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Advancing Extended Reach Drilling

From Design to Execution with Real-Time

Intelligence and Automation
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Outline

= Evolution of Extended Reach Drilling

= Key Challenges in ERD Execution

" |ntegrated Digital and Automation Solutions
= What’s Next: Scaling Intelligence
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ERD History: 2019 — 2025
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Key Challenges in ERD Execution &9
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Well:

Wellbore:

Design:

Planned well spacing: 250 m
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North America ERD: Regulatory & Operational Constraints

West(-)/East{+) (2000 usftiin)
0

Tight lease space

= Manage distance to lease lines, while maximizing lateral length

= Pad drilling density constraints

= Well spacing: 150-330 ft

» Directional control in the “U” section
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Challenges and Engineering Tradeoffs

Subsurface uncertainty

= Survey uncertainty

= Torque and drag management ‘

= Wellbore integrity

= Tool reliability and durability

SPE
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LWD sensors: Higher DOI (deep azimuthal
resistivity) and near bit sensors

Downhole weight and torque
optimization

Drive system: motor-assisted RSS or
standalone RSS selection

Optimized BHA stabilization

Compact BHA design (fewer connections,
fewer internal components)

Mud system optimization, friction
reduction, and hole cleaning

STREAMING.SPE.ORG
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Drilling and Completing 53,000 ft Ultra-ERD Well

Push-the-bit RSS with matched drill bit

= Advanced LWD and DAR tools, real-time "
formation evaluation and geosteering

Depth (Ft)

= 100% reservoir contact achieved

= Delivered well 14 days ahead of schedule

SPE-227830-MS
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Real-Time Execution: Integrated Control

Drilling Rig Processes

Drilling activity & Safeguards

Wellbore Integrity
Rheology, Hydraulics and Optimization

...M"

Well Placement

Trajectory and Sensing

4%

Op:

O
Ro

Integration of these 3 core
components drives the
degree of Automation
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Conventional Well Placement Workflow

Subsurface New target
interpretation Well planner-Drilling Engineer

Downhole data
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Automated Target Placement
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Results

= 100% reservoir placement
= 19% ROP improvement
= >60% reduction in downlinks

Automated Well Placement

New targets and z
well path projection G a

SPE-224743
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Geological Well Placement

Automated Geosteering

Downhole data
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Key Takeaways and What’s Next

= Digital and automation are powering the next step change in ERD
performance and consistency

= Stronger subsurface—drilling integration is key to maximizing reservoir
exposure

" Managing torque and mechanical complexity becomes critical as ERD
wells extend further

" Higher confidence in well positioning will come from improved
surveying and modeling
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Extended Reach Drilling

OCTG Torque vs Tension A Growing Concern for Well Integrity
SPE-232499-MS

Wesley L. Ott

March 18, 2026 mFermata
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Extended Reach Drilling (ERD) / U-turn Laterals

ERD is when HD > 2 x TVD 1l
Annual U-lateral well spuds in the United States
U-turn / horseshoe / hairpin / alternate shape / J- . o o .
hook / Paperclip / Staple
604 /
Technology Adoption Curve .
* Feasibility i
 Shell/Delaware and Chesapeake / * 30
Eagleford -
107 .
o L e , 1 . .
2019 2020 2021 2022 2023 2024 2025
Year

Confidence inflection
Scaled up adoption

[1] Economides, 1998, Petroleum well construction.
[2] Ouadi, 2024. doi: https://doi.org/10.3390/fuels6040084
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ERW U-turn Laterals

U-lateral wells distribution by basin
[1]

Primary Divers . i i
1. Surface Lease Geometry / Stranded Acreage
2. Capital efficiency vs separate wells )
 25% cost savings cradle to grave. [1-2] 5
3. Reduced surface footprint (regulatory) g
e 29.3% GHG reduction, 15.8% water
reduction, 50% land disturbance ,
reduction. [-2] | | | —— ——
@3‘ b o o

ErsiFErgvStream

[1] Ouadi, 2024. doi: https://doi.org/10.3390/fuels6040084
STREAMING.SPE.ORG [2] EPA. 2023. Life Cycle Assessment Guidelines for Oil and Gas Operations
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Technical Challenges — Casing Lens

* High-curvature turn T&D + buckling sensitivity

* Primary design constraint [? Basin

= Utica

=== Eagleford

=== Delaware

m= D)
Marcellus
‘Midland
'Bakken

* Wellbore quality/tortuosity
* Drives casing-running marginst®l

Mitigation methods
1. Mud conditioning

2. Flotation

3. Rotation

4. Axial vibration

5. Swivels
ErsiFErgvStream

[1] Ouadi, 2024. doi: https://doi.org/10.3390/fuels6040084
STREAMING.SPE.ORG P T

[3] AADE-19-NTCE-077
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Casing Considerations

* |ncreased lateral lengths —increased T&D
* Rotation mitigation

* Top-drive advancements
* no longer the limiting factor

Next Weakest Link = Casing Connections
e Rotate through the bend (plural bends now)
e Clearance constraints (vs drill pipe)

e New combination of load conditions

SPE
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Load State Along a Horizontal Well

