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Technical Presentation Softtorque

Topics

® Short introduction of ENGIE Electroproject bv.
e Performance improvement by Stick Slip mitigation
 Electroproject involvement in Softtorque technology.

e low CAPEX ElectroProject SoftTorque (EPST) Controls Hardware

¢ Installed base.
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ENGIE Electroproject bv

GDF SUEZ is now am———
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ENGIE Nederland

A global energy player e —
and an expert operator in CNGIC CNGie
the three businesses of : ENGIE Services ENGIE Energy
- Electricity, l
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ENGIE Electroproject bv

Marine and Off-shore Water Heave and transpoprt
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Engie Electroproject involvement in softtorque technology

» 80s Shell introduces Softtorque Rotary Systems .

e 90s problems with the use of the technology.

e 2009 Shell starts a rejuvenation project with Electroproject in a leading rol.
e 2011 AST (Advanced Softtorque) is patented as an independent technology.
e 2013 AutoTune for Softtorque systems is introduced.

e 2014 Down hole observer is introduced.

e 2014 Working with Shell on Ztorque technology

Last 5 years focus on the influence of Softtorque technology on drill string
behavior.
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Technical Presentation Softtorque

Topics

e Stick Slip behavior.
e Softtorque theoretical background.
e Softtorque in practice.

e Softtorque working envelop.
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Softtorque in practice

Movie showing softtorque performance

from drillers perspective.
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Softtorque in practice
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Softtorque in practice

stick-slip behaviour

r
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Softtorque in practice
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Surface torque

Cyclic, heavy torsional vibrations
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M 3-10 second period

=== WBHA comes to a complete stop in “stick

phase”

Down hole RPM
B BHA accelerates up to 5x surface speed

| ' in “slip phase”
|

B Can occur 50% of on bottom time (!)

’ Stick-slip behavior
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Stick-slip behavior

Surface torque . . .
k Heavy torsional vibrations lead to:
CAAAAR B Reduced ROP,
sarddd
A B Heavy vibrations down hole, motor
e e e e e failures,
B Additional bit ware and bit damage
Down hole RPM
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B Potential lateral vibrations that may
damage the wellbore.

B Can cause problems on TD equipment

B Can lead to well integrity problems (!)
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Stick-slip behavior

Surface torque
;7\ / ff"‘ v !f? Mitigating stick slip:
N A
M Increases ROP.
M Lead to longer bit runs. Saving tripping
Down hole RPM time.
J M Saves on tool wear out.
| M Less issues during coring.
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Stick-slip behavior

Stick-slip is a threshold phenomenon.

Threshold
rotary speed
Stick-slip Value of the threshold speed is difficult
Severity Stick-slip to predict but increases with:
NOT present
Level g o Larger WOB
o Reduced DP size
] Low . o Increasing MD
— Rotary speed
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Softtorque in practice

Theoretical background for stick-slip mitigation.

Two different technologies

1. Traditional Softtorque (STRS/EPST)
2. Advanced Softtorque (AST)
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1. Softtorque theoretical background (STRS)

17

Drill string represented
as torsional spring

Electric motor

Drive inertia

Drill pipe
stiffness

BHA inertia

P &
)

TD motor & controls
represented as torsional
spring and damper
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B Achieved by
changing the drive
controls

B Tuning is required:
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1. Softtorque theoretical background
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1. Softtorque theoretical background

Example of stick-slip mitigation with EPST

12000 1 T 1
: H - Torque
—— STRS ON/OFF [

10000

aooo -

6000

B Torque steady

Terque [Nm]

4000

1660 1665 1670

: : : : : i |= Epesd
110 f=sseceseadisccanaacy Niiaasaxna feascaasas Juasasninad adwanscinspransansna {eeace - STRS ON / OFF M

B RPM variations

Speed [rpm]

1620 1625 1630 1635 1640 1645 1650 1655 1660 1665 1670
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1. Softtorque Tuning

Drill string represented
as torsional spring

-

P &

Electric motor

Drive inertia

Drill pipe
stiffness

BHA inertia

TD motor & controls
represented as torsional
spring and damper
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B Achieved by
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1. Softtorque Tuning

>

electr©O

TMEAS
VFD L — 1fJTD - I -
UMEAS
Drill pipe
() PR stiffness
Cf” and “Kf
BHA inertia &
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TCU'M

VFD

(1P [

Softtorque AutoTune

Tlu"l EAS

UMEAS

* First in the world, while drilling identification of

softtorque tuning parameters

* Only software update for EPST controller.
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1. Softtorque Tuning

Calculation with integrated BHA

Manually input of Kf and Cf
B and drill string configuration.

