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Objective

Replace the existing paper based WSOG with a dynamic response-based electronic WSOG interfacing relevant systems
and sensors with the main goal of increasing safety and efficiency of drilling operations
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Limitations of paper based WSOG

= Based on in-office field specific riser analysis using extreme values (but not always conservative)

= Connection between riser and vessel behavior not accounted for
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Limitations of paper based WSOG

= Based on in-office field specific riser analysis using extreme values (but not always conservative)

= Connection between riser and vessel behavior not accounted for

= Static document, not able to adapt to current operation and/or environmental condition
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Benefits of the eWSOG

Exploit and capitalize on drilling contracts

* Maximize contractual uptime and value

* Avoid unpaid downtime

Lower operational cost (OPEX)
* Reduce fuel consumption and wear and tear

* Reduce emissions

Competitive advantage

* Efficient and optimized operations
* Reduced Non-Productive Time (NPT)

WORLD CLASS — Through people, technology and dedication

HSE Goals

* Avoid accidental excursions (drift off, force off
etc)

 Mitigate accidental loads (riser, WH ..)

Remote Operations
* Remote DP Operations

» Operational support (expert in the loop at all
time)

Enables critical operations
* Shallow water DP operations

* Harsh environment operations
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eWSOG Network Topology

= Offshore e
— All systems connected directly to the servers where the eWSOG application is deployed
— Can be streamed to every PC on the rig when connected to Ship-Net E::}%:G ﬁ MW‘:%@
— Independent of V- Sat communication u...-....:;u;...., “";‘?E:";:“;:"'“
— 100% real time, no delays %ﬂmm

= Onshore ;.
— Receiving data via V-sat connection (vulnerable to bandwidth and drop of signal) —_—
— Almost real time (1-2 min delay depending on the bandwidth quality) B ~§| |

% s

W =1

— Deployed on KONGSBERG onshore cloud and accessible via authentication for selected IP

Delayed eWS0G dashboards
Onshore KIMS !

add reSSGS ervirenment »'sl:‘-ro-"r--';ss-* boards
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eWSOG Overall Functionalities

eWSOG Onshore

FORECAST
Based on weather forecast and trained
machine learning model (vessel, DP, riser,
casing, soil..) forecast the following
parameters in order to possibly avoid of
being connected in high risk weather
events that could jeopardize well and riser
integrity
1. Dynamic Vessel offset
Dynamic Vessel 6 dof response
Dynamic watch circles
Riser tension variations
Thruster Utilization
Upper Flex Joint
Lower flex joint
WH and casing loads
WH fatigue

LN A~WDN

REAL TIME
Replicate all available data from
the offshore systems in dedicated
dashboards to enable the onshore
personnel to assist and monitor the
operations. All data are also
recorded for possible useful
forensic investigations

?

eWSOG Offshore

(real time)

