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Factors Driving
Anticollision Development

® More complex drilling programs

®* Densely populated subsurface
environments

® Missing or inaccurate legacy data
®* High cost of catastrophic failure






The Challenge of Collaboration

No industry-wide anticollision standard

Different standards define risk differently

— Differ in methods for evaluating/reducing risk
— Differ in amount of risk deemed acceptable

A hybrid approach requires
— Careful planning
— Integration/bridging of methodologies
— Effective communication
— Team work



Case Study Offshore Qatar

Operator’s Drilling Environments
— Wells drilled in close proximity
— 20-in conductors, vertical and deviated
— Uncontrolled conductor direction/inclination
— Risk of tophole collisions increased



Case Study Offshore Qatar

Challenges

— Different directional databases

— Different anticollision procedures and error
models



Case Study Offshore Qatar

Different databases, software

— Contractor - proprietary software
— Operator - commercial software

Advantage in catching potential errors
— Incorrect survey entered
— Missing survey
— Incorrect sidetrack point
— Incorrect rotary table elevation
— Incorrect survey tool model assigned



Case Study Offshore Qatar

Resolving Differences in Anticollision
Standards

— Extensive pre-job planning to identify potential
iIssues

— Established plan to meet both companies’
standards

— Followed both company and operator’s rules for
exemptions

— Independent calculations performed throughout
execution

— No actions that would pose HSE risks



Key Differences in Calculating
Risk

Operator ‘s Minimum Acceptable
Clearance (MAC)

— Results are less
conservative than
company’s OSF

Subject Well

MAC = Eg + E, + Ry+ R,

MAC factor = (MAC + X)/MAC

Offset Well




Key Differences in Calculating
Risk

MAC =E. + E,+ R, + R,
Where:

Ex = Projection of the Error Ellipse (subject well) on line of closest
approach

E, = Projection of the Error Ellipse (offset well) on to the line of closest
approach

R, = Bit radius (reference well)
R. = Casing radius (offset well)
X = Additional clearance beyond MAC

MAC factor =
(MAC +X)/ MAC=(MAC +X)/(ER+E;+R,+R))
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Key Differences in Calculating
Risk

Company’s Oriented Safety Factor (OSF)

Combined
..~ Hlipsoids of
" Uncertainty

Probability

750,599,937,895,083
660,669,956

954,910

146,076

25,959

Dffset Well
Clearance
Distance

',
r

" Line of Probability

Subject Well
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Key Differences in Calculating
Risk

Comparison of Methods

Operator Procedure

Contractor Procedure

Separation factor

Minimum Acceptable Clearance
(MAC) Factor

Oriented Separation Factor (OSF)

Minimum
separation

=ER+E+ R, +R,

Minimum Allowable Separation
(MAS) at OSF =1.5

Drill ahead with
precautions

1.5> Factor>1.25

1.5>0SF>1.0 (Exemption required
as per contractor standard

Drill ahead

Factor>1.5

OSF>1.5

Tool error model

ISCWSA 20 74% confidence level
(3D)

ISCWSA 2.790 95% confidence
level (3D)




Well Planning Process

Receive targets

¥

Optimize plan with
operator’s drilling
engineer

Plan using contractor’s
software

v

5 < OSF < 5.0\

Run anticollision

Run anticollision using
operator's software

MAC < 1.25

Mo

Check plan

Can optimize
plan ?

¥

Discuss possible
alternatives

Construct MAC based
tolerance lines, generate
travelling cylinder plot

v

Initiate contractor’s
exemption where
applicable

v

Finalize well path




Traveling Cylinder Plot

TC based on MAJOR Risk Rule




Well Design Phase

Hazard and
Risk Control

e

i pal
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Well Execution Phase

Prespud Meeting
— Held prior to commencement of drilling
— Includes discussion of:
 Well objectives
 Well plan
* Anticollision issues
— Preventive and Mitigation actions
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Well Execution Phase

Chlumberger noq — SLB Anti-Collision Communication Plan — Drilling Phase

0SF<1.0; MAC<1.25

[ For Wells that are already under an Approved Exemption the Tolerance Line is the Hard Boundary that must not be crossed |

Major Risk zone

Drilling stops. Rig notifies town as

per chart, and discussion held

between MOQ SLB project manager

and MOQ Head of Driling Operations with
mandatory analysis from MOQ and
SLB Dnlling Engneering. If
acceptable 1echnical solution is
found, then exemption is given by

MOQ Head of Driling Operations and SLB

Qatar D&M

DE Manager

Qatar D&M Maersk
Operations Manager Drilling Manager

L} L |
SLB Maersk

ProjectManager . Headof Drilling Ops
Notify town: Stop Drilling, wait

Operations Manager to proceed. '

1.5>0S8F>1.0 e s
Minor Risk zone Drilling Engineer

[wrectional Driller nobfies Company man and DD
Coordinator. Company man notifies Dnll Sup. n 1own for
MOQ DE to start calculating MAC factors. MO0O DE
communicates MAC factors to rig. SLB DE monitors high
risk operations {advised by DD Coordinator or DE Mgr).
Directional Dnller will not cross tolerance line |

b.0> 0SF> 1.5
Alert zone

Drectonal Dnller notties Company man of
approaching wells. Traveling cylinder plots are
updated offshore at every survey.

Assigned to rig

DD Coordinator Drilling Superintendant

Notify town: Calculate MAC
factors at every survey

- .

|
—

Lead Directional Driller = . Company Man
Cell Manager : : On site

Notify rig supervisors:

Assigned to rig Assigned to rig

Drilling Engineer

o collision risk

Uriling proceeds as normal

'- Approaching wells, use TC plots t

A— Maersk Wellsite team




Well Execution Phase

Management of Change Request
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Well Execution Phase

Gyro survey of subject well conductor e-
mailed to:
— Operator’s
e Drilling superintendent
e Drilling Engineer
e Survey specialist
— Contractor’s
e Drilling service manager
e Drilling engineer
e Survey specialist
 OSC personnel
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Well Execution Phase

MAC factor calculations sent from OSC to
Operator:
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Well Execution Phase




Well Execution Phase

Contractor DSM confirms drill-ahead
decision

Failing confirmation:

— Additional meetings may be planned to analyze
options

— Agreement is reached on prevention/mitigation
strategies

— Well is re-planned to minimize well collision risk
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Well Execution Phase

Preventive Actions While Drilling:

— Monitor indications such as highl/erratic torque,
ROP change, bit vibration, etc.

— Monitor object well at wellhead for indications of
bit in contact with casing.

— Monitor returns for cement.

— Install magnet in flow line to monitor for metal
cuttings/shows.

— Check MWD surveys for magnetic interference.
— Take survey when bit < 5 ft from critical point.
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Well Execution Phase

When to shut in wells:

— Critical offsets shut in as specified by drilling
program.

— Additional wells shut in, bled off, when:

e Deviation results in MAC factor < 1.25 (actual
or projected)

— Drilling ceases, object well plugged back, when:

* Object well falls within MAC factor <1.0
toward any well
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Post-Drilling Evaluation

Key personnel meet to:
— ldentify problem areas
— ldentify good practices
— Document and share lessons learned
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Conclusion

Keys to success:
— Comprehensive planning
— Good communication strategy
— Multidisciplinary collaboration
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Conclusion

Advantages of an Industry-wide Standard

— Enhanced interoperability among project
participants

— Reduction of risks due to:

e Miscommunication
e Different terminologies
e Different methods of calculating risk
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