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What is Metadata ?

met-a-da-ta

/'meds dads, meds dada/

noun

a set of data that describes and gives information about other data.

VNN

B cd
Date Time Hole Depth Diff Press Top Drive RPM Top Drive Torque Toolface Grav Toolface Mag TOTAL GAS3 Svy Azimuth
6/19/2016 19:00 8938.56 213.98 40 13829 360 95.6 o 240.7
6/19/2016 19:00 8938.67 204.9 40.1 13208 360 160.9 o 240.7
6/19/2016 19:00 8938.78 199.15 39.9 129338 360 1755 o 240.7
6/19/2016 19:00 B8938.88 201.85 40 13623 360 295.9 o 240.7
6/19/2016 19:00 8938.99 205.41 40.1 13244 360 295.9 o 240.7
6/19/2016 19:00 8939.1 200.01 40 12918 360 318.7 o 240.7
6/19/2016 19:01 8939.21 205.82 29.9 13565 360 334 o 240.7
6/19/2016 19:01 8939.32 204.46 40 12989 360 284.2 o 240.7
6/19/2016 19:01 8939.43 192.93 40 12423 360 194.6 o 240.7
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Metadata for Drilling Data ?

e CSV files

Compiled information
6+ GB
590 columns

* No Metadata

Header names only information

After compiling 5 docs, still 7%
without info
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Vendor A

TIME(datetime)
ACCZ(g)
BOBMAG(N.m)
BOBPHI(rad)
MAG
RPMACC(rev/mn)
SIDEACCMAG(g)
SIDEACCPHI(rad)
TOB(N.m)
WOB(kN)

Vendor B

TIME(datetime)
ACCZ(g)
BOBMAG(N.m)
BOBPHI(rad)
MAG
RPMACC(rev/mn)
SIDEACCMAG(g)
SIDEACCPHI(rad)
TOB(N.m)
WOB(kN)

Vendor C

TIME(datetime)

AP(KPSI)

AXIAL_VIBRATION(G)
ELAPSED_TIME(SEC)

GX(G)

GY(G)

LATERAL_VIBRATION(G)
RPM_GYRO(RPM)
RPM_MAG(RPM)
TOR(RAD/S"2)
TORQUE_CORRECTED(KLB-FT)
TORQUE_UNCORRECTED(KLB-
FT)
TORSIONAL_VIBRATION(RAD/
SA2)
WEIGHT_CORRECTED(KLB)
WEIGHT_UNCORRECTED(KLB)
X_ACCEL(G)

Y_ACCEL(G)
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Vendor E

TIME(datetime)
COPINXYR(DEG)
DANPAR(PSI)
DATEMPR(DEGF)
DBMAR(FT-LB)
DBMTFR(DEG)
DEPTH(FT)
DIFPAR(PSI)
HFRMSR(KLBF)
MTRAVGR(RPM)
RPMAR(RPM)
RPMMNR(RPM)
RPMMXR(RPM)
SEVTDR

SEVXYDR

SEVZDR

SSLIPDR
T1RMSR(GRAVITY)
TORCR(KFT.LB)
WHIRLDR
WOBCR(KLBF)
WOBDR
XY1RMSR(GRAVITY)
Z1RMSR(GRAVITY)



Is Metadata Important?

- ) i o 500 1,000
Select a channel 0 500 000 0 500 1,000 i

3/29/2017 3/29/2017 3/29/2017
18:19:46 18:19:46 18:19:46

ROP - #1 Ref Time
ROP - #2 Ref Depth
ROP - #2 Ref Time
ROP - #3 Ref Depth
ROP - #3 Ref Time
ROP - Auto Driller
ROP - Average

ROP - Average #1 * * ®
ROP - Average #2 ?’; 3 g
ROP - Average #3 © o o
ROP - Cut Unit & LY &
ROP - Fast g
ROP Hold Value
|
' .Edil Calculated Channel a @
|
) 82540 P 18:29:46 18:29:46 |

Do we really need to know how the ROPs were calculated ?
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Types and Uses of ROP

Many Types of ROP Calculations
1.

2
3
4.
5

Instantaneous —

Interval Based ———

[~
T
>
Time Ave%
N —
Cut-Foot -

Etc.
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Many Uses of ROP

1.

