EM coupling — is it a problem?
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Conclusions

1. Yes, EM coupling can be a problem.
Need to gauge its magnitude for given wire
layout & conductivity.

2. “ldeal” solution (long term) is to invert for EM &
IP simultaneously

3. Medium term: invert for EM, then IP, sequentially

4. Short term: take wire geometry into account;
de-couple in TD as well as FD
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Introduction

Implications of time-varying B-field
Positive coupling

Negative coupling

Key considerations
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Implications of time varying B-field

E is not a potential field

Therefore choice of path between points does affect voltage,
l.e. wire geometry is important
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Galvanic current from a dipole

\wl @ B-field out of page
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Positive coupling

IP discharge and induced current “reinforce”,
e.g. dipole-dipole array
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Negative coupling

IP discharge and induced current “oppose’,
e.g. gradient array
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Key considerations

EM coupling is well understood insofar as it is
aggravated by

*Increasing conductivity

*higher frequency (or earlier times)
*Increasing dipole size

*Increasing dipole separation
*parallel wires, and

*any layout of wires which inadvertently couples
well with conductors.
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Coupling & separation of wires

Half-space coupling decays as t?2 at late time
Coupling more significant at large n-spacings:
late time Vem/Vip increases as ~ n? (P-D)
or as ~ n3 (D-D)
Late time coupling amplitude proportional to
dipole size, but not n-spacing dependent

Early time coupling amplitude higher for wires
“broadside” to each other
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Late time formulae for half-space
EM coupling in pole-dipole IP

S [L +(n+ 1)a]2 O,
4

At late times, >

it follows from Fullagar et al (2000) that

1/2 ,,3/2
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Cl

. IO- ﬂo La -3/2
Veu = 127232 t
L
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1.0nset of “late time” is n-spacing dependent, but ...

2.... amplitude of late time coupling voltage is not.
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Late time relative voltage formulae
for EM coupling in pole-dipole IP

L+ (n+1)af ou,
4

At late times after step shut-off, 7 >>

amplitude of coupling voltage relative to DC voltage 1s given by

3/2 3/2 2
Vou nn+D)uy 0" "La 312

Ve 6\

on a half-space with conductivity o.

Thus late time coupling is much more significant in

relative terms at large n-spacings.
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EM coupling on conductive half-space

Pole-dipole Case A: n=5
EM coupling for 0.1 S/m half-space -® Cl
Pole-dipole a=100m L=100m n=5
: Vem}~0.08mV/A
’—‘—Q:T*\Qfx{ em} m
3 Z AN _ 10
z N {3/2 decay Vem = 1% of Vdc after 50ms
E
5 ~ | Vip = pfe% of Vdc at shut-off
1 \ I
’ 1ot ’ ‘ | Positive coupling
100m
C2 &<
-+ 500m T 150”‘
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100m Fullagar
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EM coupling on conductive half-space
Pole-dipole Case B: n=5

Pole-dipole a=100m L=600m n=5

EM coupling for0.1 S/m

\ max

{Vem}~100mV/A
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-t decay
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logl{Vem{mV/A)} m

RN

<

1 2

logl0{t(ms)}
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Vem = 1% of Vdc after 1756ms

1 Vip = pfe% of Vdc at shut-off
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Negative coupling
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loglO{Vem({mV/A)}

EM coupling on conductive half-space
Pole-dipole Case C: n=12

EM coupling for 0.1 5/m half-space

Pole-dipole a=100m L=600m n=12 - @ C1
e o _max{Vem}~0.13mV/A
S N
\\ . Negative coupling
1312 dece}\ ]
1 0 1 2I 3 4
logl0{t(ms)} 600m
: ¢
. som | C2
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100m Fullagar
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100*Vem/Vdc

[y
=

-12

-14

-16

-18

-20

EM coupling converted to %Vdc
Pole-dipole sigma=0.1 S/m a=100m L=600m n=12

_*

Vem still 1% of Vdc after 500ms

Vip = pfe% of Vdc at shut-off

Depending on pfe and

rate of decay of Vip,

coupling could still be dominant.

Obvious if Vip + Vem negative

* Not obvious in positive coupling case
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EM coupling as noise

* 3-point frequency domain de-coupling:

Dp =0— 0y,

* Waiting in the time domain
* Time domain decoupling — why not?

