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Introduction

al EQE =+ ANJdzl £ & dkgdeftypeyofigh reSofijoReNdtrid IB8gio a depth of

6,000 meterdhat providesinferred porosity and permeabilitgnd fluidcontent ¢ oil, gas or

water - without drilling a hole Over a twentyyear periodal EQE + A NJlidas & 5 NX €
near 100% success rate in detecting the absence of hydrocarbons and 50% success rate in
calling commercial wells.

The technologyses(1) the implied resistivity of aane to determine its relative porosity
and permeability an@2) the phase and amplitude changekthe electromagnetic signaés
they pass through a horizon to detect the prese or absence of hydrocarbons.
Specifically, the implied resistivity tracksetlow resistivity associated with the connate or
bound water (even in the presence of hydrocarbons) while éhectromagneticphase
signature at a given depth (frequency) yeidformation on the type of fluid, hydrocarbon
or water, in the pore spaces.

The equipmentused in the field to recordh I E9 E  + A NI dakafis vesyhghttahidA y 3 u
highly mobileandit takes only 20 minutes to record the ddiar one location. Significantly,

with the exception of fresh waterthere are no major limitations whee MaxEx Virtual

5 NA f dani woeku

Virtual Drilling A r@cess

In the field, high quality geophysical instrumentation records a widand signal for both

the magnetic and electric components of the electromagnetic field. These digital signals
containinformation for all deptls and are demodulated by analegligital computersfor

the final form of analysis.

The recorded signal contains frequen@rsusphase- amplitude information relating to the
incoming field at the surface, the decaying earth marfield and the modulation resulting
FNRY GKS SIENIKQa NBaraldAgAaAte NBTipDay2¢gapPry
RSLIIKE SljdzZ A2y Aa dzaSR (2 O2y@SNI GKS LINRBTA

The result of this complicated process is a series of electret raagnetic reflection
coefficients. These can then be combined to form the apparent resistivity series defined by
Z = E/H as a function of depth where Z is impedance, E is electric and H is magnetic.
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Field Work

+ A NI dzl f is ®xtdniely ingbfliex Thantenna is about the size and weight of a
notebook computer. The antenna, battery packs, recording devices and charging
equipmentare mobilized between jobs in a large suitcase size Pelican case. In théhigeld,
antenna, battery pack and recording dewiare carried in a small briefcase size case.

Antenna deployed in field for recording. Recording time
approximately 20 minutes for one location and we record
approximately one hour after sunrise to one hour before sunset.

Because of the light weight of the equipmert, A NIi dzI f caf M& Hohel ainbst
anywhere with noenvironmentalimpact This makes A NIi dz f highlNJaluabla wdl »
for exploration in ecologically sensitive areas. Its mobility enaliiesal5 NA { ifh dghetin
terrain where seismic recording would be difficult or impractical.

Signal Source

The signal source fo¥irtual Drillingis the naturally occurring electromagnetic waves
generated by the interaction of solar particles withe S I NIm&gRetic field. Virtual
Drilling measures the higher frequency audio signdlofo 22KHz.

Using the higher frequency signals significantly reduces the recording time and more
importantly, enables resolution of two to three meters down to a depth béwt 6,000
meters. This signal is available beginning at dawn and ending at dusk and we record
beginningone hour after sunrisentil one hour before sunset.
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Interaction of solar particles witthe ST NI KQ&a Y I 3y S
high energy electromagnetic waves. Source: AAPG EXPL(
Geophysical Corner

Porosity Interpretation

Porosity is diagnosed by the low apparent resistivity of a zone. Because electromagnetic
energyseeks he least interrupted travel pathzones with good porosityna permeability

will have greater amounts afonnate or bound subsurface wateasd reduced rock matrix
within them. Thus, the low apparent resistivity of a zone correlates to good porosity and
permeability. Equally valuable, the porosity breaks enabdént-to-point subsurface
correlatiors.

Fluid Content Interpretation

The presence of hydrocarbonsauses aunique phase distortiorof the electromagnetic
signal The attributes of theesuting phasesignature are useful in determining the strength
of the hydrocarbon signal and the type, liquid or gd¥ater also has a unique set of phase
attributesthat areeasilyidentified.

