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AGENDA

« OWSG Mission & Anti-Trust

WITS-LEVEL 7 Survey (J. Lightfoot)

Intro to Sustained Inclination Calculation (Pete Clark)
Measure of Lateral Straightness (Pete Clark)

Cone of Uncertainty Error Models (J. Lightfoot)
Open Discussion Session

Focus Areas and Future Goals

Agenda )
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Last Meeting Action ltems

Post slides & minutes on the OWSG Sub-Committee section of ISCWSA

Develop a 2022 Operator Poll to prioritize topics and focus areas

Last Meeting Review 3
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Attendance & Introductions

Operators
Jonathan Lightfoot
Will Tank
Pete Clark
Kevin Sutherland
Ryan Carlson
Knut Johannes Ness
Dalis Deliu
Marianne Houbiers
Nick Robertson

. Hans Christian Dreisig

. Bill Allen

. Jacob Gauthier

. Chad Dubois

. Juan Jose Exposito Gonzalez

. Heather Vannoy

LR NOURAEWNRE

= e e
Nndh WNIPRERO

Oxy

Oxy

Chevron

Chevron

XTO | ExxonMobil
ADNOC
ConocoPhillips
Equinor

BP

Total Energies

BP

BPX Energy

XTO | ExxonMobil
CEPSA

EOG

Guests

1. Adrian Ledroz
2. Marc Willerth
3. Gary Skinner

4. Timothy Patton

ATTENDANCE

The Industry Steering Committee on
Wellbore Survey Accuracy (ISCWSA)

Gyrodata

H&P Technologies
Baker Hughes
Superior QC
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OWSG Mission

To promote practices that provide
confidence that reported wellbore

positions are within their stated
uncertainty.



OPERATORS WELLBORE
SURVEY GROUP

SUB-COMMITTEE o _ _ The Industry Steering Committee on
Wellbore Positioning Technical Section Wellbore Survey Accuracy (ISCWSA)

OWSG Anti-Trust

We are meeting to help develop and promote good practices in wellbore surveying
necessary to support oil and gas operations which enhance safety and competition.

The meeting will be conducted in compliance with all laws including the antitrust laws,
both state and federal. We will not discuss prices paid to suppliers or charged to
customers nor will we endorse or disparage vendors or goods or services, divide
markets, or discuss with whom we will or will not do business, nor other specific
commercial terms, because these are matters for each company or individual to
independently evaluate and determine. We are meeting to help develop and promote
good practices in wellbore surveying necessary to support oil and gas operations which
enhance safety and competition.

Anti-Trust Statement 6
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WITS-Tables
LEVEL 7
Survey / Directional

J. Lightfoot

WITS Survey Object Table 7
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WITS CATEGORIES 8


http://www.petrospec-technologies.com/resource/wits_doc.htm
http://www.petrospec-technologies.com/resource/wits_doc.htm
http://www.petrospec-technologies.com/resource/wits_doc.htm
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WITS-LEVEL 7
survey Object Tables

J. Lightfoot

WITS Survey Object Table 9


https://oxyinc-my.sharepoint.com/personal/jonathan_lightfoot_oxy_com/Documents/2022%20OWSG%20Meetings/2022%20Jan%2025/WITS_WITSML%20Generic%20Appendix%20Tables/WITS_WITSML%20Level%207%20MWD%20and%20Directional%20Surveying.docx
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Intro to Sustained
Inclination Calculation

Pete Clark

Sustained Inclination 10


https://oxyinc-my.sharepoint.com/personal/jonathan_lightfoot_oxy_com/Documents/2022%20OWSG%20Meetings/2022%20Jan%2025/Intro%20to%20Sustained%20Inclination%20Calculation.pptx

Inferred Wellbore Position

Pete Clark

Chevron CTC Wells, Wellbore Placement Focal Point
01/21/22



Inferred Wellbore Position - Challenge
e Challenge

e Many downhole wellbore positions defined by

e Surface location
e TD MD

* No directional survey information

e Leads to
e Assign “Blind” positional uncertainty model
e ~46° cone
e at TD error radius is greater than depth
e Additional cost due to directional drilling to avoid possible well’s placement

 Inefficiency risk assessing potentially unlikely well collision
e Discount Blind wells as no risk



Inferred Wellbore Position — Proposal

* From existing measurements & models

e Calculate for formation grid using
e Surface location
e Regional formation top surfaces

e Compare recorded top MD to projected
e Calculate Sustained Inclination (Sustinc)

Surface Location

e Sustinc = ArcCosine( MD )
o TVD -
e |f Sustinc<5 Regional
e Assign “Inc-Only-Planned” PU model MD Formation Grid
e ~7.26° cone @ 30 Surfaces

o : o | L
« I 5° < Sustinc < 10 T~ — VD

e Assign “Inc-Only-Planned-10" PU model
e ~14.52° cone @ 30
e |f Sustinc>10°
e Assign “Blind” PU model
* Not credible to consider this as a near vertical well
 Means there’s no surveys for a deviated well & is why Blind is an appropriate model

