Current State 2019 / Future State 2025

This section of the DSA Roadmap report describes the current state in terms of indilisttiyés, early
adopters progress and outloothe anticipated future state with a discussion on the transition to this
future state.
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Introduction

The earliest specific description of an automated drilling rthes1970sNational Automated
drilling machinghat was placedn a WalkefNeer Manufacturing Compariypacheseries
Singledandrig (Figure 1) This drilling machine drilled a series of wells in Texas for Mobil. It did
not become commercidlecause oflifficulties
maintainngthe hydraulic fluid system after each

OI I_& CAS rig move (quick @nnectors had noyet been
JOU RNAL developed and the destruction of elembnic

5 valves or tubes,duringrig moves (pre&ansistor
age)that involvedlifts and drops of the computer
cabin(Source: Bob Bloom, retired NOV CTO)

Automation in drilling has advanced over thast
38 years buthas not, until recently, been
developed ad adopted asystems automation
that encompasssall theinterconnecteddrilling
systemslnitial applicationof automation in the
upstream oil and gas industhave been in
Dynamic Positioning (DP) systethat maintain
floating drilling units on statioautomatically

» '\l';":) 3(‘)“104":)"(;:)0 rig will handle Automated DP systems have achiewstremely
QUREDUC L AB ey high reliability through technology, commissionjng
Figure 1: Oil and Gas Journal NADM 1971 and redundancyThis chapter contains

examples othe current stateof drilling
systems automation atarious companies and is not exhaustiCG@mpanies are invited to
submit short descriptions of their current state with graphics.

Current State Of Drilling Systems Automation

Drilling Rig Maturation

Drilling rigs have maturedrom mechanical drives through Silicon Controlled Rectifier (SCR) DC
electric drivesto AC electric Variable Frequency Drives (VF&)ableRFequencyDrive rig
equipment has enabled a significant step forward in electronic control and thence automation

Recent developments that have moved the industry toward systems automation include:

1 Automated drilles thattoday electronicallyadjustthe drill line feed rate from the
drawworks based on variations in hol@adand pump pressurewhich equates to
depth of cut More advanced systems continuously compute the most appropriate
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weight on bit (WOB) and drill string RRIYid feedthese parameters tolte drawworks
and top drive VFD

1 Additional use ohard-wired drill pipet drill pipe with wire incorporated throghout its
length that transmits dta at56,000 bits per secortd hasrealizedfurther gains in
closed loop controby using downhole measured parameters for WOBlate of the
surface measuremenivhich isinterpolated to WOBThelatter often resultsin
significant errors iigh-angle and horizontal welis whichalong drill string friction is
significant

1 Mud pump startup rates may b@re-programmed into the pump controller when the
rig is initially rigged up by the rig manufactur&his ramp up can be revised in the
controller for actual mud rheology and borehole conditipathoughsuch changes are
madeinfrequently.

1 Soecific downhole tools have developed remarkable control and automation
capabilities includingautonomous rotarysteerable systems (B, which useclosed
loop control to steer the wellbore path three-dimensionakpace.

SPE DSATS

The SPE Drilling Systems Automation Technical Section (DSATSHslanta#r organization

that develops recommended solutionsrfachieving interoperable drilling automation systems.
Members from inside and outside thedustry bringrich and diverse experiences, viewpoints

and requirements into a cooperative environment. This allows collaboration on guidelines and
standardshat are needed to advance the application of DSA while opening opportunities in the
commercial arena for innovation and competition

DSAT®&aybe viewed as an incubator for drilling systems automatrowhich nmembers
benefit from open participation in symgaims, workshopsand webinarsMembersdevelop
and publish ideas and learnings that fuel further developments, which accelerate
commercialization of those ideas in groups both inside and outside of DSATS.

SomeDSAT&accomplishments and work are descrideelow. This is not an exhaustive list, but
it does illustrate the tremendous strides in systems automation that are being made by
enthusiastic volunteers.

Communications Standards

The first fruitful result of collaboration was the formation of a téskcetr the communications
sub-committeet to researchdigital communications standards. The oilfield is composed of
many individual companies, all with products and services and widgets, and systems
automation is only possible if all those components tiee same digital protocalo
communicate

Version 19 05 31 Public Release Copyright © DSARoadmap.org 201 Page4



4 of 14: Current State / Future State 2025

The committee developed a model for#sge communications and selected OPC UA as the
digital protocol for that modelln 2011, thecommittee demonstrated control of a top drive
simulator of one organization, by thentrol software of another organization, using the model
and OPC UAincethat time, OPC UA has become the digital protocol of choice for drilling
systems automation. Most recently Statoil selected it as its instrumentation and measurements
systems conngtivity protocol for alcompanyassets.

