3D MODELLING - APPLICATION OF THE
LOCALIZED NON-LINEAR APPROXIMATOR

TO NEAR SURFACE APPLICATIONS
Ross Groom and Catalina Alvarez

* Localized Non-Linear Approximator (LN) Isan
“operator” technique for smulation

« initial development (1991) for cross well EM
for reservoir characterization

« extended and utilized successfully for arange
of mining applications (1992 — 1997)

« offers potential for near-surface applications

PetRos EIKon



Basic Equations for EM

the complex electrical contrast ( conductivity plus permittivity)

QN =iwu[o(r)- 0,1 + o p,[ &(r)- &, ]
where o can be dispersive ( e.g. Cole-Cole parameters )
the background or incident field is given by
VXVXEp-ksEp= 101y Jst VXMs
generally the background is defined as a layered environment

Electric field integral solution for a single scatterer (object)

E(r)= Ey(r)+ Jdr' G(r,r') e Q(r)E(r)

analogous egn for magnetics




LN Solution for EM

For an internal point we assume the electric field islocally constant

E(1) ~ E5(r)*+ Jdr' G(r,r) « QU)E(r)
Which leads to an approximate solution for the internal field

E=TOEM=[-QL E(). L=],dG

The scattering operator, I', is determined quasi-analytically
J-X

E,H are determined by integrating the
( scattering currents  x

thelr propagation operators)

A s [dPG(r, 1) (1) T(r), 0)Ey(r)) “
ipw







lnauctive modes
Multiple body problems

Magnetic efiects, static and time-varying

Polynedral primitives




Localized Nonlinear (LN) Approximation Extensions
/ Inductive modes

By design, LN accurate only when the local gradients of the internal field

are insignificant

e.g. strong inductive coupling of source and scatterer

V'E=V' E+QV" Jdr' G e [E(r)+VE(r)e(r' - r)]
where

V' =[1,V]=[106/6x0/6yd!6z]
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Localized Nonlinear (LN) Approximation Extensions
/ Multiple Bodies

I I Superposition

]; & “Far Field Scattering”
N

Eser= 2 Iv(i)dri’é(r’ri’).r(i).[ Ev+ X0 J,odr j'é(ri',rj')'lf(j) Eg)]
=1

E Near-Field
I electrical or magnetic current flow

between objects




Localized Nonlinear (LN) Approximation Extensions

/ Polyhedras




Localized Nonlinear (LN) Approximation Extensions
Polyhedras + Interactions
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Localized Nonlinear (LN) Approximation Extensions
/ Magnetics and Magnetic Effects

« magnetic effectsin | P and cross hole RIM

* Inductive effects of susceptibility in TEM and FEM

-DC magnetics— Full 3D capabilitiesincluding

» strong magnetization effects
» magnetic channeling
» magnetic interactions




Localized Nonlinear (LN) Approximation Extensions

[ Magnetics and Magnetic Effects

-DC magnetics — Full 3D capabilities including
» strong magnetization effects

Absolute X (m)




~EM _Example = Clay Wedge

50 Qm wedge

50 QQm prism

Clay Wedge Model - EM 31




~EM _Example = Clay Wedge

€ [ hin resistive cover
(3000 2m)
50 QOm wedge over 400 2m

EM31 Response

ot-Free(5 - Clay Wedge) - Mz1 Hz
ot-Free(5 - Clay Block) - Mz1 Hz

Absolute X {(m)




Conclusions
Non-Linear Scattering Operator Technique

. Versatile Technique allowing:

. % Easy use and development :
: «#Range of physical simulation abllltles
: «»Large model calculation capability

| «»EM, Magnetics, Resistivity, |P

: « Speed

Research Direction
“*EM: susceptibility effects, improved induction
s*Resistivity: Non-Born 3D Resistivity Inversion
**Magnetics. UXO applications

»Remanent — Induced Interaction

*Non-Born (weak) Inversion
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