: _ «WOB , 120* 7 *RPM *T
MSE Calculations amsE=0.35%( OF 120" 2 REMCT

Rig Controller/Auto Driller
Daily Drilling Summary (Morning Report)

Visualization

ety
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Fun Project: Finding What ROPA Means ?

: Start Simulation

4 Block Data Time Averaged ROP
50 100 0 500 1,000
4/10/2017 4/10/2017
17:43:19 17.43:19
>
+ + |
] 1
Qo )
o O
1] &
17:53:19 1?:53:19_?
Block Position 3399 10 | Sec Average ROP  -6.55
Date Time 23:35:02317 20 -1.71
30 | Sec Average ROP  41.81

CutFoot ROP Moving Averaged ROP WITS ROP
0 500 1,000 0 500 1,000 0 500 1,000
4/10/2017 4/10/2017 4/10/2017
17:43:19 17:43:19 17:43:19
+ + %
1 ; ] |= ]
o ﬁ o = o
& & —— —— &
-_—
—
p—
-
17:53:19 17:53:19?—— 17:53:19
CutFoot ROP 1 -2,124. 1.00 | ft Instantaneous ROP O WITSO ROP 1 0.17
-1,584, 300 |ft 7.20
CutFoot ROP 3 | 2371 500 ft 30 Point Moving Average -1.2000
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Variations In EDR Behavior

> 1Hz 1Hz

What is acceptable ?
Block * Filtered and averaged?
Position  Max value?
Value * Time interval value?

Block

Position
Sensor

> 1Hz 10 Sec

What is acceptable ?

* Filtered and averaged?
 Max value?

* Time interval value?

Block Block

Position

Position
Sensor

Value

Is it time for new EDRs ?
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Perfomance Improvement in Drilling



SPE DSATS DQA Effort

The SPE DSATS DQA team was formed to complement the work done by the Operators Data Quality, and assist

in improving drilling data quality

Develop recommendations
for the selection of surface
sensors, adequate for
different automations tasks

Develop recommendations
for contextual data that
would be useful to be
captured, and possible ways
of capturing them

R APID RIGAUTOMATION
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Downhole

Surface

Sensors Sensors

Contextual

Develop an open method
for detailing the quality,
transparency and integr-
ability of data from
downhole sensors and
measurements.

Develop guidelines for
common critically
derived measurements
for use between
different service
providers

Metadata Requirements SLIDE 8



Transparency - Downhole Sensor Measurements

Society of Petroleum Engineers:

Metadata
Information: Name

SPE-174874-MS

A Framework for Transparency in Drilling Mechanics and Dynamics
Measurements

John D. Macpherson, Baker Hughes; Pastusek Paul, ExxonMobil; Michael Behounek, Apache; Richard Harmer,
Schlumberger

Copyright 2015, Society of Petroleum Engineers

DETAIL

This paper was preparad for presentation at the SPE Annual Technical Conference and Exhibition held in Houston, Texas, USA, 2830 September 2015

Output Sample Rate

Measurement Category
Raw Sample Rate
Measurement Group "
Gap Length
Axial Location
Gap Percentage

CHARACTERISTIC

Lateral Location

Description
Brief descriptive text describing measurement

Bending.Rate . Av

Maximum Range
Minimum Range

Resolution

RAPID RGAUTOMATION
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g
Information: Units As defined in WITSML Units of Measurement standards Hz
Detail: Category Acceleration, velocity, displacement, force, bending frequency
moment, torque, pressure, temperature, angle, frequency,
power
Detail: Group Bit, BHA, along-string, surface sub, surface rig, below sea BHA
level
Detail: Processing Time series, statistic, diagnostic statistic
Detail: Axial Location Axial location of the measurement if located in the 156
drillstring; measured from the drill bit (m)
Detail; Lateral Location Lateral location of the measurement if located in the 826
drillstring; radial distance for the center of the drillstring
(mm)
Char: Raw Sample Rate Digital sample rate, in Hz, from the primary sampling 1000
system
Char: Output Sample Rate Sample rate the time series, statistic or diagnostic is 0.2
generated
Char: Gap Length and In snapshot sampling, the length in time when sampling is 0
Percentage paused and not buffered, and the percentage of time that
this occurs.
Char: Maximum and Valid limits of the measurement in sensor units. 0,125
Minimum Data Range
Char: Resolution Digital resolution of the measurement 0.005
Bandwidth Details Data describing the measurement bandwidth at the raw -
sample rate
Metadata Requirements SLIDE 9



