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Motivation Conclusion and Perspectives
Azimuthal LWD logs provide images of the borehole wall, which are Observation of a relation between drilling processes and breakouts
widely used for the analysis ot borehole breakouts Negative pressure variations may have contributed to the
These breakouts develop when the circumferential stress around development of breakouts
the borehole wall exceeds the compressive strength of the rock Breakouts tend to grow both azimuthally and in their depth extent
Uncertainty on how drilling processes (such as tripping) influence Future research could benefit from the availability of relogs and/or
the development of breakouts multiple image logging tools in the same wellbore
Theoretical background Methodology and software development
Schematic cross sections of borehole breakouts
_ (Hillis and Il?eynolds, 2000) MEthOdOIOgy
Borehole breakouts (Tingay etal, oot Y kot fomaton e - Software development in JewelSuite Elation 1 Gl e e 21
2008) . zone compressive rock strength g
) Occurrence of breakouts A => <= A « |dentification and collection of useful datasets ) gﬁgﬁgg;ty analysis of drilling induced pressure
when stresses around the oit size 0 . Analveis of image logs -+ Investigation of time-dependent borehole
b0r6h0|e are h|gher than the % compressive strength g ° ° J mStab”Ity effects 7
stress reqUired o generate ,c_z °h{} « Analysis of drilling operations |
compressive failure of the 5 o o ’
borehole wall = = -
ol S ol | e e s Software development
. O”entatlon para e 110 5 less than fensile rock strength _ . _
minimum horizontal stress o, 0 \y P @ Basis for development: Previously developed MATLAB prototype
® Mud weight has to be L N | a g[og_rammmg language: C# (development environment. Microsoft Visual
adjusted aCCQrding|y to Azimuth with respect to oy u IO)
prevent breakouts 2 o | - - @ Platform: JewelSuite (BHGE 3D Reservoir Software)
I\F/l’riisl;reﬂwivr\\/dml/y . (svgg'%lg)- relevant drfiing processes ® Major challenge: Visualization of image log data (no implementation in the
e S - ) | JewelSuite framework available) = pixel-by-pixel realization
s Pressure . g:ﬁlesttrrilr?; (Partial) removal of the ® Design: The main graphical user interface of the software is divided into:
window
\ rracure gradient () @ Connections: Extension of the drill B Left Panel: multiple user controls to manipulate
_— Mud weight /ESD string by an additional segment the displayed data in the plots
*j\Breakouts @ Right Panel: plots for image, caliper, bit and

Software prototype

Image tool depth as well as time based
pressure and temperature data

Losses '\\

ECD

Toolbar .
Kick I T LI L Right panel :
i s * = Log resisiuty (Ohmm @ Toolbar: multiple user controls to e.qg.
) e G load/save breakout data or screenshots of the
= Collapse gradient (CG o a -
= = view
m DHigutm [ Show breakout intervals g
= 2 Zoom o breakout 0O
\\4 [ Certer breskout interval [ Show block height plot
Do ORTE,
YCoor&; oooooo Left E 1915 Tlme 15.02. 20:15 :;:: uuuuu :ame
w | £ T :
Dsm;: pane §_ I i E 387 | - Flawoifre 3.2 g‘
. = | O | = 8 3 .
Influence of drilling processes el W (o Temporal breakout evolution
e mn === g I = 3
e oee e A - <. | -3
Frequency of tripping and flow-off events during TR - . 7 - 07 s _ _
breakout sections ; Angle () Caliper (in) T et Relog images of the same wellbore section
35 =

Original log Relog 1 Relog 2 Relog 3 Relog 3

I Tripping events (> 5 m MD)
I Tripping events (< 5m MD) | |
B Fow-off events

Log resistivity ~ Log resistivity ~ Log resistivity ~ Log resistivity  Log resistivity
(Ohmm) (Ohmm) (Ohmm) (Ohmm)

W
o

N
(@)

N
o

increased e

@ Observations of

Relationship between drilling processes and

E E
15 | pressure anomalies (mostly negative) breakout depth extent and £ c
—— opening angles by using relog |5 - 8

" — images

Number of tripping and flow off events

@ Comparison of different images
In the same BHA potentially
enables the temporal analysis
of breakout evolutions

2881 2881

($)

Angle (°C) Angle (°C) Angle (°C) Angle (°C) Angle (°C)

100
Breakout #

® Clear relation between breakouts and

i _ 20— e an) Comparison of images for the identification of drilling-related breakout development
.lgpglng Ofperatlons / ﬂgW'Off events Time Log resistivity (Ohmm) Log density (gcm3) 56 = 65.3
ause for occurrence” — P | T Floadteressure
. . . . 357 ; $low0ffPre;sure g 638 - —— Temperature 616
@ Frequency of tripping events within | T & ﬂmﬂm - 2% _ : A
I s : @ H : S
breakout Intervals one order of & » ol .g ® U iy !674 2 R g sus 3 ~ g
. : . < % N (A E o Y =
magnitude higher than outside = w : I Ol LN g S 34 B 2 5
_ §34.5 @ ®-!--@ - -'.-55_7 S §- D : ; g
@ Flow-off events (switched-off pumps) = ' ! -Ls_0 3 oo LA s
also occur more frequently within §@ @\'653 - swsf i Resistivity L Density | |1
breakout intervals : Angle () Angle () : i ’ =

References Supported by BAKER

Hillis, R. and Reynolds, S. (2000): The Australian stress map. Journal of the Geological Society, 157, 5: 915-921. UGHES
SOG (2019): Schlumberger Oilfield Glossary. https://www.glossary.oilfield.slb.com

Tingay, M., Reinecker, J. and Miiller, B. (2008): Borehole breakout and drilling-induced fracture analysis from image logs a GE company
Wessling, S., Bartetzko, A., Pei, J. and Dahl, T. (2012): Automation in Wellbore Stability Workflows. SPE Intelligent Energy International, Utrecht, The Netherlands, 27-29 March 2012.

KIT — The Research University in the Helmholtz Association



