RAPID RIGAUTOMATION
Performance Improvement in Drilling

From Data to Actions -
Improving the Value of Drilling Data in
Operations, Engineering, and Research

Theresa Baumgartner
April 26, 2017

IHE UNIVERSITY OF TEXAS A1 AUSTIN

Agenda
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» Data Interpretation

» Data Requirements

» Data Application Examples

» Data Structures and Metadata
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Data Projects @ UT Austin

Real time operating center

» Data (real time or memory)
from different operators and
service providers

» Software from 10+ providers
» MATLAB, R, Spotfire, Excel
Data projects

» Downhole data

» Wellbore )
positioning/tortuosity -
R~ - . Involvement
» Directional drilling automation " grjc yan Oort, Pradeep Ashok (supervisors)
» Performance evaluation * 4 PhD students, 10+ undergrad students per
semester

» Data structures and standards Support from industry

- du, SPE ind Futy
Big Data Analysis by E. van Oort, Feb 2017
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From Automation to Optimization

“Taking the Art out of Drilling”

Data / Measurements

A L. A
Alerthms
Long Term Goal Leads to Short Term Success
Drilling Automation Drilling Optimization

+ Autonomous Rig Gains in Information / Knowledge

« Optimized Drilling through DH Controls Standardization of Processes

« Drilling Advisory System

Reduction of Operational Variability and
Risks

4/25/2017
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The Promise of Artificial Intelligence

» Artificial intelligence, big
data, machine learning, data
mining, etc. as a universal
problem solver

Sentiment: “Data problems
will be overcome
automatically”

Al holds incredible
opportunities

90% of big data analysis is
data curation

» There will be no magic! “It’s gonna be great!”
» Hard work and effort to -D.J. Trump
prepare our data for such
applications
April 26,2017 SPE DSATS Webinar SuDES

We have a Messy Data Problem

» “We don’t have a big data problem,

DDR PDFs

we have a messy data problem” Downhole data files
L —_____]
» Contextual information essential but "
not digitized - DDR: —
‘ ., Tyypos
= ‘problmes /w toppdrive’ «—\Y"—
= Wait on weather WITSML Feed
» Can be digitized — to showcase <WITSMIL/>: Veriety of €SV
successful applications Spec Sheets
» “Big data” applications — data needs to ]
be LAS files
= comprehensive
= complete
= comparable
= categorized
April 26, 2017 SPE DSATS Webinar SLIDE 6




A Basic Example of Data Mining

Indirect diagnosis of Diabetes from patient data:
10,000s of patients —— > 100 Features

o] sooapressre [ smoke | vt | |

25 1344 79

m Use algorithms

» Logistic regression,
B ationt 3 R e .
Neural network, Bayes

206 164 804 3 24 o No classifier, ...

m 275 1341 832 4 39 1 Yes Use test data to evaluate

Classification using
supervised learning

Split in test and train set

183 1282 831 o 31 0 No results
- -307 --ner--mN---t---mn---0---nc---- > Modelapplied to new data
e 2 @ — —~_n — » 2DCase:

— Age

Useunique  Continuous Classes Binary  Pprediction
identifier Variables Variables  Goal I .

Every feature is standardized and classified! E.g. BMI

4/25/2017

Fitness Yes

‘Source: Kaggle Al challenge, www.kaggle.com
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Barriers to Applications in Drilling
» Time series data

= Lots of volume, but single data point not . i

telling . =

» Impact factors are not categorized and standardize: - :;’

= What impact has the placement of the ) 1

stabilizer, how to categorize position?
» Not all impact factors are captured into features
= Human impact
= No sensors available

&

» Scarcity of data :
= Heat Map: Enough data means rich data set o
for all combinations of RPM vs WOB and ROP =

per R 5= =

* Formation, BHA design, Bit, Rig, etc.

