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Introduction

e John McCormick: WFT

— Applications Engineer
* Melissa Frilot: WFT

— Applications Engineer
* Tim Long: Chevron

— Completions Engineer
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Presentation Overview

|.  General Torgue and Drag Reduction Methods
lI. Well Descriptions
1. Offshore: Gulf of Mexico (GoM)
2. Landrig: Texas, USA
3. Offshore: West Africa
lIl. Application and Results
I\VV. Mechanical Friction Reduction Tools

— Casing wear, Drag, and Torque Reduction
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Section |

General Torque and Drag
Reduction Methods
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Torque and Drag Reduction Methods

Engineered Wellpath

Operational Practices
— Hole Cleaning, Smooth wellpath

Lubricants

— Well #1 (GoM) and #3 (W Africa)

Mechanical Friction Reduction Tools

Lightweight String Components

— Aluminum, Titanium, Thin-walled Steel
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Mechanical Friction Reduction Tool (MFRT)

 Sub-based Mechanical Friction Reduction Tool —

* Expected 50% Local Friction Reduction - —

Rollers Bearing Sleeve

/

Sub

Wear Resistant Coating
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Section Il

Well Descriptions
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Well Description: Well #1

Offshore Gulf of Mexico [ T . L
| Inaccessible Drilling Target

* 485 ft water 0 KTorque Limited
* 50° Inclination . Power Limited
1500 '
e TD: 26,400 ft MD N\
- Solutions Attempted
e 8 15" hole | ] N

B Eﬁgineered Wellpath
+ 42,000 ft-Ibs torque » ‘ \

— at 23,000 ft MD 20008

27500
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Well Description: Well #2

Land Rig. Texas USA Inaccessible Drilling Target -
* TD: 14,500 ft MD o

Torque Limited

2000

* 6,150 ft horizontal section

« DLS avg 10°/100 ft in build

L. 000
S000
BOOD

e Inclination up to 92.87°

1000

« 13,000 ft-Ibs torque o |-

q000

— at 12,164 ft MD 100gp )
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Well Description: Well #3

Offshore West Africa

e 1,727 ft water
e 76° Inclination
* Unplanned 86° kink

« Gravel pack operation

— 80,000 Ibs needed

Inaccessible Completions

Operation |

10
m
51
i
b
ot

Drag Limited
| /
Solutions Attempted

e |

- Engineered-Wehpath |

f
= | ubricant =

SPE 125991




Section Il

Application and Results
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T&D Modeling: Well #1 (GoM)

Side Force/normalization length (Ibf/length)
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800

7/

52 Sub Based MFRTs (5 7/8” XT-57, 7 : :
- uild Section

Z
6000 - / Apply 52 MFRTs

] 19.5% torque reduction predicted

Measured Depth (ft)

Deviated Section (50°

: w=——"~—Deviated Section (50
= /

] _—

LEGEND
24000 — —— Rotate On Bottom
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T&D Modeling: Well #1 (GoM)

Measured Depth (ft)

5000 10000

Torque (ft-lbf)
15000 20000 25000

30000

35000 40000

45000

LEGEND
Rotate On Bottom

7/

/A

4
e
e
e

Build Section

pply 52 MFRTs

19.5% torque reduction predicted

Deviated Section

(50%)

44000.0 ft-Ibf

Maximum System Torque
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T&D Modeling: Well #1 (GoM)

Torque (ft-Ibf)
5000 10000 15000 20000 25000 30000 35000 40000
|

0 — ‘ ‘ 1 ‘ 1 1 ‘ 1 1 ‘ 1 1 1 1 ‘ 1 1 ‘ 1

LEGEND

1 Rotate On Bottom (Base Case)
1 — Rotate On Bottom (52 MFRTs Applied)

Apply 52 MFRTSs

- 19.5% torque reduction predicted

Measured Depth (ft)

44000.0 ft-Ibf

Maximum System Torque
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MFRT Application

« MFRTSs Applied
— Well #1: 52 subs w/XT-57 connections (5 7/8")
— Well #2: 18 subs w/XT-39 connections (4”)
— Well #3: 100 subs w/XT-57 connections (5 7/8")
* Expected Results
— Well #1: 19.5 % torque reduction
— Well #2: 10.5 % torgue reduction

— Well #3: alleviate helical buckling
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Results: Well #1 and 2

« Actual Results
— well #1: 19.0 % torque reduction (19.5 % expected)
— well #2: 35.0 % torque reduction (10.5 % expected)
* Possible Differences in the Model vs. Reality
— modolcnol callateg Oneorraal e hon toctoro
— thReofrectnputs
— physical realities not captured by the T&D model

* doglegs between survey points
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Results: Well #1 and 2