Data Transfer Standards for Downhole Data

IADC/SPE-178900-MS ,
Society of Petroleum Engir;eers IADC

Efficiently Transferring and Sharing Drilling Data from Downhole Sensors

Theresa Baumgartner, Yang Zhou, and Eric van Oort, The University of Texas at Austin

* Published paper proposes solution for downhole data transfer
e Standardized format of data
* Metadata structure

* Goal
* Work towards automated data processing
* Minimize processing time for data provider and end user
* Maximize transparency and thus value of data

RAPI D RlG AUTOMAT|ON Metadata Requirements SLIDE 10
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General Structure of the Metadata Header

e Structure that helps to make the process of collecting metadata most efficient SPE 178900

=Y N Y )
Info
Sensor Info Channel Info
*\Version * Well Name * Start Time * Tool info * Multiple * Short most * Description for
Number « Company * Bit info *E.g. EMS or sensorsin 1 important sophisticated
* Generation Info *Section DSS device Channel analysis
Date . . « Length * 3 strain Description * For each
. . «Nr. of gauges * Header channel
Sensors ... e Unit * Filter data

RAPI D RIG AUTOMAT'ON Metadata Requirements 11
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Excerpt from Theresa et al. Paper

Tag Metadata

Description

~well Information Block
#TAG Data

welIName Rapid-1-2H:

42-501-20130-03-00

\/\/EE|| Ir11i :g}}gg?e Sidetrack 2§

OperatorName OilCompany:

contractorName FastDrillers Inc:
BlOCk ServicCompanyName prillQuants Inc:
SpudDate 11:11:2015 18:30:
Field HighPerm East:
State Texas:
country USA:
Latitude 30.290191:
Longitude -97.736534:
~Run Information Block
#TAG Data
R
numBitRun 2
numStringRun D 4

Run Inf. el

StartDepth 9,232:
B I k EndDept 10,123:
oC wellType vertical:
BitSize 8.5:
BitType PDC:
surfaceDatareference Amphion:
TimeCorrection (dh-0.00342)*1.00043:
OperationsComments Sensor 3 failed:
~Device Information Block

#TAG Data
. P
[)(E\/l(:f} Ir]ii DeviceName Blacksox:
Devicevendor NOV:

Vendnr nnt artNama

15:11:2015 04:31:
16:11:2015 16:09:

Cir<rnamsa | acrnams-

Description

Descriptive name of well

unique well identifier

Identification of borehole

Operating company

Endi Depth

prilling contractor company

Spud date

Name of field

State

Country

wellhead position latitude (north is positive)
wellhead position longitude (east is positive)

Description

Bit run number

The BHA (drilling string) run number

Date and time that activities started

Date and time that activities stopped

Depth of data recording start

pepth of data recording end

wellbore trajectory shape (vertical,curve,horizontal,tangent,...)
Diameter of drilled hole

Type of bit

surface data collection system/company (e.g. Amphion, Pason,_)
Time lag compared to surface data reference, both shift and stretch of dh data
Irregular operational event occurring in this run

Description
Commercial name of device

unique identifier for data service company (e.g. stock code)
Coantart ner<nn within dara <ervice romnanv

R APID RIGAUTOMATION
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Metadata can be Required or Optional

Examples: Required Examples: Optional

e Sampling frequency * Equations
* Data frequency * Failure rate indicator
* Calculated vs measured data e Sensor accuracy

Calibration information
Type of Sensor
Contact person of vendor

Offset time to surface data
Sensor failure during run
Position of Sensor

SPE 178900
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A Similar Framework for Surface Data ?

o E [ [u} E F G H J K L I I o] F ] R
FILE_INFO
ListSeparatar=comma
DecimalSeparatar=periad

o

1
2
3
4
5 | SESSION_INFO
E
7
k]
k)

Timedone GMT
TimeZoneOffzet o]
DateTimeFarmat wun =P -dd THH: mm: s=
StartTime 2014-12-06T17-35:17
10| TimeFormat Abzalute
11| TimeSource PC
12
13 | WELL_INFO
4 |Mame SPEDSATS D0 wWell
5 |10 AE12347

