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Introduction  

aŀȄ9Ȅ ±ƛǊǘǳŀƭ 5ǊƛƭƭƛƴƎϰ ƎŜƴŜǊŀǘŜǎ a unique type of high resolution electric log to a depth of 

6,000 meters that provides inferred porosity and permeability and fluid content ς oil, gas or 

water - without drilling a hole.  Over a twenty-year period, aŀȄ9Ȅ ±ƛǊǘǳŀƭ 5ǊƛƭƭƛƴƎϰ has a 

near 100% success rate in detecting the absence of hydrocarbons and 50% success rate in 

calling commercial wells.   

The technology uses (1) the implied resistivity of a zone to determine its relative porosity 

and permeability and (2) the phase and amplitude changes of the electromagnetic signals as 

they pass through a horizon to detect the presence or absence of hydrocarbons.  

Specifically, the implied resistivity tracks the low resistivity associated with the connate or 

bound water (even in the presence of hydrocarbons) while the electromagnetic phase 

signature at a given depth (frequency) yields information on the type of fluid, hydrocarbon 

or water, in the pore spaces.   

The equipment used in the field to record aŀȄ9Ȅ ±ƛǊǘǳŀƭ 5ǊƛƭƭƛƴƎϰ data is very light and 

highly mobile and it takes only 20 minutes to record the data for one location.  Significantly, 

with the exception of fresh water, there are no major limitations where MaxEx Virtual 

5ǊƛƭƭƛƴƎϰ can work.   

Virtual  Drilling Ά 0rocess 

In the field, high quality geophysical instrumentation records a wide - band signal for both 

the magnetic and electric components of the electromagnetic field.  These digital signals 

contain information for all depths and are demodulated by analog - digital computers for 

the final form of analysis.  

The recorded signal contains frequency versus phase - amplitude information relating to the 

incoming field at the surface, the decaying earth carrier field and the modulation resulting 

ŦǊƻƳ ǘƘŜ ŜŀǊǘƘΩǎ ǊŜǎƛǎǘƛǾƛǘȅ ǊŜŦƭŜŎǘƛƻƴ ŎƻŜŦŦƛŎƛŜƴǘǎΦ  {ƛƳǇƭƛŦƛŎŀǘƛƻƴ ƻŦ ǘƘŜ ǿŜƭƭ ƪƴƻǿƴ άǎƪƛƴ 

ŘŜǇǘƘέ Ŝǉǳŀǘƛƻƴ ƛǎ ǳǎŜŘ ǘƻ ŎƻƴǾŜǊǘ ǘƘŜ ǇǊƻŦƛƭŜǎ ǘƻ ŘŜǇǘƘΦ 

The result of this complicated process is a series of electric and magnetic 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  

±ƛǊǘǳŀƭ 5ǊƛƭƭƛƴƎϰ is extremely mobile.  The antenna is about the size and weight of a 

notebook computer.  The antenna, battery packs, recording devices and charging 

equipment are mobilized between jobs in a large suitcase size Pelican case.  In the field, the 

antenna, battery pack and recording device are carried in a small briefcase size case. 

 

 

 

 

 

 

 

 

 

 

 

Because of the light weight of the equipment, ±ƛǊǘǳŀƭ 5ǊƛƭƭƛƴƎϰ can be done almost 

anywhere with no environmental impact.  This makes ±ƛǊǘǳŀƭ 5ǊƛƭƭƛƴƎϰ highly valuable tool 

for exploration in ecologically sensitive areas.  Its mobility enables Virtual 5ǊƛƭƭƛƴƎϰ in rugged 

terrain where seismic recording would be difficult or impractical.   

Signal Source 

The signal source for Virtual Drilling is the naturally occurring electromagnetic waves 

generated by the interaction of solar particles with the ŜŀǊǘƘΩǎ magnetic field.  Virtual 

Drilling measures the higher frequency audio signal of 10 to 22 KHz.   

Using the higher frequency signals significantly reduces the recording time and more 

importantly, enables resolution of two to three meters down to a depth of about 6,000 

meters.  This signal is available beginning at dawn and ending at dusk and we record 

beginning one hour after sunrise until one hour before sunset.    

