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Safe Separation
The Wellbore Positioning Technical Section (WPTS) Rule

Separation Factor = Ratio of Separation Distance and Uncertainty

Distance

Uncertainty

Numerator
Denominator
s _D-R -R,-S,
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2 2 2 2
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WPTS Separation Rule lllustration (SPE-187073-PA)
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Applications

Serves as the primary technical reference for  «&mws
proven engineering practice in the broad
wellbore construction application of:

* Oil and Gas

« Geothermal
Carbon Sequestration
Coalbed Methane (CBM)
Horizontal Directional Drilling (HDD), trenchless boring
Mineral Ventilation and Extraction
Scientific Coring
* All other subsurface borehole construction applications



Industry Collaboration

* Industry Steering Committee on Wellbore Survey Accuracy

» Produces, maintains, and publishes standards for the industry

* Promotes a collaborative understanding of issues associated with wellbore surveying
* Formedin 1999, ISCWSAhas been around for 29 Years [SPE 67616-PA]

« 57 General Meetings

« SPE Wellbore Positioning Technical Section (WPTS)
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Industry Collaboration

WPTS has Six (6) Primary Sub-
Committees

1.

o O kAW

Collision Avoidance

Error Model Maintenance

Well Intercept

Operator’s Wellbore Survey Group
Quality Assurance / Quality Control
Education

Well
Intercept

Operator’s
Wellbore
Survey
Group
(OWSG)

Wellbore
Positioning
Technical

Section
ISCWSA

Quality
Assurance
/ Quality
Control

Collision
Avoidance

Education




Management Principles

 Minimum Allowable Separation
Distance (MASD)

 Maintain a Safe Separation
Distance Between Wells Being
Drilled and Subsurface Hazards

e 8 Core MASD Elements

Management

Data
structure
integrity and
management

Effective
communication

Quality
assurance

Position
uncertainty

Minimum-Allowable
Separation

Wellbore- Distance Well-
survey reference
operations point

Collision-
avoidance
management

Wellbore-survey
program
Principles

The eight collision-avoidance elements supporting the MASD

MASD Management Principles (SPE-187073-PA)



Allowable Deviation from Plan for SF=1

Any given SF value represenis a specific probability of the reference well crossing the offset well.
The distance £ at which a particular §F value occurs 15 situation specilic. For any point on a reference
well, the entical value §F = 1 defines a minimum allowable separation distance (MASD) from the
specified offset well along D -

" D-R -R -S,

- > >
k\/O'S o o

" D-R -R, 03
3.5,0” +0.25

SF SF

D, yysp =k \/ C’_.f T gfm +R, +R,+5,
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Allowable Deviation from Plan for SF=1

D,y =k \/ o, + G'_;E;ru +R, +R,+5,

i

If the distance [ falls below 440, then SF < 1. The difterence between the planned distance [, and
the Dy450 15 the allowable deviation from the plan D pp :

D, B = D

ADP plan -~ MASD

SPE-187073-MS

Well Collision Avoidance - Separation Rule

3.J.5awaryn, Cansultant, H. Wilson, Baker Hughes a GE Company, J. Bang, Gyredata Inc., E. Nymes, Statoil
ASA, & Sentance, Dynamic Graphics Inc., B. Poedjono and R. Lowdan, Schlumberger, 1. Mitchell and J. Codling,
Halliburton, P.J. Clark, Chevron Energy Technology, W.T. Allen, BF

MASD Management Principles (SPE-187073-PA) 11



Position Uncertainty Models (PUM) D
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ISCWSA & OWSG Revisions

: Definition
PUM Categories ——
Magnetic Reference ISCWSA Error Model

Classification

Generic Models (Set A & B)

PUM Example - MWD + SRGM
MWD Corrections

12




PUM Sets — Established by OWSG

« PUM, often referred to as Error
Models or Instrument
Performance Models, Revision
5.13 (Current) ISCWSA ERROR MODEL Well

e Anti-collision scans

» Set A: Standard - -
framework
» Set B: Extended i)

» Set C: Vendor-supplied fch ' \ =
' / Error Ellipse
dimensions

model

« Set D: Gyro software validation Tool performance _‘{ @
¥

& MWD médel

« Set E: Prototypes in development

Wellbore surveys or plan

Survey tool
Grindrod,S. J., Clark, P. J.,Lightfoot, J. D., Bergstrom,N.. ,and L. S.

