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OUTLINE

O Wellbore position

O Inclination measurements

O Azimuth measurements

O Error moo

O Error moo

O Error moo
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s for Magnetic tools
s for Gyro tools

S and gross errors

O Conclusions and Recommendations
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AZIMUTH
OLD MAGNETIC TOOLS

Film Disc Drift and Direction

Concentric Ring Glass

Compass



MULTISHOT MECHANISM




SOLID STATE MAGNETIC TOOLS

JGx?% + Gy?
Gz

I = arctg

Gx
a= arctg Gy

A=6+tan‘1[

Hx cosx—HYy sin« ]
cos I(Hx sink+Hy cosx)+Hx sin I

Htotal = \/Hx2 + Hy?2 + Hz2 Dip Angle= f(Hx, Hy, Hz, Gx, Gy,

Gtotal = \/Gx? + Gy? + Gz2
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AZIMUTH

A MAGNETIC TOOLS

MAGNETIC REFERENCE

I Very stable sensors
I Variable reference

A Rate Gyro tools

EARTH RATE REFERENCE

I Very stable reference
I Variable sensors

I Self oriented with the
Earth Rate.

A Rate gyro tools
| Dependent of one

CONTINUOUS MODE

Initialization point
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QUALITY CONTROL FOR MAGNETIC TOOLS

A INTERNAL TEST in each shot
I Total Magnetic Field (H Total)
I Total Gravity (G Total)
I Dip angle

I Additional tests

I Repeated measurements with additional
down-hole sensors

I Rotation Shot Misalignment Test
Tool misalignment components
For BHA-fixed tool

(SPE PAPER 105558)
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FREE GYRO
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RATE GYRO
GYRO COMPASS MODE

Accelerometers provide ng“ye

Inclination and Tool Face

Gyro provides the

direction to true North Spin AXis

Instrument Axis

axis x
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RATE GYRO
CONTINOUS MODE

Horizontal Earth
Rotation Vector

Vertical Earth "

Rotation Vector ’ l

Wellbore Direction

Gyro Sensor
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QUALITY CONTROL FOR RATE GYRO TOOLS

O For Gyro Compass mode
O Horizontal Earth Rate Test for XYy
Gyro system

O Total Gravity (G total)

OFor Continuous mode
0 Quality Number

O In run / Outrun comparison
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ERROR MODEL FOR MAGNETIC TOOLS

A Wolff and De Wardt model in 1981

A Basic MWD ISCWSA model in 2000 (Williamson SPE
67616)
A Assumptions
A Errors in the calculated well position are
caused exclusively by the presence of
measurement errors at the wellbore survey
stations

A Three element measurement vectors
ADepth
Alnclination,
AAzimuth.
ATool Face angle is required for the
propagation of the error

17



ERROR MODEL FOR MAGNETIC TOOLS

A Error sources Statistically independent

A Linear relationship between the size of each

measurement error and the position (or
coordinate) error

A The combined effect on final position of any
number of measurements at any number of
survey stations is equal to the vector sum of
the contribution of the individual error effects.
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ERROR MODEL FOR MAGNETIC TOOLS
ASSUMPTIONS

A Error propagation mode can be
ARandom
A Systematic
AWell by Well or
AGlobal.

A MWD surveys run

Afollowing standard procedures

Arigorous and regular tool calibration

Asurvey interval no greater than 100ft

Anon-magnetic spacing according to standard
charts

Anot surveying in close proximity to existing
casing strings or other steel bodies

19



ERROR MODEL FOR GYRO TOOLS

A Set of terms for the ISCWSA compatible model for
Gyro compass mode

A Set of simplified terms for the continuous mode of
operation

A All terms for the ISCWSA need to be provided for
each gyro Company

SPE 90408
20
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GROSS ERROR EXAMPLE
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COMPLETION APLICATION EXAMPLE
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