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BACKGROUND & OBJECTIVE VAREL

e UIL & BAS DRILL BITS

» Pseudo Impedance ( Pl) of rock formation under drilling, derived from axial bit vibration DACZ:
» IFPEN’s work on Pl indicates that Pl could be a good indicator of geological changes
> Pl 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

» Pl 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 Pl in case of HT?
How to build and integrate the Pl log in practice?
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ABOUT DRIMP AND PI

V AREL
Normalizing WOB with depth of cut (DOC) to assess The square root of the axial vibration autocorrelation
the rOCk resistance to the penetratlon Of the bit. pulse is computed over each time segment to get a
RMS amplitude A
DRIMP = WOBA% /pOCAP pl-__ A
RPMxROP
Where a and 8 exponents are drill bit related.
DOC = ROP/RPM [mm/rev] Compensation of the vibrating energy by the drilling
parameters yields Pseudo Impedance PI
(US Patent 8,082,014) (US Patent 5,758,539)

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

, OIL & GAS DRILL BITS

* Tools

» Data acquisition

 Surface data

* Downhole data

» Preprocessing — Data merging
« Data processing

* Conclusion / Observations
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DATAACQUISITION TOOLS
VAREL

e UIL & BAS DRILL BITS

DataTrack Mini DataTrack

API REG. Pin

Non-magnetic Steel ——Magnetometers
(RPM)
Accelerometers «——
* Axial ——Strain Gages
* Tangential « WOB
* Centripetal « TOB

* Bending Moments

Temperature ——

Data Connection Plug Internal & Annulus

Pressures

The product features:

API REG. Box
The product features will be as follow: - Up to +/- 40g acceleration in XYZ, fully calibrated,

- RPM up to 333 RPM (2000°/sec), Fully calibrated
- Upto +/- 50g acceleration in XYZ, fully calibrated, - Temperature of Accelerometer — calibrated from 25°C to 150°C
- RPM up to 333 RPM, Fully calibrated - Temperature of Magnetometer — calibrated from 25°C to 150°C
- Temperature of Accelerometer — calibrated from 25°C to 165°C - Battery life up to 270 hours (@ 100 Hz sampling frequency)
- Temperature of Magnetometer — calibrated from 25°C to 165°C - Memory = 16 Gbytes

- Battery life up to 600 hours (tool size and sampling rate related)
- Memory = 16 Gbytes
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DATAACQUISITION

Datatrack tool

Gage Inserts:
Total Inserts:
Back Row:

Gage Row:

Inner Row:
Bearing Type:
Seal Type:
Hydraulic Design:
Nozzle Part No.:
Center Jet Part No.:
Pin Connection:
Make-up Torque:
Approx. Weight:

Rotary Speed:
Max Weight On Bit:
Flowrate, Min:Max

PRODUCT SPECIFICATIONS

64

193

SRT

Chisel

Chisel

Sealed Roller

HSN O-Ring

3 nozzles with snap rings and centerjet
10735

12400

7 5/8" API Regular

34000 - 40000 ft-Ibs. (46098 - 54233 Nm)
417 Ibs. (190 kg)

OPERATING PARAMETERS*

For all rotary and motor applications
72,000 Ibs (32,027 daN)
640 - 1360 Gpm (2.42 - 5.15 m¥min)

®
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DATAACQUISITION
VAREL

e UIL & BAS DRILL BITS

:\SUdin 2\ Drilling parameters (WOB, ROP, RPM) from Mud logging
99INg —p data drillstring (0.2 Hz) — DRIMP (Drilling Impedance)

Drill pipes

BHA
Borehole Assembly

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

Drill bit
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SURFACE DATA

VAREL

OIL & GAS DRILL BITS

®

Source = Mud logging
Sampling rate = 0.2 Hz

Surface parameters
measured versus surface
time basis

(GPS)

* Dirilling Depth (ft)
« ROP (ft/h)

* RPM (rev/min)

« WOB (Ibf)

A B 0 E F G H | K | M N ¥ Q R
Date DEPTH {ft)  ROP {ft/h)  HPM_Downhole (rp RPM_Surface {rpm) WOB_Surface {lbf}  T0B_Surface {Ib.f TOB_Downhole (| Ecart Type Tog 3PP (psi Z-Acc (g) m2 Ecart Type- Variance D-Acc RMS Pl

21/05/2014 22765 62,7 984101 102 37500 3228 26683793957  §13,384918 1279 1,423696| 2037 0,017 0,00