Grant. "OWSG Standard Survey Tool Error Model Set for Improved N\ Ref: ISCWSA Introduction to Wellbore Positioning eBOOK
Quality and Implementation in Directional Survey Management."
Paper presented at the IADC/SPE Drilling Conference and Exhibition, Fort

Worth, Texas, USA, March 2016. doi: https://doi.org/10.2118/178843-MS 13



https://doi.org/10.2118/178843-MS

PUM Primary Categories

PUM
Categories

_ D

| Magnetic Gyro Utility



PUM Categories

) Magnetic

onventiona
Film

onventiona
Film

yrocompas
Stationary

Continuous
Earth-Rate

PUM
Categories

Inclination

Data Only

Actual / |
Calculated

15



Position Uncertainty Models (PUM) D
I I

Rev 0 Dec 2000 As per SPE 67616 together with various typographical corrections [1]
March Changed to the gyro style misalignment with 4 terms and calculation
Rev1 .
2005 options [2]
Rev 2 Feb 2007 Changes to the parameter values for the depth scale and stretch terms [2] e L || |ED:;»
LS deiscan @
Rev3 Oct 2009 Replacement of all toolface dependent terms
Introduction of AMIL term and changes to misalignment magnitudes.
Revd & RandorT\ magnetic refergnce values introdL.u.:ed to the main MWD model. Definition
OWSG Rev 2 Mar 2019 OWSG includes Conventional, Gyro and Utility PUMs. Included Low slikie
Resolution and High Resolution Magnetic Reference Models for MWD and ISCWSA Error Model
EMS. [3]
Rev 5 Oct 2020 Introductlc?n of the XCL term, change§ .to rTnsaIlgnments and §ag, breakout
of magnetic reference terms and clarification of the surface tie-on. [4] s o

January 2023

Rev5.13 Jan 2023  Minor updates to Rev 5 [4] — Latest Revision

Document Links
1. https://doi.org/10.2118/67616-PA
https://doi.org/10.2118/105558-MS

https://doi.org/10.2118/178843-MS
https://www.iscwsa.net/media/files/files/64bd61c2/definition-of-iscwsa-error-model-v5-13.pdf

s wWwnN
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https://doi.org/10.2118/67616-PA
https://doi.org/10.2118/67616-PA
https://doi.org/10.2118/105558-MS
https://doi.org/10.2118/178843-MS
https://www.iscwsa.net/media/files/files/64bd61c2/definition-of-iscwsa-error-model-v5-13.pdf

Magnetic Reference PUM Classification

I]]]

Low Resolution

Standard Resolution

High Resolution

In-Field Referencing

In-Field Referencing with
Realtime Disturbance
Field Correction

LRGM

SRGM

HRGM

IFR1

IFR2

GRF, WMM, CGRF

MVSD, Pre-BGGM2019

HDGM, MVHD,
BGGM2019+, HDGM-RT

IFR, IFR1, Ground shot plus
secular variation correction

IFR2, IIFR

< 4000 km Less than
Annual
<300 km Annual
<55 km Annual
<2km Annual
< 2 km plus local
realtime (£ 1 min) Annual
sampling
1.21 LRGM
1.00 SRGM

0.82 HRGM 17



PUM Toolcodes Rev 5-1

A default set of conservative PUM
tool-codes for use when tool specific

models are not available.

 [ISCWSA Generic Toolcodes SetA Rev5-1

~ | owsé prefix | ~ |short Hame

* |Long Name vTI

(updated Sept 23, 2022)

 [ISCWSA Generic Toolcodes SetB Rev5-1

(updated Sept 23, 2022)

* Header / Reference Info

* Weighting Functions

* Technical Reference / Source
* Code & Term Description

* Type, Magnitude & Units

e Correlation Coefficients & Comments
* Formulas (Inclination & Azimuth)

1 ADDIMCc
3 ADD2ZMc
5| ADD3MC
7 ADD4AMc
9 ADDSMc
11 ADDEMc
13 ADOTMCc
15 ADDEMc
17 | ADD9Mc
19 AD1DOMCc
21 AD11Mc
23 AD12Mc
25 AD13Mc
27 AD14Mc
29 AD1ISMc
21 AD1&Mc
33 AD1TMc
35 AD1EMb
37 AD19GH
39 AD20Gb
41 AD21Gc
43 AD22Gb
45 AD23Gb
47 ADZAMb
49 AD2SMb
51 AD2&EUa
53 AD27Ub
55 AD2BUb
57 AD2SUb

