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Introduction

•
 

SPE 67616 by Williamson outlines the mathematical 
framework and numerical inputs for MWD surveys error 
model. 
–

 
MWD sensor performance is somewhat similar

–
 

Magnetic field distortions and fluctuations are the main source of 
errors.

•
 

SPE 90408 by Torkildsen outlines only the mathematical 
framework gyro survey tools.
–

 
Gyro sensor performance greatly varies between companies.

–
 

Earth Rotation rate is a very stable reference, main source of error 
is related to the sensor performance.
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Objectives

•
 

To start a process to close a potential safety gap 
associated with “unproven gyroscopic error models”

•
 

To present the derivation of a set of realistic uncertainty 
estimates for gyroscopic tools based on statistical 
analyses of real downhole data

•
 

To emphasize the fundamental issue of linking error 
models with QC procedures
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Layout and Scope

•
 

Assumption: survey data is free of gross error, data 
outside ±

 
3σ

 
confidence (QC) level are excluded.

•
 

Services to be analyzed:
–

 
Stationary surveys

•
 

Multistation gyrocompassing on wireline
•

 
Multistation gyrocompassing with battery tools dropped into the 
well

–
 

Continuous surveys 
•

 
Continuous survey on wireline in deviated wells

•
 

Continuous survey on wireline in vertical wells

•
 

Kick-off and orientations and GWD are not included in this 
study
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Layout and Scope II

•
 

The creation of dedicated error models dependent on: 
–

 
Sensors used

–
 

Sensor configuration
–

 
Running gear –

 
centralization of the tool

–
 

Running procedure
–

 
Tubular –

 
drillpipe, casing, conductor, tubing

–
 

Environmental conditions –
 

type of rig
–

 
Quality Control

–
 

Correction procedures adopted
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Preliminary Statistical Analysis

•
 

484 surveys from different regions were analyzed. 
•

 
Probability distribution was estimated for each error 
source.

•
 

Distributions were classified as Normal (Gaussian) or 
not-Normal.

•
 

3σ
 

level QC was used for Normal distribution and 2σ
 level QC was used for not-Normal distribution
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Estimation of Uncertainty Parameters
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•
 

Accelerometer, gyroscope and environmental errors are 
examined separately for stationary and continuous surveys 
services

•
 

Sensor performance and QC are based on:
–

 
Multi-Station Correction (MSC)

–
 

Tool Repeatability
–

 
Inrun / Outrun comparison

•
 

Stationary surveys:
–

 
MSC based on the physical model of the sensors

•
 

Continuous surveys:
–

 
Empirical model of the tool behavior 



Accelerometer Errors I
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Accelerometer Errors II
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Gyro Errors –
 

Stationary I

•
 

Company Standard Practices:
•

 
Z-axis indexing of XY gyro.

•
 

MSC:
–

 
Multistation correction algorithm based on XY gyro model 
and Earth Rate has been implemented.

–
 

Apparent gyro bias errors (GBX and GBY), the direct mass 
unbalance error (M) and the random gyro noise (RG) can 
be estimated.

–
 

Correlation coefficients (CC) based on well geometry and 
running configuration must be checked. 

•
 

Pre and post job field Roll Test (RT)
•

 
Pre and post job base RT
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Gyro Errors –
 

Stationary II
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•
 

Corrected model:
–

 
EM is based on downhole data and MSC uncertainty values 

–
 

QC is based on downhole data only

•
 

Uncorrected model:
–

 
EM is based on downhole data and MSC systematic correction

–
 

QC is based tool repeatability (RT)
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Gyro Errors –
 

Stationary III



Gyro Errors –
 

Continuous I

•
 

Empirical model is used –
 

Error contributions include: 
initialization error, linear drift and random walk.

•
 

Initialization is obtained through gyrocompass.
•

 
Inrun-outrun based azimuth drift correction algorithm is used 
to correct the data.
–

 
The algorithm reports the average inrun-outrun drift and 
the associated random walk. This parameters can be 
analyzed and used for an uncorrected model.
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Gyro Errors –
 

Continuous II
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Gyro Errors –
 

Vertical Continuous

•
 

Empirical model approach –
 

Error contributions include: 
initialization error, linear drift and random walk.

•
 

Issues:
–

 
Z-axis gyro is use to track gyro toolface.

–
 

At low INC, AZH and INC are highly correlated.
–

 
Drift on gyro toolface is not proportional to depth
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Gyro Errors –
 

Vertical Continuous II
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Tool Misalignment
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Conclusions

•
 

There is a vital need for representative and justifiable 
error model for safe and reliable surveying when using 
gyroscopic tools.

•
 

The paper illustrates the procedures adopted by one 
gyro service company for the extraction of realistic error 
model data -

 
new set of uncertainty estimates for some 

existing gyroscopic tools.
•

 
Individual service companies can and should provide 
error models based on real downhole data for each type 
of tool and service on offer.

•
 

Substantial effort and resource commitment are needed 
to generate error models



Closing remark
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Continued use of unproven or overly 
optimistic error model inputs for 

gyroscopic tools might lead to hazardous 
events or missed targets
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