
44th General Meeting

September 22nd, 2016

Glasgow, Scotland, UK
Wellbore Positioning Technical Section

MWD a new approach
Angus Jamieson

1



44th General Meeting

September 22nd, 2016

Glasgow, Scotland, UK
Wellbore Positioning Technical Section

• Angus Jamieson

• Professor of Offshore Engineering

• September 22nd, 2016

• Member of SPE, Chartered Surveyor RICS

Speaker Information

2



Speaker Bio

• Introduction
• AJ Consulting Ltd and UHI University, Inverness
• 37 years oilfield experience
• Heriott Watt  Bsc in Civil Engineering, FRICS
• Live in Inverness, Scotland
• Specialized in 

• Marine and Downhole Surveying
• Mathematics and Software
• Directional Drilling
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Company / Affiliation Information
Come and Study 

at UHI

Why wouldn’t you?
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New Approach Objectives

• 1. Avoid Orthogonality Issues

• 2. Allow for more sensors to be used

• 3. Make Calibrations more accurate

• 4. Speed up Calibration Process

• 5. Improve MWD Accuracy
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New Approach

• For Example

T      W

• X is   0      90 

• Y is  90     90

• Z is   0       0 
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New Approach

• Microtesla 4AM

T       W

• A is   -30     25

• B is    30     90

• C is   -90     90

• D is   110   150 
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New Approach

• Find the 2 alignments for each sensor
• Alignment from along hole axis W

• Alignment from high side axis T

• Include all sensors available in the tool

• Calibrate each sensor’s 2 alignments v Temperature 
using a ‘hot’ tumble and a ‘cold’ tumble (Use a linear 
interpolation for W and T at other temperatures)
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New Approach

• Using actual alignments corrected at each temperature
• Set tool to inc 60, azi 0, Tf -45, heat to 150 and record while cooling

• Set tool to inc 120, azi 180, Tf 135, heat to 150 and record while cooling

• Determine least squares best fit polynomials to correct for scale and bias

• In Instrument firmware use temperature corrected sensor 
data and actual alignments to produce synthetic 3 axis 
perfectly orthogonal data for surveys
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Calibration Tumbles

• Set to room temperature

• Set multiple toolfaces, inclinations and azimuths on known orientations 
(minimum 12)

• Record raw data from all sensors and temperature

• Apply monte carlo scale, bias, T alignment and W alignment to minimise the 
sum of the errors squared

• Use W and T corrected for temperature

• Calculate the unit vector for the sensor in N, E, V

• Error = dot product with observed field – observed value

• Sum of errors ^2

• Repeat at ‘hot’ value say 150 degs C
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Use linear fit on T and W for all other 
temperatures
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Cooling Curves
• Set inc 60,  azi 0, tface -45 

• heat to 150 and record while cooling

• Set inc 120, azi 180, tface 135

• heat to 150 and record while cooling

These two orientations will provide enough data to fit a 
scale and bias polynomial fit through the cooling curves 
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Typical Cooling Curve Fit
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‘Nominal’ Sensor Orientations Loaded from File
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Measurements Pasted from Excel
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Calibration of Accelerometers
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Calibration of Magnetometers
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Solve the simultaneous equations using all 
available data (inc. cold and hot tumbles)

For Each sensor
• W Alignment is then the actual Alignment from along hole corrected for temperature

• T Alignment is then the actual Alignment from Toolface corrected for temperature

• Scale is at^3 + bt^2 + ct +d 

• Bias is et^3 + ft^2 + gt +e

• True observation  = (observed – bias) /Scale

Use the T and W vectors to find the inclination, azimuth and toolface that best fit all the 
observed values by minimising the errors squared.

Finally:

Calculate the theoretical raw readings you would have seen had their been no scale, bias 
or misalignment from a true orthogonal set of sensors and pulse these to surface.
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Advantages

• Much shorter calibration time

• Greater accuracy in the result

• Uses all available sensors in the angles calculation

• Same process regardless of number of sensors

• Same output (perfectly orthogonal raw data or inc azi 
tface)

• No change to field procedures


