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MWD Magnetic AzimuthMWD Magnetic Azimuth

• Dominant error sources:Dominant error sources:
– Uncertainty associated with nominal declination angle
– Z axis disturbance field from magnetised BHA componentsZ axis disturbance field from magnetised BHA components

• Both quantified in the MWD (basic) error modelq ( )
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ISCWSA MWD Error ModelISCWSA MWD Error Model
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Axial Drillstring InterferenceAxial Drillstring Interference

C• Cause

• Effect• Effect
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Axial Drillstring InterferenceAxial Drillstring Interference

I d d ti ti• Induced magnetisation
– Not included in the ISCWSA model

• Remnant/Permanent magnetisation

– Included in ISCWSA model
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ISCWSA Error TermsISCWSA Error Terms

1 i1 sigma

• Why SinISinA?
Why AMIF?• Why AMIF?
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ISCWSA Error TermsISCWSA Error Terms

1 i1 sigma

• Total DSI = sqrt(AMID2 + AMIF2) 
0 25° t ti l th/ th• 0.25°at vertical or north/south

– But zero positional effect at vertical

0 65° t h i t l t/ t• 0.65 at horizontal, east/west

• Need for fixed term may be questioned

• Values are arbitrary
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ISCWSA Model Bias OptionISCWSA Model Bias Option

1 i1 sigma

• AMID 
T t d bi d di l i t d t b 0 33°• Treated as biased error displacing mean towards equator by 0.33°

• Uncertainty reduced to 0.5°

• Now not recommended by ISCWSA
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BHA Conformance with Model’s AssumptionBHA Conformance with Model s Assumption

• Pre-job
– Test BHA spacing for compliance with model’s assumptionTest BHA spacing for compliance with model s assumption

• While drilling

– Dip and Bt QC tests include DSI uncertainty per error model 
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Pre-Job QC of BHA - ExamplePre Job QC of BHA Example

• Geomag location mattersGeomag location matters
– Azimuth “signal” is BH

– BHA Interference-FieldH is a competing signalH p g g
– Resultant azimuth signal is the vector sum of the two

• Example Location: Offshore, Louisiana
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Pre-Job QC of BHA - ExamplePre Job QC of BHA Example

• Location: Offshore, LouisianaLocation: Offshore, Louisiana
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Pre-Job QC of BHA - ExamplePre Job QC of BHA Example

R lt (90I /90A )• Result (90Inc/90Az)

– “Max Allowed” is error model assumption scaled to 3 sigma
– “This BHA” also scaled to 3 sigma
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Pre-Job QC of BHA - ExamplePre Job QC of BHA Example

Location: Offshore, LouisianaLocation: Offshore, Louisiana
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Pre-Job QC of BHA - ExamplePre Job QC of BHA Example

Location: Offshore, LouisianaLocation: Offshore, Louisiana
• 30Inc/60Az
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Pre-Job QC of BHA - ExamplePre Job QC of BHA Example

Location: Offshore, LouisianaLocation: Offshore, Louisiana
• 30Inc/60Az

• 90Inc/90Az90Inc/90Az
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Pre-Job QC of BHA - ExamplePre Job QC of BHA Example

Max Allowed Bz Uncert feeds into QC test limit valuesMax Allowed Bz Uncert  feeds into QC test limit values
• 30/60

• 90/9090/90
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Pre-Job QC of BHA - ExamplePre Job QC of BHA Example

Location: North Slope, AlaskaLocation: North Slope, Alaska
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Pre-Job QC of BHA – Example - AlaskaPre Job QC of BHA Example Alaska

30/6030/60

90/90

Must increase non mag spacingMust increase non-mag spacing
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Why did it fail?Why did it fail?

• Geomag location mattersGeomag location matters
– Azimuth “signal” is BH

• Dip sensitive
– BHA Interference-FieldH

• Inc/Az sensitive
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QC at Low Inclination or N/SQC at Low Inclination or N/S

0/0 90/0 90/180• 0/0, 90/0, 90/180

• 10/10
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SummarySummary

• Values are arbitrary
– Therefore BHA must conform

• Weighting function models attitude sensitivity

• Biased option not recommended

• Uncertainty is not location dependent
Therefore spacing requirement is location dependent– Therefore spacing requirement is location dependent

• QC tests insensitive at low Inc and N/S• QC tests insensitive at low Inc and N/S
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Alternative QuantificationAlternative Quantification

ISCWSA Standard• ISCWSA Standard
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Alternative QuantificationAlternative Quantification

• ISCWSA Standard

• Alternative to AMID

– Bz bias effect, not azimuth
– Value still arbitrary
– Geomag location dependent via B*CosDip weighting
– AMIF (AZ) optional
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Alternative QuantificationAlternative Quantification

• ISCWSA Standard

• Alternative to AMID

Adopted by ISCWSA Operator Wellbore Survey Group (AMIL)
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Pre-Job QC of BHA – Alternative Error TermPre Job QC of BHA Alternative Error Term

• Location: Offshore, LouisianaLocation: Offshore, Louisiana

• 30/6030/60

• 90/9090/90

© 2010 Baker Hughes Incorporated. All Rights Reserved. 25



Pre-Job QC of BHA – Alternative Error TermPre Job QC of BHA Alternative Error Term

• Location: North Slope, AlaskaLocation: North Slope, Alaska
• 30/60

• 90/9090/90
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Pre-Job QC of BHA - ComparisonPre Job QC of BHA Comparison

Location: Offshore, Louisiana, 90/90Location: Offshore, Louisiana, 90/90
• Standard

• Alternative
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Pre-Job QC of BHA - ComparisonPre Job QC of BHA Comparison 

Location: North Slope, Alaska, 90/90Location: North Slope, Alaska, 90/90
• Standard

• Alternative
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QC at Low Inclination or N/SQC at Low Inclination or N/S

10/1010/10
• Standard

• AlternativeAlternative
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Error Model Variants - Spacing OptionsError Model Variants Spacing Options

• Single non-mag spacing optionSingle non mag spacing option 
may be too restrictive
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Summary 1Summary 1

• Error terms model permanent magnetisation

• Fixed value term contributes uncertainty even at north/south

• Arbitrary term values

Therefore BHA must be evaluated for compliance with model– Therefore BHA must be evaluated for compliance with model

• Weighting function models attitude sensitivity• Weighting function models attitude sensitivity
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Summary 2Summary 2

• ISCWSA termsISCWSA terms

– Uncertainty is not location dependent
– Therefore spacing requirement is location dependent– Therefore spacing requirement is location dependent

• Alternative term

– Uncertainty is location dependent
– Therefore spacing requirement is not location dependentp g q p
– Compliance more likely?

• Single spacing option is restrictive
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Summary 3Summary 3

• Survey QC tests should include model’s DSI contribution• Survey QC tests should include model s DSI contribution

ISCWSA terms result in QC tests that catch out of spec Az• ISCWSA terms result in QC tests that catch out-of-spec Az, 
but not out-of-spec condition

• ISCWSA terms reduce QC sensitivity at low inc and N/S

• QC tests derived from alternative term catch out-of-spec 
condition but can trip with insignificant Az errorcondition, but can trip with insignificant Az error
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