» Actual Results
— well #1: 19.0 % torque reduction (19.5 % expected)
— well #2: 35.0 % torque reduction (10.5 % expected)

* Possible Differences in the Model vs. Reality
 The more severe the application, |
PP Hor-factorsy

the better MFRTs will perform

e Sub-based MFRTSs are very robust
— physical realities not captured by the T&D model

* doglegs between survey points
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Application: Well #2

8000 —

Beginning of run

0 50)

D

1000 1500 2000

Casing Point

2500 3000 3500 4000 4500 5000 5500
Vertical Section (ft)

6000 6500 7000 7500 8000
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Application: Well #2

-

Middle of run

T
0

50p

1000 1500 2000

Casing Point

2500 3000 3500 4000 4500
Vertical Section (ft)

5000 5500 6000 6500 7000 7500 8000
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Application: Well #2

3000 | End of run

0 50p 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000
Vertical Section (ft)

Casing Point
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Application: Well #2

 primarily open hole

1000 -

* N0 negative impact on performance

o » 35 % overall torque reduction

4000 —

TVD (ft)

5000 —|
6000 —|

7000 —

8000 —

T ‘ T T ‘ T 1T ‘ T TT ‘ T ‘ T T ‘ T T ‘ T T ‘ T 1T ‘ T T ‘ T TT ‘ T T ‘ T 1T ‘ T T ‘ T T ‘ T T ‘ T TT ‘
0 50p 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000
Vertical Section (ft)

Casing Point
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Well #3: Excessive Drag

LEGEND
Vertical Section

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000
Vertical Section (ft)
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Well #3: Excessive Drag

LEGEND
e \/ertical Section

3950 Inclination Increased from 76° to 86°

1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900 3000 3100 3200 3300 3400
Vertical Section (ft)
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MFRT Application: Well #3

Side Force/normalization length (Ibf/length)
0 2000 4000 6000 8000 10000 12000 14000
‘ ‘ | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | |

Vertical Section

2000
1 ¥ Build Section
4000 —
S ]
S 6000 —
s ]
(]
D 3 . .
o 8000~ Kink in Wellpath
g ™ 76" Deviated Section
LEGEND
— Tripping Out
Tripping In

— 80,000 Ibs Down
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T&D Modeling

* Operation: Gravel Pack

e Concern: Ensure the string does not unseat while fracturing
* 80,000 |bs on bottom desired
— 30,000 Ibs on the packer

— 50,000 Ibs max. up-force during frac



T&D Modeling
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-400 -350 -300 -250 -200 -150 -100 -50

0‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\

Tension (kip)
0 50 100 150 200 250 300 350 400 450 500

String w/80,000
Ibs on bottom

Measured Depth (ft)

Tripping In

Tripping Out

LEGEND

— Helical Buckling (Non Rotating)
— Sinusoidal Buckling (all operations)
— Tripping Out

— Tripping In

— Slide Drilling
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T&D Modeling

Tension (kip)
-400 -350 -300 -250 -200 -150 -100  -50 0 50 100 150 200 250 300 350 400 450 500

Helical Buckling
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T&D Modeling

Tension (kip)
-400 -350 -300 -250 -200 -150 -100  -50 0 50 100 150 200 250 300 350 400 450 500
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o _
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10000 —:
12000 j LEGEND
- Slide Drilling
- — Sinusoidal Buckling (all operations)
- — Helical Buckling (Non Rotating)
14000 - i — Slide Dirilling
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Section IV

Mechanical Friction
Reduction Tools
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Casing Wear Reduction

Rotary Friction Axial Friction

Tool Joint Tool Joint

Wall of Hole Wall of Hole
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Casing Wear Reduction

Rotary Friction Axial Friction

MFRT Sub Axle

Bearing Sleeve Roller
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Drag Reduction

T
FD=FN><y><V—

Pipe
Movement

Drad Force Normal Force Coefficient of
Frjction

S~

== () mm=




Torque Reduction

_F A
T = erxi{_i\/

Ction P|pe
Movement

Radius of Coe
Rotation F

Torgue Normal Force
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Roller Tool Additional Applications

e Casing Exits

* Rotating Liners (Cementing)

e Slide Drilling

* Running Liners and Sand Screens

e Casing and Drill Pipe Wear
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Conclusions

* Despite planning and best practices, some wells will
have significant torque and drag issues

e Torque and drag can render a drilling target inaccessible

* MFRTs are a viable solution to torque and drag
problems




Questions

e Thank you for your attention.
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MFRT Roller Containment Features

Security‘ i

Slot

Coiled
Locking Pin
Groove

\ Roller

Containment
Shoulder
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MFRT Roller Containment Features

Security‘ -

Slot

Coiled
Locking Pin
Groove

\ Roller

Containment
Shoulder
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MFRT Operational Handling