59 AD30Ua

https://www.iscwsa.net/error-model-documentation/

MWD+5RGM

MW D+EREM+EAG
MW D+SRGM+AX

MW D+SREM+AX+EAG
MWD+ FR1
MWD-HFR1-+AX

OWSG MWD +5RGM

OWSG MWD +5RGM +5ag Correction

OWSG MWD +SRGM +Axial Correction

OW5SG MWD +5RGM +Axial Correction +5ag Correction
OWSGE MWD +IFR1

OWSG MWD + IFR1 + Axial Corr

11 BOODEMC
13| BOO7MC
15 BOOESMC
17 | BDD9MC
15 BO1OMC
21| B011Mc
23 BOlzMc
25| B013Mc
27 BOlamMc
29| B015Mc
31 BOleMc
33| BO17Mc
35 BOlsmd
37 | Bo19mMd

39 BO2OMC
41 BO21Ga
42 BD22Ua

Short Name ¥ | Long Name
MWD+HRGM OWSGE MWD + HRGM
MW D+HRGM+AX OW5G MWD+ HRGM + Axial Correction

MW D+HRGM+AX+5AG OW5G MWD+ HRGM + Axial Correction + 5ag Correction
MW D+HRGM+5AG OW5G MWD+ HRGM +5ag Correction

MWDH+HRGM+5AGHWS  OWSG MWD+ HRGM +5ag + Multi-5tation Correction

MW D+LRG M OWSG MWD+ LRGM

MW D+HLRG M+AX OWSEG MWD+ LRGM + Axial Correction

MW D+LRGM+AX+5AG W56 MWD+ LRG ial Correction + 5ag Correction
MWDHLRGMESAG S:e:tf LRG g Correction
EMS+IFR1+AX+5AG FR1 Corr +5ag Correction
EMSHFR1+5AG OW5EG EMS +|FR1 +5ag Correction

EMSE+FR1+ 5 OWEG EMS + IFR1 + 5§z + Multi-5tatin Correction
—Extended

EMS+HRG + ARG+ Axi rrectitn
EMS+HRGM+AX+5AG OW5G EM5 + HRGM + Axial Correction +5ag Correction
EMS5+HRGM+5AG OW5G EMS + HRGM + 5ag Correction

EMS5+LRGM OWSG EMS + LRGM

EMSE+LRGM+AX OW5G EMS + LRGM + Axial Correction
EMS+LRGM+AX+5AG OW5G EMS + LRGM + Axial Correction +5ag Correction
EMS+LRGM+5AG OW5G EMS + LRGM +5ag Correction

FINDS OW5G BHI Ferranti FINDS

BLIND+TREND! OW5G BLIND+TREND:

20


https://www.iscwsa.net/files/807/
https://www.iscwsa.net/files/808/

Example: AOO1IMc MWD+SRGM

.
https://www.iscwsa.net/error-model-documentation/ L
.
Excel Workbook Tab: MWD+SRGM
4 £ D E F G H I J K | L MNO P Q R 5
A00IMe " MVD.SRGM
OWSGE Prefis: A0 Mo Code Term Description Wit.Fn. WtFn. Source Type Magnitude Units Prop. P1 P2 P3 Wi.Fn. Comment Depth Form Inclination Formula Azimuth Formula
Shart Mame: MwD+SRGM 1 DRFR Depth: Depth Reference - Random DREF  SPEEVEE DOepth 035 m R 0 00 1 i i
Long Mame: DWEGE MWD + SRGM 2 DSFS Depth: Depth Scale Factor - Systematic DsSF SPEGTEIE Diepth 0.00056 - 5 1, 0 0 mMO a a
Revision Mo: LA 3 DSTG Depth: Depth Stretch - Global osT SPEETEIE Dlepth 000000025 1'm G 111 MO TVD i i
Fievision Date: §-00t-20 4 | ABSY-TH MWD TF Ind: 5 and Y Accelerometer Bias ABHY-TI SPE 63275 + Andy Ern Sensor 0004 mis2 S 1.0 0 0 Cas(ing) ! Geld (Tan(Dlip) * Cosfin)* Sin{Azh)]  Giield
R changed to match ISCWSA Mog Few]. KCLA & XCLH terms added. =YM3
I - E. &l GE. DECG replaced by
-05 DEH-0OH DEH-0I.
Revision Camment: m 5 | ABXY-TI2) MWD TF Ind: ¥ and ¥ Accelerometer Bias AEXY-T| SPE 63276 + Andy Eroo| Sensor 0004| mis2| & | 1| 0| 0 |Singularity when vertical |0 0 [[Tan((pi# 2] Ine) - Tan(Dip] * Cs(Azh]) { Grield
Source: [u} & ABE MW Z-Accelerometer Bias BBZ SPEETEIE Table1 Sensor 0004 misz S 1.0 0 -SinfInc) ¢ Gield Tan[Dip]* Sinflne) ° SinfAzr) ¢ Gfield

