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Intersection Well Phases

= Navigation
— Objective ; deliver sufficient proximity for detection
= Detection
— Objective ; enumerate relative position
— Decision point — commit to running casing
= Traverse & close
— Obijective ; track offset well while drilling to intersection zone
* |ntersection

— Objective ; Full bore intersection, incidence angle < 3°, Free running
drillstring, Intersect from below
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Intersection Geometry

= For conventional hydrocarbon wells “start with the end in mind”
— Lay out a landing zone on offset well; flat & straight

— Reference well intersecting from below
P A

Incidence < 3°

—_—
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Detection Tunnel

= Detection limitations Offset

— Relative ranging tool’s

detection limit
» Greater than or equal
to combined positional
uncertainty
— Directional capability to /(

Well 1

Combined PU (West)

Combined PU (East)
—Well 2
== Detection Tunnel (West)

= Detection Tunnel (East)

= Detection Zone

meet landing zone

— Detection and Positional
Uncertainty may have
larger lateral range than
radial

— Reference
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Detection Technology

= Active magnetic ranging
— “Access Dependent’
— Could use rotational magnetic field generated from a rare earth magnet
— Detected by a tri-axial magnetometer
= Magnet sub in reference well BHA
— Placement can depend on objective
= Wireline conveyed magnetometer tool in offset well
— Pumpdown
— Optimally placed in NM

— Must know position; MD => interpolated wellbore position
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Non-Mag Shuffle

= NM to track drilling of reference wellbore
— Reposition probe on wireline

— While ranging BHA is stationary
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Edge 2 Edge contact

full overlap

' BullNose

Sensor in probe
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Geometric Well Design
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= Diametrically opposed horizontals | / |
— Reference well drills deeper than offset / /
— Crossing in plan view prior to intersection /
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Travelling Cylinder - Highside

= As reference well proceeds

30.00

— Offset to right

— Directly over
* Dirillstring in both wellbores

e Consider C-C minus hole size

— To left

. 30.00

— Directly over and tracking
azimuth

* Inclination control is only
requirement

— Intersect from below

» Appears as if offset drops
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Traversing & Closing workflow

= Simultaneous Operations on two rigs [ | :

I notifies /M that vee are preparing
o drill and instructs Driller to make connection and dril
anead

M

— Ops decision makin R e vt
VM: Review data acquisition ittad from the trEnsmitt ... . real time
nreal time Driller: drill string must remain stationary
DSM: monitor time pipe has been stationary
o
=z
Tem | m { H
— =z
emporal components z R
SLBWL that pip ... 2 rotated and
L] instruct Driller to rotate.
2 VM Nt VM that Honor pipe
= waill be rotated
* Dirilling & Plannin E p——
a M- Assess ranging data quality and discuss with DSM. Driller: Continus drilling ahead
Determine if “wipe” is necassary for additional data
collection.
Y S u rvey WM: collact 42+ weing probe &
DSM: Instruct driller to work pipe or transmit s real time
ream, a hole conditions require, |l Driller: driil string must remain stationary
through last drilled section DSM: maonitor time pipe has been
stationary
* Processing Data
> DD: take directional survey. Calculate wellbore . . .
s pestion prjcion o ST T WD s koo i
interval.
a W

— Relative positioning — :

VM: Process ranging dats & calculate relative position.

« Acquire magnetic data while drilling P

ahead by

L3

» Calculate reference wellbore position [ mmeameeeee )

-~ South & Morth — Distribute to

. -
2 <
an a I u e g 5 I Create & distribute directional update to all & assess if re-plan is required. I
a
£
YES DEC: Re-plan projection to intersaction basad on revis: - Driller:
e Naorth coordinater —— T T Ty |— continue to
. alculate probe position serierte e
'
The following parties give notification to L] CVXDODTA: Confirm with 1 & confirm revised well plan.
‘that they are ready to drill confirm revisad well plau. v o :
 Move offset wellbore T
M VM @i aeo we
oo DEM DD: Decide on best RSS parameters to achieve well plan /
< projection to intarsaction.

» Recalculate directional well plan
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Incidence Angle

= Incidence Angle = ArcCosine(NrNo + ErEo + VrVo)
— Where Nr2+Er2+Vr?=1 and No?+Eo0?+Vo?=1 and
— North = Sine(inclination) x Cosine(azimuth)
— East = Sine(inclination) x Sine(azimuth)

— TVD = Cosine(inclination)

N

—&—Incidence Angle
t —ll— Tolerance
\
i ] il
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Toolface steering

= Manage incidence angle,
relative attitude & relative
position

— Low incidence was held

— Success is steering down
to intersect with wellbore
above
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Inclination

=@=Plan
~==—Reverse d Offset
====Reference

== Projection

Azimuth

—=—Plan
=== Reverse d Offset
== Reference

—4— Projection
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Communication & Workflow

= Weekly operations, planning & business partner conference calls
— Agenda, minutes & action items
= eMail update while drilling — updated position & QC
— Visual information & actions
=  Workflow
— Declination & Convergence averaged for wellbore
— Pass rigsite QC, aggregate daily and send to survey management 1
— Survey management 1 — apply correction & sent to survey management 2
— Survey management 2 - Apply correction & sent to survey management 1

— Default — Use Survey management 1
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Survey Program & Double Survey Management

= Project risk
— Unable to detect
= Detection zone

— Does not require most accurate
wellbore position

= Survey program
— In-Field Reference
— Multi-Station Correction
— BHA SAG
— Redundancy check

= Double Survey Management
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—4—Uncorrec ted
~f=Plan
——Survey Management 2

==Survey Management 1
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MWD QC

= Visual QC using Bdip acceptance

<

— Plot of delta measured & expected total mag field v. (delta measured &

expected dip angle) x total mag field

— Identify acceptable outliers

A
=

——(QC
A BHA#

= BHA # - New since last update
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DLS

= DLS Management

= Repeatable s |

— Casing & Open -1

Hole I_—_

— Multiple tools e T
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Conclusion

<

Technology available — required careful planning — software / process integration required

Better lucky than good...
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