Riser Management System

Vessel Systems

Additional onshore modules (WHF,
Fuel optimization...) _

WORLD CLASS — Through people, technology and dedication

DRWC & DOE

| | Vessel optimum

position

VIV module

3rd party equipment

Power management

— ADCP

Automation

—  Wave radars

Dynamic Position

Propulsion
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eWSOG Format
DP Consequence Alarm condition UFJ Pitch Mean (mean 10 min)
PM Consequence Alarm condition UFJ Roll Mean (mean 10 min)
- Number of DP RCUs UFJ Pitch Max Range (max)
* Digitizing the WSOG was initially performed by a g [Number ofwind sensors o [UFiRoll MaxRange (max
9 Number of gyros g LFJ Pitch(mean 10 min)
-
. . . . e c Number of MRUs 2 LFJ Roll (mean 10 min)
dynamic table mirroring the traditional WSOG S 8 A
£ h
y g g Number of UPS 5 LFJ Pitch (max)
“I”>,. Network redundancy P LFJ Roll (max)
& Number of operator stations Tensioner Stroke Mean (mean of 10 min)
Number of calibrated reference systems Tensioner Stroke Out (max)
o Id . I . I d d Backup system status Tensioner Stroke In (min)
entica Parameter grou PS was Inciude PMS System redundancy Axial Tension varations amplitude
® 1min Max Heave Double Amplitude 3min mean power consumption (% of total available)
§ Heave Velocity 3min mean thrust (% of max available online)
g Max Pitch Angle » Actual Thruster Load (max 15 sec)
= = =
. - o N % Max Roll Angle 3 Heading deviation
i It ream spant e - - o — —
== ” o= =S ﬁ 3min Mean Pitch Angle =é Position deviation % RWC
. n W_M:;Wm > 3min Mean Roll Angle .g Position deviation from set point
Y o (0]
e well WH Bending moment b Line Break
... |Conductor Pipe Bending moment Mooring tension
Integrity - -
— Conductor Connector Bending moment Mooring length
— Time To |_ Environmental |_ )
Time To Red . 3min mean wind speed
e Red Conditions
Macrinery Operating tsions[-chie]
N = DP system and | | Environmental Riser Station Time To Red - Well Integrity
[ —— . ™ Sensors Conditions Response Keeping
i bkl iy T — | | ] ]
M“N:;:::.:..’:;:q el Item Operational Values Operational Status Time Green Limits White Limits Yellow Limits Red Limits Deactivate
R or Cotiion Max Heave Double Amplitude 461 m 30/01/201900:49:07  .5m >5m >7m >15m
== Max Heave Velocity 0.69 m 17/12/201800:19:50 506 m/s >0.8m/s >1.00 m/s >3m/s
g Max Pitch Angle 19 B 0012019004307 <3 deg 243 deg »+-5 deg 2415 deg
Max Roll Angle 307 Advisory 30/01/201900:49:07  <+-3 deg >+3 deg >+-5 deg >+15 deg
Action Mean Pitch Angle 019 m 30/01/201900:49:07 <42 deg ~+4 deg »+-12 deg
Mean Roll Angle 053 T 30/01/201900:49:07  <+-2 deg >+-2 deg ~+4 deg 2+-12 deg
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eWSOG Offshore (real time)

(® Dynamic grid with all the responses checked and

@ Inst. wind speed= 19 [m/s] ..
- Operational Status Measured Overpull = 136 [Tor] Well Name related limits

UTC time:

. Timetored (st 120) ® e (@ Group status depends on sub items status
;g WA A 9:16:46 AM
50 A P LAY P adh . o A
5 SRR AR AVAR 1171 1aAVA = ‘
: VARIAZAL M A \““"w‘v“"‘v"u”v - (3 Overall operational status based on group status

10
0

20-Jan 12:38 29en 1435 2-Jan 16:32 29-dan 1820 200202025 20-Jan 22:23 20dam 0018 @ Historical trend Of the DRWC (12 h)

©

DP system and || Environmental Riser Station Time To Red Well Integrity
Sensors Conditions Response Keeping

I R | — | @
Item Operational Values Operational Status Time Green Limits White Limits Yellow Limits Red Limits Deactivate

Max Heave Double Amplitude 461 m 30/01/20190049:07 .5 =5m =Tm >15m

Max Heave Velocity 069 m 1712/20180019:50 506 /s 208 m/s J00mis 3w/

Max Pitch Angle 191 m 30/01/2019004307  c+.3 deg 23 deg 25 deg 2415 deg

Max Roll Angle 3.07 Advisory 30/017201900:49:07  <+-3 deg a+3 deg =+5 deg a+15 deg

Mean Pitch Angle 019 m 30/01/201900:43:07  c+.2 e 2+ deg +4 deg 1412 deg

Mean Roll Angle 053 m 30/01/20190043:07  c+.2 deg 2+ deg 2+4 deg 212 deg

) .
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eWSOG Onshore (real time and forecast)
(0 Forecast status displayed live

(® Dynamic grid including the forecast responses

(®) Forecast DRWC for the next 12/24h

et windspeed= 5 sl Well Name @
- Operational Status Messured Overpull = 128 [T - Forecast Status  Assumed EDSTime= 325  Assumed Gverpull = 120 [Ton]