TD MD
- Assumed vertical



Process & Rules

e For Sustinc to be valid
e Calculated from at least two credible formation top comparisons
e Sustinc = Maximum of all available comparisons

e Individual calculation outcomes
e No match, no calculation
e MD > TVD, potentially valid calculation

e MD < TVD, invalid calculation

» Realistic situation as recorded top may be deep to true or formation grid may be shallow
to true

e Assign value to this comparison of 5°



Credible Calculations

e Safeguard against gross error
e Recorded top and formation grid refer to different items

Set delta length tolerance
* ABS(delta formation grid to recorded top) < tolerance

Suggested tolerance value =
deepest productive horizon / cos(10) - deepest productive horizon
e.g. if deepest productive horizon = 10,000ft, tolerance = 154ft, or less

Counter for credible calculations (cumulative credible calculations)

Must exceed two
e |f ABS(delta formation grid to recorded top) > tolerance then
cummulative credible calculations = cumulative credible calculations - 1



Implementation

e Anticipated to be by machine
 Hence algorithmic approach



Inferred Wellbore Position — Surface Issue

* |s this only a geometric issue?

* It’s always possible to generate a wellpath that exceeds
the error bounds at surface

e Example
e Sustinc calculated to be less than 5°
* Inc-Only-Planned generates ~7.26° cone (red line)
* Hypotenuse is MD
e Vertical side is TVD

e Keeping TVD and reducing displacement provides “slack”
* Generate curve (hyperbola / parabola?)

e Assumes initial inclination > 7.26°
e Realistic?




Proposal

* Form a CA sub-committee work group

e Review this proposal
* Alternate approaches
e Optimize method
 |dentify issues

* Produce guidance

e To include the statement that good surveying practices should always be
employed and resurveying wells missing surveys is best practice



e Actions
e Present full process @ ISCWSA Collision Avoidance Sub-Committee
e Form work group
* Refine and codify process for industry

* |f interested, please let me know
e Will be added to CA sub-committee invite

Thanks!
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Measure of Lateral
Straightness

Pete Clark

Lateral Straightness 11


https://oxyinc-my.sharepoint.com/personal/jonathan_lightfoot_oxy_com/Documents/2022%20OWSG%20Meetings/2022%20Jan%2025/Measure%20of%20Lateral%20Straightness%20(002).pptx

Measure of Lateral Straightness

Pete Clark

Chevron CTC Wells, Wellbore Placement Focal Point
01/21/22



UCR Directional Challenge



Why can’t we drill a straight wellbore?

Tagging hard floor with low incidence Tagging hard ceiling with low incidence

/ \ Azimuth
Inclination
Inclination
Azimuth \ /
Build inclination & _ Drop inclination &
ROLL RIGHT _- - LEVER LEFT
-

Phe Gordy Oil Co
- Pecos County
Bone Springs

AP142371395710100

Example of typical resultant toolfaces and dogleg severity
from directional survey measurements



DLSV TF

e Polar plot of DLS and resultant toolface

* Resultant toolface is the highside toolface required to get from one
directional survey measurement to the next

DLS & TF distribution has similarities with lateral
incidence plot as it uses resultant TF but this polar plot
has DLS as magnitude. Again, the closer to the center
the better
This distribution often illustrates interaction with
bedding planes causing an up/right & down/left tilt
An average DLS & TF is calculated (big blue dot).
Average DLS is its mean value. Average TF calculation
rectifies all TF into the positive quadrants before taking
the mean.

e Should weight the values for survey course length
If inc hold was perfect the average TF would be on the
horizontal line



Lateral Incidence Plot / Value

e Calculate a straight line from first survey to last point in the lateral
e Lateral’s average azimuth, lateral’s average inclination

e Calculate the incidence angle (attitude different) between this line and the
orientation of the wellbore at each survey point (cosine rule)

* The incidence angles can be matched with a resultant toolface (toolface
required to go from one survey station to the next) and plotted on a circular
(polar) plot using incidence angle as the magnitude

e A perfectly straight line would be a dot in the center

e ...thetighter the better, the greater the spread the less straight the well and the higher
the sideload forces required while drilling

e Average incidence angle in the lateral is a measure of the wellbore
straightness

e Values should be weighted for survey interval



Lateral Incidence Plot



Tortuosity v Average DLS v Average Incidence

m Average DLS

Whole Well

Lateral Only Possible Yes Yes
Standard Calculation No Yes Yes
Easily Understood Yes