(MHI Home screen)

ElectroProject Soft Torque
Total Measured Depth (along hole) Tuned values 'ﬁ@- MIMIC: Drill Pipe Entries B aandrifftechniel
il No Pipe name D One stand [ft] Lenght [ft]
[
| r—— | D R
Total MD Kf Cf II
= Nmtad Nmstad e B RS
1800 6188 | 2523 |
e S | ’ 51/2" DP - 2190 Ibffc- FH  -|EMl - |
1886 5776 2478
1914 5649 2464
13?? 2232 gjgg || [pe— Calculated values: Current values:
i | e Length: 1732.8[ft]
2000 5290 2422 | PSSR e gos06 | Transfer Kf: 89506
2057 5070 2395 - : BH " iR
2085 4965 2382 Home Trend Entry Entry
2114 4863 2369
EPST BHA/drill pipe entry screen
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1. Softtorque working envelop

Stick-slip
Severity
Level

|

High

STRS leeeeens

Low

» Rotary speed
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1. Softtorque AutoTune

|
TCU'M

TMEAS | | | |
B v

UMEAS

* First in the world, while drilling identification of
softtorque tuning parameters

* Only software update for EPST controller. >
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1. Traditional Softtorque (STRS)

Technology Resume: Traditional Softtorque (STRS) technology.

e Suitable for vertical well operations.

e Drill pipe size from 5” up.

e Drill depth up to around 5000 m.

e Standard STRS technology needs continues tuning while drilling.

e Electroproject EPST system can be upgraded with Autotune module

e Suitable for DC TD’s.
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Softtorque new technology

Electroproject Advanced Softtorque

AST
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Technical Presentation softtorque

AST technology minimize drill bit speed variations caused
by bit torque disturbance, delivering :

a “wider” working envelop for stick-slip mitigation
allowing for larger WOB

Better performance when drilling with “thin” pipe
Better performance a greater depth.

Better performance in horizontal wells and lighter BHA.
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New technology: Advanced Softtorque

Top drive — drill string — bit
schematic I

Thit

1000 [Nm]

Top drive

| 0

——> time

I
€€&— Motor torque
|

I

I
:<<_Pipetorque : E
' I g
| | Bltspeedi 5
: : TD inertia :
vy y
S =
w SE Eg
electr©
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— 12 %” hole — 13kft MD / Top drive inertia = 1750 [kgm”2]

EP-AST drill string slider tool V3.3-EP November 2016 // Hummingbird of top drive with J =1750 [kgmz] Il Drilling depth =4000 [m] /

B T T T T LI T T T T L T T T LI T LI T T T
15 I | | [
s Hummingbird [-]
Stability - System Sensitivity / 10 [-]
= == Stability - Noise Sensitivity / (2 * 105) [Nms/rad]
=== Hummingbird minimum ctriteria @h=100%, 1/Z=500[Nms/rad] and Jid=1 ODO[kgmz]
= == = Stability ctriteria boundary
—_ === Actual conventional STRS Humminbird at this depth i
,_,: 1
2
©
fib)
=
[:})
x
i}
2
=
(=]
E‘OS S I NN NN NN NN NN EEEEEEEE / E S IS NN NN NI NN NN NN NN NN NN NN NN NN EEEEEEEEENEEEEEEEEeN
= -
' -~
- = o~ -
0 I T T T ] %;\J—_-V"T_lelll| Lo 1 I I I L
10° 107 107" 107 10’ 10%
Frequency [Hz]
Variable Min Max. Selected Units
h hybrid 0.0 | - | 100.0 15 1%]
1/Z DP 00 < D [ 1000 632.616 | [Mms/rad] RESET KEEP Hummingbird STORE Sliders | Operating Env. MARGIN @ BIT
Jtd 250 M | 6000 1750 [kgm"2]
VFD LP 0.001 ] D 0.01 0.008 [s] y
VFD delay 0 ‘ *l0.05 0.02 [s]
K 0 " S 1e 07 " HUMMINGBIRD; STABILITY | SPEED | TORQUE | POWER | STEP ADMITTANCE
SL time 01 4] 20 5 sl
C1LP 0.0 a D 0.050 0.004 [s]
c3LP 0.0 : +| 020 0.016 [s] 3D SPEED 3D TORQUE 3D ACTIVE POWER M1 M2 M3 M4 ms NORTON
X-shift 1 | | [ 5 1 Bl
K wall ¢ "IN | 10 3 [Ns/m"3]
delta 0 I N ¢ | Ses 26+08 | [Ns/m*2] . - - :
 bit o L N [ 500 o Tkqmn2] DRILL STRING :STRS_Tuning_V81_NAGA6_TTA5_12-26inchsection_8097-15800ft.xIs
¥ bit 500 | S [ 500 [} TNms/rad]
Cwvw 1 4 L3 100 15 [rpm]
Depth [ 2467.9656 |+ NI D | 4815.84 | 4000 fml _ (CEPSTON O SoftTorque OFF

