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 Pseudo Impedance ( PI) of rock formation under drilling, derived from axial bit vibration DACZ:
 IFPEN’s work on PI indicates that PI could be a good indicator of geological changes
 PI restitutes most of the impedance contrasts and possibly indicates fractured zones
 High sampling frequency is required: 250Hz rather than 50Hz in the present data processing test
 PI log works better with roller cone with shock absorber than with PDC bits: subject to be further 

investigated
 Study of Downhole vibrations measurement are limited by HT conditions in geothermal drilling 

 Drilling Impedance
 Developed to assess bit performance
 Used mainly mud logging data
 UCS = unconfined compressive strength, or uniaxial compressive strength in well axis, 

UCS is derived post-drilling from Wireline Sonic log and other wireline logs
 Discrepancies between DRIMP and UCS could be an indicator of depleted zones

 Can we use DRIMP as proxy of PI in case of HT? 
How to build and integrate the PI log in practice?

BACKGROUND & OBJECTIVE
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ABOUT DRIMP AND PI

The square root of the axial vibration autocorrelation 
pulse is computed over each time segment to get a 
RMS amplitude A

Compensation of the vibrating energy by the drilling 
parameters yields Pseudo Impedance PI
(US Patent 5,758,539)

Normalizing WOB with depth of cut (DOC) to assess 
the rock resistance to the penetration of the bit. 

DRIMP = WOB^α /DOC^β

Where α and β exponents are drill bit related. 
DOC = ROP/RPM [mm/rev]

(US Patent 8,082,014)

Purpose of the present data processing test: 
Comparison between DRIMP, PI, and UCS ( Unconfined Compressive Strength, or uniaxial compressive 
strength, in the well axis, a parameter derived from Wireline logs )



TOPICS
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• Tools

• Data acquisition

• Surface data

• Downhole data

• Preprocessing – Data merging

• Data processing

• Conclusion / Observations
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DATA ACQUISITION TOOLS

DataTrack Mini DataTrack

The product features:

‐ Up to +/- 40g acceleration  in XYZ, fully calibrated,
‐ RPM up to 333 RPM (2000°/sec), Fully calibrated
‐ Temperature of Accelerometer – calibrated from 25°C to 150°C
‐ Temperature of Magnetometer – calibrated from 25°C to 150°C
‐ Battery life up to 270 hours (@ 100 Hz sampling frequency)
‐ Memory = 16 Gbytes

The product features will be as follow:

‐ Up to +/- 50g acceleration  in XYZ, fully calibrated,
‐ RPM up to 333 RPM, Fully calibrated
‐ Temperature of Accelerometer – calibrated from 25°C to 165°C
‐ Temperature of Magnetometer – calibrated from 25°C to 165°C
‐ Battery life up to 600 hours (tool size and sampling rate related)
‐ Memory = 16 Gbytes
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DATA ACQUISITION 

Datatrack tool



11/28/20187

DATA ACQUISITION 

Drilling parameters (WOB, ROP, RPM) from Mud logging 
data drillstring (0.2 Hz)           DRIMP (Drilling Impedance)

Downhole Axial Accelerometer (DACZ) above the drill bit 
using DataTrack (50 Hz) PI (Pseudo Impedance)

Mud 
logging

Datatrack tool
right above the bit



SURFACE DATA
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Source = Mud logging
Sampling rate = 0.2 Hz

Surface parameters 
measured versus surface 
time basis 
(GPS )

• Drilling Depth (ft)
• ROP (ft/h)
• RPM (rev/min)
• WOB (lbf)



DOWNHOLE DATA
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* Source = Varel’s Data Track 
Sampling frequency = 50 Hz 
Downhole parameters are measured versus the downhole
Datatrack clock time basis, independent from GPS 
time, and subjected to temperature drift  

* 20 ms sampling rate versus 2 to 4 ms desired by drillbit
seismic geophysicists (for drill bit noise exploitation) 

• After time synchronization adjustments between surface 
and downhole datasets, PI is computed and compared to 
DRIMP



QC OF INPUT DATA; EDITING NON DRILLING TIME INTERVALS
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DACZ spectrum vs drill time
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Frequency 
increases 
with 
increased 
RPM

Unexpected low surface WOB

Transfer law will be
required to match S-WOB 
and D-WOB

S-WOB & D- WOB



PREPROCESSING – DATA MERGING 
THROUGH SYNCHONIZATION OF SURFACE AND DOWNHOLE DATASETS
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• All data at the same 
sampling rate = 0.2 Hz

• After time 
synchronization 
adjustments between 
surface and downhole 
datasets, PI is 
computed and 
compared to DRIMP
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DRIMP VS PI 

Wireline logs from offset well 
(few miles)

DACZ from DataTrack

Drilling parameters from
mud logging
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DRIMP VS PI VS UCS

PI and DRIMP derive from Downhole Datatrack and 
mud logging surface measurements while drillling

Sonic and UCS derive from post drilling wireline logs, 
from a neighboring well

Observations:

Fair match locally between PI, DRIMP and Sonic or 
UCS for velocity below 150 µsec/ft,  2435-2475ft



CONCLUSION / OBSERVATIONS TO BE FURTHER STUDIED
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 PI were processed with data acquired at 50Hz

 WD-While Drilling logs only: Good correlations were found between PI , DRIMP and 1/ROP are 
mainly due to the same ROP calibration of BOTH PI and DRIMP parameters 

 Wireline logs only: Good match between UCS, EMOD parameters…

 More data required to investigate the robustness of the PI at low sample rate, with and without 
shock absorber in the BHA, and  with all types of bits, PDC & roller cone

 Further studies of DRIMP – PI comparisons are needed.
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QUESTIONS?
THANK YOU FOR YOUR TIME & ATTENTION

VAREL OIL & GAS DRILL BITS


