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data were compared to data from four other
: gt K observatories around the North Sea: Dombas
[ e~ observatory in Demark (supplied by the Danish

i Meteorological Institute), Brorfelde Observatory
in Norway (supplied by the University of Bergen)
and Eskdalemuir and Hartland observatories

levels are unknown’. If the user knows the
magnetic field is quiet the confidence over most
of the North Sea rises to 99%. Confidence drops
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For a typical North Sea well, data were
generated using all definitive one-minute
values since 1983, when digital recording at
the three UK observatories began. This
covers two solar activity cycles. These are
compared with the main and crustal field
values. The differences, or errors, represent
the external field variations. These data are
used by surveyors at the well planning stage
to calculate the error margin in the final target.

The variation of the errors for a typical
North Sea well at a high latitude are shown in
the three histograms. The space weather
effects are clearly highlighted with the 11-year
solar cycle, the bi-annual (Russell-
McPherron) effect and the local time effects
are evident.

Solar and Geomagnetic Activity Cycles
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activity cycle has
approximately the same
11-year period as the
solar activity cycle but with
alagof 2-3 years.

The four phases of
the geomagnetic activity
cycle that have been used
in this analysis.
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Potential Error Reduction In Magnetic Field Estimates

Associated With The External Field Variation
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variations are shown for
2 ol ot Low Laride three example wells at
Maximum Phase 19% | 33% 9% 23% | 25% | 16% | 23% | 25% | 20% P
Declining Phase 12% | 17% | 7% | 19% | 25% | 13% | 15% | 17% | 13% different latitudes in the North
Minimum Phase 8% 17% 5% 12% | 17% | 11% | 12% | 17% | 12% :
Ascending Phase 12% | 25% 5% 19% | 25% | 13% | 19% | 17% | 14% Sea. Percentage reductions
| Woll at Mid Latinnde vary with the four phases of
Maximum Phase 23% | 25% | 21% | 27% | 25% | 36% | 27% | 25% | 34% the geomag netic act|V|ty
Declining Phase 19% | 17% | 13% | 23% | 25% | 30% | 23% | 17% | 20% cy cle
Minimum Phase 12% 17% 9% 15% 17% 14% 15% 17% 16% .
Ascending Phase 15% | 25% | 12% | 23% | 33% | 30% | 23% | 25% | 22%
A Well at High Latitude
Maximum Phase 27% | 25% | 43% | 35% | 25% | 78% | 27% | 33% | 70%
Declining Phase 23% | 17% | 32% | 31% | 25% | 71% | 27% | 17% | 43%
Minimum Phase 19% | 17% | 22% | 23% | 17% | 34% | 19% | 17% | 28%
Ascending Phase 19% | 25% | 28% | 27% | 33% | 70% | 23% | 25% | 47%

Industry Examples

If the external field variations are accounted for drillers
can continue operations during magnetic storms avoiding
the time and expense of waiting for quiet magnetic
conditions to re-survey. Even during quiet magnetic
periods it can be used to identify other potential sources
of error in the magnetic survey tools used, or with other
down-well equipment and systems such as magnetically
susceptible drilling fluid (magnetic mud).

steel particles shield the
Earth’s Magnetic Field.

In Norway it is very common to use recycled oil-based
mud as a drilling fluid. Over the many months that this
same mud is used and re-used, large quantities of
abraded steel become suspended in this fluid. This has
the effect of attenuating the MWD sensor readings as the
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An example of survey data enhancement with IIFR

A wellpath with error ellipses for
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The planned and actual wellpath of a near
horizontal well are shown. The improvement gained

Horizontal target:
+10m wide corridor
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three different survey methods: MWD with
main field corrections; MWD with all sources
of the magnetic field corrected for, and

Planned well path

gyroscopic corrections. The accuracy of the

by accounting for all sources of the magnetic field is
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gyroscope method.
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This example is from a survey taken while
drilling of a well in Alaska. This was surveyed
during moderate conditions so compares
favourably with the type of effects seen in the
North Sea.
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The blue line shows the magnetic survey
measurements taken at the drill site. The red
line is the magnetic data supplied from JCO
Observatory. Two magnetic components are
shown: Inclination (Dip) and Total Magnetic
Field (Bt).

000000000000000

81.1

This shows how the magnetic data provide
useful quality control information: if the survey
measurements do not match the observatory
data then it may suggest there is a problem with
the survey tools or another source. (See )
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‘ ‘ | | The magnetic field data are a valuable aid to the
decision making process.

Using external field values to correct a

B Total

This example is from a survey
taken while drilling of a well in the North
PP \ Sea. The purple line shows the
magnetic survey measurements taken
at the drill site and the red line shows
the BGS data supplied. (The blue and
green lines should be ignored). Two
magnetic components are shown:
Inclination (dip) and Total Magnetic
Field (B).

50.10

50.00 +

49.90 +

49.80

49.70 +

49.60

49.50 t
4000 7000

Depth (feet)

5000 6000

Dip

71.20

The total magnetic field data correlates
well throughout the survey. However, it
is clear with inclination (dip) there is a
mismatch between the observatory
data and the survey results suggesting
a error is present. The cause of this is
currently unknown and is being
investigated.
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wellbore direction for the effect of interference o
caused by magnetic mud. If the normal assumption 5
is made, which is that all the magnetic interference
comes from the drill string, the result is an azimuth
error of 3°. Without IIFR it would have been
impossible to differentiate between the drill string
interference error and the effect of the magnetic L
mud. When drilling wells that are close to .
horizontal the drill string correction algorithms are
very sensitive to small errors in the magnetic field

True corrected azimuth
using lIFR™ values
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Erroneous corrected azimuth
assuming error is all the result of
drill string magnetic interference
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