21/05/2014 2276,54 62,7 98,5625 102 35000 2775 27427845467 7628678199 1281 1420488 2047 001" 000 14292104 0OC
21/05/2014 | 227658 62,7 97,521 102 35700 2947 3069,326294' 910,572673 1378 1,444019 1.09_'_ C_I,U!l' : 0,00 14286011 OC
21/05/2014  20:42:15 227663 62,7 98,1438 102 35500 2450 3738545904 9751003665 1277 141724 201" 001" 0,00 1427591 0C
21/05/2019]  20:42:20|  2276,67. o7 99,2105, 101, 36300, 2488 3099989633"  747,459859 1275, 1,433403| 2,05" 001" 000 14280109 0
21/05/2014  20:42:35 2276,73 62,7 98,7634 101 36500 2648 2313,642338" _ 497,6823987 1273 1,435613 2,08 001" 000 1423966 O.C
21/05/2014 2004230 227682 B2,7 98,0602 102 39900 3142 1820,356411 3393771061 1278 1415284 2,00 001 000 14224941 00
21/05/2014  20:42:35 22769 62,7 97,351 1 40000 3463 1590471687 231,664172 1273 1,425829 203" oo’ 0,00 1,4235785 0,0
21/05/2014  20:42:40 2276,94 62,7 99,098 102 40000 3277 1283,024277° 1157525255 1273 1438013 207" 001" 0,00 14258766 OC
21/05/2014 20:42:45 227898 82,7 088125 101 39900 3514 !110.!4!925' 54,15576247 1274 1419776 202 U,Ulr 000 14282503 0.C
21/05/2014 20:42:50 237703 331 92,486 101 39500 3131 iﬂniﬂl)‘ﬁ"' 56,13915462 1273 1,409052 199 0.01 0,00 14308575 0.0
21/05/2014 20:47:55 277,08 331 0OR,3R3S 101 ATE00 3312 956,987925 r 81,45710639 1274 1,476831 2,04 0,01 r 0,00 1434044 00
21/05/2014 20:43:00 227716 331 08,0819 102 37500 3288 960,951772 il 182,855139 1278 1421811 2,02 i o001 D00 1,4399776 0.0
21/05/2014 20:43:05 227725 33.1 98,2842 102 399500 3094 1020,00705 I 312,372942 1274 1,439541 0,01 0,00 14348542 0.0
21/05/2014 20:43:10 227741 331 97,6454 102 A5500 3666 995,771591 4 3984030859 1274 1,440235 0,01 0,00 1,4327937 00
21/05/2014 20:43:15 227746 33,1 98,3613 101 47000 3604 1055.593694’ 452,7997051 1278 1447313 0,01 000 1431088 O
21/05/2014 20:43:20 227746 331 98,1171 101 40500 3583 1117404547 i 436,6757642 1280 1,428356 0,01 0,00 14302856 0.0
21/05/2014 20:43:25 227746 33,1 96,8806 101 32500 2524 1174467404 r 389,0452508 1279 1,432452 0,01 000 14343702 00
21/05/2014 2 30 227746 33,1 101 34400 2684 1497906281 r 252,900098 1280 1421067 o0z 0,00 142652 [}
21/05/2014 20:43:35 227746 331 101 26400 2115 1838,01804 I 139,7746963 1281 142717 0,03 0,00 14224069 0C
21/05/2014 227746 331 101 24500 1836 19838272227 1502473017 1783 1,430074 0,03 000 14182237 00
21/05/2014 20:43:45 227747 33,1 101 20600 1798 2169.455194. 3245676278 1282 1442556 oo3 000 14177096 0OC
21/05/2014 20:43:50 22775 331 101 19000 2752 2109,500885 il 3404163702 1282 1452724 0,03 0,00 1416026 00
21/05/2014 227753 331 i 21100 1811 ??7."1,”56.":6' 317,4134385 1780 1,384618 0,02 000 14130542 0.0
21/05/2014 227756 EER 101 19500 1932 2119,299774 i 3455005777 1280 1,39611 o0z 0,00 14226273 0C
21/05/2014 22776 331 101 19100 1510 2219688232 i 381,8119009 1276 1,401969 0,02 0,00 14233258 00
21/05/2014 227764 33,1 101 21900 2000 2471,1879487  494,8955125 1773 1,426062 0,02 000 1,4257029 0,0
21/05/2014 227768 33,1 101 23300 1742 3015.)’32!1!’ o52,0609478 1272 1,4326 o0z 000 14287191 OC
21/05/2014 227772 331 101 22200 1717 2691,923055 I 4659630779 1270 1,435257 0,02 0,00 14293763 0OC
21/05/2014 227778 33,1 101 24100 2592 ?334,??3?88' 3609768449 1272 1,442236 0,02 0,00 14277566 00
21/05/2014 B 227788 33,1 98,0638 102 31500 2492 2036,105591 [ 3705881382 1274 1400375 o0z 000 14297213 00
21/05/2014 20:44:35 227795 331 08,1798 101 36200 2111 1912,040436 i 349,3067901 1272 1416387 0,02 r 0,00 14393074 00
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DOWNHOLE DATA VAREL