J
i
-
;
.
i
i
;
;
;

11D using 1-Year Standard Fiesalution Geamagnetic Mads (=.9. BGGM up ta 2018, MVSO)

Application: with no additional corections
Tool Type: Mag

Status:

Checked: & i

Approved;

Motes: Bazed on ISCWSA MWD Rew 3 [Tool Face Independant - Sliding)

Rew 0.106-Jun-2012 Draft Release for Comment.
{014

neln History:
nur

-

ASET-THE MWD TF Ind: = a [=FE E3275

[SFE B327!

ensar

o

ASKT-TIZ: MWD TF Ind: = a
ASEY-TIZ MWD TF Ind: ¥ a
ASZ FWD0: 2-Acceler
1 MEEY-TH MWD TF Ind: ¥ a
12| MEREY-TIZ MWD TF Ind: ¥ and ¥ Magnetometer Bias

13 MEZ MWD: Z-Magnetometer Biaz

nd ' Magnetom'ale Factar

w

[SPE B2276 +
2} SPE ETE
EST-TSPE E3275 +
MEXY-T SPE E3276 « Andy Broo
MEZ SPE E7E16 Table 1
MSHY-TI ESZ-ndy Eroo

agnetometer Bi.

Senzor

Senzar

ifi

[Tan[Dlp] Sin(ln) * Cas(ing) * Sin(AzM)] {Sar(2)

=(ine) * Sinfazi)) f 2
[AzM) - Cos(lne)) 2
[£2h)
Inc] ,osmlp]]

Cos(AzM) ¢ [EField " Cas

SinfIne] * Cos(ing) ¢ Sqt
c Inc) I

-SinfIne) * Sin[Azha) ¢ [EFisld * Cos[Dip])
Sin[Ine] © Sin[AzM) " [Tan[Dip) " Cos(ine]

3
E
s
15 q et ale T =3 - " [Tal i(Inc) * Cos(Inc)
1 il s [A2h) - C
Inclination Fange Min: 0 deg 17 g g al le 5 Dip) * Cox
Inclination Range Max: 120 deg 12 i £d Ef o
Hor Eastiwest Exclusion: 0 deg 13 ! MWD: Declination Crustal Omission Emol dels AZ SFE E7E1E AziFief G111 ) ) 1
Range Comment: Mane 20 | MW D: Declination Crustal Omission HO Models AZ SPEETEE AziFef 0z G |1]1/|1 1} 1} 1
Tool Parameters 21 DEC-01 | MWD: Declination Crustal Omission FR Models SPEETER iRk 0.05 G o 1
Misalignment Alt: 3 22| DECR MW D: Declination - Random EETEE ziFief 01 F ﬂ 11} 1
Mizalignment Min Course Lengtk 10 m 23 OBHl | MWD: BH Dependent Declination Lncorrelated Errars S i 1] 14[EField * Cos(Dip))
1deg ¢ 100 ft 24 DEH-05  MWD: BH Dependent Declination Crustal Omission Standard =il 3353 1/ [EField * Cos[Dip])
26 DBH-OH  MwD: BH Dependent Declination Crustal Dmission HD Madel. P il 0 1¢[EField " Cos[Dip])
26 DBH-OI | MwD: BEH Dependent Declination Crozstal Omizsion IFR Maodels SPE ETEIE AziRef 356 deqnT G 1 1] 1] 1/ [EField * Cos[Dip])
27 DBHR MW 0: BH-Dependent Declination - Random DOEH SPE ETEIE AziFef 3000 degnT R 0O 00 1] 1] 1/ [EField * Cos[Dip])
28 AMIL MWDO: Agial Interference - Sinl.SinA AMIL Halliburton Mantcs 220 nT s 1. 00 1] 1] SinfIne] ° Sin(AzM)  [EField " Cos(Dip))
29 SAGE | MWD:Sag SAGE  ISCWSA Align 02| deg | S |1/0|0 [ [SinfInc)]0.25 [
30 KA Mizalignment: =% Misalignment 1 AR SPE 30405 Table 3 - Al Align 01 deg s 1. 00 ) Abs[Sin(Ine]) )
3 HYMZ Mizalignment: &' Misalignment 2 HYMZ  SPE 904083 Table 3 - AR Align 01 deg S 1. 00 1] 1] -1
32 KYMIE  Misalignment: $ Misalignment 2 HYMIE  ISCwWSA Align 03 deqg | B 0 0 0 Singularity when vertical 1] Coz(lne) * Cos(A2T) * Max(l, sqre(i0[MO-MOP e [Cos(ng * Sin(AzT) { Sinfne]] © Max(1, sqre(10dR0-MOPrew)])
33 KYMAE | Misalignment: ¥ Misalignment 4 HYMAE  ISCwWSA Align 03 deqg | R 0 0 0 Singularity when vertical 1] Coz(lne) * Sin(AzT) " Max(l, sqre10MD-MOPrew [Cos(ng) * Cos82T) f Sinflne]) * Maz(1, sqre{10[MMD-MOPrew))!
34 WCLA | Depth: Long Course Length ¥CL - Azimuth WCLA  SPE 187248 Jerry Codlin Depth 0167 F 0 0 0 Tangentisl Calculation. Sing 0 i Max[Sin|&bs[A2T-AzPreu]), #CL Tartuaosity * [MO-MOPrew] { Si
=5 HOLH  DepthLong Course Length HCL - Inclination CLH EE 127249 Jarry Codlin Depth LLIET B0 0 0 TangentislCaleulationFom 0 Mailabs(neinePres] #El Totuozit® (MO-MDED
3 Index MWD -+SRGM MWD+SRGM_FI MWD+5RGM+5AG MWD +SRGM+SAG_FI MWD +5RGM+AX MWD +SRGM+AX_Fl MWD +5RGM+AX+E ... [4] | []