UITC time
Tirmse: ta resd msd 12 10FALTE0IE 2 Forecasted time 1o red
- [s] flast 12 1) e . Is]
i Frd
L _-_-_-_-_-—-—-___________
— 405
£
200
1o
e e e e e i ————— e e
R-Fab 0309 RS oA -Fag 0] D-Fals 759 PR-Fyla 09 59 H-Eee 1150 -Fap 1] 39 08 e 1814 08 et 1E00 o8- Fa 2004 8- Fat 3300 -cu-hez 25 OF-Fat 1:50
DF Sy 818m and E.--n .::r-r 2rnal Rt SR Vegasl Well Inpegriy il Rorgid GABTRG Weggal Wl Incegrity
SenioE R e -] R prs Comii Fedpords o] REgpondgs
1 | @ I I B
Operational Values Operaticnsl S1ame Ferecas Values Forecast Sanes Time Geregen Liming Winte LIt Yelkrar Lnag Faad Lisnins Do iyt
Tiirt T Roed a0t DRI 14184 | 130 Dhiing D0 130000 | ass :33‘ T_'i“'e T s e
g A
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eWSOG Onshore (detailed dashboards)

" Detailed supporting dashboards accessible via the dynamic grid

" Measured and forecasted data displayed for predicted responses

THRB (1P)

Load PM
15.9% 15.9 %
78.2°

THR (2P)

Load RPM
15.8% 16.0 %

79.1°

THR (3P)

Load RPM
16.9% 16.6 %

79.8°

THRS (4P)

Load RPM
15.6% 15.4 %

Thruster Utilization [%)]

[%]

Thruster Load

100 4

80.0 4

60.0 4

40.0 4

100

04—
03:59:19

THR8 (1P} THR1 (15)
THRT (2P) THRZ (25)
THR6 (3P) THR3 (35)
THRS (4P)  THRA (45)

THRE(1P) THR1 (1)
THRT (2P) THRZ (25)
THRG(3P)  THR3 (35)
THRS (4P)  THR4 (45)

054455

3min Average Thruster Load Measured

09:16:07
Max Thruster Load Measured

07:30:31

Thrusters Realtime and Forecast

3min Average Thruster Load Forecast

2004
g

110143

12:47:19

03:59:18

05:44'54

07:30:30

09:16:06
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11:01:42

12:47:18

0

14:32°54

THR1 (15)

Load RPM

Load RPM
8.35% 8.23%

THR3 (38)

Load RPM
8.58%

THR4 (45)

Load RPM
7.18% 7.10%
15

" Vessel response

= Upper riser response
= Tensioner system

" Thruster utilization

" | ower riser response
" Engine usage

= VIV response

I

Wellhead fatigue and integrity
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eWSOG Onshore (detailed dashboards)

" Detailed supporting dashboards accessible via the dynamic grid

" Measured and forecasted data displayed for predicted responses

Lower Riser response view

ROLL response

Last Value [deg]: -0.596

Differential LFJ Angle [deg]

Max/Min (10min) [deg]: 0.736

STD (10min) [deg]:

Differential LF) Angle [deg] (Mean +/- 4 STD)

0.056

PITCH response

Last Value [deg]: -0.028 Max/Min (10min) [deg]: 0.152 STD (10min) [deg]: 0.059

Differential LFJ Angle [deg] Differential LFJ Angle [deg] (Mean +/- 4 STD)

120
10.0 156
804 80
60 60
= s 40
S 20 20
oo g 1 — :
> 20
2 24 20
£ - 40
=i 50
0 50
~100 -10.0
120 120
LR LEEH gectol ey LSRR AL a2 LEEG AN SR L) 13:36:15 13:37:51 13:30:27 13:41:03 13:42:39 13:44:15
Current LRJ Roll [deg] Curren it LRJ Pitch [deg]
200 2.00
200 2.00
g 100 1.00
S,
> 0 0
g -1.00 -1.00
200 200
-3.00 3.00
13:34:39 12:36:115 13:37:51 13:30:27 13:41:03 13:42:39 134415 13:34:39 13:36:15 1337551 13:30:27 13:41:03 13:42:30 13:44:15
Current LMRP Roll [deg] Current t LMRP Pitch [deg]
3.00 2.00
2004 200
$ 1004 1.00
S,
@ 0 0
2 1004 1.00
<C
-2.00 200
2004 ey ——i—r e et eyt 004 S ——
13:3439 13:36:15 13:37:51 13:39:27 13:41:03 13:42:30 134415 133439 13:36:15 13:37:51 13:30:27 13:41:03 13:42:39 13:44:15
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RMS Diff. Lower Flex Joint Angle