17 | CHANMEL_INFO

1% | Channel Mumber Tupe SampleR Equation Coefficients  CalibrationDate Unit WhereSensed  Accuracy Precision RangeMin  RangeMax

19 | Bit Paosition 1 Derived 0sec SPEDOA Approach # &1 feet Unknown Unknown Unknown Unknown

20 | Block Height 2 Measured 10sec result=data feet Drawworks Unknown Unknown 1] 120

2 | Diff Press 3 Derived Wsec SPEDOA Approach # 04 PSil Unknown Unknown Unknown Unknown

z2 | Flow QutPercent 4 Measuwred Wzec  result=data “ Unknown Unknown Unknown Unknown

3 |HookLoad 5 Measwed 1zec  result= data Klb= Unknown Unknown Unknown Unknown

24 ROP - Average B Derived W zec  Propreitary Urkrowr Urkrowr Unknown Urkrowr

25 | Pump SFMA T Measured 1szec  Maolnformation Unknown Unknown Unknown Unknown

26 | Strks - Pump 1 G Measured Tsec  result=data Urknowr Urknowr Unknaown Urknowr

27 |Pump SPM2 9 Measured 10szec  Maolnformation Unknown Unknown Unknown Unknown

28 | Strks - Pump 2 0 Measwred 10sec  result= data Unknown Unknown Unknown Unknown

23 | Top Orive RPM M Measured 1sec  result=data Top Drive Unknown Unknown Unknown Unknown

30 | Top Drive Torque 12 Derived TWsec  result= ([slopel” datal +[c [slope]=0.1171E 102014 Unknown Unknown Unknown Unknown

# | Pump Pressure 13 Measured 1sec  result=data Unknown Unknown Unknown Unknown

32 | Total Mud VYolume 14 Derived Wszec  result=data Unknown Unknown Unknown Unknown

32 | Flow InRate 15 Derived  Wsec Mo lnformation Unknown Unknown Unknown Unknown

34 | Bit'Weight 16 Derived Wsec Mo lnformation Unknown Unknown 0 Unknown

25

a6 |DATA_START

37 | Date Time Hole Dep Bit Position Block He Diff Press Flow Ot Perce Hook Load ROP - & Pump SPM 1 Strks - Pumpl  PumpSPM2  Strks - Pump Top Orive BPM  Top Orive Pump Pre Total Mus Flow In B Bit 'Weight
32 | 2014-12-06T17:.35:17 3053785 308664 6631 219 5 160.5 a 103 255656 104 273457 301 o 1377.8 303 T34 -0.7
39 | 2014-12-06T17:35:27 30878  3096.65 66.3 53.37 76 1=9.3 0 103 255673 104 273475 301 0 20165 303 T35 0.3
40 | 2014-12-06T17:35:37 30375 308677 BE.TS 103.35 5 1533 a 103 255630 104 273432 301 0 20458 30 T35 5.3
4| 2014-12-06T17:35:47 30878 308687 E6E3 153.92 76 1=0.4 0 103 255707 104 273503 30 o 2187 an T35 10
42 | 20M4-12-06T17:35:57 305876 305631 66.64 19364 TG 120.6 0 103 299725 104 ZTI5ET 30 0 20316 2 T35 0.2
43 | 2014-12-068T17:36:07 305878 309695 BE.6 142,35 T 1=0.6 0 103 255742 104 273544 30 0 20928 34 735 101
44 | 2014-12-06T17:36:17 30878 3089633 6656 196.33 T 1=0.6 0 03 255759 104 273561 30 0 21206 34 T34 101
45 | 2014-12-068T17:36:27 30878 308703 BESZ 153.47 T8 1=0.7 0 103 255776 104 2739578 30 0 2094.58 35 734 10.2
46 | 2014-12-068T17:536:37 30878 3087.08 6645 143.95 T 1=0.6 0 03 255733 104 273536 23.3 0 20304 35 33 101
47 | 2014-12-06T17:36:47 30878 305712 6643 123.95 T8 1=0.6 0 103 25581 104 273613 233 0 20751 36 734 101
43 | 2014-12-06T17:36:57 30878 308716 6633 129.76 T8 1=0.6 0 103 255828 104 273630 29.9 0 20736 3T a6 101
43 | 2014-12-06T17:37:07 30875 3057.2 6635 123.42 T8 150.6 a 103 255845 104 273645 233 o z207av 3T T34 101
50 | 2014-12-06T17:37:17 30878 308724 6631 130,16 73 1=0.6 0 103 255862 104 273665 29.9 0 20744 313 a3 101
51 | 2004-12-06T17:37:27 305378 308723 6626 1323 T3 150.6 a 103 255873 104 273652 233 0 207ET 313 T34 101
52 | 2014-12-06T 173737 30878 308733 6622 130,37 73 1=0.6 0 103 255836 104 273693 29.9 0 20331 3G T34 101

