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Abstract

The Kinetic Pressure Control K-BOS is a pyrotechnically actuated shear/seal ram which provides
shear/seal certainty in milliseconds for all wellbore components under all conditions. Since all
components are shearable with K-BOS, this allows for a single EDS Disconnect Sequence (EDS) of 9
seconds vs a standard baseline of 70 seconds. The reduced EDS timing allows improved operability for
dynamically positioned (DP) rigs. A parametric study, using Kongsberg’s SIMA model, has been
performed with the following criteria:
e Metocean Conditions: Campos Basin, Brazil
e  Water Depth: 107m
e Rig type: DP drillship
e EDS: 9 second EDS vs a baseline of 50 seconds
The impact of a lightweight BOP stack vs a standard BOP stack has been included in the study.
e Wellhead bending load and fatigue.
The results of the study indicate:
e Feasibility for DP operations with KBOS and reduced EDS
e Minimal operability with standard EDS timing.
e Significant improvement with purpose-built lightweight BOP stack (improved red watch circle,
reduced bending moment and fatigue). This can provide opportunities for subsea well
abandonment activity in shallow water.
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Abbreviation / Definition

ADS: Automatic Disconnect System
BAP: BOP Adapter Plate

BM: Bending Moment

BML: Below Mudline

BOP: Blowout Preventer

BHA: Bottom Hole Assembly

DP: Dynamic Positioning

EDS: Emergency Disconnect Sequence
FE: Finite Element

H2S: Hydrogen Sulphide

HS: Significant Wave Height

K-BOS: Kinetic Blowout Stopper
K-REDS: Kinetic Rapid Emergency Disconnect Sequence
LFJ: Lower Flex Joint

LMRP: Lower Marine Riser Package
MODU: Mobile Offshore Drilling Unit
MYS: Minimum Yield Strength

OD: Outside Diameter

POD: Point of Disconnect

PSI: pounds per square inch

RVM: Remote valve manifold

RWC: Red Watch Circle

SGV: Stemless Gate Valve

SS: Subsea

TP: Wave Period

UFJ: Upper Flex Joint

WH: Wellhead
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KBOS Overview

The K-BOS is an electrically initiated, pyro-mechanical device which performs the critical functions of
shearing and sealing during drilling, completions or intervention well control operations. It is a fast-acting
design that shears and seals in under 1 second. The patented design, utilizing the power of kinetic energy,
greatly limits the potential existential threat posed by blowouts by being able to shear and seal under any
conditions. This includes shearing and sealing under unmitigated blowout flow and pressure conditions as
well as shearing through heavy well bore elements including tool joints, BHAs and large OD casing.

The K-BOS working components are housed within a pressure vessel referred to as a K-BOS Bonnet.
An insert is placed within the main body block and hermetically seals the working components from the
well bore fluids prior to activation.

KBOS Product Line

KBOS has been developed and qualified in various sizes and pressure ratings.

1. Surface applications:
e 5715,000 psi
e 135/8710,000 psi
e 1837 15,000 psi

2. Subsea applications:
e 183%” 15,000 psi
e The subsea KBOS can be installed as a retrofit to an existing BOP, or as an independent seabed

isolation device below the BOP.

Figure 1 shows the 13 5/8” 10,000 psi KBOS installed on an offshore platform. Figure 2 shows the 5”
15,000 psi KBOS.

Figure 2: 57 15000 psi KBOS
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Figure 3 shows the 18 3/4” 15,000 KBOS. Figure 4 shows the 18 %2 KBOS installed on a subsea BOP.