North -0.028

LRJ MRU

LMRP MRU

16

Vessel response
Upper riser response
Tensioner system
Thruster utilization
Lower riser response
Engine usage

VIV response

Wellhead fatigue and integrity
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Response forecast module - description

" Predictive models developed using machine learning principles and
hybrid analytics: High-fidelity physics-based models + Measured data

Vessel
Response

" Trained using synthetic data generated from high-fidelity physics-based
Thruster models (FEA)

&
Mooring
Response

= Computational complexity moved to training phase

Weather ﬁ% Riser

Forecast Response
Machine

Learning * Model re-trained after enough field data is available
Models

= Enables estimation of responses in real-time for a given site-specific
weather forecast (Look ahead)

Wellhead
Fatigue

= Plan for future and improve safety and efficiency for drilling campaign

WORLD CLASS — Through people, technology and dedication S e ad r. I I KONGSBERG



Response forecast module — comparison with measured data

" Forecast and measured data can be displayed simultaneously to verify accuracy

= Good results have been achieved so far

Vessel response view - forecast Past |[4——
'—P Future

i
Measured Vessel Pitch [deg] Measured Vessel Roll {deg] Max Vessel Pitch Forecast [deg] Max Vessel Roll Forecast [deg]
1

__?g/—’&h

6.0 4
40
20

kil rlmrﬂlﬂllmu TTpi T
Py | '"uliiil‘ T e

AL, m

o4 g o o2
-20
-0

Angle [deg]

-5.0 4

-804 : ;
02-Nov 10:22 04-Mov 20:07 07-Nov 05:53 09-MNov 15:38 12-Nov 01:24 Y 14-Nov 11:10 16-Nov 20:55
i

i
Measur td Vessel heave amplitude [m] Max Vessel heave amplitude forecast [m]
40 4 I

3.0 4
20
10 4
0
-10
20 4
30
404 - - - - - . - - - - ' - ! ; . . . ! . .
02-Nov 10:22 D4é-MNov 20.07 07-Nov 05:53 09-MNov 1538 12-Nov 01:24 ! 14-Nov 1110 16-Nov 20:55
i

T ety

Vessel Heave [m]

200
150
1.00
0.50
0
050
-1.00

i
Measured Vessel heave velocity [m/s] Max Vessel heave velocity forecast [m/s]
i

e

Heave Velocity [m/s]

-1.50 . r . - . . r . I -
02-Nov 10:22 D4-Now 20:07 O7-Nov 05:53 09-Nov 15:38 12-Nov 01:24 : 14-Nov 11:10 16-Nov 20:55

"bf
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Feed back from operations

Current views too complex for quick and easy monitoring

Forecast module judged highly relevant and useful

Suggested to complement the weather forecast report with an eWSOG response forecast report to be discussed in

the morning meeting

Lack of guidance on how to handle the digital tags (QA, sampling rates, statistics, etc.)

Scenario based training was not performed due to time constraints. It is recommended to perform this with onshore

and offshore personnel to give them the possibility to familiarize with a new collaboration tool

WORLD CLASS — Through people, technology and dedication S e ad r. I I KONGSBERG



Agenda

1. Introduction

2. eWSOG functionalities and topology
3. eWSOG Offshore

4. eWSOG Onshore

5. Response forecast module

6. Lesson learnt and improvements

7. eWSOG Offshore — redesigned

8. eWSOG Onshore — redesigned

9. Conclusions and way fwd.

WORLD CLASS — Through people, technology and dedication

22

.......

Seadml KONGSBERG



eWSOG Offshore redesighed (real time)

Vessel Vessel Name Well Well Name

Operation Drilling @

Operator Operator Name

UTC 9/9/2019 1:17 pm

/0

* @ opsystem

=

Environment

Riser Response

North  East
ffset from well 5.6 -3.5

£

Parameter
UFJ roll mean [deg]

@ Conditon Group
[ ] Riser Response
|| Station Keeping

R Riser Response

3min avg. power usage [%]

UFJ pitch mean [deg]

WORLD CLASS — Through people, technology and dedication

Well Integrity

= Na.