= Physics models or other smart algorithms may
help to reduce data requirements

» Lack of comparability between wells

Heatmap of RPM vs. WOB, finding
the ROP sweet spot. Is our data
big enough?

urce: NOV Dril downhole-data-deli il 126, Feb 2017
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Example from Al leaders: Google Shopping

» Google shopping: PR e .
= Search for stores and T
prices in current location |

Real time updates require
stringent specifications and
categorization

Dyson Supersoic Hale Dryer In Greylpink
30090 o

~

s2450 o

Google’s algorithms don’t
work perfectly either

Manual input required: P
= Data centers with
thousands of employees
in India that also manually
sort through data

» Effort required for results

April 26, 2017 SPE DSATS Webinar SUDE 9
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Polling Question

» Who should own drilling data (valuable for the drilling process)?
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Data Aggregation — Downhole Data

» Downhole Data

Torque/a00 (ko]

B TopDrveRPM/10
—— RopFest [t]
2 DifPress/100 [ps]
Bit Weig
—— BitStaus
Bustaccel
Cenpetaiace g
= teralAce [g]

RMSLateralace [g]

——fif— ]

F
Continuous Data 10 seconds
w0~ o Downhole (~0.2 Hz) ‘Burst’ Data i
ol e ‘ Surface (1 "‘|Z) ) Hundreds of Hz . A
B4 ez Saa Saam 3 Z=

e fseq
» Wealth of information is lost when only statistics are stored throughout
the entire run

April 26, 2017 SPE DSATS Webinar SLIDE 12




Data, Information, Knowledge

Decrease of
Volume of Data

» Data aggregation

& » On the way up, the density of information/data
Increase of volume goes down, structure, logic, and costs go
Structure up
and Logic,

» Current approach is rudimentary (e.g.
min/max/avg), which may or may not be
sufficient

» Correct data aggregation method
depends on the requirements for each
application

» Currently, essential information is
lost when applying standard
Data aggregation methods.

April 26, 2017 SPE DSATS Webinar SLIDE 13
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Value of Information

» Well construction process is not perfect due to a variety of drilling performance
limiters.

= E.g. Wellbore misplacement, reduced ROP, unnecessary loads on tools, etc.

Thevalueof ke =/ = emmmmmmmieemeeeea -
information Performance H
from a sensor Limiters !
isaslargeas o\ = =mmmmmm—ge—m—eee -/

its impact on

performance 3\

improvement L | Whatsensors are

S 7 required to capture and
mitigate these?
April 26, 2017 SPE DSATS Webinar SLIDE 1414

Data Aggregation

» Easy in theory, difficult in practice

» Aggregation
= Data reduction of time series data
= Elimination of redundant data
= Merging of different data types (static, time based, depth based,
contextual, etc.)

Keep data that

impacts Delete noise, What is noise,
Data

interpretation

decisions, discard keep what is
redundant information information?
measurements

» Data aggregation depends on the application
» Sensor design plays a key role in aggregation research

April 26, 2017 SPE DSATS Webinar SLIDE 15




Data
Interpretation

4/25/2017

Automation Requires Downhole Data

“In other industries, you either know the physics or you have enough
experimental data. We have neither.”

Quote from ‘From Sensors To Solutions’ Workshop

» Downhole data enables
= Accurate information on complex downhole environment
= Post well analysis driving learnings for new wells
= Better prediction of downhole parameters based on surface data

= Essential for 1 drilling op ions, but need to establish trust in
the data

» Downhole data
= Difficult to access (downhole to surface transfer)
= Difficult to interpret (no ‘outside’ observer)

April 26, 2017 SPE DSATS Webinar SLIDE 17

Data Interpretation

» Petrophysics
= Understand the physics of the tool, measurement and the operational
Closing the gap between

circumstances
= Understand data processing
sensors and data ;
interpretation to differentiate { | | |
noise from information T

» Dynamics data for drilling
automation and performance
Inverse problem: How did the
sensor move to create these

improvement - awareness is
not (yet) present
patterns H?gh Frequengy Burst Data - Accelerations 10 Sec

April 26,2017 SPE DSATS Webinar SLIDE 18




Interpretation of Tangential Accelerations

Inverse Problem: How did accelerometer move to produce the

observations in the measurements?

