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Efficient Removal of Magnetic
Contamination From Drilling
Fluids: The Effect on Directional
Drilling
Magnetic debris in a drilling fluid have a significant influence on the ability of the drilling
fluid to maintain its function. Down hole logging can suffer from poor signal to noise ratios.
Directional drilling in areas close to the magnetic North Pole, such as in the Barents Sea,
Northern Canada, or Russia, can suffer because of magnetic contamination in the drilling
fluid. Magnetic particles in the drilling fluid introduce additional errors to the magnetic sur-
veying compared to those normally included in the ellipsoid of uncertainty calculation. On
many offshore drilling rigs, there are mounted ditch magnets to remove metallic swarf from
the drilling fluid. These magnets normally only remove the coarser swarf. In this project, we
use a combination of strong magnets and flow directors to significantly improve the perfor-
mance of the ditch magnets. This combination, together with proper routines for cleaning
the ditch magnets, significantly helps to clean the drilling fluid. Through the combined
use of flow directors and ditch magnets, it was possible to extract more than five times as
much magnetic contamination from the drilling fluid as normal compared with other
proper ditch magnet systems. This is verified by comparing the ditch magnet efficiencies
from two drilling rigs drilling extended reach drilling (ERD) wells in the North Sea area.
In this paper, it is discussed how the accuracy of directional drilling and well position
effected by various interferences can be improved by the use of a drilling fluid with
minimal effect to the measurement while drilling (MWD) measurement.
[DOI: 10.1115/1.4049290]
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Introduction
Drilling deviated, horizontal, and extended reach wells rely upon

proper measurements of the well path direction. Wellbore position-
ing is currently being performed using measurement while drilling
(MWD) magnetic compasses or gyros, as these types of instru-
ments currently are the only applicable tools for down hole
usage. It is well known that the accuracy of the gyro is reduced
closer to the geographic North Pole (or South Pole) that the well
is drilled as the Earth’s effects from rotation are less [1]. Similarly,
the accuracy of magnetic directional measurements, all else being
equal, is reduced closer to the magnetic poles that a well is
drilled as the horizontal field is smaller [2]. This is becoming an
industry-wide issue as more wells are drilled in Arctic regions.
One possible solution to increase the accuracy of well position in
the Arctic regions is by combining these two methods [3].
However, it is also possible to improve the accuracy of magnetic
directional measurements by closely controlling sources of error,
which include declination errors, drill string interference, and con-
taminated mud shielding.
This paper describes how to clean the drilling fluid for magnetic

contamination offshore and presents some of the consequences for
drilling and wellbore position. The findings on the use of an
improved ditch magnet system are outlined by Saasen et al. [4]
and are described in detail.

Effect on Measurement While Drilling and Logging
Tools
Acquiring accurate magnetic surveys can be a challenging

process and requires multiple inputs beyond just the MWD mea-
surements. As described by Poedjono et al. [5], the MWD measures
the Earth’s magnetic field, total B, which can be expressed as a
vector sum of three different components. The three components
are the main field, due to the dynamo in the Earth’s liquid core,
the crustal field from the magnetic minerals content of local
rocks, and a disturbance field caused by time variations in solar
activity. Having a high-accuracy geomagnetic reference model of
the local magnetic field is critical to achieve accurate magnetic
surveys as MWD tools cannot independently measure magnetic
declination which is necessary to convert the raw tool readings
from magnetic north to true or grid north which is used to calculate
position and make steering decisions, as shown in Fig. 2. Geomag-
netic reference models have seen tremendous accuracy improve-
ments over the years, as described in detail by Poedjono et al. [5].
In addition to declination error reduction, an accurate geomagnetic
reference model of the local magnetic field helps in narrowing down
other sources of error, including magnetic interference from magne-
tized drill string components and partially magnetized components
such as hot spots and mud shielding. Magnetic drill string interfer-
ence compensation has been addressed by the development of
multi-station analysis techniques as described in multiple sources,
including Lowden and Chia in 2003 [6].
Contamination of the drilling fluid by iron and steel particles

resulting from erosion or wear from casing, drill pipe and bottom
hole assembly (BHA) components during drilling and well opera-
tions, and following fluid additives has earlier been found to be a
source for errors in magnetic directional surveying [7,8]. Both
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from laboratory tests and field experience, it is observed as having a
non-trivial effect of magnetic and paramagnetic contamination of
the drilling fluid on wellbore position accuracy [9–11].
The contaminated drilling fluid acts as a magnetic shield,

decreasing the total field measured and is mainly seen on the cross-
axial measurements [10]. Figure 1 shows an illustration of the dif-
ference between the conventional drill string interference and the
cross-axial interference from magnetic shielding.
The cross-axial shielding has a dynamic element directly related

