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e 25 yrs Drilling & Measurements experience
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Survey Corrections, Cartography, Drilling Automation
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Presentation Agenda

e Borehole Position Calculation Methods — “Where We Are & Have Been”

* Hole Condition “Shape” Indicators
* Dogleg / Severity
*  Tortuosity
*  Rugosity

* Borehole Position Calculation Methods — “Where We Are Going”
* High frequency surveys
*  Computation Problems
* New Model Methods
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Tangential Method e

.~ PREVIOUS SURVEY POINT

A North =/AMD. Sinl, . Cos A,
A East =AMD. Sinl, . Sin A,

AVertical =AMD. Cos I,
Depth
A Course displacement = /AMD. Sin Iz
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Balanced Tangential Method Presentedby

ANorth A MD [Sinl, CosA, + Sinl, CosAz:l
2

2.

AcEast AMD [Sinll SinA, + SinlzsinAz]

AVertical Depth = AMD [COS*; + °°='2J
2

ANORTH r .
{\Course Displacement = AMD [smlI + Smlz]

Actual Wellbore
——-Calculated Wellbore
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Average Angle Method ey

ASSUMED WELL BORE PATH

ANorth = AMD.Sin|'|| + 12].00s[A,+ A2:|
| 2 2

ACTUAL WELL BORE PATH

AEast = AMD. Sin[l, + Iz]. Sin [A, - A2]
N . —

2 2

A Vertical Depth = A MD . C:os,rll + ‘2]

LATITUDE EB“\\(

Course Displacement = A MD . Sin{il. + '2]
2

AVERAGE ANGLE
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Radius Of Curvature

AVD = R, Sin 1, — R, Sin |

- R, [ Sinly, — Sinl,)

180 .AMD ( Sin I, — Sin I )

n (1= 1))

R, Cos I, — R, Cos I,

180 . AMD [ Cos |} — Cos I3}

n (i, = 1))

4 North = nhSin.lz- HhSinAl

= 180°aMD__ (Corly - Cosly) [SnAp=Sn4))

T Agm A ) 1p- 1))

b = _10MD  (Cxl - Cal)(Couh - Cahy)
1 (A= AL -1,)

FIG. 3.41
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Minimum Curvature
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AVD = AMD
2

AN = AMD
2

. 1= Cos DL

Sin DL

AE = AMD -

2
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. {Sin 1, Cos A, + Sin 1yCos A, ) .
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Mercury Method

434 General Meeting
March 4th, 2016
Fort Worth, Texas

A NORTH
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Mercury, Nevada
Nuclear Test Site

AN -[AMD - STL] [Sin f;- Cos A + Sin 1,.Cos A; + STL .Sin 1,. Cos A,
2

A =[M] [Siﬂ 1. Sin A, + Sin 1, .Sin Az] + STL . Sin 1. Sin A,
. 2 .

AVD =[AMD - STL][Cos A, + Cos A'] + STL . CosA,
2

Where STL is the survey tool length.
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Borehole Condition Indicators

Darren Aklestad

* Dogleg
* Lubinski — pipe bending
*  Wilson - Tangential Method / Radius of Curvature
* Mason and Taylor — Minimum Curvature

* Tortuosity — Cumulative Dogleg — can be normalized

* Rugosity — Wellbore diameter irregularity
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High Frequency Surveys Presome

Darren Aklestad

* Continuous Surveys — Gyro & MWD

* Gives better indication of the “true” shape of the well
path

 Shows and corrects for “Stockhausen Effect”

* Short intervals can magnify angular changes when
shown as rates, e.g. large DLS values
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Advanced Spline Curve (ASC) model presentedby
IADC/SPE-178796 » Advanced Trajectory Computational Model ¢ Mahmoud F Abughaban Darren Aklestad

Circular Arc 1 Circular Arc 2

survey survey
station 2 station 3

N\

survey
station 1 common tangent
(Discontinuity)
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IADC/SPE-178796 » Advanced Trajectory Computational Model ¢ Mahmoud F Abughaban Darren Aklestad

* Current trajectory method has an invalid assumption (constant curvature arc) proven by high
resolution surveys in slide/rotation pattern modes:
* Causes artificially low tortuosity
» Significant TVD error accumulation
* Underestimates torque and drag output
* A robust three dimensional wellbore trajectory model (The ASC Model) has been developed:
* Based on Cubic polynomial piece-wise continuous functions
e Solving system of liner equations
e Continuous at all survey stations up to the third derivative
* Requires no assumptions / definite solution
The ASC characteristics allow:
* More accurate wellbore positioning, tortuosity and rugosity with less number of surveys taken
than current trajectory methods while drilling and post-drilling
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Advanced Trajectory Computational Model

Improves Calculated Borehole Positioning,

Tortuosity and Rugosity

Mahmoud Abughaban?, Alfred Eustes? ,

IADC / SPE-178796-MS

Bernard Bialecki3 , John de Wardt? , Steve Mullin®

ISCWSA 43rd General Meeting, Ft. Worth, March 4 2016

ASC Model Formulation Results Summary

Abstract
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Model Development - ASC Model

The Advanced Spline Curve T used in this rescarch is a function that consists of cubic polynomil picces, in
Which T, T, and T are continuous at all survey stations. During the process of developing this robust 3D
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ASC Model Validation
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Steps Forward

» The ASC model improved wellbore rajectory results can be used a5 an input for 8 torgue and drag (T&D)
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Improved Wellbore Quality Using a Novel Real-Time  soenoe posiioningand tortuosiy

. Standard Calculation Methods
Tortuosity Index i
IADC/SPE-178869 ¢ Yang Zhou ® Danden Zheng  Pradeepkumar Ashok ® Ericvan Oort

* Tortuosity Density Index

) Y
43rd General Meeting %.ﬁé&
March 4th, 2016 u

Fort Worth, Texas Wellbore Positioning Technical Section




Borehole Positioning and Tortuosity
Standard Calculation Methods
Presented by

Darren Aklestad

Documentation / Reference Updates

* Add borehole quality definitions to Lexicon

* Add new section to bibliography for hole
condition and
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Questions / Comments e

Darren Aklestad

THANK YOU
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