Accelerometer In Theory
Sensor a3
. = Radially placed accelerometer
(centripetal) measures lateral
vibrations
_ = Tangentially placed accelerometer

a, = w’r . N N
measures torsional vibrations

a; = wr

/.i\

Source: Macpherson et al. 2015

Source: Mocpherson etal, 2015

4/25/2017
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High Frequency Torsional Oscillations?

» Tangential accelerometer measures high frequency vibrations:

Field Daa, Tangentl Acceleraiors

Acceleration [g]
5 6 o 0 B

o

o 05 1 15
nme [sec]

Field Data, Tangential Accelerations - Frequency Analysis
T T T T T

| | | WWWW
b Acceleration a .
1 ! h fluctuates

Radius r ... constant

T
ok . 66.4 Hz Rotational speed w ...
e 132.8Hz FLUCTUATES??
2 r’e
BT 199.2 Hz 331.8Hz
< . /
2 v ¥
L L L 4 L L L
o 50 100 150 200 250 300 350 400
Frequency [H2]
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What if the string rotates off center?

For backward whirl:

Kinematic x,(t) = + 8cos wt + rcosOt

Model Vo) = + 8sinwt — rsin6t
path of string 1

using 2 For forward whirl:

Equations x¢(t) = +8cos wt + rcos 6t

Radial and tangential
components using

A] geometrv (numerical

hod)

B) Tensor Calculus (explicit

formulation

Source:

—

yi(t) = — 8sinwt — rsin6t

Convert to Sensor’s Frame of Reference

April 26, 2017 SPE DSATS Webinar
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What if the string rotates off center?

Videol

4/25/2017
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Radial and Tangential Acceleration Components

Video2
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Tangential Accelerations: Field and Simulation

H) P
8 o
: 1( U m w £ bl ( I
H ﬂ[ \“ il ‘( e \n ‘W‘“/“\ /W‘/w\ \; }\
Il w ‘.\m d JLU foll u\ i m}\w Wi n
; i um S
:'3 G841 H :D 641 H7
§ 150 wione| & . 1931 E
i@ W 150 00 0 i i) 4 (u Ul e 00y a8 i
Fractznoy [H7]
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Radial Accelerations: Field and Simulation

15 Field Data, Radial Bit: 8.5 in. Simulated Data, Radial
5 10
10
s
5
o
o 2 4 13 3 10 0 4 13 10
Time [sec] dimskesh,
15 __Field Data, Radial -2seconds Simulated Data, Radial Atceferations - 2 seconds
10
10
s
B
o
s 65 Tl 75 8 s 5 7 75 3
ime [sec)
Field Data, Radial Accels -FFT Simulated Data, Radidi Ackelerations - FFT
" 2585Hz
e
1 1
kol st
1 e . 788 1024k
. L.r =
o 50 100 150 20 o 50 100 150 200
Frequency [Hz] Frequency [Hz]
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Conclusions: data interpretation

» Fictious forces due to coupled rotation:
= These forces can be considered noise

= Off-center rotation probably not harmful to the drillstring, stress
amplitudes are low

» Off-center rotation:

Disney’s Mad Hatter Tea Party

= Sensor does not
represent the entire
drillstring

= Equations for uniform
rotation do not apply
anymore

» Data aggregation:

= Capturing amplitude
and frequency is enough

April 26, 2017 SPE DSATS Webinar SLIDE 26




Defining Sampling Rate Requirements

» Large data sets with high frequency downhole Vibrations
dynamics data

= Accelerometers

= Gyros, magnetometers
= Strain gauges

= Pressure, temperature

Lateral
Vil

» Study of known dysfunctions
= Vibrations
= Hydraulic dysfunctions
= Weight transfer
= Etc.
» Define sampling rate requirements for detection of
dysfunctions

» Separate signal from noise

‘Source: SPE 174986

4/25/2017
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Theory: Nyquist Sampling Rate

Random Samping 1 25 1
T

» Nyquist theorem states that the sample
frequency needs to be at least twice as high as
the highest frequency of interest.

