Middle East Review <QrlE0-=.

March 20-23. 2017 e

7\ Wellbore Positioning
Technical Section

Jonathan Lightfoot
ISCWSA Program Chair 2016-2017
ISCWSA CHAIR 2018-2019

OCCIDENTAL OIL & GAS CORP.

WORLWIDE DRILLING & COMPLETIONS

CENTRAL DRILLING GROUP (CDG)
GLOBAL DIRECTIONAL DRILLING SPECIALIST
PERFORMANCE DRILLING COMMUNITY OF PRACTICE LEADER

March 17th, 2017
The Hague, The Netherlands

dr:r'uu:nP
45th General Meeting [ ST

Wellbore Positioning Technical Section



Middle East ISCWSA Review <<l|:r‘l“ED>

March 20-23, 2017 S aaalan

7\ Wellbore Positioning
Technical Section

Presentation given to Qatar Petroleum and
Occidental Oil & Gas Petroleum in Oman and
Qatar as Outreach to the ISCWSA Members and
Directional Drilling Support Teams in the Middle
East

ISCWSA Members may take this Presentation and
use it as desired to provide additional ISCWSA
outreach to those in your region or within your
own Company or SPE Group.
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ISCWSA Program Chair

« PROVIDE EDUCATION OUTREACH TO REGIONAL ISCWSA &
SPE MEMBERS

 MENA REGION IS THE 2\° LARGEST GLOBAL MEMBERSHIP
REGION

« SHARE ISCWA TECHNICAL TRAINING RESOURCES &
TECHNICAL INFORMATION
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ISCWSA INTRO - MISSION March 20-23, 2017

Jonathan Lightfoot
ISCWSA Program Chair

"The primary aim of this group iIs to produce
and maintain standards for the industry relating
to wellbore survey accuracy. To set standards
for terminology and accuracy specifications.
Establish a standard framework for modelling
and validation of tool performance. Raise
awareness & understanding of wellbore survey
accuracy issues across the industry.”
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Greetings from the Industry Steering Committee on Wellbore Survey Accuracy (ISCWSA),
affiliated with the SPE Wellbore Positioning Technical Section

The 45th general meeting of the ISCWSA will be held in the World Forum venue, Churchillplein 10, 2517 JW, The Hague,
The Netherlands. The meeting is held in conjunction with the SPE/IADC Drilling Conference and exhibition which is
hosted by the same venue. Please click on this link to register online and Download the meeting schedule here.

The main meeting will be held on Friday, March 17th, with sub-committee meetings held March 15th and 16th. If you
are a member of a sub-¢ commmee we WI|| he grateful if you can plan to attend. If you are interested in serving on a
i contact the sub- A contact list is available on the ISCWSA sub-committee tab.

If you or your organization can offer sponsorship for portions of the meetings (such as coffee breaks, lunches, meeting
rooms etc.), please contact Son Pham, ISCWSA Chairperson. We are indebted to the many past sponsors who have
contributed to sustain our technical community work which has been running for over 20 years and we look forward to
continuing our good work for many years to come.
Best Regards,
The ISCWSA Committee
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Meeting Minutes Elected ISCWSA Officers Sub-Committees

The ISCWSA i afflated to the SPE. s the Welbore Postoning Technica ection and has a web site with the SPE o€ wavmspe.org
Note: The ISCHSA does ot spprove too error models fo supplie specic survey tocs
ore information onthe ISOWSA may b oblained from the SCWSA Committee Chae Persan:
Son Pham - Guaicperson
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The Industry Steering Committee on Wellbore Survey Accuracy

MISSION -

“The primary aim of this group is to prodiice and maintain standards for the industry relating to wellbore survey accuracy. To set standards for terminology and

accuracy specifications. Fstablish a standard framework for modelling and validation of tool, Raise awareness & of wellbore survey
accuracy issues across the industry.”

ABOUT -

The ISCWSA work has resulted in the publication of technical papers, leading u:hm(al work shops multiple SPE “Hits and Misses” workshops, the Wellbore
Positioning e-book, anti-collision papers and API project. We have pi with regular from a

wide variety of service companies, operators, and consultants, academia and ot companies.

The Industry Steering Committee on Wellbore Survey Accuracy was founded to dispel the confusion and secrecy commonly associated with wellbore surveying
and to enable the industry to produce consistent, reliable estimates of survey-tool performance in today's wells. We achieve these goals through the production
and maintenance of standards covering the construction and validation of tool error models.

Work focused initially on Measurement While Drilling systems. They provide a large proportion of the total directional survey data world-wide and, because of
their similarities between suppliers, are more amenable to specification standardisation than other types of survey tool.

There is no formal membership enrolment to join the ISCWSA and its meetings are open to all who wish to attend. The committee generally holds twi
meetings and has held 45 meetings internationally to date. The ISCWSA is also affiliated with the Society of Petroleum Engineers, as the SPE Wellbore Posi
Technical Section.