Value of Calibration

Calibration wells are importaribr improving theinterpretation of commercial hydrocarbon
potential but are notessential Ideally, we prefer calibration wells that enable usstt the
benchmark for the minimuncommercialpotential as well a®ne of the best wells in the
area This establishes the conercial potential range for the interval to be tested

Asnoted belowg K2 i aAKI f Sd¢ 3 aKI f S ofteddpiesr akekcapkiond NBH | y A
oil zones. As such, a strong oil response with good porosity may be interpreted as either a
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In situations where calibration wells are not available, commercial success rates will suffer
but even at 206 to 25% commercial success ratesA NJIi dzl f cobtiNded to Add 3 u
substantial value close to 50% savings in frontier aredsy eliminating the locations with

the absence ofhydrocarbonsand leaving only thosdocations where the presence of
hydrocarbors has been detected

Calculation of Depth

The fequency of an electromagnetic signal determines the depth of an interval of
investigation. The earth acts as filtesf electromagnetic signals such that the deep&nal

has penetated, the lower its frequency Usingclassical Maxwell equationa solution is

derived for a relationship betweerrequency anddepth known as G KS  aepthAy R
SljdzZ GA2y ¢ @ /| 2Y0OAYAY3A GKS NBadzZ GFyid RSLIGK ¢
enablest A NJi dzI f to pravillet aflof §f & specific horizon.

Cone of Investigation

The antennas the equivalentof a seismic shot and receivén the same surface position.
Electromagnetic signals2 f £ 2 ¢ GKS SljdzA @I £ Sy i 2dkwn &and dpl NRA y 3
to the ar-ground interface where they anecorded for pocessing Theradius2 ¥ I & @A NJi dz
borehole isapproximately 1% of the depth such thduetradiusof the wne of investigation

at 3,000 meters iapproximately30 meters and 6@neters at a depth 06,000meters

Complex Depositional Environments z Carbonates, Salts and Basalts

+ A NI dzI f woBkd\thefsdnfe yh Barbonates as sandstone reservoirs because it seeks only
the hydrocarbon signature in intervals with porosity and permeability, regardless of the
reservoir type. The origin of the porosity andrmeability, naturalor fractured, does not
affect the technology. Notably, the density of basalts or salt does not distottial
Drillingt&capability to seek the hydrocarbon signal in and through these overlays.

Complex Geological Structures

A+ A NI dzl f borehelefollows iedaws of signal propagatiahat prescribes the waves
travel normal inciden{perpendicularacross a bed. This results in a deviated well bloae
requiresmigration. However, even though additional work is requir® migrate the logs in
these environments, the inferred porosity and permeability and fluid predictions are not
impacted. In particulathe distortion often associate@ith seismic migratiors eliminated
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Migration of a virtualborehole isa trigonometry calculation,the same as that used to
calculate the offsetand TVD of deviated boreholeasingmeasured depth andedding
strike anddip for the calculaton. In situations where the dip of the beds is not available
from other sourcesthe dip of the beds can be estimated by recorditiyee additional
points nearbythe initial point 20 to 100 meters awagnd correlating the various intervals
of the logs

The entirevirtual boreholeis notcorrelatedbut only variousl00 to300meter sections The
number of correlations is a function of various factors such as required accuracy of the
calculation, the complexity of the structures, the availability of other subsurface
information. An increase in th@ccuracy of the calculatiora complex structure angboor
subsurface informationare all factors that increasethe number and length of the
correlations.

Interpretation Issues

While + A NIi dz f haS AlRebrf 18096 Fuccess rate in the detection of the absence of
hydrocarbons, its comercial well success rate is approximately 50%. The lower
commercial well success rate is often attributable to the interpretation issues listed below.

Immovable and near immovable hydrocarbotks +ANIidzZf S5NARAEEAYy3In
between movable andmmovable hydrocarbons such as hot shales (source rocks),
asphaltic sands, coal litho units and heavy oil. This is a source of many dry holes that
+ANILidzZ f S5NAEfAYy3Iun SELISOGA (2 0SS O02YYSNDA
calibration wells are instimental in identifying these problem horizons.