Antenna deployed in field for recording.  Recording time is 

approximately 20 minutes for one location and we record from 

approximately one hour after sunrise to one hour before sunset.  
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Porosity Interpretation  

Porosity is diagnosed by the low apparent resistivity of a zone.  Because electromagnetic 

energy seeks the least interrupted travel path, zones with good porosity and permeability 

will have greater amounts of connate or bound subsurface waters and reduced rock matrix 

within them.  Thus, the low apparent resistivity of a zone correlates to good porosity and 

permeability.  Equally valuable, the porosity breaks enable point-to-point subsurface 

correlations. 

Fluid Content  Interpretation  

The presence of hydrocarbons causes a unique phase distortion of the electromagnetic 

signal.  The attributes of the resulting phase signature are useful in determining the strength 

of the hydrocarbon signal and the type, liquid or gas.  Water also has a unique set of phase 

attributes that are easily identified. 

Value of Calibration   

Calibration wells are important for improving the interpretation of commercial hydrocarbon 

potential but are not essential.  Ideally, we prefer calibration wells that enable us to set the 

benchmark for the minimum commercial potential as well as one of the best wells in the 

area.  This establishes the commercial potential range for the interval to be tested.   

As noted below, άƘƻǘ ǎƘŀƭŜǎέΣ ǎƘŀƭŜǎ ǿƛǘƘ ƘƛƎƘ ƻǊƎŀƴƛŎ ŎƻƴǘŜƴǘ, often appear as exceptional 

oil zones.  As such, a strong oil response with good porosity may be interpreted as either a 

Interaction of solar particles with the ŜŀǊǘƘΩǎ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘ ŎǊŜŀǘŜǎ 

high energy electromagnetic waves.  Source: AAPG EXPLORER 

Geophysical Corner 



Ensaga Energy 

-ÁØ%Ø 6ÉÒÔÕÁÌ $ÒÉÌÌÉÎÇΆ  

Backgrounder  

 

- 4 - 

 

good oil zone ƻǊ ŀ ǎƘŀƭŜ ȊƻƴŜΦ  hƴŜ ƻŦ ǘƘŜ ǇǳǊǇƻǎŜǎ ƻŦ ŎŀƭƛōǊŀǘƛƻƴ ǿŜƭƭǎ ƛǎ ǘƻ ƛŘŜƴǘƛŦȅ άƘƻǘ 

ǎƘŀƭŜǎέΦ 

In situations where calibration wells are not available, commercial success rates will suffer 

but even at 20% to 25% commercial success rates, ±ƛǊǘǳŀƭ 5ǊƛƭƭƛƴƎϰ continues to add 

substantial value - close to 50% savings in frontier areas - by eliminating the locations with 

the absence of hydrocarbons and leaving only those locations where the presence of 

hydrocarbons has been detected.   

Calculation of Depth  

The frequency of an electromagnetic signal determines the depth of an interval of 

investigation.  The earth acts as filter of electromagnetic signals such that the deeper signal 

has penetrated, the lower its frequency.  Using classical Maxwell equations, a solution is 

derived for a relationship between frequency and depth known as ǘƘŜ άǎƪƛƴ Řepth 

ŜǉǳŀǘƛƻƴέΦ  /ƻƳōƛƴƛƴƎ ǘƘŜ ǊŜǎǳƭǘŀƴǘ ŘŜǇǘƘ ǿƛǘƘ ǘƘŜ ǊŜƭŀǘƛǾŜ ǊŜǎƛǎǘŀƴŎŜ ŀƴŘ ǇƘŀǎŜ ŎƘŀƴƎŜ 

enables ±ƛǊǘǳŀƭ 5ǊƛƭƭƛƴƎϰ to provide a log of a specific horizon. 

Cone of Investigation  

The antenna is the equivalent of a seismic shot and receiver in the same surface position.  

