Quality Control and error analysis of the well-bore positions on the offshore platforms

This thesis focuses on quality control and error analyses of directional surveys for positioning of oil wells. The survey instruments commonly used in wellbore surveying consist of different sensors such as accelerometers, magnetometers and mechanical gyroscopes that measure components of the Earth's gravity field, Earth's magnetic field and the Earth's rotation rate respectively. The measurements are used to estimate the orientation of the drill head relative to an Earth-fixed reference coordinate system.

The common way is to estimate the direction of drill head in real time from measurements taken at a single survey station. This process is repeated for every survey stations along the well. However, the estimation can also be based on measurements from a number of survey stations, an approach commonly known as multi-station estimation. This method enables simultaneous estimation of directional parameters and additional parameters describing survey quality. Such parameters may be systematic errors and noise related both to the sensors and their environment. 
The purpose of this thesis is to investigate the capability of multi-station estimation to quality control wellbore directional surveys, with primary focus on limitations and application areas. The investigations are performed for a variety of surveying conditions, by analyses of synthetic and real surveying data.

The combined use of multi-station estimation techniques and statistical tests for assessing significance of additional parameters is demonstrated on synthetic magnetometer and accelerometer measurements. The performance, in terms of the sensitivity of tests and uncertainties of estimated parameters, is strongly dependent on the wellbore direction in particular. However, corrupted surveys are more likely identified when applying multi-station estimation compared with conventional single-station estimation techniques. 

A study was carried out to investigate the error properties of magnetic surveying data as well as to demonstrate how to apply multi-station estimation techniques in a reliable way. About 70 wellbore sections from the North Sea and the Norwegian Ocean area were analysed in this study. The investigations showed that about 3 percent of the measurements were corrupted by gross errors. The oil industry has developed error models for prediction of borehole position uncertainty. It was shown that the quality of magnetic surveys is in accordance with the error model for some types of systematic errors. For other error terms, however, it is difficult to conclude whether the quality is satisfactory. The reasons are mainly due to the insensitivity of statistical tests of significance and because sensor specific errors cannot be distinguished from magnetic environmental disturbances. These inabilities are considered to be a serious limitation of multi-station estimation.

Gyroscopic surveys were also considered. They show many similarities to magnetic surveys. However, estimations based on gyroscopic surveys provide easier interpretable results, mainly because such sensors are insensitive to magnetic fields and since the Earth's rotation rate is a more stable reference than the Earth's magnetic field.

The main conclusion is that it is definitely a non-trivial problem to interpret estimation results correctly. There are often many parameters to estimate and combined with poor surveying conditions this may lead to uncertain solutions for the estimated parameters. Multi-station estimation techniques cannot replace laboratory calibrations and are generally more suited for diagnosing external effects and serious sensor imperfections. However, multi-station estimation will always provide useful information about survey quality when applied in a sensible way. 
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