ISCWSA Elected Committee Members -

« Son Pham, Conoco Phillips: Chair Person « Andy McGregor, Tech21: Director at large and Error Model Chair

« Jonathan Lightfoot, Occidental Oil and Gas Corporation: Program Chair + Ludovic Macresy, Pathcontrol: Director at large

« Anas SIKAL, Pathcontrol: Director at large

« Chad Hanak, SuperiorQC: Secretary

« Robert Wylie, xnDrilling: Treasurer « Carol Mann, Dynamic Graphics Inc: Director at large and Education Chair

« Phil Harbidge, Independent: Webmaster

« Steve Sawaryn, Independent: Collision Avoidance Chair

The ISCWSA s afflated to the SPE as the Wellbore Positioning Technical Section and has a web site with the SPE at: wvw.spe.org
Note: The ISCWSA does not approve tool error models for supplier specifc survey tools.
More information on the ISCWSA may be obtained from the ISCWSA Committee Chair Person;
Son Pham - Chairperson
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Meeting Minutes

»  ISCWSA meeting 45 - The Hague, Netherlands - 17th March 2017

»  ISCWSA meeting 44 - Glasgow, Scotland UK - 22nd September 2016
b ISCWSA meeting 43 - Fort Worth, Texas, USA, 4th March 2016

»  ISCWSA meeting 42 - Houston, Texas USA 1st October 2015

»  ISCWSA meeting 41 - London, UK 20th March 2015

»  ISCWSA meeting 40 - Amsterdam, Netherlands 30th October 2014

b ISCWSA meeting 39 - Long Beach, California, USA 9th May 2014

»  ISCWSA meeting 38 - New Orleans, Louisiana, USA 3rd October 2013

»  ISCWSA meeting 37 - Paris, France - 8th March 2013

45t General Meeting
March 17th, 2017
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MEETING MINUTES - 44™ MEETING iddle East Review

March 20-23, 2017

GENERAL MEETING ARCHIVE Jonathan Lightfoot

ISCWSA Program Chair

Meeting Minutes

»  ISCWSA meeting 45 - The Hague, Netherlands - 17th March 2017

ISCWSA meeting 44 - Glasgow, Scotland UK - 22nd September 2016

1SC44_minutes

00_15CW44_MeetingProgram
01_15C44_SonPham_Conoco_Phillips_Introduction
02_15C44 JonathanLightfoot Oxy ProgramOverview
03_I5C44 LenDuncan_MagVar_Past-Present-Future

04_1SC44 Ci ggan_BGS gModeling
05_15C44 SteveSawaryn_Independent_Consultant Collision_Avoidance Subcommittee update
06_Updated 15C44_JonBang_Gyrodata_Combined_Wellbore_Surveys_IPM_SPE178826

07_15C44 GiorgioPattarini_Stavanger_Uni_MagneticMud

08_15C44 PatrickAlken NOAA_GeomagModeling

09_15C44_Prof Giles Hammond_Gravitational Physics_Glasgow_Uni
10_15C44_Prof_Angusjamieson_AJC_Dave_McRobbie_DistinguishedMemberAward
11.15C44_AndyMcGregor Tech21_ErrorModelCommittee update
12_15C44_PeteClark_Chevron OWSG_Update API-RP78
13_ISC44_Prof Angusjamieson_AJC_MWD_a_New_Approach
14_15C44 _RobertWylie TreasurersUpdate

15_15C44 _CarolMann_DGI_Educational_Subcommitiee_update
16_15C44_ChadHanak_SuperiorQC_East_West_Exclusion_Zones
17_15C44_Phil_Harbidge_Schlumberger_Webmaster_Update

»  ISCWSA meeting 43 - Fort Worth, Texas, USA, 4th March 2016
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ISCWSA SUB-COMMITTEES March 20-23, 2017

Jonathan Lightfoot
ISCWSA Program Chair

£ = ® 0 | - sub- Commitees | ISCWSA

Home  AboutUs  What's New  Meeting Minutes Docs and Publications

ol

ISCWSA Sub-Committees

v Collision Avoidance Sub-Committee
» Education Sub-Committee

+ Error Model Sub-Committee

+ Well Intercept Sub-Committee

»  Operator's Wellbore Survey Group Sub-Committee

» Survey QA/QC Sub-Committee

The ISCWSA is affiliated to the SPE as the Wellbore Positioning Technical Section and has a web site with the SPE at: www.spe.org
Note: The ISCWSA does not approve tool error models for supplier specific survey tools,
Maore information on the ISCWSA may be obtained from the ISCWSA Committee Chair Person; 9

45t General Meeting
March 17th, 2017
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AVO IDAN C E-WEBP O RTAL Jonathan Lightfoot

ISCWSA Program Chair

I Collision Avoidance Sub-Committee

Mission Statement - Develop and describe good practice in collision avoidance management, and promote its adoption in the well construction
industry.

The work group has produced several documents which are revised periodically and are available on this site (see "Collision Avoidance Docs and
Publications").
Please contact the Sub-Committee chair Steve Sawaryn if you would like to contribute to the Collision Avoidance Work Group.