https://www.iscwsa.net/error-model-documentation/
https://www.iscwsa.net/files/807/

MWD PUM Survey Corrections

* Axial (AX) S
* Sag

* Multi-Station Analysis (MSA or MS)

* Axlal + Sag

* Multi-Station + Sag

* Depth Corrections

« Advanced MWD Corrections

« Ground Shot (GS) IFR

 Advanced Multi-Station (AMSA)
- All BHA'’s for a Wellbore
« All BHA'’s for all wellbores on a well (Includes Sidetracks / By-Pass Wellbores)
- All BHA'’s for all wellbores on a Site/Location/Pad



Offset Well Environment

» Offset Well Environment
Status

Completion Type
Wellbore Fluids

Lifting Mechanism

« Artificial Lift
« Rod Pump
* Progressive Cavity
* Hydraulic Pump
« Gas Lift (GL)

» Electric Submersible Pump
(ESP)

* Hybrid Lift System
« GL & ESP
« ESP & Natural Flow

MASD Management Principles (SPE-187073-PA) 23
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Case Study

Offset Operator Close Approach

24



Safe Separation Plots —
Ladder & Separation Factor D
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Safe Separation Plots — Ladder & Separation Factor
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Safe Separation Plots — Ladder & Separation Factor
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Case Study

Lateral Undulations

Key Performance Indicators
Steerable Motor Curve
Lateral Tortuosity




Lateral Undulation Period - TVD Accuracy

MOPUIAA
186J1e] 0¢

* Whatif the well
plan diverges from

the ‘locked in’
bed?

* |If not identified
then the DD may

_ make a correction
. ‘T"'T""'F ™ ;ﬁ
>

to go back to plan

e MD 4000 ft

Viens, Christopher, Clark, Tyler, Lightfoot, Jonathan, and Carlos Mercado. "Real-Time
Downhole Data Resolves Lithology Related Drilling Behavior." Paper presented at
the IADC/SPE Drilling Conference and Exhibition, Fort Worth, Texas, USA, March 2018.

doi: https://doi.org/10.2118/189697-MS

« Bending DLS = 5° Doglegs in Rotations when

deflecting off of the upper bed

‘B 0051

Pad 3 WellA

0—— Gamma ——200 10— Bend DLS — 0

29



https://doi.org/10.2118/189697-MS

Lateral Undulation Period - TVD Accuracy

Pad 1 Well A SPE DISTINGUISHED
0 GAMMA TOTAL 200 LECTURER"
0 GAMMA TOTAL 200
0 GAMMA UP 200 88 CONTINUQUS INC 92
y 0 GAMMA UP 200 88 CONTINUOUS INC 92
0 GAMMADOWN 200 88 SURVEYINC 92 Left: 90 Su rveyS
T T - 0 GAMMA DOWN 200 88 S.URVEY IL\IC 92
adequate to due 0
large period of _—
oscillation D —=
Right: 90’ - .
surveys — = -
- inadequate to — - o S
o short oscillation — —
ﬁ H -4 T — )
- period e
- -
_
i E -
v -
e —

IADC/SPE-189697-MS 30



Lateral Undulation Period - TVD Accuracy

Pad 1 Well A

0 GAMMA TOTAL 200

0 GAMMA UP 200

88 CONTINUOUS INC 92

0 GAMMA DOWN 200

1!