Electromagnetic signals Ŧƻƭƭƻǿ ǘƘŜ ŜǉǳƛǾŀƭŜƴǘ ƻŦ ŀ ǎǘǊƛƴƎ ƻǊ άǾƛǊǘǳŀƭέ ōƻǊŜƘƻƭŜ down and up 

to the air-ground interface where they are recorded for processing.  The radius ƻŦ ŀ άǾƛǊǘǳŀƭέ 

borehole is approximately 1% of the depth such that the radius of the cone of investigation 

at 3,000 meters is approximately 30 meters and 60 meters at a depth of 6,000 meters. 

Complex Depositional Environments  ɀ Carbonates, Salts and Basalts 

±ƛǊǘǳŀƭ 5ǊƛƭƭƛƴƎϰ works the same in carbonates 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 and permeability, natural or fractured, does not 

affect the technology.  Notably, the density of basalts or salt does not distort Virtual 

DrillingΩǎϰ capability to seek the hydrocarbon signal in and through these overlays.   

Complex Geological Structures  

A ±ƛǊǘǳŀƭ 5ǊƛƭƭƛƴƎϰ borehole follows the laws of signal propagation that prescribes the waves 

travel normal incident (perpendicular) across a bed.  This results in a deviated well bore that 

requires migration.  However, even though additional work is required to migrate the logs in 

these environments, the inferred porosity and permeability and fluid predictions are not 

impacted.  In particular, the distortion often associated with seismic migration is eliminated.   
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Migration of a virtual borehole is a trigonometry calculation, the same as that used to 

calculate the offset and TVD of deviated boreholes, using measured depth and bedding 

strike and dip for the calculation.  In situations where the dip of the beds is not available 

from other sources, the dip of the beds can be estimated by recording three additional 

points nearby the initial point, 20 to 100 meters away, and correlating the various intervals 

of the logs.   

The entire virtual borehole is not correlated but only various 100 to 300 meter 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 the accuracy of the calculation, a complex structure and poor 

subsurface information are all factors that increase the number and length of the 

correlations.   

Interpretation Issues  

While ±ƛǊǘǳŀƭ 5ǊƛƭƭƛƴƎϰ has a near 100% success rate in the detection of the absence of 

hydrocarbons, its commercial 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 hydrocarbonsΦ  ±ƛǊǘǳŀƭ 5ǊƛƭƭƛƴƎϰ Ŏŀƴƴƻǘ ŘƛǎǘƛƴƎǳƛǎƘ 

between movable and immovable hydrocarbons such as hot shales (source rocks), 

asphaltic sands, coal litho units and heavy oil.  This is a source of many dry holes that 

±ƛǊǘǳŀƭ 5ǊƛƭƭƛƴƎϰ ŜȄǇŜŎǘǎ ǘƻ ōŜ ŎƻƳƳŜǊŎƛŀƭƭȅ ǇǊƻŘǳŎǘƛǾŜΦ  !ǎ ƴƻǘŜŘ ŀōƻǾŜΣ ǇǊƻǇŜǊ 

calibration wells are instrumental in identifying these problem horizons.  

 

No pressure information.  ±ƛǊǘǳŀƭ 5ǊƛƭƭƛƴƎϰ Ŏŀƴƴƻǘ ŀŎŎǳǊŀǘŜƭȅ ŘŜǘŜŎǘ ƭƻǿ ǇǊŜǎǎǳǊŜ 

reservoirs caused by leaky or breached seals.  There is no specific solution to this 

problem 

 

Image overlap.  Virtual Drilling reports roughly the average hydrocarbon potential 

within its cone of investigation, even if source of hydrocarbon potential is on the 

edge of the cone.  This issue arises primarily when working in channel sands and 

near faults.  The issue is mitigated by the 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.  !ƭǘƘƻǳƎƘ ±ƛǊǘǳŀƭ 5ǊƛƭƭƛƴƎϰ ƛǎ ŀ ǾŀƭǳŀōƭŜ ǘƻƻƭ ŦƻǊ ǿƻǊƪƛƴƎ ƛƴ 

ŎƻƳǇƭŜȄ ƎŜƻƭƻƎƛŎŀƭ ǎǘǊǳŎǘǳǊŜǎΣ ǇǊƻǇŜǊ ƳƛƎǊŀǘƛƻƴ ƻŦ ǘƘŜ ǾƛǊǘǳŀƭ άōƻǊŜƘƻƭŜέ ƛǎ 

necessary to determine the true sub-surface location of the area imaged.  