Curvature Yes Yes

Straightness Yes Yes



Questions

Answers
DisScussIion
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Cone of Uncertainty
Error Models

J. Lightfoot

CONE OF ERROR 12
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Utility Error Models for Vertical Cone of Error (COE)
Inclination for Vertical Wells
Max Departure Calculation

Cone of Uncertainty 13
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COE ERROR MODEL EXAMPLE

EXAMPLE CONE OF ERROR MODEL 14
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https://www.landmark.solutions/life2019-presentations

LIFE 2019 (Excerpt) 15


http://cdnapi.kaltura.com/html5/html5lib/v2.92/mwEmbedFrame.php/p/1781281/uiconf_id/41347291/entry_id/0_qj836fp6?wid=_1781281&iframeembed=true&playerId=kaltura_player_44466642&entry_id=0_qj836fp6
https://www.landmark.solutions/life2019-presentations
http://cdnapi.kaltura.com/html5/html5lib/v2.92/mwEmbedFrame.php/p/1781281/uiconf_id/41347291/entry_id/0_qj836fp6?wid=_1781281&iframeembed=true&playerId=kaltura_player_44466642&entry_id=0_qj836fp6
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http://cdnapi.kaltura.com/html5/html5lib/v2.92/mwEmbedFrame.php/p/1781281/uiconf_id/41347291/entry_id/0_qj836fp6?wid=_1781281&iframeembed=true&playerId=kaltura_player_44466642&entry_id=0_qj836fp6
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Presentation Excerpt 17
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OPERATORS WELLBORE
SURVEY GROUP
SUB-COMMITTEE The Industry Steering Committee on

Wellbore Positioning Technical Section Wellbore Survey Accuracy (ISCWSA)

Presentation Excerpt 18
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Open Discussion

All Members

Open Dialog 22
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Upcoming Meetings

ISCWSA ONLINE TRAINING — APPLY THRU JAN 315T| $1,200 Tuition

ISCWSA Error Model Maintenance Sub-Committee Mtg. January 26" (Darren Aklestad)
ISCWSA Collision Avoidance Sub-Committee Mtg Feb. 15 (Gary Skinner)

ISCWSA General Meeting 55: MARCH 30t — 31st (Call for Abstracts)

OWSG Schedule: The Fourth Tuesday of Every 2 Months (Jonathan Lightfoot)

March 22nd May 24th

July 261 September 27t
November 22nd

23


mailto:aklestad@slb.com
mailto:gary.skinner@bakerhughes.com
https://www.iscwsa.net/forms/meetings-call-abstracts/
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ISCWSA Wellbore Positioning Course

Wellbore Positioning Course 24


https://www.iscwsa.net/the-iscwsa-wellbore-course/
https://www.iscwsa.net/course-application/
https://www.iscwsa.net/course-application/
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Other Industry Events

« |ADC ART: “Upgrading the Grading” — Feb. 9t (VPD Live Stream)

DSAT / ART Symposium & Reception (Galveston, TX) Mar. 7t

IADC/SPE International Drlg Conf. & Exhibition (Galveston, TX) Mar. 8th-10th
IADC Dirilling Engineering Committee Tech Forum (Houston, TX / Virtual) Mar. 30

SPE ATCE Annual Technical Conf. and Exhibition (Houston, TX) Oct. 3™ - 5th
» Call for Papers Deadline: Jan. 31, 2022

Title of slide 25


https://www.iadc.org/committees/advanced-rig-technology/#art-meetings
https://www.drillingcontractor.org/vpd-registration-02092022
https://www.drillingcontractor.org/vpd-registration-02092022
https://www.drillingconference.org/international/attend/schedule-of-events
https://www.drillingconference.org/international/
https://www.iadc.org/event/iadc-dec-tech-forum-q1/
https://www.atce.org/
https://www.atce.org/call-for-papers
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Action ltems

« Share Meeting Slides & Minutes with Jan. 25 Attendee Group

» Post slides & minutes on the OWSG Sub-Committee section of ISCWSA
» Schedule Presentation / Case Study Topics for the March Meeting

» Develop a March 2022 Operator Poll to prioritize topics and focus areas
» Organize the Agenda for the 2022 March Meeting

* Prepare a ISCWSA Meeting 55 Sub-Committee Report for OWSG

Action ltems 26
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Review of the Survey Table from the last meeting

Please send any feedback to Jonathan Lightfoot about the
categories and software survey name.

Master Error Model Maintenance Tables:
o ISCWSA_Generic_Toolcodes SetA Rev5-1
e ISCWSA_Generic_Toolcodes SetB Rev5-1

27


mailto:jonathan_lightfoot@oxy.com
https://www.iscwsa.net/files/666/
https://www.iscwsa.net/files/667/
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Thank you

Questions?

Thank you for attending this meeting 28
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