Station Keeping

Vessel Response Time to Red

North  East

Offset from well 1.2 -0.5

Value Limit
1.2 1.5
323 50
0.8 15

v Simplified intuitive offshore view

v eWSOG points DPO to relevant system

triggering change of status

(D “Speedometer” type of present status gauge
(@ 3 responses with higher values

(3 Suggested vessel optimum position

(®) Position deviation from the well

® Type of operation set the proper limits

. Seadnll
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eWSOG Onshore redesighed (real time)

v’ Simplified more intuitive onshore view
(@ “Speedometer” type of status gauge

(@) Key operational parameters shown real time
Well Well Name

Vessel Vessel Name

Operation Drilling

. Present State

Forecast State

Operator Operator Name

/\_~ @ UTC 9/9/2019 1:17 pm

S

—
* @ opsystem

Environment — Station Keeping

Vessel Response Time to Red

Riser Response

k Well Integrity Nogth East

Dffset from well A [Offset from well 12

@lnmﬂqr Value Unit

(®) Riser angles shown real time

@ Forecast status shown

() Historic and forecast trend of critical parameter added

Upper flex joints N 1.35 deg

TJ Stroke 170

m
Top Tension 40 3F
Overpull 10 T
Mud Density 1450 T/m3

Time-to-Red 280 s ws & 32 gty sk
Red DWC 90 m
Wind Speed 8.5 m/s
Vessel Heading 230 deg
BOP Heading 225 deg
Thruster Usage 75 %

Tim f led signal @
P e — Uk Roll mean

mean pawer

— 3min mean thrust

Mm/m

WORLD CLASS — Through people, technology and dedication
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eWSOG Onshore redesigned (group items status)

v Detailed view of the items for each group

(DLink to detailed dashboards for further investigations

Group items status eWSOG
Item Operational Values = Operational Stat... Time Forecast Values Forecast Status Time Green Limits White Limits Yellow Limits Orange Limits Red Limits Deactivate Detailed View
Axial Tension 14/10/2019 14/10/2019
o 1.01 m N.a < +-35.99 Tons =+-35.99 Tons < +71.97 Tons = +107.96 Tons N.a. w
Variation (4sdv) 08:51:10 08:50:22
14/10/2019 14/10/2019
LFJ Pitch (mean) @ -0.8 m 02 m < +-1.5deg >+1.5deg >+2deg >+4deg N.a. m
08:51:10 07:00:00
LFJ Pitch a 14/10/2019 14/10/2019
111 Drilling nor 032 m 107 <+2deg >+2deg >+4 deg >+65deg N.a w
(mean+-6sdv) 08:51:10 07:00:00
14/10/2019 14/10/2019
LFJ Roll (mean) 0.84 m o 0.15 m Sl < +-1.5deg >+1.5deg > +2deg >+4deg N.a @
08:51:10 07:00:00
LFJ Roll . 14/10/2019 14/10/2019
1.00 Drilling 052 m <+2deg = +2 deg > +-4 deg > 465 deg N.a m
(mean+-bsdv) 08:51:10 07:00:00
14/10/2019 14/10/2019
UFJ Pitch (mean) | 03 m AL 0 m Ll < +1.5deg >+15deg = +2deg = +4 deg Na u W
08:51:10 07:00:00
UFJ Pitch 14/10/2019 14/10/20149
0.91 m 1o 0.27 m nor < +-4.5deg > +-4.5deg =+-bdeg == +-7.8 deg N.a m
(mean+-bsdv) 08:51:10 07:00:00
14/10/2019 14/10/2019
UFJ Roll (mean) | -0.36 m 023 m < +15deg > +15 deg > +2 deg > +4 deg Na w
08:51:10 07:00:00
UFJ Roll 14/10/2019 14/10/2019
1 m 058 m < +-45 deg - 445 deg » 46 deg > +15 deg N.a. W
(mean+-6sdv) 08:51:10 07:00:00

N
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eWSOG Onshore redesighed (status and action definition)

v’ Avoid misunderstanding on action to be taken

v Always available along with the actual data

Vessel Vessel Name

Operation Drilling

. Present State

Environment

[

Lﬁset from well

Well Well Name

Condition Description

Operator Operator Name

UTC 9/9/2019 1:17 pm

Forecast State .

