Dynamic

‘ Positioning
“ Committee

Marine Technology Society

DYNAMIC POSITIONING CONFERENCE
October 11 - 12, 2022

Session: Vessel DP Operability, (1.2)

KBOS: Achieving 9-Second Emergency Disconnect!
Dramatically Enhancing Operability and Reducing
Process Safety Exposure with DP MODU'’s

Steve Angstmann
Kinetic Pressure Conftrol



£ 5 KINETIC
. PRESSURE

Agenda

*K-BOS Overview

=K-BOS Configurations

=K-BOS Features

"Parametic Studies for Reduced EDS
=*US GOM Model Results

*North Sea Model results

*Reduced EDS Value Cases

sSummary

CONTROL




KINETIC

Kinetic Blowout Stopper - Airbag for O&G o CONTROL

18-15M K-BOS®

(pictured below)

Applying proven technologies from the space, aviation,
defense, and automotive industries;

“The K-BOSP® is the ‘airbag’ for the oil & gas industry™™




18-34" 15,000 psi K-BOS Overview

K-BOS Summary

Shear and Seal in <<1 second
O psito 15,000 psi RWP

Rated from OF to 350F
(Higher rating can be provided)

Rated to 12,500 ft water depth

Available in 3 retrofit variants:
Cameron TL, Hydril & NOV NXT (or as E-
SID)

Compatible with Sour Fluids up to 500
psi p.p. H2S

W)
The K-BOS is rated to shear and seal on a 9.5” BHA

APl 16A PR2 shear test results shown above: 9.5”
OD Dirill Collar 214ppf, MYS 120
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Shown Above:
18-15M K-BOS Installed
into a CSR BOP Cavity
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Two Different Methods of Subsea Deployment

“Shut-In Device” “Integrated Retrofit”

..
Controller Bottle |
and Battery
Bottle e
Blanking Bonnet -
Assembly N,
) -

Firing Bonnet - T

—
Assembly L) -‘_‘:!,-

=i

i b
Closure Bolting ‘\ :
Insert Assembly ’

BOP Stack

Subsea Wellhead

Shear Anything | Seal Instantly | Ultimate Reliability
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K-BOS® - Capability Summary b s

Requirement: "Any..." % Time Across BOP "Typical" BSR "Typical" CSR K-BOS Riil::et:try Ops Savings Value
* Optimize ~60hrs/yr in flow checks
* Fuel and Emission savings during
300-1,000 hrs / year of reduced open-bus DP ops
» Eliminate CSR function testing

100% 100% 100%

Landing String (Incl. Slip Proof Area) 90% 95% 100%

80% 80% 100%

BSEE Regulations

Tubing (Incl. Control Lines) 80% 80% 100%

20-30% _ _
_ 100% N/A 100% Risk Reduction Value

* Multiple order of magnitude reduced probability of a
blowout

* Eliminate >300 hrs per year of unshearable exposure

* Strengthen reputation with regulators and community with
leading technology

Upper Completions & Subsea Test Tree 0% 0% 100%
70% 90% 100%
Casing w/ Inner String or Drill-in Liner 0% 30% 100%

10% 20% 100%

BHAs and Tools
(Excluding drill bits and >16" OD stabilizers)

Enabling Technology Value

* Enhanced DP Ops (Reduced EDS time)

* Provides capability for large VIT configurations

» Potential for optimized completion & well test design vs.
existing SSTT/control systems

* Sour Service: Meets and exceeds NACE w/0 exceptions

* Reduced requirement for Emergency Response
mitigations (capping stack, relief well rigs, etc.)

0% 0% 100%

Process Safety / Well Integrity

0% 100%

Under Compression 0% 100%

_ <1% 90% 100%

Full Flowing Conditions 0% 100%

Well Control Situations

~50-90s / ~60-90s <<0.1s / ~10s

Color Legend: Unshearable Shear Only Shear and Seal

Shear Anything | Seal Instantly | Ultimate Reliability



KINETIC
Availability/Function Testing o CONTROL

= Real-time monitoring system to confirm availability of K-BOS®

SIEMENS SIMATIC HM

Critical Failure Mode

Fluid Ingress / Leaks

Loss of Connection Continuity

Loss of Electrical System Capability

Shearing Energy

Alignment

Mechanical Integrit Control System Integrity

PT1-3
GG Chamber - ST = Dual Initiator Bridge-wire Current

PLC

Arresting Chamber —tue — ‘ - .
& Monitoring S N Shunted Test Fire

Insert Chamber oo

Gas Generator Batch Testing

Shear Anything | Seal Instantly | Ultimate Reliability
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KBOS 9-second EDS o CONTROL