Collision Avoidance Sub-Committee Docs and Publications

Download Last Minutes of Meeting

Previous meetings:

Minutes of the 17th meeting, and work group document links below, Amsterdam, Holland 31-10-2014
Ne minutes published for the 16th meeting

Minutes of the 15th meeting, New Orleans USA 02-Oct-2013

Minutes of the 14th meeting, Paris, France 07-Mar-2013

Minutes of the 13th meeting, San Antonic, Texas, USA 10-Oct-2012
Minutes of the 12th meeting, Edinburgh, Scotland, UK, 3-May-2012
Minutes of the 11th meeting, Denver Colorado, USA, 3-Nov-2011
Minutes of the 10th Meeting, Copenhagen, Denmark, 3-Mar-2011
Minutes of the 9th Meeting, Florence, Italy, 22-Sep-2010

Minutes of the &th Meeting, Austin, USA, 2-Mar-2010

Minutes of the 7th Meeting, New Orleans, USA, 7-Oct-2009

Minutes of the 6th Meeting, Amsterdam, The Netherlands, 19-Mar-2009
Minutes of the 5th Meeting, Denver, USA, 24-Sep-2008

Minutes of the 4th Meeting, Inverness, Scotland, 22-Apr-2008

Minutes of the 3rd Meeting, Anaheim, USA, 14-Nov-2007

Minutes of the 2nd Meeting, Rijswijk, The Netherlands, 22-Feb-2007
Minutes of the 1st Meeting, San Antonio, USA, 27-Sep-2006

45t General Meeting
March 17th, 2017
The Hague, The Netherlands

Wellbore Positioning Technical Section
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ISCWSA Program Chair
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Docs & Publications

»  ISCWSA SPE Technical Section Constitution

¢ Position Uncertainty Bibliography (2010)

» Collision Avoidance Sub-Committee

»  Education Sub-Committee Joint Industry Project e-hook

»  Error Model Sub-Committee

The ISCWSA is affiliated to the SPE as the Wellbore Positioning Technical Section and has a web site with the SPE at: www.spe.org

Mote: The ISCWSA does not approve tool error models for supplier specific survey tools.

More information on the ISCWSA may be obtained from the ISCWSA Committee Chair Person;
Son Pham - Chairperson
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ISCWSA Program Chair

Ie hittp:/fwwriscwsanet/docs -and-publications P-00C Does and Publications | 15C..,
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Docs & Publications

»  ISCWSA SPE Technical Section Constitution

Position Uncertainty Bibliography (2010)

Position Uncertainty Bibliography (2010)

Please contact the ISCWSA webmaster for any documents or change suggestions for this page

» Collision Avoidance Sub-Committee

¢ Education Sub-Committee Joint Industry Project e-book

»  Error Model Sub-Committee

The ISCWSA is affiliated to the SPE as the Wellbare Positioning Technical Section and has a web site with the SPE at: www.spe.org
Note: The ISCWSA does not approve tool error models for supplier specific survey tools.

More information on the ISCWSA may be obtained from the ISCWSA Committee Chair Person;

45t General Meeting
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COLLISION AVOIDANCE SUB-COMMITTEE Jonathan Lightfoot

ISCWSA Program Chair
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Docs & Publications

»  ISCWSA SPE Technical Section Constitution

»  Position Uncertainty Bibliography (2010)

Collision Aveidance Sub-Committee

Fundamentals of Successful Well Colfision Avoi [l ¢ t g Jan 14

L fation Against Mini Allowable Separation Distance (MASD) Dispensation for HSE Risk Wells (Jan-2014)

Standard set of wellpaths for evaluating dearance scenarios 5 Nov 13
Current Common Practice in Collision Avoidance Calculations Oct 2013
Collision Avoidance Lexicon 2011 English

Collision Avaidance Lexicon 2011 Chinese

Current Common Practice in Collision Avoidance Calculations 2011 Chinese
Collision Avoidance Bibliography 2010
|ADC1997_Torkildsen_General_error_model

IKUreport1996_Bang General_error_model

Please contact the ISCWSA webmaster for any documents or change suggestions for this page

* Education Sub-Committee Joint Industry Project e-book 1 3

45t General Meeting
March 17th, 2017
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EDUCATION SUB-COMMITTEE Jonathan Lightfoot

ISCWSA Program Chair
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Docs & Publications

¥ ISCWSA SPE Technical Section Constitution
»  Position Uncertainty Bibliography (2010)
»  Collision Avoidance Sub-Committee

Education Sub-Committee joint Industry Project e-book

Joint Industry Project e-book " Introduction to wellbore positioning™
Power Point Slide Decks and Surveying Videos

Please contact the 1SCWSA webmaster for any documents or change suggestions for this page

»  Error Model Sub-Committee

The ISCWSA is affiliated to the SPE as the Wellbore Positioning Technical Section and has a web site with the SPE at: www.spe.org

Mote: The ISCWSA does not approve tool errer models for supplier spedific survey toals.
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Introduction to Wellbore Positioning

Middle East Review

March 20-23, 2017

Jonathan Lightfoot
ISCWSA Program Chair

Copyright notice

£ - @ © C | Docs and Publications | ISCWSA | &3 introduction to wellbore posi... %

[curen s | st | s Qo]
University of the
COURSES STUDY WITH US CAMPUSES RESEARCH

Highlands and Islands
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home ; research 1 introduction to wellbore positioning - download

Introduction to wellbore positioning - download

iew or download below, Please note - it is expected
to have the latest version

stry standard publication (accepted by the ISCWSA board
ication will be added to and developed over time as techni y if it is important to you

Introduction to Wellbore Positioning (V06.02.17) - pdf, 11MB
LATEST VERSION: V06.02.17
New Wellbore Surveying Competency Programme

Click above link for details of this course, developed by the University of the Highlands and Islands in partnership with the Society of Petroleum Engineers (SPE) Technical Section for
Wellbore Positioning.