Prepared by: Dr. Ir. lve Stul ijer, C I N ber 2016
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New technology: Advance Softtorque

Ztorque (EP) drill string slider tool V3.1 June 2016 // Hummingbird of top drlve with J =1000 [kgm ] H Cf eff =1243/ Kf eff =166/ Drllllng depth =4000 [m]

i ! T R ~ T T

m Ztorque Hummingbird [-]

= Stability - System Sensitivity / 10 [-]

— = Stability - Noise Sensitivity / (2 * 10%) [Nmsfrad]
s Ztorque Hummingbird ctriteria boundaries @ h = 100%

== == Ztorque Stability ctriteria boundary |

m Actual conventional STRS Humminbird at this drilling depth

Top Drive Reflectivity [-]

/ v -=T
ar T - = I I Lol I I TR R O N

10° 107 107 10° 10"
Frequency [Hz]

AST properties:
Shape of reflectivity curve is adaptable on operation.
Stability algorithms take the drill string property's into account.

Higher modi damping up to 3 Hz.
Low TD excitation with minimum drill bit speed disturbance.

electr®
www.softtorque.com project
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Technical Presentation AST

What brings makes AST unique:
e Proved and recognized SoftTorque system.
e Designed to be embedded in all electrical TD’s (AC and DC)
(DC systems to be executed with encoder feedback).
e Widest control spectrum. Stick slip mitigation for higher modi.
e Low speed incursions while controlling. Not violent reacting TD.
e Highest crossover frequency. Immune for higher modi oscillations.

e Capability to investigate performance using expert tools to advice
improvements.
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Softtorque new technology

Electroproject Ztorque

r
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Technical Presentation softtorque

Ztorque (Zt) is designed as a wide band impedance (2)
matching concept. The technology is based on transmission
line theory with underlying ambition to absorb all torque
waves arriving at the TD, delivering :

a “wider” working envelop for stick-slip mitigation
allowing for larger WOB

Better performance when drilling with “thin” pipe
Better performance a greater depth.

Better performance in horizontal wells and lighter BHA.

25 juni 2021 www.softtorque.com Elec[}rrooje cT




Ztorque QA/QC criteria

high
Mitigation capability

SN Jow
Data from T700 12 1I4 hole on 7-6-2015 @on: 33h Zlorqua Poww Raﬂ‘clion coafﬂcionl curvos ref 500 [Nmslrad]

— Uut( NO STRS
w— Modet STRS
}Al.em tive models

— et 2106QUe 100% |
——— Zorque @ h = 100% b = B4% from data

T T

WIRRES NN O (IR

? Top Drive
: s Reflection
‘Above this frequency, i
§ SSonly occursqct vgly Respon se
} low RPM (<308) ]
7 1< 0.1
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Hummingbird plot unloaded
EPST 1016082 Rig279 Oman Wed Mar 01 20:09:00 2017 UTC+1 (5 min) H=1.00, T0=12.00, Comp=74

+ # measured I I I — system sensitivity H5
16— model [ A I I [ [ A I I B [ [ 1 11 — noise sensitivity / 20000.0
14} 12
1.2}
2
= 13 2
5 1.0} £
E =
£ wn
g 0.8 | §
T 42
0.6
0.4+
11
0.2
0.0 0
7] [
E L
S oaf
St 1
0.2 - —
0.0k - S —— - S
1072 10t 10° 102
Frequency [Hz]
Prepared by: Dr. Ir. lve Stul ijer, Ci I N ber 2016
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GDI-8 Ztorque implementation

PERFORMING BETTER

QATAR: IMPLEMENTATION OF Z-TORQUE ON NF-12 IN QATAR

Z torgue has been successfully installed on GDI-8 to suppress stick slip by maximizing the top drives ability to catch the
torque waves travelling through the drill string from the bit. This is a different approach compared to SoftTorque which
treats the complete drill string as a mass-spring-dampener. Z-Torque increases the mobility of the top drive and
counteract torgue variations with velocity swings, absorbing the torque waves at the saver sub and preventing them
from bouncing back to the bit. This levels the speed and reduces or eliminates stick slip.