1. EDS
= Existing EDS timing:
= Two function EDS: ~73 seconds
= Asingle function EDS: some EDS configurations
can achieve 30 seconds with a single shear
function (2"d shear ram actuated independently
after EDS)
= Asingle KBOS EDS can reduce the time to 9 seconds,
and provide higher reliability for wellbore integrity;

2. Study Scope

= K-POS simulator simualtions
= DP Operability
= US GOM: DP drillship - 350, 1000’ , 6300’ water depth
= N Sea: DP semi - 350’, 1000’ water depth
= EDStiming: 73, 32, 9, and 1 second EDS
= Approach
= Kongsberg SIMA model

= QOperability analysis/watch circle
= Soil conditions (well foundation integrity)
= Blackout analysis (drift-off timing)

Shear Anything | Seal Instantly | Ultimate Reliability



Vessel DP Simulator - model set up

= Vessel DP Simulator
(K-POS desktop simulator)

= Gusto P10000 design

= No Riser / water depth
included

= Weather Hs=2m, Wind
10m/s

A
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il K-POS

DP-OSB:SIMULATING v |

Vessel speed

= N =

-

5 Aug 21 - 04:54:00 | AUTO POSITION

MainSim: DP(Sim) j

05m

Position deviation

7E
: 0.1 'i""'ok‘ Mode PRESENT

A High 04:53:58 05.Aug.21  ThrGrp  Thrusters not ready

Heading
Mode PRESENT

Auto control axis

Rotation center position

2811.8247 N

=
m=

; A
1o

Power consumption

V %) N o \ o 2.\ 08836.3620 w ...
/ - 5 7 ) /\ :: ) ; S _0.4=fm|n( r 02800 i] ) li!yﬂ!ee ; Reference origin sensor ~ GPS-1
263‘ ; o / \\, sg:’:ﬁj DEV 0.1° \\\\'\f 5 7 /
R \/ \\\-" """ T s T .\\.[\-,._L'_.—'—i'\/:/ DPolass
h 3 5l o S e

@Raﬂge [m]
@ 1 000 m MDG & MDG 4 MDG 2 8 MDG7 MDG 5 MDG 3 MDG1
) i ) 0 0w 0 w 0 ww 0 kw

Shear Anything | Seal Instantly | Ultimate Reliability

Conn-SWBD1
Al V] (1]
q Load ] ]
waswmax )| 0 /100
[kW] - i i
i~ 20005 . CONNect-SWBD consumption/nominal
15000 4
"4[:= Residual 10000
as current
243+ 5000
, 1.2 kn
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Vessel DP Simulator - black out results : CONTROL

EDS=73s: Yellow: 5m = 55s Fr: L R EDS=9s: Yellow: 20m = 101s [;{:lsE 40m = 150s

: as%?rrggt 4+, ‘ | ; | 4= a§%ﬂg§ﬁ{
s L]
2143 i o 243s
) 1.3 kn

= instan”—— [




SIMA Simulations - model description

SIMA, time domain fully coupled analysis FE model
= Blackout drift off analysis (EDS times 9s, 32s and 73s)
= Qperability analysis on DP (with K-POS DP controller )

Water depths 350 ft and 1000ft for:
= GOM with drillship (GUSTO??)
= North Sea with semi sub (GVA 7500)

Riser and wellhead/casing models in SIMA including
soil/conductor interaction based on site specific P-Y curves

Site/rig specific operational limits

- meom
¥,

Azimuth Thruster Forces

Shear Anything | Seal Instantly | Ultimate Reliability

KINETIC
PRESSURE
CONTROL



KINETIC

SIMA Simulations - environmental conditions o conreol
= All year Hs-Tp omnidirectional scatter diagram for GOM and North Sea mm, .

= Collinear wave, wind and current - T

= [rregular Waves ® ‘ 550% =

= Wind spectrum NPD «* i 80%NE | :

= Rig/wave heading 15deg (drillship and Odeg (Semi sub) ; :

= Drift off performed for 10 wave realizations, 50% NE reported

= 3 hour time domain analysis in DP station keeping analysis - wind g b
= Wind speed versus Hs as per scatter diagram - :”j E-T m
= Current 1 year profile is applied to all runs (conservative) =
= Note, hurricane events are excluded for GOM : —
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Offset [m]
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Effect of K-BOS (9s EDS) on Red Watch Circle
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’ CONTROL

Without K-BOS (73s EDS)