INTRODUCTION TO
WELLBORE POSITIONING

An ISCWSA initiative

Copyright notice

This eBook s provided, and may be used, free of charge. Selling this eBook in its entirety, or extracts from It, is prohibited. Obtain permission from the author before redistribution.

ce and details of the authors and contributors (pages 1 & 2) must

45t General Meeting

March 17th, 2017
The Hague, The Netherlands

This eBook is provided, and may be used, free of charge. Selling this eBook in its
entirety, or extracts from it, is prohibited. Obtain permission from the author before
redistribution.

In all cases this copyright notice and details of the authors and contributors (pages 1 &
2) must remain intact.

Permission is granted to reproduce this eBook for personal, training and educational
use, but any extract should be clearly attributed to the author giving the name and
version of this publication.

Commercial copying, hiring, lending of this eBook for profit is prohibited.

At all times, ownership of the contents of this publication remains with Prof Angus
Jamieson.

Copyright © 2012 University of the Highlands and Islands

As this publication develops we will post any version update information below:
VERSION: V06.02.17

Updates from the below version include;

Renumbering references to figures in the body of the document to match the number in
the figures.

Wellbore Positioning Technical Section
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Educational Resources Jonathan Lightfoot

ISCWSA Program Chair

Ui 7 An ISCWSA Initiative

Highlan

('\_' Olthighr

agus.

. University of the
- Highlands and lslands
A== Oithighna Gadhealtachd

Gt 2. on Ellean

) Flyer - SPE BOOk Store INTRODUCTION TO
° 20,000"‘ DOWn|OadS WELLBORE POSITIONING

« 2 New Chapters

INTRODUCTION TO
WELLBORE POSITIONING

Coordinate Systems
and Geodesy
Effects from the
Earth's Magnetic Field
Principles of

MWD and Magnetic Spacing

In-Field Referencing Methods
Survey Tools,

Calculations, and Corrections

MWD Surveying Theory / Quality
Gyro Surveying and Theory

Multi Station Analysis
Understanding Survey Uncertainty

Human Error vs Measurement Uncertainty

Relief Well Design & Magnetic Ranging

Subsea Positioning

Collision Avoidance

Guidelines for Best Practices

Quality Control

An ISCWSA initiative

D THROUGH THE RESEARCH OFFICE OF UHI

FREE Download

University of the Highlands and Islands, UHI, their Gaelic equivalents and the mountains and
water device are all trademarks and/or registered trademarks of the University of the Highlands
and Islands. Limited company registered in Scotland No, 148203, Registered Scottish Charity
e, SC022228, VAT Ne, A Mill i lottery preject

45t General Meeting ‘<<=l
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The Hague, The Netherlands

ommittee on Wellbore
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EDUCATION SUB-COMMITTEE - YOUTUBE

Middle East Review

March 20-23, 2017

Jonathan Lightfoot
ISCWSA Program Chair

sw.youtube.com/channel/UCPTHxZDPPxZD-FF78bnqrig

£~ &« Docs and Publications | ISCWSA @& uhi.acuk
| v Page¥ Safety Toolsv @~ B

% Watch YouTube videos with Chrome.

O Tube J

Yes, get Chrome now.

Search

ft Home 29
et
& Trending
{SCUWSH
% History
BEST OF YOUTUBE

Wellbore Positioning ./\(l
Technical Section

Music
E Sports
m Gaming
El News
Live

) 360 Video

© Browse channels

Program Chair

This is the Industry Steering Committee on Wellbore Survey Accuracy YouTube Channel

Created playlists
Wellbore Positioning

Sign in now to see your

channels and

recommendations!

Drilling Rig

View full playlist (

3 videos)

Subscriptions

I

The White House Society of thinkuhi Angus Jamieson
Petroleum Subscribe | 296 Subscribe | 6
Subscribe 964K Subscribe 43K

(1 Tube}

About

39 Language: English ¥ Content location: Oman ¥ Restricted Mode: Off ¥ X History © Help

Press Copyright Creators Advertise Developers +YouTube
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March 17th, 2017
The Hague, The Netherlands

Wellbore Positioning Technical Section

D Program Chair - YouTube

17

O

Monday, March 20, 2017

<CCLIC

[ -




DOCUMENTS & PUBLICATIONS - Video
Making the Most of Wellbore Surveying

:a & https://waw.uhiacuk/en/research-ent 0 - B @ O Docs and Publicat.,. &3 Surveying Sum.., *
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University of the
Highlands and Islands
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COURSES STUDYWITHUS CAMPUSES RESEARCH

home » research 1 research themes 1 energy 1 surveying summary video
Recearch Themes

Surveying Summary Video

Culture and

Heritage . . .
"Making the Most of Borehole Surveying" with Prof
Greuemental Angus Jamieson.
Nordic Studies The Society of Petroleum Engineers Technical section for Wellhare Positioning,
(ISCWSA) i= pleased to offer the following presentations in cooperation with the
History University of the tland slands (IFHI) for unrestricted use in the Ol and Gas
Ind tations are free to download and use but not to distribute.
Archaeology They cannot be offered for sale and the university and the ISCWSA cannot accept
Institute any liabilities in the use of these. The pr tation is available in full directly below,
with each Individual section avallable to watch separately below that.
Marine
Download the presentation powerpoint (16.4Mb)
Aqacniing Deownload the presentation powerpoint as a pdf {6.6Mb)
Social Sciences Want more information? Flease see our free to download ebook Tntroduction to
Wellbore Positioning”, co-writien by Professor Jamieson, by clicking the link at the
Energy bottom of the navigation panel left or follow this Link to the viewing and download
page
Energy Hesearch
Centres Full video:
Resource
Assessment
Marine
Renewable

Barnorticn
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Making the Most of Borehole Surveying

Wellbore Surveying Competency Programme

Drilling Rig

O hitps youtube.cormy OVLXYTO8inds L WYeuGrlgzVO 1 Lxovat £ - @O C = Docsand Publications | ISOWSA  duhiacuk

R~

8 Wellbore Surveying Compete.

40 v Page v Safety Tooksv @~ W O

% Watch YouTube videos with Chrome.  Yes, get Chrome now.

