at Atsugl
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Time Variation of “Pseudo-" apparent
resistivity and phase at Shin-Hadano
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Conclusion 2E

We observed telluric current between substations by using the
power line system.

We observed the anomalous neutral current before and after an
earthquake in 1999. However, We have never observed such
anomalous neutral current after that.

We calculate the transfer function between a neutral current and
geomagnetic changes.

The coefficients of this transfer function have the information of the
underground conductivity.

Comparing with the result by MT method, we can estimate monitor
the change of the under ground conductivity.
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