RAPI D RlG AUTOMAT'ON Metadata Requirements
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Adopting / Adapting LAS 2.0/3.0?

Members

Canadian Well Logging

Active Sign Up

Society

LAS Version 2.0: A Digital Standard for Logs
Update January 2014

Industry Membership Events Publications Products

3 7 S

BY
Canadian Well Logging Society (www.cwls.org)

LAS Committee:
C. Struyk, KC Petrophysics Inc
1. Karst, Schlumberger Canada Ltd.

1.0 Abstract:

The LAS 2.0 log data standard was introduced in 1592 and continues to be popular. This paper updates
the LAS 2.0 documentation and makes a minor change to the LAS 2.0 specifications to better reflect the
technological advances made since its introduction.

The changes and clarifications are as follows:

= Line length is unrestricted in unwrapped mode (change)
The depth value divided by the step value must be a whole number (clarification)

* Rounding of depth values is not acceptable. (clarification)

* The delimiters in a non-comment line are the first dot in the line, the first space after that dot
and the last colon in the line. (clarification)

* Most LAS 2.0 files have a depth based index however a time based index is permitted
(clarification).

RAPI D RIG AUTOMAT|ON Metadata Requirements SLIDE 15
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RAPID

Open Sourcing Common Calculations

ProjectDataClarity / SurfaceDerivedData

<¥ Code Issues § Pull requests o Wiki Pulse Graphs

© Unwatch~ 3 W% Star 0 Y Fork 1

This repository contains code that show the many possible ways in which derived data during drilling operations (such as ROP, Hole
Depth, Bit Depth, etc.) may be calculated. http://projectdataclarity.github.io/SurfaceDerivedData

D 18 commits I 2 branches

fiit 1 contributor

Branch: master = Newfile Uploadfiles Findfile  HTTPS =

I} Pradeep-Ashok Added Inclination and Azimuth to SampleData file

i HelpDocuments Added Inclination and Azimuth to SampleData file
il InputData Added Inclination and Azimuth to SampleData file
i OutputResults Sample Data Files and Code for ROP and Bit Depth
B .gitignore Sample Data Files and Code for ROP and Bit Depth
[E) LICENSE Initial commit

ProjectDataClarity / SurfaceDerivedData

Code (D lssues 5 Pull requests 0 Wiki Pulse Graphs

Filters = isiissue is:open Labels Milestones
(D 50pen + 1Closed Author =

() Accounting for Non-Uniform Time Instances: computeCutFootROPApproach1
#6 opened on Feb 21 by Dandan-Zheng

() Accounting for Non-Uniform Time Instances: computeStickSlipindexApproach2

#5 opened on Feb 13 by Pradeep-Ashok

() Accounting for Non-Uniform Time Instances: computeStickSlipindexApproach1

#4 opened on Feb 13 by Pradeep-Ashok

https://github.com/Projec [ 8 Download ZIP

Latest commit b34769a 10 days ago

10 days ago
3 months ago
3 months ago

3 months ago

® Unwatch~ 3 *Star o YFork 1

Labels»  Milestones »  Assignee~  Sort~

o

o

RIGAUTOMATION
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ProjectDataClarity / SurfaceDerivedData ® Unwatch

Code Issues 5 Pull requests 0 [EE Wiki Pulse Graphs

Home

Pradeep-Ashok edited this page on Feb 13 - 14 revisions

Introduction

Real-time data exchange amongst different stakeholders during the drilling of a well is important
for broader adoption of drilling automation solutions. A lot of such data on a drilling rig is derived;
i.e., calculated from core sensor measurements. Currently, derived data calculations are not well
documented or standardized; thus it cannot be confidently used by parties other than those who
create them. The objective of this work is to help remove this barrier.