Vip =V =V,
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EM de-coupling in frequency domain
via phase extrapolation to DC

“Conventional” extrapolation:

¢=¢ip+af+bf2

Coggon (1984) extrapolation:

¢:¢ip+Af+Bfl.5

PASE (Milliradians)

Electromagnetic (EM)

\ Induced Polarization (IP)

(after Hohmann, 1990)

FREQUENCY (Hertz)



Frequency domain 3-point decoupling

Conventional quadratic approximation: de-coupled phase 1s
b, = 1.8750(1) — 1.250¢(3) + 0.375d(5),

Coggon f*? appropximation: de-coupled phase 1s
by s = 2.114130(1) — 1.72825¢(3) + 0.614124(5)

where ¢(1) is the measured phase at the fundamental, f,
®(2) 1s the measured phase at 3f,
®(3) is the measured phase at 5f,



Multi-frequency IP

Olympic Dam, SA Dipole-dipole array, a =400 m
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Note decreasing effect of EM coupling as frequency is decreased

(Dentith, 2003)



De-coupling sometimes fails ...
... but still benign?

Rocky’s
Reward, WA
(NiS)

100 m dipole-
dipole array

1 3 PT. LOW DECOUPLED PHASE (millirodians)

metres | Pyritic Sediments

(Mutton and Williams, 1994)



EM Coupling in time domain IP data

Longer Term Reversal

Short Time Reversal
Due to Larger Negative Due to Prominent Negative
| 1 EM. Effect. F'L EM Effect. or other LP. Source
A\ \
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3 Normal IP decay |\
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IP decay)

Negative IP voltages at
early measurement times
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* Weak to moderate negative EM coupling may suppress the
voltages at early measurement times, without a_ctually causing th_em

to become negative => EM coupling can be difficult to recognise in
these cases



Waiting versus de-coupling
of time domain |IP data

In time-domain data, it is often assumed that EM effects can be
avoided by increasing the delay time between current switch-off and
the first measurement channel, i.e. wait a while

The increased delay time allows the EM voltage to decay (to negligible
size) before the IP voltages are measured

Delay interval before
first measurement

cnm—

The length of the decay
interval must be carefully
chosen so that EM fields have
had time to decay, but the IP

AN

decay voltages are still large ;2\\{2 AV v,
enough to detect NN
9 Y7/ NNk
tq t

to 3 ty

No need to de-couplez’?
Wishful thinking?



5-star time domain de-coupling

Determine the 3D conductivity distribution, via
inversion of early time data

Compute TEM response
Subtract TEM decay from measured transient
Interpret residual “pure IP” decay estimate

Applied in 2D by Routh & Oldenburg (1996)
Applied in 3D to VTEM by Kang



“De-coupling” of VTEM data (Kang, UBC)
Invert early time VTEM
Residual (observed - calculated) is estimate of IP response
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IP inversion of VTEM residual

+6.107x10° At depth = 1030.0m

(Kang, UBC)

At Easting = 433875.0m
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3-star time domain de-coupling
(Fullagar et al, 2000)

Determine apparent EM resistivity, oz, for the
appropriate wire layout
Compute TEM half-space decay for pg,,

Subtract half-space decay from data

Interpret “pure |IP” de-coupled decay estimate,
e.g. determine Cole-Cole parameters

{Or solve for V = Vem + Vip instead of for

Vip = V- Vem; Fullagar
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Cole-Cole inversion of transient
A00m DD data n-level=1
res=14 Johm.m charge=58my" tau=107ms c=0.13

400 800 1200
t (ms)

1600

—— observed
— calculated (EM+IP)
— EM (half-space)

IP (Cole-Cole)
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EM coupling as signal

Ideal is joint EM/IP interpretation

Requires knowledge of complex conductivity
spectra

Requires 3D software
Computer intensive

Not currently feasible
Not always warranted
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Conclusions

1. Yes, EM coupling can be a problem.
Need to gauge its magnitude for given wire
layout & conductivity.

2. “ldeal” solution (long term) is to invert for EM &
IP simultaneously

3. Medium term: invert for EM, then IP, sequentially

4. Short term: take wire geometry into account;
de-couple in TD as well as FD
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