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Conceptual model for IP response
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EM coupling?
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Questions?

 Measured voltage includes both EM and IP
effects

— How are we recovering conductivity and
chargeability?

— Are we okay with EM-contamination when
recovering chargeability?
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Simulation of TEM data

 Maxwell's equations:

Frequency domain Time domain o
V xE=—wB Vxe:—a
VxulB—J=J, Vxuth—j =7

Ohm’s law in frequency domain Ohm’s law in time domain

| T=oE B
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Complex conductivity

* Cole-Cole model (Pelton et al., 1978)
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Simulation of TEM data with IP

EMTDIP code
(Marchant et al., 2015)
 Maxwell's equations:
Frequency domain Time domain o
V x E=—wB Vxe:—a
Vxu'B-J=J, Vxub—7=7,

Ohm’s law in frequency domain Ohm’s law in time domain

[ J=o(w)E ] [ j=o(t) ®.é’(t) J

& : convolution
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Normalized potential (V/V)

* Voltage
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Observed response?
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Observed response?
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Define IP datum

On-time Off-time

* Voltage
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d (t) — F[U(t)] — F[O'oo] F[-]: Maxwell’s operator

2016 IP workshop




Normalized potential (V/v)

1.4

Define IP datum
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Two stage IP inversion workflow
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g and Li (1994)

Invert DC data,
to recover 0o

Linearized equations

\

S

p
Invert d'F data,

N\

recover pseudo-chargeability)

d'"(t) = Gij(t)

G (00 ): Sensitivity function
n: Pseudo-chargeability

Seigel (1959)
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Voltage (mV)

* Kang anc

3D TEM-IP inversion workflow

Oldenburg (2015)

3
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Intermediate :

Invert TEM data,
to recover 0o

0.: \
( )
o Compute IP datum
| Induction] Remove EM responses
v Time(ms)l”' 4 )
Linearized equations
( )

Invert d'F data,

recover pseudo-chargeability)

( )

Estimate intrinsic
IP parameters

IP = Observation - Fundamental

§ e .
d'"(t) = Flo(t)] - Flow]

F[-]: Maxwell’s operator

d'"(t) = Gi(t)

G(00): Sensitivity function
n: Pseudo-chargeability
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An objective

* Decouple EM induction effects in the

observed data : kc
IP = Observation - Fundamental . g- S
= o] B —
d'P (t) = Flo(t)] — Flow]
— What conductivity?
 Half-space o/

« Recovered +2¢ by inverting DC data,

est

* Recovered Z¥ Dby inverting TEM data

est

 Invert IP datum, recover 3D chargeability
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Forward modelling set up

Northing at 750.0 m

Depth at -650 m 0

| ~200 3D mesh:
1500 N1 - Core cells:
g - 100mx100mx50m
Lo0n 1200 I 100mx100mx100m
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Time range: 1 — 600 ms
—1500 —1000 —onu 0 500 Loon 1500
Easting (m) Chargeable objects: A2 and A3
- Cole-Cole parameters: n = 0.1
7T=05s
c=1
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Forward modelling set up

Northing at 750.0 m

Depth at -650 m 0 ..
g 0 Conductivity at
—400 . .
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o
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Observed DC data
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« Decaying curves at A1-A4
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Observed data (off-time) ..

Narthing im)

« Decaying curves at A1-A4
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« Decaying curves at A1-A4

Observed data (off-time)

Narthing im)

10" Al : 10’ s :
.~ -- Dbserved (+) .
— Do) || Off-time at 130 ms
‘..‘ -- Fundamenial (-) .
= e — P+ = :
£ hES H E i le-03
> 101 R -- !:P(-) 3 10 1000
g . g 0e+00
2 s
lo—*t 5 o= : 500 -le-03
Y
s = 2e-03 =
107t e -15" 107 = 10* o E =
' : on
Time (ms) Time (ms) E 0 -3e-03 [’%
10! A3 1! A4 ; E -Ae-03 E
=
o o —500 5e-03
L 100 | :
— es O Ak Y He-03
gm-' L ~y gm-' ~"~~§ —1000 i -7e-03
2 S 28 — L -8e-03
10-2 1| i ‘.‘ —1000 —-500 0 500
% Easting {m)
*
T T i +
107 10 107 10*
Time (ms) Time (ms)
UBC

L)

Il

&

2016 IP workshop




« Decaying curves at A1-A4

Observed data (off-time)
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EM decoupling

* Time decaying curves (off-time)

= Observed (+)
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EM decoupling: true 0« .
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EM decoupling: true g2/,
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Normalized potential (V/V)

What data we have?