Over the passevenyears as company roles ith have been further clarifiedhe underlying
structural modekystems automation hashanged. Duringhat period, there has also been a
noticeable shift in perspeate within DSATS. The origiraBAT $cus was heavily rigriented,
while more recent focus has been broader. The rig is now viewed as the surface footprint of a
systems engineering process that reaches from the formatbor ahead of the drill bjto
enterprise transactional and planning systems.

Semantic Modeling

The communications committee next focused on how information could be transferred using

OPC UAr, in essencehowto develop the semantics of the language for systems automation.

For thistask O f f S-RStangeNAGEKES I NP dzL) F2 Odza SR 2 #atmustS SISy
be communicated among all parties for the use case of drilling a single stand.

In 2014two-dayworkshop in Halifax, Canad&aie communications group managed to complete
the task. This led to the realization of the undertaking O 2 YahiftoSHe Adfirdtion of sub
tasks: the roles of organizations in systems automatsamantic models for communications,
and cybersecurity for communicatioasid each i®eing pursued.

The roles task is evolving a new model forgitg communicationsThesemantic task is being
pursued by DSATS members working betwstamdards bodiesQPC Foundation and
Energisticsto map WITSML into the OPC UA semantic modeliDSATS actively supports the
IADC ART groupat has a sukcommittee focused on Cybersecurity.

Development of a Collaborative Repository

Recently, Energistics has agreed to develop a repository for DSB€8msmnittees, such as the
Documentation and the Drilling State sabmmittees. Not only does this provide a hierarchical
repository in which versions can be tracked, it provides a means of transitioning DSATS
guidelines into Energistics standards.

DSATS Sb-Committees

DSATS activities include various-sonmittees. Past activities have been closed out and new
ones formed Subcommittees are fored to investigateand develop solutions to various issues
that are hindering the rate of adoption of DSA, or thah accelerate uptake for universal
benefit. Openings exist for new initiatives through which SPE DSATS could enable industry
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solutions and DSATS current committees, their objectives, and their progress can be viewed at
https://connect.spe.org/dsats/home

DrillBotics

In 2013 DSATS launched a drilling automation competifmmuniversities. ldmed DrillBotic®,
this annual competition now attracts teams of undergraduate and graduate students from
many uniersitiesaround theglobe. In theS @ S firdt Phése, based upon their
technical/design proposah select number deams are selected to proceed to the annual
competition.Each of these selectddams then construct a small drilling machine and apply
sensors and control systems to automatically drill through a block of unknown composiabn
has beerdeveloped and constructed to cause drilling dysfunction. Judges evaluate the
competitors and assess the winner. The annual winning team travels to thartsiagl
Technical Conference and Exhibition (ATCE) to present a paper on their accomplishments.

(See papers dittps://drillbotics.com)

Education

DSATS runggularwebinars with invited speakers from outside andhin the industry. It is

not uncommon for these webinars to reaafore than100 online attendeeswith additional
viewerslogging in for playbacks. In addition, DSATS organizes two symposia gronally
heldat the SPE/IADC Drilling Conferenteonunctionwith IADC ART, anble otherat the SPE
ATCE. Workshopshichusuallycovertwo or threedays, are periodically organized by DSATS.
Attendees are experts from inside and outside the industry and the workshops generate
discussion, and soluti@of issues seen in both business and technical systems automation
arenas.

Conclusions z The Way Forward

The SPE Drilling Systems Automation Technical Section (DSATS) is an erargleintesdr
organization. Despite the significant industry downturn, by 2idt&dgrown to 1,700

members Members from inside and outside the industry bring rich and diverse experiences,
viewpoints and requirements into a cooperative environment. While DSATS nowswark
guidelines, the cooperate effortwith Energistics is Yang the foundation for future standards.

As envisionedDSAT&as becomean incubator for drilling systems automation. Members work
in collaborative subcommittee® develop and publish ideas and learnings that fuel further
developments. This collaboration accelerates downstream competition and innovation, which
leads to the commercialization of these ideas
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IADC Advanced Rig Technology Committee (ART)
This committeevas formed by IADC to improve safety and efficiency through sound operating
procedures, design of automated systeraad standardized automatioMRTsubcommittees
include

1 BOP Control€ybersecurity

1 Drilling Control Systems

1 Future Technology

1
Much of thework of these subcommittees is related to DSA.

http://www.iadc.org/advancedrig-technologycommittee/

The IADC ART committee is taking a lead industry role in develgjiagsecurity plans to
protectR N f f Goyftr8l arldiFaEoin&ion systems.