No pressure information.+ A NIidzr f S5NRAffAy3Iu Olyyz2iG | O00d
reservoirs caused by leaky or breached seals. There is no specific solution to this
problem

Image overlap. Virtual Drillirg reports roughly the average hydrocarbon potential
within its cone of investigation, even if source of hydrocarbon potensiadnthe

edge ofthe cone. This issue arises primarily when working in channel sands and
near faults. The issue is mitigated by fact that the radius of the cone of
investigation is rather small, about 1% of depth. That equates to a cone of
investigation with a 30 meter radius at 3,000 meter depth and 60 meter radius at
6,000 meter depth.
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Improper migration. ! f § K2dzZ3K +*ANXdzZf S5NAffAYy3In Aa |
O2YL) SE 3IS8S2t23A0Ft &0NUzOGdzNBasx LINBLISNI Y
necessary to determine the true stdurface location of the area imaged.

Porosity more than 14%Once porosity exads 14%, the signal is traveling entirely
through the salt water in the interconnected rock pores even in the presence of
hydrocarbons. At that point, the technology cannot distinguish 20% porosity from
50% porosity, although the hydrocarbon interpretaticemains accurate.

VIRTUALDRILLINGATYPES

¢CKSNE INB (g2 (&LISSanadd PiothZ2XIDugkogy. BotNlsk tha samet Y Y
data.

Z-Scan has been used for over 20 years and is very accurate in porosity and fluid
predications, be they oil, gasjater or shale It has a depth rating of approximately 6,000
metersmeasured depth from the surface

The minimum interval size is 300 meters unless the depth of the interval todued is
accurately known, in which case it is 150 mete&Scan has weekly capacityof about
3,500 meters enabling it ttng overten 300 meters intervals per week.

Pilot ZX is 10® digii I £ + A NI dzlbéta tésthag Thie uyfehtteration is accurate in
detecting porody and the presence of possiblaydrocarbors but cannot predict if the
hydrocarbons are gas or oil or they are in commercial quantiti@ther keta testing issues
include undercalling thin zones, overcalling hydrocarbons and depth shifting.

t Af20 % Qa f233Ay3 Ay G SsNddasdred Hepth fpomsthe ¥BaiceS NB
Weekly capacity is about 22,500 meters or five locations.

Z-SCANLOGPRESENTATION

The ZScan logeports the results of a location in four columnar sections

Z-Scan Curves

Fluid Content

Inferred Lithologyto the exent available, and Fluid Response Notes
Zone Interpretation
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Z-Scan Curves

E- Electric green
H - Magnetic black
Z- Apparent resistivity red
Z-Scan Log
BN Strong
U Weak
E Z SCAN CURVES i-‘lg Inferred
f ~ # : -
= g 3 ? B Inferred Lciogy Dasmiptio 20NE
0 mt—r 8 8 ;4; & Lithology And Flud Response Notes Interpretation
e g PROS.GAS
- m:}g}‘é;?'ﬁg £01.4366 87m :3‘;' 0300
=5t [Weak GA S (333/7)0373 88-4376.928m || ppos oy

Fluid Content z Strong or Weak

Qil green
Gas red
Water blue

Inferred Lithology and Fluid Response Notes

Lithologyby correlation to known lithology at calibration wells

MaxEx
VIRTUAL
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Numerical notation of E and H analysis

Modular Intensity (Ml) 1 high, 3 low
Dominant Distortion Window (DDW) 1 low, 3 high
Wave Pattern (WP) 1 chaotic, 3 orderly
Faint Modulation (Magnetic only) ?

The above notations are used for both electric and magnetic fields and reportégeafs
Scan log as fluid response notes. The fluid response reportimgfos

Electric (M| DDW WP) / Magnetic (M| DDW WP)
Example®f numerical notation of E and H analysis

111/111 strong oll

211/ 211 weak oil

311/311 weak oil

231/ 231 strong gas (dry gas)

221/ 221 strong gas (gas)

333/ 333 weak gas

222/ 222 strongwater

322/ 322 weak water

322/ ?veryweak waterd Ky ASAGKSNI FASE R O2YLRySyli

Zone Interpretation

Narrative on probable and possibleifl content and potential porosity

PILOT ZXDIGILOGPRESENTATION
The Pilot ZXDigilogreports the results of a location three columnar sections as follows:

Inferred Porosity
FluidAction
Comments
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Inferred Porosity

Pilot ZXlocates potential zones of porosity and permeability by identifying low resistivity
zones. The larger therossover of the electric and magnetic curves, the lower the resistivity
and the further to the left the implied resistivity curve moves.

Pilot ZX DigiLog

The Pilot ZX traces are identical to th&&an traces and apes follows:

E- Electric green
H- Magnetic black
Z- Apparent resistivity red