We focus on nine commonly used derived data quantities: bit depth, hole depth (measured depth

and true vertical depth), rate of penetration (time based and depth based), weight on bit, stick slip

index, calculated flow in, and time to depth conversion and identify the metadata required to fully

understand them. We identify the metadata by implementing, testing, and comparing the various

Metadata Requirements SLIDE 16



here is

WITSML 2.0?

PointMetadata
TypeEnum aXSDelements
] + Mame: Sting84
Een;m;[?tl... B EtpDataType: EtpDataType TypeEnum|
e Fype _ - + Description: Sting2000 senumeraticns
boolean P - Y. ChannelState
bytes = -
double calculated
float final
int memaory
lang Y:N"\ X a« XSDgroup= I___:—_=__ pI’ODE-'EEd
null S AEeEREEE LogChannelMetadata | emjme
string o «%XSDcomplexType. X SDtoplevel Elements |
wector - Channel «XSDelements |
. -~ + ChannelState: ChannelState [0..1] -
. |* Mnemonic Stingg4 + TimeDepth: Sting84 TypeEnum
[+ DataType: EtpDataType + CurveClass StringB4 senumeraticns
+ UoM: String&4 FDerivedFrom 0..* + RunMNumber: String64 [0..1] ChannelDerivation
~|F Status ChannelStatus e + PasMumber. String84 [0..1] —
TypeEnum - + Source: StringG4 [0..1] + Startindex: AbstractindexValue [0..1] == L
_ - + Endindex: AbsractindesValue [0.1] I Heled
senumerati... - - + LoggingCompanyMName: Sting64 | spliced
ChannelStatus = + LeoggingCompanyCode: Sting64 [0..1] : sampled
- + ToolMame: Sting&4 [0..1] I LiTTE]
+ ToolClass String64 [0..1] |
closad . Nl 0
iachive + Denvation: ChannelDenvation [0..1] 1
+ LoggingMethod: LoggingMethod [D..1] -
+ MominalHoleSize: LengthMeasureExt [D..1] [ TypeEnum
senumerations
LoggingMethod
+AxisDefinition _—
Computed
aXSDcomplexTypes LWD
0. LogChannelAxis Mixed
MWD
wXSDelements Surface
AxisOrder Positivelong Wireline
AxisStart double Distributed

aXSDcomplexTypes

AxisSpacing: double
AxisCount: PositiveLong
AxisMame: String64 [0..1]
AxisPropertyType: StingG4
AxisUom: StringG4

+ o+ o+ o+

RIGAUTOMATION
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Summary: Metadata is Important

* Facilitates data reuse and sharing
* More easily interpreted and analyzed
* Can be processed by others

e Reduces “Garbage In Garbage Out”
* More trust in analysis

* It allows for data longevity
* More useful in the long term
» Historical record keeping

RAPID
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bage in,
garbage Out

YOUR ANALYSIS IS ONLY
AS GOOD AS YOUR DATEA

Metadata Requirements SLIDE 18



We are not there yet 1!

* No standards yet
* Debate on standardization versus innovation continues
* |f standardization is desirable, who can facilitate it ? Energistics is one option?

* Existing legacy systems do not facilitate metadata transfer
e Stuck on WITS Systems

e Operators not asking “enough” for metadata ?

* WITSML 2.0 has capability
 Slow adoption due to existing standards (1.3/1.4)

* Value to end user (Third Party, Operator)
* Cost of change borne by data provider

RAPI D RlG AUTOMAT'ON Metadata Requirements SLIDE 19
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NORTEX Effort?

POPULATION

Persons per square mile
o 1365 259

PROVINCES (FYLKER)

1. Finnmark 11. Buskerud
12. Rogaland
13. Telemark o
4. Vest-Agder

5. Aus!;Agﬂder

. Troms Persons per square kilometer
3. Nordia
5. Sgr-Trondelag

% * Principal town
6. Mgre og Romsdal % .

0 6. Vestfol
7 Semn ogFjordans, 17 fatiold (Provinces have no true odminsstrative centers
. Opplal . Oslo
9. Hedmark 19. Akershus
10. Hordaland 20. Bergen

@ Interstate Highuays
) Us Highways

BN g et 0 100 KM 100 Miles
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