» E.g. Whirl at 150 Hz needs 300 Hz or more
» Upsampling
= = adding additional points in between two

measurements
13 = Higher frequency phenomena cannot be
O Origial Measur@rikhis reconstructed

© .. Upsampled Points : .
= Interpolation between points

Nyauist Frequency Theorem

April 26, 2017 SPE DSATS Webinar SLIDE 2929

Recommended Sampling Rates |

e S omments Observed Typical Data Sampling and
Frequency/Periods P
Loteral Vibrations
it = “Additional dynamic component, high amplitudes, T T
negative radial accelerations
dentified from bit wear, whirl speed equals rotational
Forward Synchronous Whirl sl <3He 10Hz
speed, low frequencies
" " ical forces,  First m 7
Off Center Rotation y oiite R
very high frequency 00 Hzs)
Chaotic Whirl Described in iterature, not (yet) identified in data
Torsional Vibrations
Harmonic Stick Slp e ratief ot seloe; ©01-2H st
n occur
e st Frequencies related to RPM, Different sources, e TeCiolE Lot
e, stabilzers, doglegs, bucking,
Lithology changes Correlation with tangential acceleration, depth based <1 Hz <2t
Aoial Vibrations
Bit Bounce Harmonic axial fluctuation of high amplitude. S2001hz BT
Effects of lateral and torsional vbrations on axial
Vibrational Dynamics Upto120 Hz 250H2+
uibration measurements
APV Fluctuations Stress and srain changes for each rotaton, especiallyin o (o ome
curve section
Source: SPE 174986
April 26, 2017 SPE DSATS Webinar SLIDE 30
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Recommended Sampling Rates |l

Downhole Weight on Bit

4/25/2017

Weight transfer Low frequencies <1h <2h
Dynamics (Vibrations) Whirl and stick slip frequencies Upto120 Hz 250 Hz+
8it Bounce Harmonic fluctuation, medium frequency 520 of Hz 50Hz

Downhole Torque
Torque Transfer. Due to friction, buckling 05 Hz-10 Hz 20H
Torque Fluctuations RPM related 05 Hz-10Hz 20H
Dynamics (Vibrations) Whirl and stick slip frequencies Upt0120 He 250 Hz +

Pressure

i <1he* <2Hz
ECD monitoring Cuttings transport, surge and swap. <1hHz* <2Hz
:‘;:“:5 INDHPIESUI®  pepending on DH pressures, ECD, pump rates, etc. <1he* <2h
Dynamics (Vibrations) Pressure fluctuations based on pipe movements Upto 120 Hz 250 Hz+

Temperature
Temperatures Low frequencies <1z <2Hz

‘Source: SPE 174986

April 26, 2017
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Downhole sensors capture all dynamics

» Regardless of the ‘direction’ of the measurements, downhole sensors
capture all dynamics:

= Lateral
accelerometers - } Unesrctd Wolht o B masirnd 0 e } }
measure axial 3 h AAAA A AAA
H \ AAAAN premmer AR A—]
dynamics g N ,‘\\5\‘/";\‘; \ \‘:\J\‘i‘m”r‘
. Axial E VYVVLY VIV e
accelerometers ~ e riTees
measure lateral : cw.w7w.m;,;mm,.m..m.., —
dynamics % ARRAR premmmf N
. i VAT LA P e || P
= Strain gauges i i w { ‘“‘/ Wy \,‘, 13| W
measure all A% s s 5 5 1 + n »
movements e T nsee
April 26,2017 SPE DSATS Webinar sue 32

Differentiation by Frequencies

» Low frequency dynamics

= Trends and graduate changes

= Examples: Surface parameter adjustments, changes with low or no periodicity
» Medium frequency dynamics

= Periods of several seconds

= Examples: Rotational movements, stick slip vibrations
» High frequency dynamics

- Frequency > 1Hz

= Whirl currently known highest high frequency downhole phenomenon

1) Low frequency dynamics

| L
1 Al
1 Y
PRI Al
i

U
s 3) High frequency dynamics 7

Wl

» Sensors capture all dynamics regardless of the sensor’s purpose

Source: SPE 174986

April 26, 2017 SPE DSATS Webinar SLIDE 33
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Selective Filtering to Remove Noise

Frequencies keep changing

Signal captures combination of multiple
frequencies
D 4

Simplification of visual display and
automated analysis

Instant filtering based on combination
of multiple measurements

W“NWWW?\—}M\)