'3 00.

IADC/SPE-189697-MS
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Directional Drilling Key Performance Indicators

PAD 1 Well A KPI Review - Dogleg Severityand Inclination Planned vs. Actual (PVA)

35 100
34
33 e mmDog leg (Plan) e=cmm Dog leg (Actual) ==K PI-DLS_Good_High L 95
32
31 v—Mwawi‘ 90
238 emssnKPI-DLS_Good_Low s KP-DLS_Fair_High eusms KPI-DLS_Fair_Low \ 85
28
27 80
gg @m==i(PI-DLS_Poor_High @t (PI-DLS_PooOT_LOW em—DLS Guidance Vertical, Tangent & Laterals — 0° DLS Planned (KPI) 75
=§ %g I KPI for Excellent: DLS < 3°/100° (Excellent) 20
Q 22 e nclination (Actual) s nclination (Plan) e=@==High Inc. Limit KPI for Good: 30/100' £ DLS < 40/100’ (GOOd)
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> 18 emcemn | OW INC. Lim it e \Max ADFP —rmm A\ DVP
£ 17 B 5 A Y 55
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Lateral Undulation Period — RSS Example
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Slide / Rotate Effect — Curve TVD Accuracy

Starting Survey = 10,000 ft MD
Inclination 30° & Azimuth 45°

« Case A: Slide 30 ft then Rotate 70 ft @ 10°/100°
« Case B: Rotate 70 ft then Slide 30 ft @ 10°/100’

Final Inclination 40° & Final Azimuth 45°

Directional Driller

Survey taken ;
CaseA: Su rvey at 10,030, & at 1 0, 100’ on conﬁection, sndfﬁe:a:gfafetznd!
t d 11

+ DLS 16.7%/100ft & TVD 9,082.6 t —— 1\ / nall & stanc -
Case B: Survey at 10,070’ & at 10,100’ / ci‘:v'l.’fl’.’fe?;f ?dr:;i?é'al,
- DLS 16.67°/100 ft & TVD 9,085.9 ft - bositions are DIFFERENT
Case C: Survey only at 10,100’ Directional Driller

rotates half a stand, \
« DLS5°100ft& TVD 9,084 ft then slides

half a stand ——_ _ "\ -

Case A vs. Case B have a TVD difference Cw SPE 79917

3.29 ft over only 100 ft of MD (1-Stand)




Directional Drilling Key Performance Indicators

Directional Drilling Dogleg Severity Control

Vertical Intervals
Tangentintervals

Lateral Intervals

Directional Motor
Steering Interval

Directional RSS
Steering Interval

Key Performance Indicators

DLS < 2

DLS < 2

DLS < 2

DLS < +/- 20% of
Planned DLS

DLS < +/- 10% of
Planned DLS

Good

2<DLS<3

2<DLS<3

2<DLS<3

Between 20-40%
of Planned DL S

Between 10-20%
of Planned DL S

3<DLS<4

3<DLS<4

3<DLS<4

Between 40-60%
of Planned DL S

Between 20-30%
of Planned DL S

4<DLS

4<DLS

4<DLS

DLS > +/- 60% of
Planned DLS

DLS < +/- 30% of
Planned DLS

, TurnRate & Doglag Severity (deg/1007)

g
£
>
=
H
&
=
F

&

Build Rate, Turn Rate

Offset Operator Motor Curve

Curve Yield KPI Review - Dogleg Severity and Inclination Planned vs. Actual {PVA)

s e = e B

Measured Depth (Fest)

Inclination (deg)

Motor Curve
KPI Chart
20-40-60%

RSS Curve
KPI Chart
10-20-30%
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Slide / Rotate Effect — Curve TVD Accuracy

Case A: Slide 33 ft, Rotate 33 ft and Slide 33 ft from 0° to 90° Inc.