You T Search .

Wellbore Positioning
ogram Chair - 2/3 videc

Competency Programme

Drilling Rig

Misalignment Correction
Stretch & Thermal Correction
Short Collar Magnetic Correction

Multi Station Analysis Magnetic Correction

14 P bl o)) 246 /618
Wellbore Surveying Competency Programme

Q thinkuhi
'\"E I3 Subscribe [PEY

161 views
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EDUCATION SUB-COMMITTEE - YOUTUBE Jonathan Lightfoot

ISCWSA Program Chair
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% Watch YouTube videos with Chrome.  Yes, get Chrome now.
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. Making the Most of Borehole Surveying
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Uploaded on Mar 22, 2013
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Jonathan Lightfoot
ISCWSA Program Chair

O] | IE'iD'i» ISCWSA

IS Jeiis 45™ General Meeting
Friday
March 17, 2017

Sub-Committee Meetings

Introduction, Keynote & AC Rules
Committee Update

8:30am to 10:00am

Day 1 - OWSG & Collision Day 2 - Sub-Committee Meetings for

Avoidance Meeting Collision Avoidance, Error Model Maintenance, Well

Wed nESdaV Intercept and Education - Thursday SME Industry Talks & Well Intercept

Committee Update
10:20am to 11:40am

March 15, 2017 March 16, 2016

Group Lunch 11:40 am - 12:40 pm
GARM 2013 Announcment

Guest Speaker - Jon Curtis - SPE Drilling]
Uncertainty Prediction TS

Operator's Welbore Survey

Group (OWSG) Meeting Collision Avoidance iellintercept

8:30am -11:45 am

10:30 am - 11:45 pm 8:30 am -11:45 am 12:40 pm - 1:40 pm
ISCWSA Group Lunch Technical Talks, Error Model Maint. &
Lunch 11:45 am - 1:00 pm _ R R T
Technical Talk & Officer/Committee
EFFOI' MOdEl Updates - Eduction, Website, Treasury

Education
1:15 pm - 5:00 pm

Collision Avoidance
1:15 pm - 5:00 pm

Maintenance & Secretary

Closing Comments
3:10pm to 5:00 pm

1:15 pm - 5:00 pm
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Activity

Presenter(s)

Middle East Review
General Meeting Program - Recap ren 2033, 2o
ISCWSA Program Chair

Introduction

Program Agenda

Keynote Presentation

Sub-Committee Update

Jonathan Lightfoot
(Occidental Oil & Gas Corp.)
ISCWSA Program Chair

Steve Sawaryn
(Consultant)

Steve Sawaryn
(Consultant)

Welcome, & Introduction

Schedule and Program Review

Collision Avoidance Management Principles, SPE 184730 Review

Sub-Committee Activity Report: Collision Avoidance

Coffee Break & Technical Posters

Technical Presentation

Technical Presentation

Sub-Committee Update

Harald Bolt
(ICT Europe Ltd.)

Marc Willerth
(Magnetic Variation Services LLC)

Chad Hanak, (Superior QC)

What Depth? Review of wireline and drill pipe derived along-hole
depth determination and how this relates to API RP-78 Depth QA-
QC report. Introduction of a proposed method for driller's depth
measurement improvement.

Correcting stationary MWD surveys using high-resolution
inclination measurements

Sub-Committee Activity Report: Well Intercept

Lunch & Technical Posters

Technical Poster Session

45t General Meeting
March 17th, 2017
The Hague, The Netherlands

Manoj Nair, A. Chulliat, A. Woods, P. Alken, B.
Meyer, R. Saltus - NOAA’s National Centers for
Environmental Information, CIRES and University of
Boulder

Benny Poedjono - Oilfield Services, Houston, TX

Lunch Sponsored by Petrolink

Quantifying the Uncertainty of High- 10:00 - 10:20
Resolution Geomagnetic Reference 12:00 - 12:40
Models 14:50 - 15:10

[
E
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General Meeting Program - Recap

Guest Speaker

Jon Curtis
Chair of the Drilling Uncertainty
Prediction Technical Section (DUPTS)

SPE Technical Section Chair to provide a Drilling Uncertainty
Prediction Technical Section Overview and Update

Middle East Review

March 20-23, 2017

Jonathan Lightfoot
ISCWSA Program Chair

Sub-Committee Update

Steve Grindrod
(Copsegrove Developments Ltd)

Sub-committee activity Report: Error Model Maintenance

Technical Presentation

Sub-Committee Update

Ross Lowden
(Schlumberger)
Pete Clark
(Chevron)

MEMS GWD System Feld Test Comparisons

Sub-Committee Activity Report: Operator Wellbore Survey

Group (OWSG) & Update on API RP78

Coffee Break & Technical Post

Sub-Committee Update
Technical Presentation

Administration

Carol Mann
(Dynamic Graphics, Inc.)
Jon Bang
(Gyrodata)

Phil Harbidge
(Schlumberger)

Sub-committee Activity Report: Education

Quantification of Wellbore Collision Probability by Novel Analytic

Methods

Webmaster's Report

Administration

Robert Wylie
(Consultant)

Treasurer's Report

Administration

Chad Hanak
(Superior QC)

Secretary’'s Report

Administration

Jonathan Lightfoot
(Occidental Oil & Gas Corp.)

