
Apex Spectral Technology, Inc

Presents

Imaging KH from Seismic
to Leverage E&P Success



❖ Founded in 2002

❖ Invented ADF® KH imaging from seismic data 

❖ Performed ADF® projects worldwide

❖ Published blind test ADF® results in a paper sponsored by Shell at 2021 EAGE

❖ Published the science that explains the KH frequency effect at Image 2024

Apex Spectral Technology
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ADF® KH Imaging Projects
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Permeable Layer

Time 
Domain 
Stretch
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KH causes time domain stretch which is frequency domain compression
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The end is the beginning – where we are going…



ADF®

Amplitude
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P-Wave
Velocity

Caprock has no perm, velocity is constant

Reservoir velocity faster at very high frequency

Integrated Sonic 
Velocity Frequency

100 Hz Frequency 20000 Hz30 Hz
Check shot Velocity 
Detection frequency
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1975 first principal over simplification



30 Hz Frequency 20000 Hz
Check shot Velocity 
Detection frequency

Integrated Sonic 
Velocity Frequency

KH causes Frequency Dependent Reservoir P-Wave Velocity

100 Hz

Caprock has no perm, so velocity is constant

P-Wave
Velocity

2025 Understanding
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Moveable Fluid

Darcy’s Law: A longer pressure transient will cause more fluid movement

A 40 Hz sine wave has a 

25 ms cycle which 

causes a 

12.5 ms 

pressure transit

9

A 10 Hz sine wave has a 

100 ms cycle which 

causes a 

50 ms 

pressure transit

What causes lower frequencies to travel slower?
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(D2 * V2) – (D1 * V1)/(D2 * V2) + (D1 * VI) = Rc 

D1 is density above
D2 is density below
V1 is velocity above
V2 is velocity below
Rc is reflection coefficient

Reflection Coefficients are frequency dependent
because reservoir velocity is frequency dependent

Frequency Dependent Rc
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Vp Cap Rock

Vp Cap Rock

Class III AVO – reservoir is slower than above layer Class II AVO – reservoir velocity is close to that of above layer Class I AVO – reservoir velocity is faster than of above layer

DF decrease with dispersion Depending on crossover point the DF will increase or decrease DF increases with dispersion

Reflected

 bandwidth is 

compressed

Class C ADF® Class B ADF® Class A ADF®
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Min.
Rc 

KH Causes Dynamic 
Wavelets & Spectral 

Compression

ADF® Measures 
Spectral Compression

Shale Caprock Vp

Spectral 
Compression

Polarity (B)
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False time 
domain 
stretch

Tuning causes false amplitudes
&

false time domain stretch &
frequency domain compression

AI 1

AI 2

AI 3

Acoustic Impedance (“AI”) = P wave velocity * density 

Similar to Amplitude, Tuning is a Challenge – the Wedge Model

False 
amplitude

Correct 
amplitude

Correct time
Domain 
stretch
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Time Structure Amplitude is replete with tuning ADF® is measured after tuning is removed

Levee

Tuning blurs geology on amplitude ADF® clarifies geology

Over 

bank 

deposit
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ADF® is the opposite of inversion 

Inversion calculates a 
wavelet using well data 

ADF® calculates wavelets 
without using well data

Geology

Or &

Oil
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Time Domain Ricker Wavelet Frequency Domain Ricker Wavelet

The spectrum is 
smooth because it 

does not contain geology

Typical spectrum Apex Spectrum Geology 

Geology prevents accurately measuring compression
Apex transform removes geology allowing for 

accurate measurements of compression

Removing Tuning Effects
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Norwegian Sea Oil Reservoir

Oil offshore Norway

Amplitude = e-αH*g(f)

-αHαL

KH Causes Spectral Compression; ADF® measures Spectral Compression
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L H

0   to    +0.3 0   to    -0.3

L H ADF®

0       to       5 0       to       5

An ADF® cube is computed by summing the two alpha cubes to get one cube scaled 0 to 10

0      to      10

ADF® KH Cubes

Normalize cubes so that: 
Rapid L decay = 5.0

Rapid H decay = 5.0
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Industry Tools that Remove the KH Frequency Effect

❖ Spiking & Gap Deconvolution

❖ Amplitude Q compensation

❖ Whitening
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ADF® Summary Points

❖ In sands, ADF® is largely a KH sand map

❖ In carbonates, ADF® shows where KH within the layer

❖ ADF® uses only seismic as input

❖ ADF® is independent of amplitude
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Relative 
permeability 

drops as a 
reservoir is 
produced 
causing an 

ADF® 4D effect

Toward Improved Prediction of Reservoir Flow Performance; John J. Buckles, Randy D. Hazlett, et al

ADF® 4D Effects
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Normal pressure well with a strong water drive 
The drop in oil production is due to 
the drop in relative permeability