SIMULATED EXAMPLE

) . . ) . Curve Yield KPI Review - Dogleg Severity and Inclination Planned vs. Actual [PVA)
AMD Inclination Azimuth @srmes et TVD Ver\:l.cal IN/.S EIW Cl?losu_re @AZM  |Dogleg (Actual) Build Rate | Turn Rate ” -
(Actual) (Aetual) Section Distance (Actual) (Actual) 1 = =owimn |nC| i nat i on -

0.00 0.00 45.00 0.00 0.00 0.00 0.00 0.00 0.00 e . 2 @
10,000.00 0.00 45.00 10000.00 0.00 0.00 0.00 0.00 45.00 0.00 0.00 0.00 ;: J, | s
10,033.33 6.00 45.00 33.33 10033.27 1.2 1.2 1.2 1.75 45.00 18.00 18.00 0.00 b - »
10,066.67 12.00 45.00 33.33 10066.18 5 6.96 45.00 18.00 18.00 0.00 g2 ™
10,100.00 12.00 45.00 33.33 10098.78 13.89 45.00 0.00 0.00 0.00 z n w
10,133.33 18.00 45.00 33.33 10130.97 22.51 45.00 18.00 18.00 0.00 i L
10,166.67 24.00 45.00 33.33 10162.07 34.45 45.00 18.00 18.00 0.00 g n 1 “ =
10,200.00 24.00 45.00 33.33 10192.52 48.01 45.00 0.00 0.00 0.00 HE = = g
10,233.77 30.00 45.00 33.33 122221 £ 113 18.00 18.00 0.00 £ iy
10,26/ 56 36.0n 45.00 33.33 250 17 £ .28 18 g 1ang 0.00 8 5 ]
1050 oo [T 7 e AT 00 i ga33 O | 2l @ 1 )87 | I @0 U 4 @51 [ fo0o a3 -
103333 [ oo, | 4500 gy 3333 [ )30 01 1184 o) L Ew [ 18.00 0.00 i w =
10,366.0- 18 45.00 33.33 )38 1.5.40 +5.00 18.00 - 0.00 : ! "
10,400.00 48.00 45.00 33.33 10348.87 170.17 45.00 0.00 0.00 0.00 Fo4 .
10,433.33 54.00 45.00 33.33 10369.84 196.06 45.00 18.00 18.00 0.00 iz — T T T =
10,466.66 60.00 45.00 33.33 10387.99 224.01 45.00 18.00 18.00 0.00 z i = 0
10,500.00 60.00 45.00 33.33 10404.66 252.87 45.00 0.00 0.00 0.00 i 3 / M D (ft) B
10,533.33 66.00 45.00 33.33 10419.78 282.56 45.00 18.00 18.00 0.00 a0 .
10,566.66 72.00 45.00 33.33 1043172 313.67 45.00 18.00 18.00 0.00 T 88 % ¢ ¢ § 3 8 8§ 8 8 8 8 8 8 8 8§ &%
10,599.99 72.00 45.00 35.33 10442.02 345.37 45.00 0.00 0.00 0.00 -7 Wessured Depth (Feet)
10,633.33 78.00 45.00 33.33 10450.64 377.55 45.00 18.00 18.00 0.00
10,666.66 84.00 45.00 33.33 10455.86 410.46 45.00 18.00 18.00 0.00
10,699.99 84.00 45.00 33.33 10459.34 443.61 45.00 0.00 0.00 0.00

0433 33 g0 00 00 76 88

Inclination Azimuth Course Vertical Dogleg Build Turn
L LLALHED) (Plan) (Plan) | Length bl I L Rl T (e o Rate
0.00 I 0.00 0.00 s 0.00 [ 0.00 [ 0.00

10,000.00 0.00 45.00 0000.00 | ()0 [ 0.00 0.00 0.45
10000 [ _~o00 5.00 I- 100.00 =L T O 50 |7 e L L 200
10,200, | 2l ho .00 100.00 g 5 2 18 5.0 2.00 san 0.00
10,300.0 Fw )" 4500 17 100.00 10 04 L 65.7 | 6 48 a 0 O [ 200 2.00 7 T0.00
10,400.00 4800 | 4500 100.00 " 10554 84 1142 | 1 45.00 T 1200 igw | 0.00
10,500.00 60.00 4500 100.00 1041350 172.71 168 81 45.00 12.00 12.00 0.00
10,600.00 72.00 45.00 100.00 10454.10 258,68 253.29 45.00 12.00 12.00 0.00
10,700.00 54.00 45.00 100.00 10474.85 309.32 302.33 45.00 12.00 12.00 0.00
10,750.00 90.00 45.00 50.00 10477 46 345.42 357.62 45.00 12.00 12.00 0.00

ACTUAL EXAMPLE

(deg/100)

£
3
£
g
«
.