Colour  Definition Response
Normal operations — No response required
/ operating within acceptable
performance.
Advisory status — Conduct risk assessment to
[ ] his ine whether to
limits or reportable alarm continue
status
Reduced status - Pre- Stop operations and initiate
defined perfc limits i dures with
L reached, component or a view to reducing the time
system failure to terminate. Prepare to
disconnect.
] Emergency status — pre- Abandon operations. Take
defined 1onal or 1 diate action, 1L.e.
[pm—— performance limits initiate EDS (disconnect

sequence),
Station Keeping

Vessel Response

Riser Response

Well Integrity

Time to Red

North  East |
fisetfromwell 12 05 |

Normalised Values
N
5 5 8 8 8 8

o

Upper flax joints.

ws & 3 2 1

Parameter Value Unit [ joints
T) Stroke 170 m
Top Tension 40 u
Overpull 10 T
Mud Density 1450 T/m3
Time-to-Red 280 s W s Rz
Red DWC 90 m
Wind Speed 8.5 m/s
Vessel Heading 230 deg
BOP Heading 225 deg
Thruster Usage 75 %

Time series of scaled signals

Present | Forecast

1.35deg

12 3 4 s E

0.08 deg

L S R

—— UF) Roll mean
—— 3min mean power
—— 3min mean thrust

13:11 14:24 15:36

16

48
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eWSOG Onshore redesignhed (historical and future status)

= eWSOG groups status overview

= Can be used in historical and forecast mode

= Useful for planning ahead and identify possible critical conditions (force-offs, to tight watch circles..)

Riser Response

80
Present Forecast —— UF| Rall (mean)
70 UF] Pitch (mean}
—— UFJ Roll {mean+6sdv)
—— LFJ Roll (mean+6sdv)
60 1

—— LF] Pitch {mean+6sdv)
—— LF) Roll (mean)

LF) Pitch (mean)
—— UF] Pitch (mean+6sdv)

v
o

Normalised Values
B
o

\;ﬁ%

l

[
o

o

01:00 02:00 03:00 04:00 05:00

Vessel Response
80

—— Mean Pitch Angle
Mean Roll Angle

Present Forecast

70
—— Max Pitch Angle

—— Max Roll Angle
—— Max Heave Velocity

1
1
1
1
1
1
60 :
: —— Max Heave Double Amplitude
1
1
1
T
1
1
1

50

Normalised Values
B
o

—_—
T
20 +
1
i
10 H
1

0 T 1 .
01:00 02:00 03:00 04:00 05:00

Normalised Values
= N w B w = ~ =]
(=] o o [=] o o o o

o

Normalised Values
= N w P w (=3 ~ [
o o o o o o o o

o

Station Keeping

—— Power Consumption (3min avg.)
Thruster Force (3min avg.)

—— Position Deviation Fixed Limits

— Heading Deviation

—— Mooring Line Tension

—— Mooring Tension Max (Smin)
Maoring Tension Min (Smin)

Present Forecast

01:00 02:00

(=]
w
[=]
(=]

04:00 05:00

Environment

1
Present | [Forecast —— Wind Speed Max (10min)

] eErre———

01:00 02:00 04:00 05:00

o
=
(=}
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Agenda

1. Introduction

2. eWSOG functionalities and topology
3. eWSOG Offshore

4. eWSOG Onshore

5. Response forecast module

6. Lesson learnt and improvements

7. eWSOG Offshore — redesigned

8. eWSOG Onshore — redesigned

9. Conclusions and way fwd.
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Conclusions and way fwd

= eWSOG prototype was installed on two Seadrill rigs

= eWSOG has been running for several wells and valuable feed back was received from both onshore and offshore

personnel

= Scenario specific training need to be developed to enhance eWSOG usage and collaboration between onshore and

offshore personnel
= A standardize framework to develop eWSOG is required to ensure a minimum safety level

= A JIP is recommended (and currently under discussion with DNV GL) to establish the needed framework

WORLD CLASS — Through people, technology and dedication S e ad r. I I KONGSBERG
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