4/25/2017

)
Source: SPE 174986
April 26,2017 SPE DSATS Webinar SUDE 34
‘Time Series of "WOB - HighPassFilter
5 T T aa T T
£o
5
o 1 2 3 s 7 8 o 1
Total time: 10 Sec
FFT of "WOB - HighPassFilter"
05 — == T T T T T
i
04l I 4
X 50
| X 1346
Y1 04376 X 67.19
=03 Y] 0402 140267 4
S X 2688
202 eow] Y:0.1421 4
X 2246 : [
0411 02118 Jrioonse i
" L
B e A s, s e A‘ T
o 50 100 150 200 250 300 350 00
Frequency w (Hz)
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T T
| |
| |
| o __Time Series of "WOB - BandPassFilter 67 Hz" ||  TimoSeries of "WOB - BandPassFiltor 50Hz"
| |
10 5
20 A !
|0 |
| |
20 10
0 2 4 6 s 1 o 2 4 6 8 10
Total time: 10 Sec Total time: 10 Sec I
08 FFT of "WOB - BandPassFilter 67 Hz" 08 FFT of "WOB - BandPassFilter 50Hz" |
"
.
x 67.18
I X:50
[ LACL 7 Y:0734
X
02 |
[ o
- 100 200 300 w0hp o 100 200 300 400
I Frequency w (Hz) i Frequency « (Hz)
1 . [
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Pressure Response During Whirl Vibrations

» High frequency pressure fluctuations observed during whirl vibrations,
for both internal and annular pressure
Time Series of "Annular Pressure - No Filter"

5
Total time: 10 Sec

4/25/2017

10° T FFT of "Annular Pressure - HighPassFilter"
] X:132.7
) ik 0001919 oo |
3 Y0 Y0.00134
E4 | =
Peak 1 T Lo . J
: T ¥ f
associated /o \ " \ \ \
with whirl 0 So———~ 100 150 200 250 300 350 400
Frequency w (Hz)
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Conclusions

» Inadequate information on downhole dysfunctions is a real drilling
performance limiter

» Data transfer, storage, and processing capacities currently are limited

» Finding the right balance between
= Inadequate sampling rate, just enough to capture phenomena
= Data overflow, not more than necessary

» Downhole measurements are interlinked
» Differentiation of root cause of measurements by frequency

» Combination of measurements and selective filtering of ‘noise’
frequency ranges

» Publishing application specific data requirements
= Hopefully more examples will follow

April 26, 2017 SPE DSATS Webinar SLIDE 38
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Downhole Data To Improve Surface Processes

Monitoring changes in surface to downhole Understanding effects of surface actions on
transfer functions downbhole forces
- Surface Data: — - Negative or

Primary Source positive effects

e
- Downhole Data: N of surface
Shown if differs pro;esses, eg.
from during

expectations connections \J

Recognizing the importance of off-bottom Investigating multiple data aggregation

events on tool life methods
On Bottom Off Bottom o
. ¥ ¥ S - Not enough 7N\
- Focusing resolution to display )
on time high frequency data '
ot N
based g,w_j‘-—iw.,\ s Averaging covers "
i V—r WA

data important events
" offsottomvirations - Envelopes

Average envelope /"

April 26, 2017 SPE DSATS Webinar SLIDE 40
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Connection Practices: Impact Downhole

“Good Connection”

“Bad Connection”

e

briling

Connection

Downhole data reveals bad practices of operations
Using downhole data to understand implications of
actions on surface

E.g. time of pump shut in and picking off bottom
Implementation of good practices

Measurement tool was
placed above the motor —
essential information for
analysis

April 26, 2017 SPE DSATS Webinar SLIDE 41

Automated Vibration Classification

Example for machine learning application — naive Bayes classifier
Patterns to identify stick slip and whirl:

Raw Data Feature Extraction Trained Algorithm Classification
P(v1ID)
T T
AL allal s P(ID)
Confusion Matrix: Stick Slip Confusion Matrix:Whirl * 250 high frequenc

sequences of a 90 hours bit
run

« 16 features extracted from
NoSiickSiip  Stick Slip Nowhil  Whil each sequence

« Splitin test and train data

Nosicksip 5t 4 Nownit 54 13
. T‘rm'n%d Nalveldﬁayesian‘
sk | 6 » T 15 classifier could correctly
° identify more than 90% of
stick slip and whirl
April 26, 2017 SPE DSATS Webinar SLIDE 42
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Barrier: Downhole Data Sensor Errors

» Sources
= Temperature
= Pressure
= Shocks
» Prevention
= Sensors rated for given environment (more expensive, larger)
= Cushioning of sensors
= Pressure resistant housing
» Mitigation
= Auto-correction
» Semi-Manual correction
= E.g. taring procedure at every connection

Source: Input from Nii Ahele Nunoo and Alamzeb Khan (NOV), will be published at upcoming conference

4/25/2017
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Downhole Measurement Tool Design Factors

nsors
Central Processing Unit
Processing type

Testing procedure
Equipment
Self-calibration

Cali- Battery
bration Power

Downhole S Downhole D:";’"' Temperature
Auto-calibration e Tool Design Env‘i’rgn Pressure
Surf .
urface Factors T Shocks
AMemQI’Y Borehole size
Wired pipe Ring shape
Mud pulse

Housing of sensors

* Tradeoffs between design factors
* More precise requirements would help to design better sensors

Source: Input from Nii Ahele Nunoo and Alamzeb Khan (NOV), will be published at upcoming conference

April 26, 2017 SPE DSATS Webinar SLIDE 44

Baby Steps: Algorithms For Auto-Correction

» Current research focus

» Developed correction algorithms Hidden Information
- Accelerometers ¢ Found indirect surface
= Adequate WOB/TOB correction ::;;ﬂz:ix::m
* Often reason for bad WOB readings losses, in ‘standard’
« Possibly eliminate taring procedures dataiinoladditional
+ More accurate sensors required.
Under development
= Auto-align downhole and surface data Data is underused!
Explore hidden
information

» Correction algorithms
= are fairly simple,
= use known procedures and physics
= corrections are not purely data based

i » Automated vibration classification |

April 26, 2017 SPE DSATS Webinar SLIDE 45
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Smarter Data Processing Required

Surface RT or post drilling

}

Processin
4 Data )
~min, max, Analysis
Sets
mean, stdev

1 Sensor: 1000 Hz Reducing to “1Hz, Includes many 105 of GB about 1
deris

multiple channels

ived values hz data

Adding more sensors, measure with higher rates

Not enough |

I
tosove al |
problems |

I
I
I

I
|
I
I
I
| Information
I
|
I
|
I
I

4/25/2017
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Tttt
I
1 I
| V— — el |
| B 1 Not enough |
) GEZng Data ) Information |
[l Measuring ) -min, max, | 1 1 o ) Analysis tosolve all |
1 I mean, stdev | 41 4 !
gyl ! :
10 Sensors: | Reducingto~10Hz, | Includes many 105 of GB about 1 |
10,000 Hz | multiple channels 1 derived values hz data
! Smarter sensors and processing including: 1
I+ Condense data to information 1
|+ Recognizing multiple levels of detail |
| *  Differentiated sampling rates and processing
+  Patternsrecognition and trend analysis 1
I+ Whatinformationis required to solve a problem?
April 26, 2017 SPE DSATS Webinar SLIDE 47

Data Structures, Metadata _
and Transfer

16



Structural and process with downhole data

* UT project: Undergraduate students
DORPDFs wnhole datafiles analyze operator’s drilling data supervised
by graduate students
> 80% of time spent on data processing
 Data in various files and formats
10 GB files too large to open
Wrong time stamps
Header name is only information on channel
Different companies / sensor measure
different things —no comparison
* > Combining downhole data requires
coding and data analysis skills

WITSMLFeed

<WITSML/>  varietyof.csv

Spec Sheets

LAS files

Learning curve for a single project, but not
transferable

Isolated one off solutions

4/25/2017
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Structured Data: Prerequisite for Automation

» Interoperability, machine readability, comparability of data are essential
for automation

= How do we get there?