Closing Statement from the Chair

Meeting Adjourn / Wrap-up

45t General Meeting
March 17th, 2017
The Hague, The Netherlands
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Middle East Review
March 20-23, 2017

Survey Results — Future Topics Jonathan Lightoot

ISCWSA Program Chair

Very Important
Topic —

Topic OK, Low Rotaabnd tonk: — Total
Interest — 9 P Respondents —

36

36

36

36

36
36

36

36
36
36
36
36
36

36
Geodesy & Surface Location Uncertainty 36

Using Data Analytics for Synthetic Modeled Surveys 36
36
36
36
36
36
36
36
36

<CrlICO=

Total Score Good Topic —

o

New Wellbore Surveying Technologies
Advanced MWD Corrections (MS / IFR1/ IFR2)

Error Model Development & Management

Continuous MWD Surveying to improve TVD Uncertainty and Wellbore
Position

Collision Avoidance Management Principles

Case Study - Root Cause and Corrective Action for a Well Collision

Continuous MWD Surveying to improve Azimuth Uncertainty and
Wellbore Position

Overview of MWD Corrections during and after the drilling process

Combined Surveys to Reduce Uncertainty

Depth Corrections & Quality Control
Well Intercept Practices (Relief, P&A, Avoid Twin)
Education & Industry Qutreach

N NN O AW AW~

Wellbore Positioning Software Developments

-
E-Y

Inclination-Only Practices and Wells with No Surveys

0]

Survey Database and Records

Geomagnetic Model Technology

East / West Laterals Uncertainty

Risk Management & Management of Change

In-Field Referencing
MEMS Gyro Surveying
Earth-Rate Gyro Surveying

Unmanned MWD Surveying

W WMo W N~

In-Hole Referencing

45th General Meeting | | Sy -
March 17th, 2017
The Hague, The Netherlands
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ISCWSA | ISruco
Distinguished g —
Service Award
2"d Recipient
45" General Meeting

The Hague
The Netherlands

Congratulations Steve
Your Contributions to the ISCWSA
and SPE WPTS are Truly
Appreciated!

<<|E'.I"II|ED>>
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Middle East Review

KEY TECHNICAL PAPERS - March 20-23, 2017

Jonathan Lightfoot

OWSG ERROR MODELS ISCWSA Program Chair

Society of Petroleum Engineers IADC

IADC/SPE-178843-MS

OWSG Standard Survey Tool Error Model Set for Improved Quality and
Implementation in Directional Survey Management

S. J. Grindrod, Copsegrove Developments Ltd; P. J. Clark, Chevron Energy Technology Company;

J. D. Lightfoot, Occidental Petroleum Corporation; N. Bergstrom, Devon Energy Corporation; L. S. Grant, Noble
Energy, Inc.

Conference and Exhibition held in

Abstract |

Understanding wellbore position and the associated uncertainty is fundamental to all drilling operations
andr ir management. Without consistency in predicting to known uncertainties, activities invol
positional uncertainty, such as risk mitigations for col avoi nnot be performed reliably
known confidence. For the first time, industry has a common controlled set of uncertainty models thus
allowing for transparency in error estimation. Reservoir targeting and subsurface hazard avoidance can be
compromised resulting in unrealized stranded reserves and/or intersection of faulted, undesirable forma-
tion. Overly optimistic estimations can result in wellbore collisions where the risk of collision is assumed
to be very low or can result in a missed well intersection during relief well fi ging point operation.
Conversely, overly conservative estimations can result in e e targeting constraints or directional
control requirements.

An analysis of ind survey of error codes being utilized across companies was performed, both vast
inconsistencies and significant gaps were realized. A case for action was determined and a collaborative
work group was formed under the Operator Wellbore Survey Group ( SG). OW ubcommittee
of the SPE Wellbore Positioning Technical Section (SPE-WPTS). The SPE-WPTS originated as the
Industry Steering Committee on Wellbore Surveying Accuracy (ISCWSA), which affiliated to the SPE
and became a Technical Section.

It was determined that many of the error codes being utilized in industry were based on survey tool
error models established in SPE 67616 and SPE 90408, but there were uncontrolled changes, miss
matched ver: and alterations in error assumptions (that were not vetted) being unknowingly utilized
Inspection revealed that the error models, although loosely based on ISCWSA, were varied across both
service and operator companies and in some cases were varied internal to ind

The collaborative work group was established to develop a Standard S
based on the SPE 67616 and SPE 90408 publicati the current work of the ISCWSA error model 26

subcommittee and with contributions from industry’s leading subject matter experts. The result of the

45th General Meeting IUI_".A.IH
March 17th, 2017
The Hague, The Netherlands
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SPE Distinguished Service Award Nominations

W Society of Petroleum Engineers ° I SCWS A DS A
eineidhed Sard . Recipients who
D|st|ngu§ e S_e_?_r_\nceAwar meet the Nominee

ontributions to the Society that exhibit such

Awards Home

v 4 N:’{\:i':ﬁm?ﬁf“ﬁ exc otion of ti ffort, thought, and t them apart from other contributions. E Ii i i i
Submit by 15 February stitariaticalv bas o g b I ty
v ?:ﬁzf?‘:w" v View a List of Previous Award Winners req u i re m e ntS Wi I I
Nominee Eligibility be Nomlnated for

+ Must be a living member of SPE.