 

Porosity more than 14%.  Once porosity exceeds 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 interpretation remains accurate. 

 

VIRTUAL DRILLINGΆ TYPES 

¢ƘŜǊŜ ŀǊŜ ǘǿƻ ǘȅǇŜǎ ƻŦ ±ƛǊǘǳŀƭ 5ǊƛƭƭƛƴƎϰΥ ½-Scan and Pilot ZX DigiLog.  Both use the same 

data.   

Z-Scan has been used for over 20 years and is very accurate in porosity and fluid 

predications, be they oil, gas, water or shale.  It has a depth rating of approximately 6,000 

meters measured depth from the surface.   

The minimum interval size is 300 meters unless the depth of the interval to be logged is 

accurately known, in which case it is 150 meters.  Z-Scan has a weekly capacity of about 

3,500 meters enabling it to log over ten 300 meters intervals per week. 

Pilot ZX is 100% digiǘŀƭ ±ƛǊǘǳŀƭ 5ǊƛƭƭƛƴƎϰ in beta testing.  The current iteration is accurate in 

detecting porosity and the presence of possible hydrocarbons but cannot predict if the 

hydrocarbons are gas or oil or they are in commercial quantities.  Other beta testing issues 

include undercalling thin zones, overcalling hydrocarbons and depth shifting.  

tƛƭƻǘ ½·Ωǎ ƭƻƎƎƛƴƎ ƛƴǘŜǊǾŀƭ ƛǎ рлл ƳŜǘŜǊǎ ǘƻ рΣллл ƳŜǘŜǊs measured depth from the surface.  

Weekly capacity is about 22,500 meters or five locations.     

 

Z-SCAN LOG PRESENTATION  

The Z-Scan log reports the results of a location in four columnar sections 

 ́ Z-Scan Curves 

 ́ Fluid Content 

 ́ Inferred Lithology, to the extent available, and Fluid Response Notes 

 ́ Zone Interpretation  
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Z-Scan Curves 

E - Electric     green   

 H - Magnetic     black 

 Z - Apparent resistivity   red 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fluid Content ɀ Strong or Weak  

Oil      green 

Gas     red 

Water     blue 

Inferred Lithology and Fluid Response Notes  

Lithology by correlation to known lithology at calibration wells 

Z-Scan Log 
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Numerical notation of E and H analysis  

Modular Intensity (MI)      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 reported on the Z-

Scan log as fluid response notes.  The fluid response reporting format is  

 Electric (MI DDW WP) / Magnetic (MI DDW WP) 

 Examples of numerical notation of E and H analysis:  

  111 /  111  strong oil  

  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 strong water 

322 /  322 weak water 

322 /  ? very weak water (άΚέ ƛƴ ŜƛǘƘŜǊ ŦƛŜƭŘ ŎƻƳǇƻƴŜƴǘ ƛƴŘƛŎŀǘŜǎ άǾŜǊȅέύ 

Zone Interpretation  

Narrative on probable and possible fluid content and potential porosity 

 

PILOT ZX DIGILOG PRESENTATION 

The Pilot ZX DigiLog reports the results of a location in three columnar sections as follows: 

 ́ Inferred Porosity 

 ́ Fluid Action 

 ́ Comments 
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Inferred Porosity  

Pilot ZX locates potential zones of porosity and permeability by identifying low resistivity 

zones.  The larger the crossover of the electric and magnetic curves, the lower the resistivity 

and the further to the left the implied resistivity curve moves.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Pilot ZX traces are identical to the Z-Scan traces and are as follows: 

E - Electric     green   

 H - Magnetic     black 

 Z - Apparent resistivity   red 

 

Pilot ZX DigiLog 

    