= Tradeoff between standardization and ‘progress’, agreement on
common structures seems unrealistic

* Standardization * Learning curve from data

— One off projects — Rapid deterioration of data value with
« Transparency time

— Proprietary tool setups * Knowledge transfer

— Derived data — Data acquisition and analysis are done
« Metadata by different groups with little overlap

— Critical descriptive « Sharing of data for effective data
information analytics solution

« Connections to other — Within companies
data — With 3rd parties

April 26, 2017 SPE DSATS Webinar SLIDE 50

Standardized Format for Downhole and Metadata

°ee  Automation of
% Operator’s Requirements Analysis
Stakeholder’s Inputs * Managing data loads
Database A / Database B and integration
REac ey Opeaalor « Standardized
Standardised Farvat formats
i  How to deliver

¢ Transparency
+ Enables data
analysis
* Knowledge transfer
* What to deliver

UT defined transfer standard:
« Expanding idea of WITSML to downhole data
« Adding metadata to the files

+ Interim solution until it can be taken over by
energistics or another group

SPE 178900

April 26, 2017 SPE DSATS Webinar SLIDE 51
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Standard Data Transfer — Business Case for DH Data

Visualization

Vendor A e Performance
GEIVSS Improvements,

Vendor B ‘m» L4 Data i }cw Reduction

Vendor C & Safety

KM Tools

Different Department » Ensure transp.arency and knowljedgetransfer
Joint Venture Partner » Use venvdors with vendor neutrality ;
University » Vendor independent automated analysis
Minimize time lag between collection, transfer and
integration of data
» Service companies increase business with value add
April 26, 2017

4/25/2017
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Metadata - Header Section Structure

Above the actual data, the metadata
header contains 6 basic blocks.

File Information Block
Well Information Block

The block Run Information Block

structure helps Sensor Information Block

to capture "

3 g 3 M easurement Information Block

information -

most efficiently Channel Details Block

and avoid Description

repetition. 1 Channel number (C1, C2, C3,..)
Sensor Sensor or sensors used for this measurement
OutputRate Channel data rate
MeasurementCharacter  None, average, standard deviation, min, max, RMS,...
MovingAverage Calculation description

April 26, 2017
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Example of MDTS file format

Tag Metadata Unit

Description

Well Inf.
Block

Run Inf.
Block

Device Inf.

» Metadata has standardized structure and description, is helpful to data
scientists without drilling knowledge

April 26, 2017 SPE DSATS Webinar sLirsiie 54
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Digitization Strategies in Education

o
SPE/IADC-184739-MS A

JADC s
Future Workforce Education through Big Data Analysis for Drilling
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* Competition Collaboration

¢ Individual efforts * Team work (disciplines dissolve)
* Single number answers ¢ Dealing with uncertainty
* Simplifying asst i * Und ding complexities

p
Universal Truths

Continuous improvement

SPE 184739
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Conclusions

» Artificial Intelligence won’t magically solve our data problems!
» Results can only be achieved by hard work
= Definition of data requirements and data structures
= Unified classifications
» Defining and publishing data requirements for every research project or study
» Big data: Make data comparable across many wells

= Apply same aggregation methods: 1 minute data is not comparable to 1
second data

» Eliminate manual efforts on data
= Short term solutions: Correction algorithms
= Long term solutions:
* Improve transparency and communication protocols

* Communicate requirements and improve collaboration with sensor
supply chain (tool & sensor manufacturers)

» Prepare workforce for a world of data
= Years of experience vs. making sense of data
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Feature extraction for time based data

» Feature Data Set: Each row represents one burst window
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Stick Slip Classifier: 1 means that stick
slip is present, 0 means that there is no
stick slip present

skt Pk Frasesk eakingt Pkt Casstier

Features

1. Minimum

2. Maximum

3. Delta Max Min

4. Standard Dev

5. Variance

6. Average Min
(running avg)

7. Average Max
(running avg)

8.Delta Average

9. Average

10.Frequency and
Amplitude of FFT
Peak 1 and 2 (4
features)

14.Peak distance of
FFT
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