Operators Group on Data Quality (OGDQ)

A Chesapeake engineer explored thsue of data quality from rig sears for current
operations (not fully automatedlarge sensor errorgrere found (Figure 13) thaalerted the
industry to a major systemic problemwhich resulted in the formation of a staralone
OperatorsGroup for Data QualitfOGDQ. Link:http://ogdqg.org
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Rig A Rig B Rig C Rig D Rig E Rig F
Rotary Torque
Makeup Torque % 11% 12% % 60%
Rotary RPM 1% 1% 1% 1% 2% 1%
Block Position 6" <0.5" <0.5" ; <0.5" <0.5"
Hookload
Pit Volumes
Pump Rate 1% % 1% 1% 40% 1%
Pump Pressure 5% 4% 4% 4% 3% 5%

Figure 13: Drilling Data Error Matrix Errors Found Through Verification on Site

Key observations froroollectingthis data are:
- Every rig has had devices significantly out of calibration
- Most rigs have rigips or pactices that will lead to device error or drift.
- Errors are common to all rigs and contractors

This group was formed to assess the extent of the proldechtodevelop calibratiorand
maintenance processde specify as required data qualities in drilliogntracts. The initial
program created a common contract specificatiarhich these companiesdopted. Latethe
groupsoughtto develop industry standards for sensdosbe includedn contracts referenced
throughsuchbodies as IADT hiseffort is anattempt to raise the qualitandaccuracy level of
data being providedo the industry toa level that will ensurgood and safe drilling practices.
The first focus of this group is on surface measurements made on the drilling rig.

The ODQP dermined that the impact of poor data quality:
9 impairs our ability to measure, analyze, and improve our processes
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affects our ability to share knowledge and best practices

maylead to or exacerbate safety issues like well control

may negatively affect weltleliverability and productivity

will effectively prevent the development and implementation of automation
(Figure 14)

== =4 -4

Why it matters on the rig

Observed Derivative

Errors in Variable Small Large Worst Case
Variable Field Errors Error Consequence Error Consequence Scenario
Torque >100% MSE 5%-10% Sub-optimal drilling, >20% Bit Failure, Motor Failure, Loss of Drill
Rig State analysis, planning. MWD Failure, Tubular Failure,

e . String
Vibrational Dysfunction, Poor

Drilling Performance

RPM >100% MSE, Rig State  2%-10% Sub-optimal drilling >20% Bit Failure, Vibrational Loss of Drill
Dysfunction, MWD Failure,

= String
Poor Drilling Performance
Block Position >25% Bit Depth, 1%-2%  Block Position Error is >5%  Could lead to significant Wellbore
(cumulative ROP Cumulative. Incorrect survey errors and TD Intersection
>50%) MD/TVD/Survey compromise.
Measurements.
HookLoad >100% WOB, MSE, 2%-5%  Sub-optimal drilling. Poor >10% This would represent ~50,000 | gss of Drill
Bit Depth, Rig ROP or bit wear/damage. Ib for most sensors. String
State
Pit Volumes >5% (100% APit Volume, 1%-2% Poor well control >5%  Sbbl error could be 100%  Well Control
delta) Kick Size detection/performance. error in well control
/Density calculations
Pump Rate/ >100% AP, MSE, Rig 2%-5%  Sub-optimal drilling. Poor >10% Potential damage to Well Control
Pump Pressure State well control performance. motors/turbines/MWD.
Wear/damage to down- Potential for kicks/fracturing
hole motors/turbines. when near pore pressure/frac
gradient

Source: SPE presentation — Chesapeake (The Role of Data in Drilling)

Figure 14: Quality Data Reasons

GCE Node

GCE Node is a funded Norwegian Global Center of Expertise (GCE) technologgariystsed

of 76 companies located in southern Norway. It has several research, develg@amednt

innovation projectghat are focused on topside drilling systems. These include common data
gathering initiatives, offshore mechatronj@nd robotics. The NorkgNorwayTexas) data

science cluster is an umbrella organization related to GCE Node. NorTex has played a key role in
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organizing workshops in Norway and in Houston focused on data science. GCE Node is primarily
interested in fostering cooperation betweed2 Y LI YA Sa Ay ay2yO02YLISGAGAQD

IRIS (NORCE)

IRISthe International Research Institute of Stavangeequally owned by the University of
Stavanger and the regional foundation Rogaland Researdis a recognized research institute
with a focus orapplied research. Rogaland Research was established inIF9%3wvas
established in 2006. TodayRIS remains an independent research institute with research and
researchrelated activities in petroleum, new energy, marine environment, biotechnology,
socal scienceand business development.

IRISelievesautomated drillinghaslarge potential andeeksto be among the lead research
institutes within this areaThe institute has developedeathodologies and procedures focusing
on automatic drilling procedas such as automated drilling surveillance and systémn active
failure preventionIRIS will put furtheefforts into presentation and evaluation of algorithms
for automated coordinated control of drilling machinery, pump rates, chpaed drilling fuid
properties.

The institute performsudndamental researcimto well flow and wellbore mechanias the

drilling processThe development of accurate process models is achieved through advanced
physical and mathematical modellimgmbined with experiments and tests carried out in the
laboratory,on the virtual rig and at fultscale in the field and at thigllrig Drilling Center.