Restrictive Red Watch Circle .
negating operations

Vessel Dynamic Footprint

Offset: 0.3 m

\ 45
\\ (’I‘

*,

350ft GOM yearly connected
operability 93%

RWC = 1.5m
73s EDS -.
0 10 20 30 40 50 60 70 80 90 100 110 |II II|
Time to EDS 27s Time [s] POD Time |' I|
W| | E

— With K-BOS (9s EDS) | P

POD Distance

Achieving credible minimum Red

RWC = 15.5m Watch Circle requirements and

g enabling operations

3

o

§ ” 350ft GOM yearly connected

° R operability 100%

£2 o

oy |

2% p
— [0)] ==kl I

S

Time to EDS 90s Time [s] POD Time Analyzed weather

Shear Anything | Seal Instantly | Ultimate Reliability conditions
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RWC and Time to RWC - GOM 1000 ft & 350ft WD O pressurs

AN

NN

Red Watch Circle

350 ft - with KBOS ( 9s EDS)
350 ft - NO KBOS (73s EDS)
1000 ft - with KBOS ( 9s EDS)
1000 ft - NO KBOS (73s EDS)

’ CONTROL

K-BOS significantly increases the Red Watch Circle
and the time at which EDS must be activated
leading to higher connected operability

Q _ Time to Red Watch Circle

N 160

= L\

3.8 4.1 4.4 140

120
100
80

60

Time to RWC [s]

40

20

2.6 2.9
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OPERABILITY- GOM 1000 ft & 350ft WD o CONTROL

No KBOS (73s EDS)

With KBOS (9s EDS)

EDS = 73s - 350ft - Operability/Uptime = 92.7%
HS [m] 2.00 3.00 4.00 s::mlpﬂsTT’[s;.m 5.00 .00 10.00 11.00 Yea rly D rl | | I n g O pe ra bl I Ity
N N Y 102
14 G 3 G G G G G G G 100
= - — T 98
23 G G G G G G G 96
2.6 \O
n) °T 94
= 92
- 90
= [ MaxOffset <= 1/2 RWC (drilling) 88
5 1000 ft 350 ft
5.3 | ‘Max Offset <= RWC h KBOS (9 EDS)
56 wit S . . .
= N v offset > RWc Significant increase of connected
Bl NOKBOS (73s EDS) time with KBOS EDS of 9s
EDS = 9s - 350t - Operability/Uptime = 99.84% . . o
I — == T — Yearly Connected Drilling Operability
—_—_,—————m—m———mm——— (Green +Yellow)
11 G G G G G G G G G 102
D . 100
B e B e e e 98
e e 96
35 G G G G G O\o
38 G G G G G 94
::: Max Offset <= 1/2 RWC (drilling) & 2 2 92
553, :l Max Offset <= RWC - 2 90
56 G 8
z _Maxloﬁset>IRWC | | 8 1000 ft 350 ft

Shear Anything | Seal Instantly | Ultimate Reliability
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OPERABILITY- North Sea (Site specic) 1000 ft & 350ft WD . fonmror

No KBOS (32s EDS) No KBOS (73s EDS)

With KBOS (9s EDS)

EDS =73s - 350ft - O ili ime = 10.5%
Spectral peak period, T, [5]

HS[m] 2.50 | 3.50 ‘ 4.50 | 5.50 ‘ 6.50 ‘ 7.50 | 8.50 ‘ 9.50 ‘ 10.50 | 1150 ‘ 12.50 ‘ 12.50 | 14.50 ‘ 15.50 ‘ 16.50 | 17.50 | 18.50 ‘ 19.50 ‘ 20.50
05 G G G G G G G G G G G G G
15
25
35
45
55
65
75
35
35
105
115
125 Ma)( Offset <= 1/2 RWC (drilling)

135
145 Max Offset <= RWC
I - oftset > RWC
| | | |
EDS = 32s - 350ft - Oper =T75.8%
‘Spectral peak period, T, [s]

HS [m] 50 50 450 550 6.50 7.50 50 5o 1050 50 1250 1350 5o 550 50 S0 1850 19.50 2050
[+23 G G G G G G G G G G G G G G G G G G G
15 G G G G G G G G G G G G G G G G G G
25 G G G G G
35
45
2.5
105
115
125 G Max Offset <= 1/2 RWC (drilling)

135
= [ |Maxoffset<=RWC
I o Offset > RWC
| | | |
EDS = 9s - 350ft - Operability/lUptime = 95.3%
Specual peak period, T, [s]