+ Must demonstrate service beyond the acts of funding or endowing the Society. T I S P E

A nominee is not eligible:

. . .
If they have received the DeGolyer Distinguished Service Medal D I Stl n u I S h e d
+ Ifthey areont urrent SPE Board of Directors, Disting red Service award committee or those who have
) ice Award

served in these p ons during the pas

To Nominate
1. Fill out nomination form.
2. Complete all required information on nomination form; incomplete nominations will not be accepted.

3. Include a complete statement of the reasc or prop g the candidate, with a record of the candidate's

professional and industrial achievements in detail.

27
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Middle East Review

KEY TECHNICAL PAPERS - March 20-23, 2017

nathan Lightfoot

OWSG ERROR MODELS ISCWSA Program Chair

Indexes of the Survey Tool Model Sets A-E are included in Appendices 1-5.

Set Name Description Reviewed by SME? Application

A (Standard) Model Selection Guide

Level [1] Level [2] Level [3] Hending [30] Heading [40]
Gyra Tool Mueel Gyra Contractor
Heading [1] Heading [2] Hending [2a] Hending [4a] = Reference _
Nexi Slonded Next Mimlel Chptians (6) Oprions (1)

Depih Reference Tool Type Level Refercnce Magnetlc Tool Level Relerence Decllnation Sour
No. of Options (2) No. of Options (G} No. of Optious (5) No, of Options (5

Gyro MWD A019G + Fl Baker Hughes

B (Extended) Magiztic MWD BGGM (Definle)

e Gyro Conmpas: Al20Ga + Fl GyreDan
C (Contractor) s

Fluating Dipimetes /i AD18Ma + Fl LFRL (IFR)

Hybwid A0216Ga +Fl

Inertial Guidance ‘i BO21Ga
IFR2 (LIFR) Camern Based AD23Ga +Fl
A023Ga +Fl

Contractor (C)

D (Template) Conta
IS
pull

Heading [3c]
Model
Reference

Utility

AD24Ma + = -

Tne. Cmly Comcra Haed y :U“\? : E o, of Options (4)

- Unknewn AD29LJa + Fl

No Data {Blind) ¢ AD2617 +Fl
Blind+Trend , BO22Ua
E (Other) Provig Zeto Enor | AU3IUa

(=21 Extended (E) i Contractor () C400M + Fl TGRE WM
f"l'l Heamding [34]

Model

Inclimation Only
= Relerence

No. of Options (2)
Actual ANZ7La + Fl
Planned s A28 +Fl

Temgplate (TY)

45th General Meeting | | Sy -
March 17th, 2017
The Hague, The Netherlands
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KEY TECHNICAL PAPERS — MGMT & PRINCIPLES

II SPE/IADC -
drilling DRILLING CONFERENCE AND EXHIBITION N

A 14-16 March 2017 | The Hague, The Netherlands T

SPE 184730-MS
Well Collision Avoidance
Management and Principles

Well Collision Avoidance Management and Principles
> Introduction
> HSE Risk Wells
<> Well Collision Frequency
» Leading Indicators

On behalf of the SPE

Minimum Allowable Separation Distance (MASD)
~ Separation Factor

Collision Avoidance Elements

MASD Dispensations

Workflows
” Planning
~ Execution

Further Work

Conclusions

Recommendations

> References
45t General Meeting
March 17th, 2017
The Hague, The Netherlands

IADC Society of Petroleum Engll;eus

SPE/IADC-184730-MS
Well Collision Avoidance Management and Principles

S. J. Sawaryn, Consultant

 Conference and Exhibtion held in The Hague. The Netherlands. 14~16 March 2017

Abstract

The well collision avordance management and principles presented in this paper are a culmmation of the
work and consensus of industry experts from both operators and service companies in the SPE Wellbore
Posiioming Techmical Section (WPTS). This 1s not a new subject. but current guidance 1s disparate,
company specific and occasionally contradictory. As a result, the guidance can be difficult to understand
and implement. A further mim was to dnve standardization of the well collision avoidance rules, process
and nomenclature throughout the industry. Standardisation improves efficiency and reduces implementation
errors.