, OIL & GAS DRILL BITS
7)) DACZ_Time.tt - Bloc-notes -
Fichier Edition Format Affichage 7
~VERSION INFORMATION

: S— ' * Source = Varel’'s Data Track

| N Sampling frequency = 50 Hz

wil y "oz I v Downhole parameters are measured versus the downhole
o g | Datatrack clock time basis, independent from GPS

ary g - time, and subjected to temperature drift

e oo * 20 ms sampling rate versus 2 to 4 ms desired by drillbit

e : seismic geophysicists (for drill bit noise exploitation)

e o » After time synchronization adjustments between surface

S and downhole datasets, Pl is computed and compared to

2014-85-20 87:00:25.851 1.892800 D RI M P
2014-85-20 ©7:00:25.871 1.084800

2014-05-20 87:00:25.891 1.@90000

2014-85-20 87:00:25.911 1.083000
2014-05-28 87:00:25.931 1.89710@
2014-85-20 97:00:25.951 1.877400
2014-85-20 87:00:25.971 1.086600
2014-85-28 87:00:25.991 1.096500
2014-85-20 87:00:26.0811 1.894100
2014-85-20 07:00:26.031 1.089400
2014-05-20 87:00:26.0851 1.090000
2014-85-20 87:00:26.871 1.891300
2014-85-20 07:00:26.091 1.086600
2014-85-20 87:00:26.111 1.083900
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QC OF INPUT DATA: EDITING NON DRILLING TIME INTERVALS

Downhole RPM

20-5-2014 14:50 ~

DACZ spectrum vs drill time
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Alias frequency = 17 Hz

5Hz = 3*RPM
( 90tr/mn)

1] 50 100
RPM [mm]

With roller cone bit, theA DACZ Peak fréquency

150

i -
10 15 20
Frequency [Hz]

S-WOB & D- WOB

Dept Bl Weight On Bit [Ibf]

210000

211000

212000

213000

214000

215000

214000

2180.00

217000

Weight On Bit [1bf]

VAREL

OIL & GAS DRILL BITS

Unexpected low surface WOB

Transfer law will be
required to match S-WOB
and D-WOB
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PREPROCESSING — DATA MERGING )VARE L