Curve Yield KPI Review - Dogleg Severity and Inclination Planned vs. Actual (PVA)

DLS
Build
Turn

°/100ft

CASE STUDY 23H w/ 33ft Surveys

Measured Depth (Feet)

Inclination




Case Study - Steerable Motor Curve

» Survey Frequency is Important for Medium Radius Curves FERERER

* If slide % Is less, consider surveying twice a stand or every joint
* When sliding 90 to 100%; survey is less prone to landing TVD

error

96 FT SURVEYS

Curve Yield KP1 Review - Dogleg Severity and Inclination Planned vs. Actual (PVA)

CASE STUDY 23H w/ 100ft Surveys
CONVENTIONAL MOTOR CURVE ASSEMBLY

DLS
Build
Turn

°/100ft

g g d o
easured Depth (Feet)

Inclination (deg)

32 FT SURVEYS

Curve Yield KPI Review - Dogleg Severity and Inclination Planned vs. Actual (PVA)

CASE STUDY 23H w/ 33ft Surveys
CONVENTIONAL MOTOR CURVE ASSEMBLY

DLS
Build
Turn

°/100ft

-
i

-
A

W
@
=2
c
=]
=
=
<
o
<

DLS COMPARISON

Curve Yield KPI Review - Dogleg Severity and Inclination Planned vs. Actual (PVA)
CASE STUDY 23H

CONVENTIONAL MOTOR CURVE ASSEMBLY
Joint vs. Stand Survey Interval

red Depth (Feet

Inclination (deg)




Lateral Tortuosity KPIl — Case Study

Curve Yield KPl Review - Dogleg Severityand Inclination Planned vs. Actual (PVA)

Lateral DLS
iate: (Actual) . al) DLS Planned {KPI1) _ Build & Turn
i <P for Good:  2°/100°< DL | Rate KPI Chart
KPI DLS Fair_High ] ] M -'{r.,“ 3 . . .
3 able) With Inclination
e —|T| - +/- Allowable
Deviation from

Plan

High Inc. Limit

Inclination (deg)

.‘. -
¥
LN BN A S

| | Surface

N =\ VVVN\ | ' | to TD DLS

KPI Chart with
Artificial Lift DLS
Guidance for
Surface &
Intermediate

BuildRate, TurnRate & DoglegSeverity(deg/100")

Measured Depth [Feat)




Case Stud

Curve Yield KPI Review - Dogleg Severity and Inclination Planned vs. Actual (PVA)

— RSS Low Tortuosit

Measured Depth (Feet)
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2 1 | | KPifor Good:  40% > DLS > 20% Plan DLS (Good) 55
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Curve Yield KPI Review - Dogleg Severity and Inclination Planned vs. Actual (PVA)
30 100
2 1 s ! o
27 O= : T T =)
6 - - P A, 90
- 25 I 2 \ 74 S - =
> 4 ” i Q 8 o
3 )
R exmDogleg (Plan emDogleg (Actual emmmBuild Rate (Actual ——Turn Rate (Actual 80
~
é" e KPI-DLS_Good_High wme=KP1-DLS_Good_Low P 1-DLS_Fair_High wmmeeKP1-DLS_Fair_Low IF 75 .
; e KP|-DLS_Poor_High ea=nP|-DLS_Poor_Low @] nclination (Actual) e===|nclination (Plan) 70 ,
= 6 . e e
5 5 Drill Motor DLS Key Performance Indicator (KP1) =o=ADVP =O==Max ADFP =O=High Inc. Limit =O=Low Inc. Limit 65 k
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Key Takeaways

« As demonstrated in these case studies, Safe Separation collision avoidance
methods are designed to safely separate wellbores while also improving wellbore
position accuracy.

« The survey interval should be considered during both the drilling planning and
execution phases.

« Key performance indicators aid in achieving the objectives and expectations of
directional wells.
« Wellbore Surveying and Positioning Practices

« Provides a primary source of technical information for all subsurface borehole
construction applications.

« Contributesto the modernization of the wellbore construction industry by promoting
safe separation procedures.

 All participants in wellbore construction should support the collaborative effort of a

committed group of industry volunteers. The desired outcome is industry-wide adoption.

See the WPTS for more information: https://connect.spe.org/wellborepositioning



https://connect.spe.org/wellborepositioning
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