In 2018, IS was absorbed into NORCE, a Norwegian Research Conglomerate.

Automated Drilling

IRIS has chosen to concentrate art@nateddrilling because many future oil and gas
prospectswill be highly complex and challengiaapd will be characterized byarrow geoe

pressure marginthat leavelittle room for human errorResearchers believbat increased

levels of automation will result in more accurate pressure control and more rapid response to
drilling anomalieswhich will improvedrilling efficiency and safety.

IRIS has contributed significantlydotomateddrilling through several research projects, two of
which, DrillTronics and DrillScene, haesulted in commercial products marketed through
Sekal IRIS has participated in demonstrations and pilots to nthalgetechnology available to
the marketand hasongoing research projects aéd at taking new steps within automation
including

1 Adapt DrillTronics for Wired pipe

T Automated Drilling Fluid Processing

1 Automation of Formation Integrity TestlLeakoff Tess and Extended Leasff Tess
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1 Advanced fluid transport modelling
1 Instrumentation, measuremenisind standards

The primary focus for a DrillTronics installation is to enhance drilling operations and maximize
productive time during drillindpy:
1 Applying orational safeguards to the drilling control systémat ensure pressure
inside the wellbore remains within the geopressure window, even during transient
operations such as starting the mud pump or tripping in or out of hole
1 Providing automatic safetlyiggersthat react to drilling incidentssuch agpackoffs, and
take corrective action to prevent problems from becoming more serious
1 Enabling automatic sequencésat offer greater efficiency and consistency across a
range of drilling operationg/hile ensuing that the well is protected by using safeguards
and automatic safety mechanisms. Bleesequenceallow the driller to focus on the
most important information while executing standard operations. Predefined automatic
functions implement the required opational sequences and manage associated
parameters when operating the mud pumps, draw woiksd top drive.

UT RAPID Program

The University of Texas at Austin launched a drilling research consoréiomadRig
Automation & Performancénprovement in Drillingor RAPIDThe objective of thigorogramis
to deliver automation well constructiosolutions fromresearchers from multiple engineering
disciplines. Current research focus areasude

Automated drilling control

Intelligent mechaization and automation

Downhole modeling, simulatigand empirical validation
Monitoring, data analyticd Y R W. A3 5FGF Qo

= =4 =4 A

Research i@as of interesinclude

Remote, directional drilling controhnd geesteering

Automated control for adverse conditioffise. stickslip, whirl, bitbounce)

Automated control for wellbore stability addst circulationprevention

Automated managed pressure and dual gradient drilling

Automated completion, stimulation, fracturing, and intervention tasks

Surface automationrad mechanization (pipe handling, BHA assembly, drilling while
circulating)

= =4 4 -4 -8 9
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Mechanization for rig movandtransport, mob/demob, and skiddinandrig walking
Automated optimal control for tripping

Rig design for automation

Novel sensor design, new sensategration, data qualitydata analyticsand sensor
standards

1 Highfrequency downhole and surface sensor analysis

= =4 4 A

SPE DSATS Assessment
The fractured nature of the digital backbone in drilling operations has led to three distinct
islands of development: denhole, surfaceand remote?!

Of the three, @wnhole systems have reached the highest levels of automatiooluding
semiautonomoussystems largely becausentil recentlyonly low bandwidth, high latency
MWD communications systems weagailable. Surface systems at thesitge have become
highly mechanized, with automation of drilling componerstsch as softorque systems.
Remote systems have flourished in recent yemith the advent of digital surface
communications buare employedprimarilyto monitor drilling operations.

¢CKS AYONBFaAy3a FOFAfFoAfAGE | yRAKARBSET RAIAGE
communications backborsthat make reatime modeling and simulatiopossible coupled

with strong technical drivetsuch as increasingly complex and expensive wells and human data
overload, has led to aimcreasednterest in systems automation. Other drivers include health

and safety, and retention and distribution of knowledge.

Thereis no apparentechnical reasomprevening the drilling industryfrom attaining high levels

of drilling systems automation. While some aresisch as instrumentation and measurement

FNBE AY RANB ySSR 2F lGGSyadrazys GKSNX Aa | KSI
automation.

Howed SNE ( KS ¢ ihalzd thefiBaficial caskutinkesting indrilling systems
automation is currentlyweak (inorganized and unfocusgdThe reasoffior thislack of
cohesionappears to be the highly diverse nature of the drilling indusirdyich is composed of
four main segments operators, service companies, rig contractors, and equipment suppliers
Thisdiversity, combined with the performance moderation attitudkat resultsfrom the
multiplicity of day ratecontracts creates an environment that discourages the industrgle
coordination necessary to promote drilling automation

However certainrecent industry collaborations have led to interoperability and standards
initiatives,which hare openedthe automation space to all foudrilling industrysegments.
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Existing companies within the industry are exploring the potential of drilling automation and
new companieshat directly address drillingystems automation are forming

Il RAOK2G2Y& AYy ldzi2YlIGA2y 202S00A0Sa KI a
objectiveaimed at costestrained,highly repetitive well$avingsimilar profiles. The second is
G§KS &aO02 YLX S E driged bytechnically éh&llénging@i§ue well profilesandlarge
volumes ofdata.