GDI-8 is the first drill rig where ElectroProject has implemented Z torque according to Shell’s patent in the top drive
VFD. A fast bus is installed to allow communicating quickly enough to analyze and counteract with speed correction
from controller. The theoretically mobility of the Z-torque without time delays is very good, and thus the
reguirement for the fast bus. The Z-torque systems widens the window for stick-slip free drilling and is more user
friendly as it does not need constant re-tuning against actual drillstring length. Simply turn it on!

For more information, contact QSSC-Onshore-Perf-AA@shell.com (A&A Performance Team)

electrO
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Technical Presentation softtorque

Hardware implementation.
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EPST Hardware implementation
for STRS and AST

EPST Speed Controller

TM EAS

UMEAS

(l

.

Zumnn s

=,

‘m AEJ

HMI Control panel EPST Control cabinet
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EPST Hardware implementation
for STRS and AST

control HMI (Control panel)

Drillers cabine

Network at Rig

VFD Cabine

TDS PLC
Controller

TD area
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Actual speed
({digital encoder feedback)

Drill String
and
Bottom Hole Assembly



EPST Hardware implementation
for STRS and AST

HMI (Control panel)

Ethernet

PLC Controller EPST Controller

m‘w’ |

= Motor :{ Gearbox

Profibus 2

Actual speed
(digital encoder feedback)

7
i}
EPST System overview Bottom HZT: Assembly
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A1.01/51

EPST Hardware implementation

for STRS and AST

A1.02/52

BECKHOFF EtherCAT: EL6731-0010 - ProfiBUS-DP - SLAVE

BECKHOFF EtherCAT: EL6731 - ProfiBUS-DP - MASTER

/ X1
! PLC g ProfiBUS-DP DRIVE : ProfiBUS-DP
/ g NODE # g NODE #
I' a 3
I
H — o
CONNECTOR _— 2 [ u] — CONNECTOR _—— 2 [ u] —
SUB-D 9P MALE 90° > 3 g Ig SUB-D 9P MALE 90° > 3 g
SIEMENS 6ES7972-0BB12-0XA0 SIEMENS 6ES7972-0BB12-0XA0

|

—

SITUATION 1
EPST CONTROL ON TOP DRIVE

ProfiBUS CABLE

_|12Mbps MAX. 20m

E
.

103
m
0

;

PLC

SLOT-#
ProfiBUS-DP
NODE #

SUBD 9P FEMALE
ooncj
Ofoeo000)0

ProfiBUS-DP MODULE - MASTER

EXISTING PLC OR REMOTE 1/O

25 juni 2021 42

ProfiBUS CABLE
| 12Mbps MAX. 20m
(OLD SITUATION)

TOP_DRIVE_VFD

EXISTING INSTALLATI(

SLOT-#

SUB-D OP FEMALE

o

22)| ProfiBUS-DP
%2 || NODE #
Q

ProfiBUS-DP ADAPTER - SLAVE

EXISTING AC OR DC VARIABLE SPEED DRIVE (VSD)
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A1.01/51

EPST Hardware implementation

for STRS and AST

A1.02/52

BECKHOFF EtherCAT: EL6731-0010 - ProfiBUS-DP - SLAVE

BECKHOFF EtherCAT: EL6731 - ProfiBUS-DP - MASTER

X1
o

X1
o

PLC 2 |[z2)| ProfiBus-DP DRIVE %2 ProfiBus-DP

/ &[22 NODE # 2( 52|l NODE #

@ @
N B 3
[
!

o

=

-~

ATTENTION!! _ {2-2% Z]

SWITCHES OFF <

SITUATION 2
NO EPST CONTROL AT

ALL

ProfiBUS CABLE
_|__12Mbps MAX. 20m

-/

[T —
M 38
O m =
i

PLC

-

SLOT-#

ProfiBUS-DP MODULE - MASTER

SUB-D 9P FEMALE

o

23)| ProfiBUS-DP
$e| NODE #
[¢]

EXISTING PLC OR REMOTE I/O0

25 juni 2021
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(OLD SITUATION)

J ERGGECEEEEEEED ) RECEEEEEREEEEEREES :
N

TOP_DRIVE_VFD

ProfiBUS CABLE
_|12Mbps MAX. 20m

€ty
X104

| om0 o:r|

EXISTING INSTALLATIO!