/ Max torque and tension Midland Example

_ Surface Casing [1]
' 13-3/8" 54.5 ppf J55 API BTC

X
—__ Intermediate Casing
‘ ‘ 9-5/8" 40 ppf L80 APIBTC
On a macro level
* Torque and drag modeling
* Wellbore modeling

* Well construction modeling

Drilling Liner
~ 7-5/8% 29.7 ppf P110
Premium Flush

Production Casing
: — 5-1/2" 20 ppf P110 Semi-
- Premium or Premium

(2]

Compression

/ Weight of string
K Intermediate

Cyclic bending h

\% (tension © compression) Frac prfssures .

SPE
CnergyStream Friction / Torque and drag

Return Leg

Turn

[1] Teodoriu, 2022. doi: https://doi.org/10.1016/B978-0-323-90185-7.00018-2

STREAMING.SPE.ORG [2] AADE-25-NTCE-050
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Zoomed-In Load State

The load considerations are well understood on the macro-level modeli

Load considerations missed at the connection level

e Buttress compatible (BTC) is standard widely used connection

* Higher torque compatible options rely on a shoulder vs interference % j

BoxX -

R W W N gy Wt BOX .
PIN PIN PIN

BTC Pin-to-pin Shoulder BTC Shouldered

Eﬁﬁrgygtm@m
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Connection Load State

Connection terminology

As a shouldered connection is rotated down-hole it will enact
a tension load on the couplings critical cross-sectional area

Box critical cross-section Pin critical cross-section
Load flank Toes
Box shoulder
/ —

Pin face —

SO

ErsiFErgyStream

Box A-Side

Pin A

Torque induced
compression

Torque applied
to string

Torque induced
thread shear

Torque induced
tension

9pIS-d Xog
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Understanding the Screw-Jack

ErsiFErgvStream

?‘fﬁvcrlgvé.br;’!’ ==

NSNS

Torque
Box <:|Tension:>
Thread Thread I_I
Rod B Shear |:><:I Compression Shear Rod A
<:|Tension|:>
— P
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Torque — Turn Behavior in the Field

Example make-up:
 5.5in20# P110 BTC

Axial movement:
Lor = (Amy + Dor) X LFL
Connection data sheet

(CDS) values:

ErsiFErgvStream

20,000

15,000

10,000

Torque (ft.lb)

5,000

ShouMerﬁope:

0.00

0.50

1.00

1.50
Turns

2.00 2.50

3.00

maximum ([ 16,600 ft. Ibs
Optimum 14,400 ft. Ibs
Minirmum 12,200 ft. lbs

Shoulderslope]
|

0.00

0.50 1.00 1.50
Turns

2.00 2.50

3.00

Torque Limits

operating Torque ([

vield Torque ([ 34.000 1o

30,600 ft. lbs

STREAMING.SPE.ORG
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Torque vs Tension

Two primary considerations

e Torsion — APl RP 7G Recommended Practice
for Drill String Design and Operating Limits

A.8.2 TORSION AND TENSION

_ 0.096167.J P

O D r::’.—} (A.15)
Strain
* Screw-jack j
o 8B -BCCSpreq
/ e Lg
Load on box critical
o cross section Coupling
CnergyStream Length

Torque
/ Box < Tension— > .
; Rod | Thread >l compression| Texd | R A
/ <Tension —> —
—|~—P

Strain component derived from axial movement
resisted by:

* Pinface areain contact

* Boxcritical cross-sectional area (BCCSyeq)
* Load flank helical area

STREAMING.SPE.ORG
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Torque-Tension Operating Envelope

BTC6.30

For standard sized OD — the box critical cross-section 700
area is so much larger vs the pipe that the it only limits 0T
near the operating limits of the connection. 0T

—>5.5in 20# P110Pipe
—5.5in 20# P110BCCS

8 550 |
=
§ 500
1]
£ 450 F
. . F
High axial stresses not ® 400
'5_ .
through wall BTC6.30 235 | Operating
G . N 300 F Envelope
Hadserss 30,600 ft.lb + 641 kips tension
g e ——— i - e s 200 ! . . .
0 10,000 20,000 30,000 40,000
Applied Torque (ft.lb)

Axial Stresses at max rated torque + max rated tension

ErsiFErgvStream

STREAMING.SPE.ORG
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Enhanced Clearance: Why It’s Dangerous

Coupling OD reduced from

Enhanced clearance drivers / 6.30” t0 6.05”
2. Regulator requirement
. . . BTC6.05
Torque-tension combined loading 700
* The box becomes the weak-link at even low torques 650 | ——5:5in 20# P110Pipe
 Even with tension safety factors a coupling has high risk oo —_oon2p PIReee
of failure f_f Zzz '
Through wall BTC6.05 2 I
\ % 400 |
§35O -
— Operating
300
Axial Stresses at max rated torque + max rated tension o | ENvelope
T e———— o . . | |

-

= A

0 10,000 20,000 30,000 40,000

ErSIFErgvStream Applied Torque (ft.lb)

[1] Liu 2021 doi: 10.1016/C2019-0-02251-4
[2] BLM 43 FR Part 3160
[3] APISpec5CT

STREAMING.SPE.ORG
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Field Example

Case
* 5.5in production casing with enhanced clearance run inside of
7-5/8in intermediate casing.

