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Lots of Low Angle Sections & Interference



Low Angle MWD Survey Errors
Planned for ISCWSA Rev 5



XCL Formulation
Worst Case: Slide Rotate

SPE-187073, The Effect of Survey Station Interval on Wellbore Position Accuracy, Jerry Codling

• Andy Brooks method
• Worst case instantaneous change

• Equivalent to 3 sigma (99.9%)
• Divide by 3… for 1 sigma 
• XCL = (MD2-MD1)*DL /6

• DL = Angle change Inc /Azi

• Problem: what happens when DL=0?             
straight sections

• Tortuosity 1 deg/100 - average



XCL Evidence: Open Hole Continuous Gyro Surveys in DP

SPE-187073, The Effect of Survey Station Interval on Wellbore Position Accuracy, Jerry Codling

83 Surveys reported at 10-ft intervals, high angle to 
horizontal. TD Difference normalized to ‘/1000’



XCL Error Formulation
• It’s a position error
• Not an angle error
• Split into Azimuth
• & Highside terms
• Error is 0.167 radians
• Tortuosity is 1°/100’



Misalignment XYM Evidence
Survey Comparisons Gyro vs. MWD

SPE-187073, The Effect of Survey Station Interval on Wellbore Position Accuracy, Jerry Codling

Gyro Survey - Blue

Gyro Survey - Blue

MWD Survey - Red

MWD Survey - Red

Low angle surveys < 2°

Azimuth Comparison



XYM    MWD Toolface Scatter Plots – Random



Slide 9

SPE-187073, The Effect of Survey Station Interval on Wellbore Position Accuracy, Jerry Codling

• MWD – Collar to hole size over 40 ft.
• Gyro – Casing Connector to hole over 40 ft.
• Table of maximum angle from misalignment…

XYM - Worst Case: Vertical Misalignment

Type

Hole 
Size 
(in.)

Casing 
Size 
(in.)

Gauge 
Conn. 
(in.)

Collar 
Size 
(in.)

Casing 
Len. 
(ft.)

Angle 
Gyro 

(°)

Angle 
MWD 

(°)
Casing 26 20 21 9.5 40 0.60 0.98
Casing 23 18.625 19.625 9.5 40 0.40 0.81
Casing 17.5 13.375 14.375 9.5 40 0.37 0.48
Casing 16 13.375 14.375 9.5 40 0.19 0.39
Casing 12.25 9.625 10.625 8 40 0.19 0.25
Casing 8.5 7 7.677 6.5 40 0.10 0.12
Tubing 6 2.875 3.668 — 40 0.28 —
Tubing 8.5 3.5 4.5 — 40 0.48 —

Instrum
ent

Casing



XYM Vertical Well Separations < 2° Inclination

Actual gyro vs. 
MWD at TD

ISCWSA MWD Rev 4

< 1200’ underestimate

> 1200 overestimate

MWD + XCL + RMIS



SAGE More Separation Data with Inclination up to 15°



Inclination Differences – SAGE

ESAG - 3ơ

ESAG - 1ơ

0.1° +VE Bias 75% of MWD Inclinations read high 



Azimuth Differences – XYM & Gross Errors



Low Angle SAGE Error 
2 Stabilizer BHA, MWD above 2nd stab



New ESAG Weighting 3ơ

Old SAG Weighting 3ơ

SAG – Worst Case



Test Data
ISCWSA #1,#2,#3

XCL I&A
SAGE
XYM 3&4

Will add 300m 
& 1000’ for XCL



That’s all..

Thanks & 
questions..

49th General Meeting
March 8th, 2019
Den Haag, Netherlands



Mag Field Errors – BGS
Using bggm code bggmerr_calc function 
included in bggm.c & h
D_Error is minutes at 1 sigma
H_Error is nT at 1 sigma



Mag Field Errors –HDGM
Using hdgm_file.exe with –e option 
only works with 2017 and later versions
D_Error is minutes at 1 sigma
H_Error is nT at 1 sigma



KEYWORDS in formulas – using external values

DECC – Only this
DECT
MFEC
MFET
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SPE-187073, The Effect of Survey Station Interval on Wellbore Position Accuracy, Jerry Codling

• MWD – Collar to hole size over 40 ft.
• Gyro – Casing Connector to hole over 40 ft.
• Table of maximum angle from misalignment…

Worst Case: Vertical Misalignment

Type

Hole 
Size 
(in.)

Casing 
Size 
(in.)

Gauge 
Conn. 
(in.)

Collar 
Size 
(in.)

Casing 
Len. 
(ft.)

Angle 
Gyro 

(°)

Angle 
MWD 

(°)
Casing 26 20 21 9.5 40 0.60 0.98
Casing 23 18.625 19.625 9.5 40 0.40 0.81
Casing 17.5 13.375 14.375 9.5 40 0.37 0.48
Casing 16 13.375 14.375 9.5 40 0.19 0.39
Casing 12.25 9.625 10.625 8 40 0.19 0.25
Casing 8.5 7 7.677 6.5 40 0.10 0.12
Tubing 6 2.875 3.668 — 40 0.28 —
Tubing 8.5 3.5 4.5 — 40 0.48 —

Instrum
ent

Casing



Evidence: Misalignment - Survey Comparisons Gyro vs. MWD
Slide 22

SPE-187073, The Effect of Survey Station Interval on Wellbore Position Accuracy, Jerry Codling

Gyro Survey - Blue

Gyro Survey - Blue

MWD Survey - Red

MWD Survey - Red

Low angle surveys < 2°

Azimuth Comparison



Evidence: Misalignment – Average Survey Comparisons
Slide 23

SPE-187073, The Effect of Survey Station Interval on Wellbore Position Accuracy, Jerry Codling

Gyro vs. MWD (53)
Average = 0.28°

Gyro vs. MSS (23)
Average = 0.49°

Gyro vs. Gyro (29)
Average = 0.20°



Slide 24

SPE-187073, The Effect of Survey Station Interval on Wellbore Position Accuracy, Jerry Codling

Analysis: RMIS Misalignment 
Behaviour

Rate Gyro 
vs.

Average 
Difference°

Maximum 
Angle°

RSS Angle°
1ơ

Gyro 0.20 0.28 0.16

MWD 0.28 0.52 0.30

MSS 0.49 0.94 0.54

Angle difference

Centre 
of hole

Gyro maximum angle

MWD maximum angle

Polar Diagram Angle vs Rotation
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