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Agenda

« Well Construction Risk Management Overview

« Automated Survey Correction Platforms
« During Execution Phase
» Benefits and Concerns for other Risk Management Elements

¢ Summary

Agenda
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Management

Well Construction Risk Management

Data
structure
integrity and
management

Effective
communication

Risk Management Structure important to
maintain safe well construction practices

Quality
assurance

Minimum-Allowable
Separation
Distance

« Automated Survey Correction Platforms help
with adherence to these elements but still have
limitations

Wellbore-
survey
operations

Collision-
avoidance | Wellbore-survey
management

Principles

Well-Collision-Avoidance Management and Principles
Sawaryn, S. J. et. al.

SPE Drilling & Completion 33 (04): 335-350.
10.2118/184730-PA

Well Construction Risk Management 3
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Well Construction Phases

Confirm preconditions A

* Offset well status per classification
Start * Approved well plan revision

* Operational conformance as per plan

. /_l\
P | annin g P h ase Acquire and QC directional \

survey measurement per |
survey program g /

Creation of a Survey Program R
Calculate wellbore position C
* RIgOrOUS|y deS|g ned SeleCtlon Of :E:g}:&t :;12:1:! according to anti-collision plan

survey instruments and running
requirements to meet well objectives

Drill ahead to !
next survey point

Wellbore proximity
analysis g

Stop
drilling

Acceptable to
drill ahead? E

Execution Phase v
Canadju31
QC directional survey measurement
per survey program ol -
Automated Survey CorreCtiOn Refer to planning phase
Platforms deSigﬂed for th|S proceSS Well-Collision-Avoidance Management and Principles

Sawaryn, S. J. et. al.
SPE Drilling & Completion 33 (04): 335—350.

Well Construction Phase 102118/184730-PA 4
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?Z| « Confirm Surface Location and Reference
Values
DD and DD Software ‘ @ °

System

Qualitv check based on target Instrument

25 Manual Data Transfers Ny -
_ _ -king for drillstring
A High Risk of Gross Errors neertainties

tations if available

25 Multiple “Definitive” Data Sets | 5,1a tendencies

with survey stations

MWD Hand Surface Drilling Engineer and
DE Software . . .
e * Provide back final QC’d stations
‘SAl;élfla;Tal;‘ocation and Global Reference Values from « Done in Batches — Takes 5-45 minutes

Compare downhole station with Field Acceptance
Criteria set by service provider

Escalate if questions
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Survey QC - Automation

o Automatic QC software initiated: surface location,
well plan, BHA and survey program entered

DD and DD Software .
o Surveys streamed to software, for each station:

A Instrument
_ Ellmlpate Gross Errors dilsring
Consistent Results ities
MWD Hand Surface f available
One Definitive Data Set ndencies with

‘ H E """" actual trajectory

Drilling Engineer and HH * Make final QC’d station available
DE Soft o o
orare  Each station done in ten seconds
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Survey QC Benefits and Concerns

« Automated Platforms allow internal and external QC methods
* Internal Checks, as described in SPE 103734 by Ekseth et al...
e External Checks

RIP Test Results

« Run RIP and Chi? tests when data available -
« Compare multiple sensor packages rr— g
« Independent reference verification _— - L
» Does not replace the need to acquire pe— I i |
overlapping surveys or proper surveying
procedure

Survey QC Benefits and Concerns 7
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Survey Quality Control Loop — Automation Limitations

Calibrations and checks still required pre-job calibration
« Automated platform can help in tracking » ‘
tool performance over multiple wells QC review and validatedlninning
« Running procedures still require validation verification procedure
« Automated algorithms can indicate \ 1
potential issues, but cannot fully verify post-job quality checks
 Verification still required calibration check \ 4 during Survey
« Automated Platform helps in standardizing
and simplifying Reports v Covered by Automation
« Allow machine-to-machine transfers Partially covered by Automation

Survey Quality Control Loop — Automation Limitations 8



LS deiic_il

-
58t General Meeting %nﬁ% c::‘.,<i I:._' r' l l IE_ !ji)':)
(3 \R;

Main meeting 19t of October 2023
San Antonio The Industry Steering Committee on
Wellbore Positioning Technical Section Wellbore Survey Accuracy (ISCWSA)

Data Structure

Management

Data \

structure
integrity and

management

Minimum-Allowable
Separation
Distance

Effective
communica

* Automated Platfo
* via APl or WIT

e Can adhere to M:
* Pre-sanitized ¢

« QA/QC reports a
» “b-axis data” f
 Critical import:
« Allows later su

Quality
assurance

Position
uncertainty

Wellbore-
survey
operations

Well-
reference
point

Collision-
avoidance
management

Wellbore-survey

Principles
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Position Unce

Management

Data
structure
integrity and

manageme

Effective
communication

Confirm internal ¢
programs targete

Quality
assurance

 Well Reference P«

Setting up well >e software or manually.

Minimum-Allowabls
Separation

o If APl is use Wellbore- Distance well- source
* Ideally, operations ot lanning software which has been
officiall

Collision-
avoidance
management

 |f manually

 Automated
e Confirr
o Confirr

1dently

)ngitude with a cross check

Principles ilculation

10
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Management

Quality Assur:

Data
structure
integrity and

management

Effective
C Dml‘l‘lUnICﬂllOl‘l

* Automated Platfo

Software locks
« Surface Lo
» Crustal Mo
» Printable re

* Automated Platfo

* Important to h:
checked reguli

« Canincreaset
e See SPE 7.

f.'!u:alltg.r
assurance

Position
uncertainty
Minimum-Allowable

Separation
Distance

Wel Ibore-
survey
operations

Well-
reference
point

» expectations that are

Collision-
avoidance
management

Wellbore-survey

» update cycles

yfety-Important Software
11

Principles
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Management

Effective Com

Clear user interfa

FAC Raw MD (ft) Azi

Principles

1,968.79

assurance uncertainty

2,061.7

Minimum-Allowable
Separation
Distance

2,154

Enable easy esca
Automated Alc
Chat functions

« Ease Manager

Well-
reference
point

Wellbore-
survey
operations

] 356.02

varning systems.
imunication channels.

Collision-
avoidance
management

Wellbore-survey

Principles

12
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Automated Platform Summary

Potential Benefits
 Fast, reliable, and clear confirmation of adherence or failure to survey program
» Easy access to survey expert analysis
« Minimize manual data transfers, minimize potential data entry errors
Clear audit trail

Potential Concerns
* Fewer experienced people
» Black box concern — no understanding of underlying process.
Complacency in execution
* Increase audit requirements

Automated Platform Summary 13
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Questions?

Questions? 14
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