T'he consequences of an unplanned intersection with an existing well can range from financial loss to a
catastrophic blow-out and loss of life. The process of well collision avoidance involves rules that determine
the allowable well separation, the mar ment of the associated directional planning and surveying
activities and assurance and verification. The adoption of a particular mimimum allowable separation rule
no matter how conservative, does not ensure an acceptably low probability of collision. Many other factors
contribute, such as the level of compliance by office and rig personnel with collision avoidance procedures,
and the completeness and correctness of the directional database. These factors are all connected

I'he matenal 1s sphit into eigl s is, each dealing with a entical element in the collision avoidance
process. Examples are presented to highlight good implementation practice. This aligned approach will
dispel some of the current confusion in the industry over well collision avordance, improve efficiency when
planning and exccuting wells and build industry focus on the associated collision risks when drilling. The
Technical Section 1s also supporting the current development of API RP78

This is the first of two papers. The second paper will cover the minimum allowable separation rule and

its application, assurance and venfication

Introduction

The SPE Wellbore Positioning Technical Section (WPTS) was established as an SPE Techmical Section
in 2004. Prior to this it was referred 1o as the Industry Steering Commuttee on Wellbore Survey Accuracy
(ISCWSA). The ISCWSA was founded m 1995 to address both the use and accuracy of directional survey
mstruments. Although this acronym 1s stll in common use, the section’s remit has expanded 1o address other

related 1ssues such as collision avoidance, well intercepts and industry education, (De Wardt et al., 2013)

Wellbore Positioning Technical Section




KEY TECHNICAL PAPERS — CA WORK

Work Structure

Collision
Avoidance

Well Collision
Avoidance

Assurance
&
Verification

Collision
Avoidance Rule

T

SPE Paper 2

44 General Meeting W
September 2279, 2016 -

Glasgow, Scotland, UK Wellbore Positioning Technical Section

45t General Meeting
March 17th, 2017
The Hague, The Netherlands

Management
Principles

T

SPE Paper 1
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Educational Subcommittee Update

« 2018 Distinguished Lecturer Nomination
« Steve Sawaryn

Distinguished Lecturer

;4,‘
x . :
Eacheyean"SPE selects a group of professionals, nomiflated by their peers,
to share their knowledge and expertise with SPE memibers through visits
| ; to local sections.

‘ -

31
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NEW INDUSTRY STANDARDS (API RP-78)
WELLBORE POSITIONING RECOMMENDED PRACTICE

Comprehenswe_lndustry Standard What Should Be Done?
* Forward, Introduction, Scope, Purpose
» Surface Coordinates

* Survey Program

« Survey Mathematics

« Software

(Performance-Based)
Min. Requirements
Proven Engineering Practice

Not Who?
- Database o
* Positional Uncertainty ot How:
Not Why?

« Anti-Collision
» Quality Assurance/ Quality Control

> ke .& Plots . : % Prescriptive standard - typically prescribes
« Planning & Engineering materials, design, and construction methods

* Transition & Handover without stating goals and objectives (“how”)
» QOperations & Execution
 Directional Survey Records

(Not Prescriptive)

% Performance-based standard — expresses
desired characteristics of the final product,

* Terms & Definitions service, or activity rather than requirements for
 Bibliography the processes to produce it (“what”)
Annexes

<Grl| IE:D'»
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API RP 78 Overview

| & > (1) Purpose -

(™(2) Terms & Definitions

| (™ (3) Surface Location | -

_——1 {13) Planning/Enginesring

& & (4) survey Program |

- — | 114} Planning/Engineering to Operation/Execution Hand-off

| @ @ (5) survey Mathematics {15} Operation/Execution

APl RP78
(S 4§P (6} software Recommended Practices

(16) Post Survey Execution
for Wellbore Positioning

& @ (7) Database | Passive Magnene |
i - Acoustic |
(&) Position Uncertainty Models - /| ; ey et oy

{10} Anti-Collision | -

| stretch/ Future Topics

anoage |

* postwell InstallationSurvey - | Work-over |

— Refersnces |

45t General Meeting
March 17th, 2017
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API RP-78 — Surface Coordinates (Sub-Section)
WELLBORE POSITIONING RECOMMENDED PRACTICE

o Surface Coordinates

Introduction to Well Origin Coordinates
Unique Well Identification System
Horizontal Coordinates & CRS Definition
Geographic & Projected Coordinates
Precision & Resolution

Coordinate Transformations & Scale factor
Grid Convergence & Magnetic Declination
Vertical Coordinates & System Definition
Ground Level and Subsidence

Zero Measured Depth point & Well Depth
Reference Points

Well Reference Point Positional Uncertainty
Site and Slot coordinates

Local and Global Uncertainty

Offset wells database checks

Staking Procedure and Boundary
Monumentation

Location Plats

45t General Meeting
March 17th, 2017

The Hague, The Netherlands

“

Compliance with Industry Standards

% All APl documents are voluntary unless
imposed by requlation, contract, or company
procedures

+ The document type does not determine
compliance

[ | .
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FUTURE ISCWSA WORK

- API RP 78 WELLBORE + SPE ATW — RESERVES
POSITIONING UNCERTAINTY

* UNIFIED COLLISION » MENA - ADIPEC SPE WPTS
i NSNS TOPICAL LUNCHEON

+ NEW ERROR MODELS D
 MWD+HRGM+MS 2™ SPE PAPER

« XCL * UNIFIED COLLISION
AVOIDANCE RULE

e Dual Inc
LAY RANCE
« EDUCATION / OUT REACH V|§|§|L:J|CAT|%N&

e 46™ ATCE — SAN ANTONIO « OCTOBER 2017
« SPE WEBINARS - JUNE
« SPE ATW - HITS & MISSES

5

[ | .
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THANK YOU

QUESTIONS?

36

<GrlIGR>

45th General Meeting | | S
March 17th, 2017

The Hague, The Netherlands .. . . \
Wellbore Positioning Technical Section