Late on-time data (DC)
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Early off-time data (TEM)
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3D inversion methodology

 Data misfit:
N p?‘ed_dqbs

b0 = [Wa(Am —d™*)|F = D (~——),

« Tikhanov style regularization: ‘
O = 0, [ W W (m = )3 + || Wo Wi(m — mee )| +
0y [ Wy W (m — ) |3+ oz [W. W (m — mep) |3, EE%
- Statement of the inversion:

minimize ¢ = ¢g(m) + ¢, (m)
[DC-IP inversion: SIMPEG-DCIP ]

. Depth Weight: TEM inversion: UBC-H3DTD code

W= diag((z - zo)a)
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Northing (m)

Depth (m)

Depth (m)

3D DC inversion

Predicted data

* Recover 3D conductivity

2e-02 2e-02
2e-02 1000 2e-02 E
D C 2e-02 2e-02
True 0o Estimated 0oo(= 0257 ) .
o le-02 le-02 5
Depth at-275.0 m Depth at -275.0 m é 1o.02 o0 B
H £

Northing (m)
=

000
—2000-1500-1000 —500 500 1000 1500 2000 107 —20
—ZDDO -1500 -1000 -500 L] 500 1000 1500

Northing at 750.0 m

o Northing at 750.0 m

-200
—400
—600
—800
1000
-1200
1400

Conductivity (S/m)

Depth [m)
Conductivity (S/m)

2000 2000
—500 1le-02 555 1le-02
1500 1500 le-02 le-02
—-1000 9e-03 _3000 9e-03
1000 1000 -1000 -500 0 500 1000 7e03 -1000 —500 [{] 500 1000 7e03
Easting (m) Easting (m)
500 00
4]
= 100 1000
500 =500
—=1000 1000
—1500
—1500
—2i
—1.5 °
2000 10

—3.0 —3.0
—2000 -1000 0 1000 2000 10 10

Northing at -750.0 m

1000 o 1000
Northing at -750.0 m

-200
—400
—600
—&00
—1000
—1200
—1400

— d;i _ o
—2000 —1000 ] 1000 2000 ) W= dlag((z ZO) )

Easting (m) Easting (m)

Depth weight:

Depth {m)

€
MO

2016 IP workshop 27/33




EM decoupling: 0
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3D TEM inversion

« Recover 3D conductivity
EM)

Use uncontaminated EM data Estimated 0oo(= 0.4}
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EM decoupling: Ugs]tw
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Comparison of 3D conductivities

* Recovered 3D conductivity
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Northing (m)
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Comparisons of Fundamental

« Fundamental data at 80 ms

IP = Observation - Fundamental

d'"(t) = Flo(t)] = Floo]
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Northing (m)
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3D IP inverSion SIMPEG-DCIP code

Depth weight:

W= diag((: - ;U)“)

« Chargeabillity: recovered by inverting:
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Depth at -275.0 m

2000 Depth at -275.0 m Depth at -275.0 m Depth at -275.0 m

2000

1500 1500

1000 Al 3 1000

[l |

E 0.030
{=1]
£
=
£
[=3
=  _s00 -500
-1000 -1000
-1500 -1500
—200Q 2000 _2000 —2000 0.015
-2000-1500-1000 -500 0 500 1000 1500 2000 —2000-1500-1000 —500 500 1000 1500 2000 -2000-1500-1000 -500 O 500 1000 1500 2000  —2000-1500-1000 —500 0 500 1000 1500 2000
Northing at 750.0 m Northing at 750.0 m Northing at 750.0 m Northing at 750.0 m
_ s
g L] [
5 —
&
3 Al Al
—2000  -1000 0 1000 -2000  -1000 0 1000 -1000 0 1000 2000 -1000 0 1000 2000 0.000
Northing at -750.0 m Northing at -750.0 m Northing at -750.0 m Northing at -750.0 m '
g hgll
=]
a n
8 A4 A4 A4

—2000  -1000 0 1000 2000 —2000 1000 0 1000 2000 —2000  -1000 [} 1000 2000 —-2000  -1000 0 1000 2000
Easting (m) Easting (m) Easting (m) Easting (m)

2016 IP workshop 24/33
4

Pseudo-chargeability



3D cut-off volume

* Pseudo-chargeability > 0.015

True Half-space
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Summary VR

i Intermediate
3D-TEM IP inversion workflow N cucion ;
, ‘ L =
Invert TEM data, PP ilterence. | co anyting
X to recover 0o
( )
Compute IP datum drf (1) = Floty] - Flog 1+ noise(t)
| Remove EMresponses | gpoRsenaton
Linearized equations
4 N
Invert d'F data,
_recover pseudo-chargeability)

DC TEM

-------------------------------------------------------------

Estimate intrinsic
IP parameters

0
-------------------------------------------------------------
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Take home
“Traditionally, early time TEM data has been discarded”

“By using these discarded TEM signals we can better
estimate both 3D conductivity and chargeability”

Estimated 0o (= 0Z37) TEM

Depth at -275.0 m _ Depth at -275.0 m

oooo
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00000
00000

g
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&
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Thank you ©
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