Anoperator maycontrol the well manufacturing objectivesingheavy rig automationwhich
hasnumerousanalogs in other industries, such as mining and car manufacturing. A risk
inherent in this approacks @st constraintghat drive operators towardow-cost solutiors,
cheap sensorsand commoditized componenthat may provedetrimental to efficiency in the
long term.

The complex well objective has yet to find a business champiantegrator. It appears
however,that abusiness modethange that clearly identifies the champion and provides
financial benefits to those who deliver value through automation would be a solutidral
stepswithin the complex well arendy both service compaesand equipment suppliex, have
focused on drilling optimization and managed pressure drilling.

Regardless of the final business modeteresting days lie ahead fdine industry as technology
matures and reaches the fielavhile the industry may not havthe time to adopt drilling
automation in a strategically planned initiativilne application of technology in an open
standards environment may ultimately tip the industry into drilling systems automation.

Finally, drilling systems automation is not pugha button and drilling a well. It involves a
blend of human and computer control that delivers an economically viable, aaéHit-for-
purpose borehole. This implies a sophisticated level of design that keeps the driller and
engineers in the loopnd dwaysaware of the situation.

System automation progress by some early adopters

Shell

A major operator, Shell, has developed a SCADASujlervisory Control and Data Acquisition)
system supported by RigME that has undertaken various drilling activiteegomated mode.
Shellnow licenseghe application of this system.

{/ 151 5NRAfEf Aa {KSffQa AYOGSNYylrf OSNRAZ2Y 27
autodriller, additional information from the wellbore aritbm drilling instrumentation was
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required as input. RigMe was developed by Warrior Technology Services in conjunction with
Shell as a calculation moddileterface for SCADADrill. Directional drilling, torque and drag
analysis, and wellbore hydraulics are the three main drilling engingeqiplicationghat
comprise RigMeApplications include
91 Directional Drilling
0 Automatic steering performance analysis
o0 Instantaneous directional drilling directives
o Optimized trajectoryand minimized tortuosity
0 at NRt@®BOilié¢ dzaAy3d af ARS KAalz2NEe
1 Torque and Drag
o Detecingimminent issues such as stuck pipe
0 Assisinghole cleaning practices
o Facilitatng getting casing to bottom
1 Hydraulics
o Wellbore stability
Reservoiprotection
Annular fluid velocitynd pressure
Cuttings transportind tole cleaning
ECD

o O O ©O

Recent additions include a view of the trajectory relative to the wellplan and geoste®imch
is integrated with a 3D gemodel.

RigMe can now be found #éise commercial product, Drilt. Further information nay be found
at http://www.rigme.com/index.html.

Shell developed this system with a focus on drilling repeatable wells with average drillers across

a fleet of various land rig8ut the oil price crash and thacreage Shell held in this type of
operationdrovethem toreducethis activity The drillers who were highraded to remain

active in these operationaere the best drillerswhich resultedn high performance across the

reduced rig fleet. This high germancewas difficultfor the automatedsystemto compete

F3FAyad G2 RSEAGSNI @GFtdzSe 'a | NBadzZ Gz {KSftfQ
attention to oneoff type wellsin whichsignificantperformance gains are stdin opportunity.

This haghanged the whole concepff the value deliverypy automaton from manufacturing

style to projectstyledeliverables (see sectiddystems Architectupe

The slide belowFigure 2F NRY 51 AR .t O1ftl 6Qa LINSBaASYyGlaGAz2y
Symposiunheld on14 April 2016 in Houston, Texas shows &l provedthat drilling
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automation can add value in terms of its original goklsvever, as described above, the
market for Shel drilling automation shifted considerably

WellVantage Automation - Current Status

450,000
CUMULATIVE FEET DRILLED
400,000 FDST2

WellVantage Avtomation as delivered is a technical success s i,
m  Core produd consistently performs as well as (or out-performs) the best manual drillers 00200
20000

[ ] Has been deployed in US, China, Australia, Canada, Netherlands 200000

150,000

[ ] Advanced software kernels currenr|y bemg apphed to dr\'”lng automation (We”Hydruuﬁcs, Torque & Drag,

0
ROPtimizer); applications for Deep Water 100,000 I I
50000
m  WellVantage DD: Closed Loop Directional Drilling [ .
2

2003 10

2001 iz a3 a0l
*7-20 Time Vs, Depth Curve

015

But: the target market has shifred
[ ] Challenge to achieve economies of scale vs. “one off”