Figure 5: 18 %7 15000 KBOS bonnets and sheared components
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Shearing capability

The 18 %: K-BOS has the following shearing specifications:

e Min-Max Tubular OD - 07-18”

e Min-Max Tubular weight — 0”-220 ppf

e Slick line: 1/8” OD; Braided cable wireline: 5/16” OD and any other typical wire or slickline or

control line

e Up to MYS 165ksi Material Grade
The KBOS can shear/seal tubulars in milliseconds, under any wellbore conditions, including side loading,
compression, flowing conditions, and moving pipe. This overcomes the limitations of traditional
hydraulically actuated blind/shear and casing shear rams. Figure 6 shows the capability of KBOS. Since all
tubulars in the well can be sheared/sealed, KBOS provides an engineered control (Figure 7) for the barriers
in the well. In traditional BOP systems, procedural controls in the Well Specific Operations Guide for DP
operations must be implemented for non-shearable conditions.
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Figure 6: 18 %~ KBO shearing capability Figure 7: KBOS — Engineering Controls
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Monitoring system

Once installed on the well, no function testing of KBS is required. A monitoring system is provided to
indicate the status and availability of the KBOS. KBOS incudes sensors to monitor all critical failure modes
(Figure 8). Figure 9 shows the surface display for KKBOS availability.

Critical Failume Mode

Flusl Ingress f Lesikes

Liess of Connection Coastmsly

Liess of Eleciricad System Capability

Cheanng Cnergy

Alpnnent
Figure 8: Monitoring system, critical failure modes Figure 9: Surface display, KBOS availability

Reduced EDS

With the K-BOS being able to shear and seal all tubulars under any conditions in <1 second, the
following can be obtained:
1. One EDS mode for tubulars in the well (no nonshearables)
2. Optimize the EDS sequence. An EDS timing of as little as 9 seconds can be achieved via fast
closing gate valves (under 2 second close), and optimized LMRP connector circuit to ensure
unrestricted flow to functions.

SS Well Abandonment Challenges

Abandonment of subsea wells presents a number of challenges.
1. Older wells; potential reduced bending moment capacity at wellhead/tree adapter and/or wellhead
foundation; reduced fatigue life
2. Variations in SS tree type, bore size and anulus access.
3. Full bore access for upper well abandonment/casing annuli isolation
Traditional approaches
1. Rig strategy options
a. Intervention rig with IRS for lower well abandonment; drilling rig for upper well
abandonment
b. Dirilling rig for both lower well abandonment and upper well abandonment
2. Shallow water: Anchored rig (conventional or pre-installed mooring system)
3. BOP tethering system to reduce bending moment/wellhead fatigue.

The KLIte BOP and control system provides a solution for using a DP for all abandonment operations.
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KLite BOP Overview

KLite BOP system combines several systems for a compact, lightweight BOP system. These include:
1. KBOS
2. SGV
3. RVM control system

The configuration, shown in Figure 10, is a Class 4 BOP, fit for purpose for abandonment activities,
designed for an overall BOP weigh of 80 mTons.

The lower triple (SGV, KBOS, pipe/VBR) Can also be run as a module for open water abandonment/tubing
recovery.

Configuration

Configuration: Class 4 KLite BOP
e Riser adapter
Lower Flex joint
Annular
SGV - blind/shear ram
KBOS
Pipe ram/VBR
BOP/Wellhead Connector or adapter
spool is provided at the base of the BOP
to allow attachment to various subsea tree
configuration

Figure 10: KLITE BOP stack overview
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Control System

The Kinetic RVM control system (Figure 11) is closed loop system using SS pumps, batteries, fluid
reservoir, and valve manifold, and control umbilical. The system is lighter weight compared to
conventional SS BOP control system. No requirement for surface hydraulics and marine riser hydraulic
(rigid conduit) line. Figures 12 and 13 show a conventional BOP stack with control pods and SS
accumulator bottles, vs. the installed components of the Kinetic RVM control system

RVM control system
e Closed loop system
SS Reservoir
SS Batteries
SS Pumps
Power and distributions
Surface Umbilical

Figure 11: KLITE BOP controls
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Figure 12: 18 %" SS BOP stack controls, and Figure 13: 18 %" SS BOP stack with RVM
accumulator bottles
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DP Operability Study — Campos Basin

Study Approach — DP Simulator

B o

by K-BOS for Campos Basin Brazil

A vessel DP Simulator (K-POS desktop simulator) was run for a DSME12000 design (Figures 13 and 14) .

e Curre s Torees
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Figure 14- Operability Analysis - Simulation Model
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Operability Analysis
Input Parameters:

Site Specific Details:
e Location: Campos Basin, Brasil
e  Water Depth:107m

Environment:
o Assessed Combination: 95% Non-Exceedence
e Wind Wave: Hs = 3.0m, Tp= 8.8s, Gamma = 2.0
e  Wind:Vwind= 11.4m/s
e Current (Surface): Vcurr= 0.82m/s

EDS Sequence:
e Petrobras Standard (Baseline):50s
e KBOS System:9s

BOP Configurations:
Standard BOP, Class 8:400 ton
e Overall Stack Height:15.6-meter
e LFJ: 6ksi Oil States flex joint
o Top Tension: Tuned to achieve 45t tension at the base of the LMRP
KLITE’ BOP , Class 4: 80 ton
e Overall Stack Height:7-meter
e LFJ: 2ksi Oil States flex joint
e Top Tension: Tuned to achieve 45t tension at the base of the LMRP

BAP/BOP Connector capacity (1,220 kips.ft)
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Operability Analysis Results — 107 m Water depth

Standard BOP

Environment: 95% non-exceedence

e No red watch circle with 50 second EDS
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Figure 15: 50 sec vs 9 second EDS

Reduced environment 50% of 95% non-exceedence
e  Minimal watch circle with 50 second EDS

Figure 17: 50 sec vs 9 second EDS
KLite BOP

Environment: 95% non-exceedence
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e  Minimal watch circle with 50 second EDS
e Large watch circle vs standard BOP
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Figure 19: 50 sec vs 9 second EDS
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Figure 16: Drift-off
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Figure 18: Drift-off
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Standard BOP vs KLite BOP comparison

Environment: 95% non-exceedence, 15 deg

e Limiting component: BAP Connector or Lower FJ
e POD Distance increases from 5.5 to 12.3m

e RWC Distance increases from 3.5 to 9.5m
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Figure 21: comparison table Figure 22: Driftoff, standard BOP
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Figure 23: Drift-off, KLite BOP
Wellhead Fatigue and bending loads
Campos Basin Wave scatter diagram (Figure 24)
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Figure 24: Campos basin Hs-Tp wave scatter diagram
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KLite BOP vs Standard BOP: Bending moment
e Bending moment reduced ~ 50% vs standard BOP (Figure 25)
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Figure 25: K-LITE BOP vs. STANDARD BOP

KLite BOP vs Standard BOP: Fatigue (Figure 26)

e Relative fatigue damage is 13 times higher for the STANDARD BOP (significant reduction with
K-LITE for high wave periods)

e Similar or more damage with K-LITE BOP for very low periods (associated with low probability)
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Figure 26: K-LITE BOP vs. STANDARD BOP
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Additional Opportunities

In addition to the base case configuration, further enhancement can allow additional operability benefits
KREDS system, configured as a riser pup joint, uses an electrical signal to actuate pyro mechanical quick
release system. This can be combined with an automated riser angle measurement system to achieve an
emergency disconnect in less than 2 seconds

Figure 27 show the KREDS concept. Figure 28 shows KREDS configured in a riser pup joint

Figure 27: KREDS Concept Figure 28: KREDS riser pup joint
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Summary and Conclusions

1.

KBOS capabilities and lightweight KLite BOP configuration provide benefits for abandonment
operations in shallow water

a. KBOS capability shear/seal all tubulars in milliseconds allows optimization of EDS

b. KLite provides a compact lightweight BOP configuration to reduce bending loads and

wellhead fatigue

The Kongsberg Maritime DP operability study and bending load/fatigue analysis indicate
feasibility of shallow water DP operations and improved wellhead fatigue and bending load
conditions with Stack lite BOP for Campos basin Metocean criteria

a. Enables DP operations in shallow water and subsea well abandonment activities

b. KLite allows well operations without a requirement for BOP tethering
A single DP rig for all abandonment operations can provide cost savings of greater than 30 % may
be achieved vs traditional approaches
Additional technology (KREDS) can be adapted to allow a an automated disconnect in less than 2
seconds, further improving the DP operability window
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