Himl | 250 350 450 550 | eso | 7so | sso | sso | wso | uso | 1es0 | wso | wso | wsso | teso | mso [ weso | wso | eoso
05 g B B B s B B B s B B s s B B s s B B
15 B B B B B B B B B B B B B B B B B B
25 B B B B B B B B B B B B B B B B B
35 B B B B B B B B B B B B B B B B
45 s B B B B B B B B B B
55 B B B B B B B B B B
65 B
75
a5
a5
05
e 8 T |Max offset <= 1/2 RWC (drilling)

&S
Lt Max Offset <= RWC
-Max Offset > RWC
| | [

Yearly Drilling Operability
(Green)
120

100
80
60
40
20

%

95%
76%
|
1000 ft 350 ft

with KBOS (9s EDS)
NO KBOS (32s EDS)
B NO KBOS (73s EDS)

Significant increase of connected
time with KBOS EDS of 9s

Yearly Connected Drilling Operability
(Green +Yellow)
120

100
80

X 60
40

20
0 .
1000 ft 350 ft
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OPERABILITY- North Sea (Site specific) 1000 ft & 350ft WIQ PRESSURE

No KBOS (32s EDS) No KBOS (73s EDS)

With KBOS (9s EDS)

EDS =73s - 350ft - O ili ime = 10.5%
Spectral peak period, T, [5]

HS[m] 2.50 | 3.50 ‘ 4.50 | 5.50 ‘ 6.50 ‘ 7.50 | 8.50 ‘ 9.50 ‘ 10.50 | 1150 ‘ 12.50 ‘ 12.50 | 14.50 ‘ 15.50 ‘ 16.50 | 17.50 | 18.50 ‘ 19.50 ‘ 20.50
05 G G G G G G G G G G G G G
15
25
35
45
55
65
75
35
35
105
115
125 Ma)( Offset <= 1/2 RWC (drilling)

135
145 Max Offset <= RWC
I - oftset > RWC
| | | |
EDS = 32s - 350ft - Oper =T75.8%
‘Spectral peak period, T, [s]

HS [m] 50 50 50 550 6.50 50 50 5o 1050 50 1250 1350 5o 550 50 S0 1850 19.50 2050
[+23 G G G G G G G G G G G G G G G G G G G
15 G G G G G G G G G G G G G G G G G G
25 G G G G G
35
45
2.5
105
115
125 G Max Offset <= 1/2 RWC (drilling)

135
= [ |Maxoffset<=RWC
I o Offset > RWC
| | | |
EDS = 9s - 350ft - Operability/lUptime = 95.3%
Specual peak period, T, [s]

Himl | 250 350 450 550 | eso | 7so | sso | sso | wso | uso | 1es0 | wso | wso | wsso | teso | mso [ weso | wso | eoso
05 g B B s B B B s B B s s B B s s B B
15 B B B B B B B B B B B B B B B B B B
25 B B B B B B B B B B B B B B B B B
35 B B B B B B B B B B B B B B B B
45 s B B B B B B B B B B
55 B B B B B B B B B B
65 B
75
a5
a5
05
e 8 T |Max offset <= 1/2 RWC (drilling)

&S
Lt Max Offset <= RWC

-Max Offset > RWC
| | [

100
90
80
70
60
50
40
30
20
10

%

Yearly Connected Drilling Operability

(Green +Yellow)

99%

85%

350 ft

with KBOS (9s EDS) Significant increase of connected
NO KBOS (32s EDS) time with KBOS EDS of 9s

B NO KBOS (73s EDS)

@ conservative number since
disconnection in North sea will lead to
additional NPT (reconnection limits)

Shear Anything | Seal Instantly | Ultimate Reliability



K-BOS: Reduced EDS Value case

Improved DP Operability (9-second EDS)
m Shallow Water
m Harsh Environment

Reduced fatigue/bending load on well foundation - alternative to BOP
tethering

Fewer EDS modes (no nonshearables, no Critical Activity Mode)
Optimize engine configuration: reduced fuel consumption; less
emissions

Single function DMAS (shear /seal with one K-BOS)

Enable DP rig utilization vs anchored rig

Optimized abandonment with DP rig and lightweight BOP

&
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Summary/Conclusions
A Utilizing K-BOS technology to complete an EDS sequence in as little as 9 seconds
significantly widens the operability window for DP drilling vessels in shallow water

and/or harsh environment.

A This study has shown that operating a DP drilling vessel in 350 ft water is possible
to operate with 100% uptime in the US GOM and >95% uptime in the North Sea.

I The K-BOS technology provides an improvement in wells process safety risk and

allows DP operations in shallow water/harsh environment scenarios.



Thank You!

Questions
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