N . . A /
Fccrofy DH”\ng with |nexpeﬂenced crews s not our current cha”enge L H\ :

[
m  Rigfleet has contracted, we have high-graded drillers and rig crews
L ]

Foeus on Performance: benchmark has been raised

We||V|:|nh:|ge Automation has had to udupf to the new environment LAWIIXLCID

- Net Realized Saving Py
- well #1 70—

[ ] Focus on value delivered well #2 $217,589

3 Loadable configurations Driller HMI ] 34
Improved sliding .

Driller HAI

Time-based Continuous Rotation System (TCRS; hot-fix)

Enhanced directional capabilities

ROPtimizer (hot-fix)

Auto Dovmlink for RSS tools

{hot-fixes where practical; SAT costs are a hurdle)

s mgaceof ratig Ogeins iarsal o SCATH]

SCADAl delivers
valve in the lateral

3
3
>
EY
>
3

AN

watt ) O
|

= ‘:'..' = /’f;//f/’/*//)ﬁ';rw’;?

CAZIdNB HY {KSttQa 28tt+lyiGr3as 1dzi2YliArzy

Shel@@ outlookfor the future is of mterest to this discussion becauséighlighsthe need for
standards and interoperability to achieve broad adoptiahich is the key avenue to general
value deliverylt is alsoa key purpose athe SPE Drilling Systems Automation Technical Section
anda key driver for this roadmapitmative to characterize solutions.

High speed downholo-surfacedate transmissionalong with distributed sensing in the drill
string, is perceived to add further vaé. This lead$o the conclusion thaas drilling systems
automation advancebard-wired drillpipe or a replacement technologwill be required
Advancement in data analytics and the impact it can have on performance and value in well
delivery is also a ketarget this is a very challenging area that can adapt quitkiyrilling if
expertise is imported from outsidine oil and gasndustry. The additional opportunitieShell

lists (Figure 3)nclude multiple technology advancements envisaged in thisR&@&Amap.
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Drilling Automation: What Comes Nexi?

m  Reduced footprint to reduce cost and complexity

= Both Hardware and Support Infrastructure: 1/Q, comms, security, data historian, etc

®  Standards and Interoperability
= Required for the technology to achieve broad adoption; otherwise incompctibilities will
constrain usage

m  Use of high-speed downhole data
= Leamn lessons much faster
»  Enhance performance based on actual downhole conditions
» Distributed sensing while drilling

= Mature the Applications
= Reduce setup/configuration time and effort
= Increase confidence in the technology
m  Learn how to derive greater value from the data and capabilities

Bsice

= New applications: NEW APPLCATIONS

e.g. those enabled by high-speed downhole data
Downhole actuators (electrical power to downhole devices)
|nteHigenf/outonomous downhaole devices

Machine leaming

Reduce uncertainties; safely operate closer to constraints
Drilling fluids management

Auto gea-steering

efc...

IMPROVED EFFICIENCY

ACCELERATED
LEARNING
CURVE

LEARNING CURVE

m—ll_p 21 April 2016 23

CAIdz2NB oY {KStfQa hdziftz22]1 2y 5{!

Apache

Apache embarked on a drilling systems automation project around 2010. They contracted a
Huisman LOC land righichincludeda fully integrated control systenThe operatorapplied
automation programs to a drilling project in West Teaas theproject succeeded in operating
the rig remotely from a standoff of 50 yards.

Apache developed several patented automation technolagles ownership of which were
transferred to rigstartup companyCanyon Oak Energy. The Canyon Oak design leverages
hydraulic systems, intelligent rig controls, pipe handling systamd rig mobilization

capabilities. As of early 2017, Canyon Oak Energy had not built any rigs incorporating their new
designs or the Apachgenerated automation.

Apache continues to develop a foundation for drilling systems autométyateploying
aggregatorghat access and compile data for learniagd drilling improvementsn their rigs
This new data aggregation platforacquires data fronall available sources via communication
protocols (OP@A to 4/20 ma signals) and data digital file formats (csv to. [ 7&®8)new
platform incorporates

1 Timemanaged likesimilarto data
1 Instituted key rig site sensor calibration validation effort
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1 100 hz data, ;D00 tags, ay storage onsiteapability

Streaming of ig state, modelingandexecutable algorithra

1 Data qualitycontrol through comparison at sensor artirough Bayesian network
modelng

1 Read/write capability onsiteanddaily reporting databasthat comprisesmportant
metadata

1 Historical database and open executable layer

1 Futurefull traceability and transparency on all data from sensor measurement to
storage to analytics

=

National Oilwell Varco (NOV)

Major OEM, NOWas developed@n automated systerfNOVOSjocused on improving drilling
performancein openhole sectiongarticularly with hard wire drill pipéhat provides a high
data rateandlow latency communicatiobetween downholeandsurface This systenprovides
the opportunity to capture lessons learned from wellwell, apply improved processes and
drilling parameters, and reduce the potential for human inconsistency in drilling operations.
NOVOSas been operated peatedly in the Eagle Ford, the Williston, Permiamd Utica
Basinson land in the USANd itsadoptionis expanding rapidly in the North Sea

Ly GKSasS 2LISNIiaGAz2yas R2eyK2fS RIGF ¢Fa TSR (K
system Thedata was then shared with a set of applications that analyzadd sent set points

G2 GKS N 3 Qavhiod allgniedtRetig to drdl dhaal ¥sing the downhole data. Also, a

surface automated sticklip prevention system was run, which mitigatedsional vibration.