to fluid flow as discussed in detail by Tellefsen et al. [9]. In a sta-
tionary low-viscosity fluid, the magnetic particles are allowed to
orient themselves with the local magnetic field, which leads to mag-
netic shielding. In a viscous and gel-forming fluid, the alignment
with the magnetic field is inhomogeneous as the viscous properties
are different around the drill string. Therefore, different particle
configurations are “frozen in,” and an uneven shielding is obtained.
While flowing, the magnetic particles are uniformly distributed and
randomly aligned, which has a minimal effect on the Earth’s mag-
netic field as measured by the tool. The dynamic nature leads to dif-
ficulty in compensating survey measurements using standard
correction methods. However, cross-axial interference can show
typical patterns when plotting MWD measurements. One useful
plot has the horizontal axis representing a normalized horizontal
component with the vertical axis representing a normalized vertical
component of Earth’s magnetic field. The normalized components
are calculated by converting the Earth’s magnetic field vector into
horizontal and vertical components using magnetic dip values as
diagrammed in Fig. 2. This is done for both the MWD measured

values and the expected value based on the reference model. The
difference is taken between the two values to create the x,y plot.
This means that a perfect MWD measurement using a perfect refer-
ence model would be at the point 0,0 as there would be no differ-
ence between the measurement and model. The black rectangle
represents the field acceptance criteria for that specific field,
called the quality box. The smaller, red dots are uncorrected mea-
surement data. The larger, blue dots are corrections to the measure-
ment data using a multi-station algorithm. As measured points lie
within or outside this quality box, it is shown that some measure-
ment points are distorted by sources of interference and some are
not.
A typical response for a well drilled at arctic latitudes is shown in

Fig. 3, along with some annotations to help interpret the data. The
uncorrected data are grouped and can be offset from the 0,0 point by
a consistent amount, which is generally due to expected drill string
interference. There are some single outlier points which could be
due to external interference from casing or from poor surveying pro-
cedures. A multi-station algorithm can be used to correct the mea-
surements as seen by the blue points falling inside the quality box.

Fig. 1 Illustration of the difference between interference from
drill string (left) and cross-axial (right)

Fig. 2 Diagram of total magnetic field and the relationship to
true north, dip, horizontal and vertical components

Fig. 3 Typical magnetic response for the Arctic latitude well

Fig. 4 Arctic latitude well with cross-axial interference
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Figure 4 includes annotations to help interpret the data, which is
from a well in the same field as Fig. 3 but did have magnetically
contaminated mud as determined by testing of the drilling fluid
itself. There is a far outlier point due to external interference from
the casing shoe. There is a general circular pattern to the rest of
the uncorrected measurement points, which indicates cross-axial
interference. The interference was corrected with an accurate refer-
ence model as can be seen by the blue corrected surveys mostly
falling inside the quality box.
Operational experience shows that magnetic contamination in the

drilling fluid has a negative impact on directional surveys [12,13]. If
drilling in the Arctic regions, azimuth errors in the MWD readings
may be a couple of percent leading to an error of several degrees.
Even if the severity of the error is less at lower altitudes, it is not
absent (as shown in Fig. 5). It shows the shielding effect in a well
recently drilled in the Texas Permian Basin.

Rig Site Cleaning
The drilling fluids are normally cleaned for magnetic contami-

nants using ditch magnets. These magnets are normally placed in
the flowline upstream of the primary solids control equipment on
a drilling rig. In some cases, they may also be positioned down-
stream of the solids control equipment. Until recently, these
magnets were inefficient. In principle, they are all strong magnets
that should remove as much magnetic solids as possible.
However, a magnet lying on the bottom of the flowline only attracts
the larger-size swarf in the fluid.
Vertically positioned magnets are more successful. However, as

the hydrodynamic forces normally are significantly greater than the
magnetic forces on the small-size magnetic contamination fines,
most magnetic particles pass by the magnets. The reason is the
very strong spatial decay of the magnetic strength with distance
from the surface as illustrated in Fig. 6. Recently, a flow-positioned
ditch magnet system had been introduced [14]. It showed that this
flow-positioned ditch magnet system removes significantly more
magnetic contamination from the drilling fluid than any other
ditch magnet systems [4,15,16]. The reason for this is the flow posi-
tion system where the drilling fluid volumes are forced to flow
closer to the strong magnetic field. The following chapter describes
the system.
The jack-up drilling rig Maersk Interceptor was used to drill the

wells at the Ivar Aasen field on the Norwegian Continental Shelf

[4]. On this rig, the flow-positioned ditch magnet system was
used. In certain cases, it removed more than seven times as much
magnetic contamination as usual on a drilling rig. As a result, less
magnetic particles became attached to down hole logging tools. It
was never necessary to pull out of hole to replace a logging tool
because of tool failure during drilling. At the same time, the
signal to noise ratio from the logging instruments was unusually
high. The following sections describe the parts of these effects in
detail.

The Flow-Positioned Ditch Magnet System
Flowing drilling fluid into an area with strong magnetic fields is

required to clean the drilling fluid of magnetic contaminants. A
typical magnetic flux density measured at different lengths from
the magnetic rod is shown in Fig. 6. The maximum field density
along the magnetic rod is around 1.2 T. The field density 5 mm
away from this rod has been reduced to roughly a third. The field
density 30 mm from the magnet surface is negligible. Hence,
these values show how important it is to force the fluid to reach
the near vicinity of the magnetic rods.
The magnetic forces are not constant along the rods. The mag-

netic rod is constructed as a stack of short magnets. Hence, the

Fig. 6 The magnetic flux density measured as a function of the
distance from themagnetic rodmeasured at two axially magnetic
maxima along the rod

Fig. 7 The magnitude of the magnetic flux density measured as
a function of the distance along the magnetic rod. Solid line is
measured at the rod surface, stippled line 5 mm away from the
surface, and dotted line 10 mm away from the surface.