THROUGH SYNCHONIZATION OF SURFACE AND DOWNHOLE DATASETS S Es pe e

A B D E N o P Q R 5 1 u Vi W

Date Time DEPTH (ft)  ROP(ft/h)  Z-Acc(g) m2 Ecart Type- Variance D-Acc RMS Pl ROP (m/h) WOB (ton) DOC DRIMP . A” data at the same
21/05/2014  20:42:00 22765 62,7 1,423696 203" 001" 0,00 19,11096 17,0097 3,12270588 1,3207397 .
21/05/2014  20:42:05 2276,54 62,7 1,420488 2,04" 001" 0,00 142921037 0,00886153  19,11096  15,87572 3,12270588 1,2750558 Samp“ng rate = 02 HZ
21/05/2014  20:42:10 2276,58 62,7 1,444019 2,09" 001" 0,00 1,42860107 0,00891644  19,11096 16,1932344 3,12270588  1,288652
21/05/2014 20:42:15 2276,63 62,7 1,41724 201" 001" 0,00 1,42759101 0,00887564  19,11096 16,102516 3,12270588 1,2850374
21/05/2014  20:42:20 2276,67 62,7 1,433403 2,05" 001" 0,00 1,42801093 0,00881975  19,11096 16,556108 3,15362376 1,2902362 .
21/05/2014 20:42:25 2276,73 62,7 1,435613 2,06” 001" 0,00 1,42396598 0,00881913  19,11096 16,556108 3,15362376 1,2902362 (] After t|me
21/05/2014  20:42:30 2276,82 62,7 1,415284 z,m: 0,01: 0,00 1,42249400 0,00884855  19,11006 180983208 3,12270588  1,36234 . .
21/05/2014  20:42:35 2276,9 62,7 1,425829 2,03 0,01 0,00 142357849 0,00889453  19,11096  18,14368 3,15362376 1,3506810 Synch r0n|zat|on
21/05/2014  20:42:40 2276,94 62,7 1,438013 207" 001" 0,00 142587659 0,0088127  19,11096  18,14368 3,12270588 1,3640541 .
21/05/2014  20:42:45 2276,98 62,7 1,419776 202" 001" 0,00 1,42625032 0,00883059  19,11096 180983208 3,15362376 1,3489916 ad JU Stments between
21/05/2014  20:42:50 2277,03 33,1 1,409052 1,99” 001" 0,00 143085754 0,01087393  10,08888 17,016884 1,66483168 2,5424996
21/05/2014 20:42:55 2277,09 331 1,426831 204" o,01" 0,00  1,434044 001090665  10,08888 17,0550592 1,66483168 2480597 Surface and downhole
21/05/2014 20:43:00 2277,16 33,1 1,421811 202" 0,01” 0,00 143497765 0,01093884  10,08888 17,0097 1,6485098 2,5018242
21/05/2014  20:43:.05 2277,25 33,1 1,439541 2,077 0,01” 0,00 143485481 0,01092106  10,08888 18,0983208 1,6485098 2,5806410 d atasets P| IS
21/05/2014 20:43:10 2277,41 331 1,440235 207" 0,01" 0,00 1,43279365 0,01095865  10,08888 20,638436 16485098 2,7557946 ’
21/05/2014 20:43:15 2277,46 33,1 1,447323 200" 001" 0,00 143108803  0,010886 1008888 21,318824 1,66483168 2,773392 com puted and
21/05/2014  20:43:20 227746 33,1 1,428356 2,04 0,01 0,00 143028562 0,01090015  10,08888 18,370476 1,66483168 2,5744820
21/05/2014 20:43:25 227746 33,1 1,432452 2,05' {],Dlr 0,00 1,43437024 0,01103526 10,08888 14,74174 1,66483168 23062375
21/05/2014 20:43:30 227746 331 1,421067 2,02r 0,02' 0,00 142652001 0,01084996 10,08888 15,6035648 166483168 2,3726931 Compared to DRIMP
21/05/2014  20:43:35 227746 33,1 1,42717 2,04" 0,03" 0,00 142240687 0,0107877  10,08888 11,0748288 1,66483168 2,0785684
21/05/2014 20:43:40 227746 33,1 1,430024 2,04' O,D3r 0,00 1,41822369 0,01070085 10,08888  11,113004 166483168 2,0023749
21/05/2014 20:43:45 227747 331 1,442556 2,0&1r 0,03' 0,00 141770957 0,01079237 10,08888 9,3439952 166483168 1,8360984
21/05/2014  20:43:50 22775 33,1 1,452724 211" 0,03" 0,00 141602599 001082625  10,08888  8,618248 1,66483168  1,763352
21/05/2014 20:43:55 227753 33,1 1,384618 1,92' 0,02' 0,00 1,41305421 0,01072616 10,08888 95707912 166483168 18582476
M INsfN1A IN-AA-NN 7T ER 11 1 2aR11 1(]:r ﬂl‘l')' nnn 1 A472/73731 NNINRTERT 1N NERAR RAEATNAA 1 ARRARITIAR 1 TRARANIO
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DRIMP VS PI

Depth

IMPEDANCE

RPM

DACZ

Wireline legs
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Wireline logs from offset well
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DACZ from DataTrack

Drilling parameters from
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DRIMP VS PI VS UCS
Depth - IMF::::CE 150| | _ wm;:wgs i Rockpur:;;erties25E4 V A R E I—

Pl 010 , OIL & GAS DRILL BITS
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Pl and DRIMP derive from Downhole Datatrack and
mud logging surface measurements while drillling
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: Sonic and UCS derive from post drilling wireline logs,
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CONCLUSION / OBSERVATIONS 70 BE FURTHER STUDIED VAREL

, OIL & GAS DRILL BITS

» Pl were processed with data acquired at 50Hz

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

» Wireline logs only: Good match between UCS, EMOD parameters...

» More data required to investigate the robustness of the Pl 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 — Pl comparisons are needed.
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