This causes a KH 4D effect and makes ADF® a weak DHI in some cases
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AVO is highly effective In young rocks

ADF® 
Applicable

AVO
Applicable

ADF® is highly effective in older rocks like most reservoirs

Older Rocks

Younger Rocks
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Shell/PDO Oman Blind Test Proof of Concept Project

“Dispersion Imaged Field 
with No Amplitude DHI”

 Published October 21, 2021
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Courtesy of Petroleum Development Oman

Gharif Peak event 

Amplitude
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Courtesy of Petroleum Development Oman

Time domain stretch

Zoom-In of Previous Slide

Thick peak event

Thick peak event
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Courtesy of Petroleum Development Oman

Gharif Peak AmplitudeGharif Structure Map

Amplitude shows no correlation to structure
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Courtesy of Petroleum Development Oman

83 sq. km 
ADF® Anomaly

Gharif Structure Map Gharif ADF®

ADF® shows correlation to structure
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Courtesy of Petroleum Development Oman

After ADF® results were delivered PDO provided the wells

ADF® correlates to the field because it correlates to KH
and early hydrocarbon migration helped preserve porosity and perm
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Courtesy of Petroleum Development Oman

Gharif Peak

Amplitude

ADF®

No ADF® above the Gharif indicates no KH and therefore good cap rock
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Courtesy of Petroleum Development Oman

Gharif High KH

Input Trace
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Courtesy of Petroleum Development Oman

Khuff Structure

Khuff AmplitudeKhuff ADF®

9 sq. km

 ADF® Anomaly

Khuff 
Carbonate 

ADF®

Invisible on 
amplitude
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Courtesy of Petroleum Development Oman

Amplitude

ADF®

Khuff Peak

W E
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Courtesy of Petroleum Development Oman

S

Khuff Peak

Amplitude

ADF®

N
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Courtesy of Petroleum Development Oman

Well MBR35 was 
interpreted to be 

“Hydrocarbons at Khuff 
level” by PDO

Khuff Time Structure Khuff  ADF®
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Blind Test Summary Points

❖ ADF® imaged KH corresponding to the Mabrouk Oil and Gas Field (a Gharif
sandstone) due to early hydrocarbon migration preserving porosity and perm.

❖ ADF® imaged KH in the Khuff carbonate which as we learned was later drilled 
resulting in an oil discovery above the Gharif.  

36



West of Shetlands TGS EW12 3D Results
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TGS EW12 3D
   1,745 km²

Bunnehaven

Lyon found tight 
reservoir with gas shows

Lyon

Tobermory

Additional reserves needed 
to become economic 

Found tight reservoir & no 
shows
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Shallow distal sands

Eocene/Paleocene 
distal sands

High amplitude 
volcanic 

sills & sands

Seismic Courtesy of TGS

5000’ of Water
Amplitude Section
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ADF®
indicates tight reservoir

Seismic Courtesy of TGS

Seismic Courtesy of TGS

Lyon
Dry Hole

Amplitude

ADF®

Seismic Courtesy of TGS

Skye

Mull

Skye

Mull

Lyon
Dry Hole

Strong ADF® 
Indicates high KH
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Seismic Courtesy of TGS

Skye

Insufficient 
Energy to cover high

Insufficient 
Energy to cover high

Strong ADF® in front of bald on top paleo highs where sands would stack up is consistent with ADF® measuring KH

Mull
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High Borehole Deliverability 
Skye Test Location

Seismic Trace PhaseADF® Transform
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Modern day 
Mississippi Delta

Incised Valley
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Time structure Amplitude

ADF®

5 km²
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Seismic Courtesy of TGSAmplitude

ADF®
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Subsalt Gulf of Suez ADF® Blind Test Results
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Ziet/Gharib Salt

Kareem interval

Matulla interval
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ADF® images 
pay between 
the two wells

Amplitude 
does not 
image pay

ADF® AmplitudeKareem ADF® Kareem Amplitude
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Matulla  pay

Kareem pay 

Amplitude

Matulla

Kareem
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Matulla  pay

Kareem pay 

ADF®

Matulla

Kareem
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Amplitude
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ADF®

52



53



Nov. 2024 Letter of Reference

ADF® imaged 7 pay sands, would have avoided 4 tight dry holes and imaged 1 thick KH wet sands
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ADF® is Independent of Amplitude

A(f) = A0e-α*f α = 0.3

f A 2A

0 5 10

1 3.7 7.4

2 2.7 5.5

3 2.0 4.1

4 1.5 3.0

5 1.1 2.2

6 0.8 1.7

7 0.6 1.2

8 0.5 0.9

9 0.3 0.7

10 0.2 0.5

11 0.2 0.4

12 0.1 0.3

55



END
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