« 4-mile laterals (10K ft TVD) BTC6.05

700
Problem . .

. . 650 [ —5.5in 20# P110Pipe
* Hightorque was required to reach bottom. oo | 908 PI10BCCS
* Coupling parted near surface. 7 oo
Mitigation T 500
* Utilize operating envelope for remainder of casing g 450
« Move to an alternate casing connection T 400 |- -—— - ST
;&' 350 .
o Operating
Envelope
250 f
200 1 1 1 1
0 10,000 20,000 30,000 40,000
Applied Torque (ft.lb)

SPE .
CnergyStream

STREAMING.SPE.ORG
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Wedge Threads: Different Physics

How to balance torque / tension / clearance

I

Flank Area

ErS'IFErg\/Stream

BTC6.05

~—
Pin A

t

Box A-Side

9pIsS-g xog

BSP6.05

~— ]
Pin A

Box A-Side

; Torque applied to string

—><— Torque induced compression

<" Torque induced tension

““_, Torque induced thread shear

a Torque induced thread locking

Proprietary wedge-thread example
(BSP6.05)

STREAMING.SPE.ORG

opIS-g xog
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Wedge Threads vs Shouldered

BOX Over the same wall the stab
o ' T flank areais 3 times larger than
BSP6.05 PIN | PIN the shoulder area

700

650 | ——5.5in 20# P110 Pipe Shouldered Connection Wedge

600 |t ——5.5in 20# P110BCCS
8 550 | e he e OO OO TN 0 I 1y I
.5 500 g
T 400 He==== m
= I .
235 [ BrCe.05 ! Operating

: Envelope
300 p  Operating |
|
250 | Envelope :
200 1 1 1 1
0 10,000 20,000 30,000 40,000
Applied Torque (ft.tb) . e Ll _M”____

SPE .

CnergyStream Shoulder area=3.9in2 Flank area = 12.0 in2

STREAMING.SPE.ORG
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Wedge vs Shouldered

5, 522

(Awg: 75%)
+1,672e+05
+1,100e+05
+1.0058+05

+65417e+0
+5.500e+04
+4d,583e+04
+3 66Tesla
+2.750e+04
+1.833e+04
+9. 167e+03
+0.000e+00
~-2A36e+05

5,522

(awg: 75%)
+1.47de+0%
+1.100e+05
+1.008e+0%
+9.167e+04
+8.250e+04
+7. 3 3e 404
+6.41Te+04
+5.500e+04
+4 5838 +04
+3.667e+04
+2.7508+04
+1.833&+04
+9.167&+03
+0.000&+00
-2117e405

ErsiFErgvStream

Through wall BTC6.05
\ 30,600 ft.lb + 641 kips tension

o

Stress concentrated in Similar to
locking wedge threads pipe level

BSP6.05
39,800 ft.lb + 641 kips tension

.. . _ -

STREAMING.SPE.ORG
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Regulatory Challenge Example

Running 5.5in 20# pipe inside of 7.625in 29.7#

Max coupling OD of 5.9in to meet the 0.422in radial clearance required in BLM 43 FR Part 3160

* Slim-line version of BTC would be even more restrictive

BTC6.05
30,600 ft.lb + 641 kips tension

s, 522

(Awg: T5%)
*1.672ew05
+1.100e+05
+1.00Be+05
+9.167a+04
+8.250e+04
+7.333e+04
+6.41To+04
+5. 5008 +04
+4.56Fe+04
+3.66Ta+04
+2.750e+04
+1.8330+04
+9.167e+03

T U . . - : N . N S RS TR i am

+0.000e+00
-2AI6E405

* Slim-line version of the wedge connection has no additional restrictions

8, 822
(Avg: 75%)

i BSL5.90

33333333

+++++

I+t rtt+tit+t
nZEEETERERERER

ErsiFErgvStream
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Key Takeaways

* Top drives are no longer the limiting factor for ERD

* Know the torque-tension envelope for the connection
you are running

* Do notrely solely on Connection Data Sheet ratings

* Match the right connection for the application

* |fyoucan notcompromise - move to a connection
that does not have the screw jack mechanism

SPE

EnergyStream

Applied Tension (kips)

700

650 |
600 |
550 |
500 |
450 F
400 |
350 |
300 |
250 |

200

Torque Tension Envelope

5.5in 20# P110 Pipe
5.5in 20# P110 BCCS

Operating
Envelope

0 10,000

20,000 30,000 40,000
Applied Torque (ft.lb)

STREAMING.SPE.ORG
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THANK YOU
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