Fig. 5 Cross-axial and drill string interference seen on well
drilled in Permian Basin
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magnetic field direction alternates along the rod. The absolute value
of the measured field of one of the rods is shown in Fig. 7. The
average absolute value at the rod surface measures at 0.41 T. At
5 mm distance, this average measures at 0.20 T. And at 10 mm dis-
tance, 0.09 T.
Aswas presented in the previous paragraph, use of a strongmagnet

is insufficient to obtain proper cleaning of magnetic contamination.
The flow has to be modified to ensure that the magnetic rods get
close contact with as much of the fluid as possible. This is ensured
by positioning the rods in a pattern [14] as shown in Fig. 8. In the
figure, it also shows that the magnets are mounted in duplets using
a guiding shoe at bottom and at top. In the framework mounted in
the ditch, there is an insert support frame. This frame is easier to

see in Figs. 9 and 10. This guiding support frame has two functions.
First, it acts as a guiding support frame. Second, it acts as a vortex
generator for the flow. These vortices transport a larger portion of
the drilling fluid into the very near vicinity of the very strong mag-
netic rods. Hence, more fluid is exposed to the strong magnetic
field and more magnetic contamination is removed.

Ditch Magnet System Performance
The performance of the flow-positioned ditch magnet system

was reported by Saasen et al. [4]. For drilling operations on rigs
where conventional ditch magnets are used, the logging personnel
on Maersk Interceptor stated that usually 0.5–2 kg steel was col-
lected daily from the ditch magnets. On the Maersk Interceptor
operations, the mass of 0.5–2 kg steel was collected per hour.
The average magnetic contamination particles extracted per hour
for the first 28 12¼ in. section drilling operations was 2.31 kg/h.
The similar extracted mass for the first 35 8½ in. sections was
2.56 kg/h. The rig personnel claim that the removed material is
a kind of magnetic steel paste. This steel paste’s major constituents
are small-size steel particles typically less than 150 μm. Earlier,
ditch magnet waste material consisted of primarily larger-size
swarf. The removal of the smaller-size steel particles is expected

Fig. 8 Sketch of a flow-positioned ditch magnet system

Fig. 9 Illustration of magnetic rods mounted on a guiding shoe
that will follow the right-angle guiding support frame

Fig. 10 Illustration from above of themagnetic rodsmounted on
a guiding shoe that will follow the right-angle guiding support
frame

Fig. 11 Plot from a North Sea well with suspectedmud shielding
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to have had positive effects on reducing the need to pull out to
repair logging tools and is anticipated to have given several
other benefits like the mentioned good signal to noise ratio of
logging tools.

Ditch Magnet System Performance on Directional
Measurements
Magnetic contamination of drilling fluids can affect MWD mea-

surements. These errors, if not properly compensated for, lead to

increased uncertainty in azimuth values with errors greater than
1 deg [10]. Example data sets shown below are from different
wells drilled in the North Sea, including those drilled from the
Maersk Interceptor at the Ivar Aasen field. Figure 11 is a well
drilled with suspected magnetic shielding showing the dynamic
effects as indicated by the lack of a clear circular pattern of the
raw data.
Figure 12 shows the same data that are being shown in Fig. 11,

but the data are plotted as measured total magnetic field versus mea-
sured depth. This plot shows a depression of the total field by
around 110 nT, which indicates possible magnetic shielding.
Finally, Figs. 13 and 14 show the exceptionally clean magnetic

data from an Ivar Aasen well drilled from the Maersk Interceptor
Jack-up rig with the flow-positioned ditch magnet systems in use.
The measured total field values match up very closely with the
expectations based on the reference model.

Conclusion
An improved ditch magnet system has been introduced in the

drilling operations at the Ivar Aasen field on the Norwegian Con-
tinental shelf. Measurement results from the wells drilled at that
field show that very efficient removal of magnetic debris has
been achieved. The removal of the magnetic debris has simplified
the magnetic surveying analysis by mostly eliminating one source
of error. Accurate magnetic surveying is a process that requires a
good understanding of error sources. Using a high-quality geo-
magnetic reference model and implementing a multi-station algo-
rithm can control errors related to declination and drill string
interference. However, magnetically contaminated drilling fluid
has a dynamic element that can be challenging to correct. Ensur-
ing that the drilling fluid is clear of magnetic contaminants goes a
long way in reducing any related errors. Conventional ditch
magnet systems are relatively inefficient in cleaning small-sized
magnetic material from the drilling fluid. The flow-positioned
ditch magnet system has shown to efficiently eliminate even
the smaller-sized magnetic material to improve well placement
accuracy.
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