Using this system, the driller experienced 30% to 40% time reductionzeimole sections
Benefits were seen in all hole sectigbsit particularly in the lateral sections of the wells where
significantWOBIoss occurs between thaigface and the bottomholeneasurementThis is
significant becauseusface measurements alone provide a poor indication of downhole drilling
parameters especially WORand the drilling dynamics environment.

Recently NOV developed a device to capidaea while tripping (DWT))Mounted on the
elevators this machinecaptures live data while tripping in or out of the hakat can be used
to provide realtime swab surge data and envelope protection.

Closedoop downhole automation (CLDA) is particularly efifee at improving on bottom ROP,
bit run lengths, andt reducing the number of trips that occas a result oflownhole tool

failure?2 On its own CLDAhaslimitations: it requires sophisticated optimization engineers to be
on the rigsite managing the system, it has no impact on the manual connection pregdabe
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driller must continue as the machine operator, and it is very difficult to capture lessons learned
for further optimization @ later wells.

NOVdeveloped Process Automation Syist(PAS)PAS is a software platform that transforms a
standard 150€HP AC rig into an automated drilling rig. The software enables the driller to
completemany common drilling procedureasitomatically, with littleor no direct interaction

with the rig cortrol system itselfThe driller is then free tturn attention to more important
things such as safety, personnel, planning, and resource manageinstgad of the menial
task of sequenced button pushing.

The PAS automatic processashichare configurel during system commissioning, agasily
adjusied on the fly. As drillers learn more about hatws reacting to the formation and the
drilling environment, they caadjust the systento improve the processr make it safer or
more efficient.

Oneoft ! da@omatic processes is tagging bottom after a connectind manycontrol points

in the systenallow the driller to specify how the bit engages the formatiBxamples of these
control points include changing the bit RPM befaral afterformation engagenent and
changindlow rate before and after bit engagement. The system aistudes application
providethird-party control of the drilling process, thus allowing any service company, operator,
or contractor to impart their specific process to any rig in the world that has this system.

Finally, a key componewf the system is a well program that descritibe drilling
environment. Through the well prograrie system knowtype of formation by depth, hole
sizebeing drilled andhanger depth ofast casing or liner. All this information provides a
framework for drilling experts to prescribe automated belwathrough drilling parameters
assignedo specific parts of the wellbore.

bh+h{ Aa NBIFIRAft& ILIWIAOI06fS G2 bh+Qa ! YLKAZY

Schlumberger

{ OKf dzZYo SNHSNJ KIFa SYOoINJ SR 2y I YI &2 MKWNIK2 SO
incorporatesnumerousautomationfeaturesandrig redesign. Schlumberger hascumulateca
broadspectrum of technologies related to drilling systems automation throagguisitionsand

J\&. This is a truly integrated approach under the direction of a singdgriator, who directly

ownsor has access tall the technologies and equipment required for a fully automated drilling
system.Paal Kibsgard, Chairman and CEO, presehtedg (Figure 4}o a conference in

September 2015. Notable aspectstioé rig of the future are:

1 The use of the Petrel platfortinat indicates a tiein between subsurface datanodels
and drilling systems automation
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f /t£2dzR O2YLJziAy3 gAft SylrofS WoA3ad RIGFEQ LINE
algorithm input

1 Rig design showsveraging flat time activities through mechanization with automation
such agipe stand racking.

Rig of the Future — The New Land Drilling System

Design
= Proprietary features based on years of R&E
= Augmented by the recent T&T acquisition

Manufacturing
= JV with Bauer closing in Q4 2015
= First rig to be delivered in Q1 2016

Rig Equipment
= Surface components provided by Cameron
= Closely integrated with Drilling Group BHA

Software
= Developed on the Petrel platform
= QOptimization of planning and wellsite execution

Schiumberger

CA3IdzZNBE nY { OKfdzYoSNASND&a bS¢ [FYyR S5NRffAy3a {@&

Afinancial analyslate 2016view2 ¥ { OKf dzY 6 S NH S Nddideditie Bllodidg G KS Cd
insights:

f Schlumberger had deployed two prototypesiofi & WNA I AKE U.G.KnSrkeF dzii dzNB Q
with 3 more expected to follow soon.