SLOT-# B
53)| ProfiBUS-DP
G NODE #
O

ProfiBUS-DP ADAPTER - SLAVE

SUB-D 9 FEMALE

EXISTING AC OR DC VARIABLE SPEED DRIVE (VSD)

www.softtorque.com
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Technical Presentation softtorque

Installed base.
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Technical Presentation softtorque

What brings ElectroProject SoftTorque to the table:

e Proved and recognized SoftTorque system.

e Designed to be embedded in all electrical TD’s (AC and DC)
e AutoTune functionality

e Advanced SoftTorque (AST)

e Capability to investigate performance using expert tools to
advice improvements.

25 juni 2021 www.softtorque.com Elec[}rrooje cT




Performance reports

Iddle East

B Middle East

B BATCH DRILLING
~ s B ELECTROPROJECT EPST
S B ~40 % ROP IMPROVEMENT SINCE EPST; compared
& against best offset
S~ ]
S B REDUCED BIT DAMAGE
wn
=4 T — ]
Q.
[}
)
0 160 2(;0 3(;0 4(;0 500
ROP [f/hr] NO EPST WITH EPST
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Performance reports

oble Hans Deul North Sea

of| EVVUVVYV Y VY e
% i
= N I S TN N S S SN I
_(/;) | 1280 1290 1300 1310 1320 1:‘3[3”0“E is:c:’idﬂ 1350 1360 1370 1380 1390
Z
O Ewu
g A E . §1UU
g Step change in £
a stick-slip severity ’ 1
T S-SR SR AP o L L 1 ! i L ! L L L
time [sec]
--------------------------------------------------- B ELIMINATED STICK-SLIP VIBRATIONS
R e S e e B REDUCED FAILURES
2 siu mio 15in 250 25iu 300 B INCREASED ROP 10%
Delta BIT RPM
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IDDLE EAST

The impact of Soft Torque
Technology on Drilling
Performance

Mike Lukyanov Odion Ikhajiagbe
Well Engineer Well Engineer
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Conclusions:

= Stick slip 1s damaging both for equipment and for cores

= STRS alded Sshell in:

« Heducing stick slip by 40%
* Increasing ROP by 30%

« Heducing bit wear

« Good quality cores
= o[RS Is easy to implement and has shown good results
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AN OFFEFMORT EVERT

Pearl Wells Applicatiun'

ROP (1)
B B &8 8 8 8 8 &8

Av. 595 Thhr A 772 Thihr

1340

_— -

el A saPelE efWel S =fWelD eWWslE sl F o efislo e tslE e el wisl 0 w Wl el L
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Pearl Wells Application:

= Improvements in bit performance were observed
= Less bit wear and more footage drilled per bit

= |JADC bit dull grading was used and same crew applied it

= Welghted average with respect to footage drilled was

taken

: Bit Wear
feet/bit
Inner Teeth Cuter Teeth

With-Out STRS JFEFAR:
With STRS

% Improvement




Advanced Softtorque

Van: Martin Sanderson [mailto:MSander@slb.com]

Verzonden: woensdag 7 november 2018 9:37

Aan: CATENA Angel (ENGIE Electroproject B.V.) <acatena@electroproject.nl>
CC: avreman@einenterprise.com

Onderwerp: RE: [Ext] Evidence of good performance for rigs 42 and 57.

Angel
| can confirm that two advanced soft-torque systems were installed on KDC-57 and 42.

For the installation on KDC-57, a success flyer was made. Comments made by the Senior Well Engineer

“Advanced soft torque was installed in KDC-57, the stick slip was dramatically reduced and the ROP was improved especially in the 6 1/8”
section.”

241 4194
6046 mm
Total Saving

Regards
Martin
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Thanks for your attention !

Questions ?

Angel Catena
acatena@electroproject.nl
Tel. 00 31 651400230
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