1 ‘Rig of the futur€ls a strategic initiative for Schlumberger and over time may become a
disruptive service offerinthat createsa serious competitive threat to established
drilling contractors.

Specificallyfor this project, Schlumberger acquired T&T Engineering, a Hodstead rig
engineering company, to help develop the new rig's design. Schlumberger also acquired the
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drilling ontrols companyOmron Oilfield and Marineyhich is usedy numerousleading USA
land drilling contractorsincludingPatterson, EnsigmndH&P.Rigs are being manufactured by
a joint venture NEORIgbased in Texasyhich Schlumberger created with BAUERSschinen
GmbH, a leading Germamachinery manufacturer foconstruction,mining, andoil andgas
industries(Figure 5)

The new rig will receive togrives, pipe handling modules and blaumt preventersfrom
Cameron's drilling equipment portfoltbat includesTT Sense in Norway with rack and pinon

RNA OGS NA3Ta dziaAft AT SR SEGSyardSt ergySerfcdaid dzy o S NH

manufacturing The drilling system will also
integrate Schlumberger's suite of
downhole tools and reservoir
characterization technologies.

with concurrent well engineering based on
subsurface modeling, the resulting well
program is used to drive closed loop
workflows and dynamic scheduling of rig
operations, breaking down the traditional
siloed approach to service execution an

application of drilling systems automation
on bespoke equipment.

Industry analysis suggests thatvould be
incorrect to think of the "rig of the future"
as an attempt by Schlumberger to capture
a share of the higly competitive and
commoditized North American land drilling markktstead it is an attempt to capture a share
of the entire oil services market by moving from selling a Schlumberger downhole tool or a
Schlumberger reservoir characterization seryteeselling a Schlumberger well, and
Figure 5: Bauer Drilling Machine extrapolating a Schlumberger full field
development. In many ways, the "rig of the
future" is a logical extension of the company's integrated project management philosophy and
should be viewed in that contextommerciall, this appears to be the first applicationaf
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total drilling system automation designed to gain market share. Essentially, drilling systems
automation isbeing used as potential competitive advantage.

DavidRowattLINE 8 SY G SR {Seé AyaArdakKia 2y { OKf dzy®% SNHSNID:
The objectiveof the rigis to integrate digitized planning with well construction in such a

manner that the digitized drilling program can be executed by automated machihesmodel

intends to drive major value from data sensing, analysisl digitization as instruction to the
machinesleveraging the potential value above automated machines alone.
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Figure 6: SLB Well Construction System

The rig design attributes prestd seek to leverage the minimization of wasted time in
operations
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Power 6 Mast & Substructure

Standardized common hardware platform

Fast moving rig with small number of transport loads

Basin specific mohility options

Highly mechanized rig-up and operation

Scalable and efficient integrated pipe handling system

Figure 7: SLB Land Rig

Schlumberger heelevated thedigital environment to a cloud based cognitive E&P

environment in which their automated drilling acts alongside subsurface shaegth

modeling systems such as Petrel. This is an approach in which automated drilling systems act as
part of a digitized world.

Nabors

Nabors has worked on advancing their control systems through their subsidiary CEmRIg.

O2YLJI yeé Qi LINB ;ngstrienticdmnynity lay 8u sirda&development and
implementationplan that combines y I R@l yOSR LI R RNAffAy3a NAI R
integration of their contrad developmentin theirRigSt t A3Sydxn Ly dS3INF GdSR hlLl
and their downhole tools and servic@Sigure 8)Naborshasdeveloped and applied directional

drilling autonation whichhasclose the oo~ YHRANIN- fytR Q I dzii AndllidingStie O& Of S &
multiple-use cases that occur inigityclic operation The company hasdopted a driiihg

methodologyin whichi K S 2 LIS NJ (i 2 Bddgrocédyfes ardliszOniok2 wulitated

drilling system¢ KS wA 3 0SSttt A3ISyidun aeads dutomdionb®dgh 3y SR (1 2
the rig control system.
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Figure 8: Nabors Automated Systems

H&P

Helmerich and Payn@&P)is awell-establishedJSdrilling contractorthat hassomeoverseas

operations In the late 1990sindearly 2000sH&P specifically focused on the development and
operation of a new rig fleet driven by delivering customer value maaimizingassembly

efficiencyp ¢ KS Cf SEwA Iu 4| ially reangt8 Rt idcdniba®ditied { LISOA
use ofVFDsin AC motors that enabtemodulation of input with joy sticks. Thaevailability of

VED ordrilling rigs was grecursorto the applicationof algorithms thatenableoperations

automation.

Flexrigg were recognied for their advancecaontrol systemswhich weredevelopedand
supplied by IDMsubsequently OmroDrillingand Marine Controls H&Pwas also recognized
for procedural controlssuch agnitiating drilling, that are known to reduce downhol@rilling
dysfunctionandtrip and remir costs?
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