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two minutes at their measurement
temperature. Further, if one wants to
compare results from Fann 35 viscometers
to measurements done on a rheometer, it is
even more important to have a consistent
pretreatment of the fluids. The questions one
seeks to answer in the present study are: i)
how large is the effect of preshearing/no
preshearing/rest?; ii) is preshearing or rest
the most preferable in order to get
reproducible results? These questions are
likely to become even more important if
other rheological properties than viscosity
are evaluated.
Bui et al.7 presented a study concerning
rheological properties of oil-based drilling
fluids. The preparation procedures are not
thoroughly described in the article.
However, in another work Bui8 presented
this preparation in some more detail. In
summary his procedure was to blend the
drilling fluid portion, shear it at 1000 s-1 for
10 minutes and then let it rest statically for a
definite time period. This time period was
determined by measuring the linear
viscoelastic properties to determine the time
to reach an accepted level of stationary
values. This time was then used in the other
experiments.
Understanding the effect on rheological
properties of drilling fluids based on
activities
performed
before
the
measurements are taken is important also in
the field. In practice fluid data are taken
during different activities such as: drilling
and circulation (high shear), tripping in/out
(low shear), reserve volume preparations
(low to no shear), etc. These data are often
put in the same context and one searches for
changes to the fluid based on trend analyses.
Also knowing that the activity level on a
drilling rig is high, the time from sampling
until the measurements are done in the
laboratory
is
varying
and
rarely
documented. In this work, effects that may
increase the variance of the data and also
lead to wrong interpretation of data and
trends are identified.
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In the following, a methodical study is
presented in which the effects of waiting
time and/or preshearing on measurements of
viscosity and other rheological properties of
an oil-based drilling fluid are quantified in a
systematic way. These results give a
foundation for a suggestion for an
experimental preconditioning procedure for
rheological characterization of oil-based
drilling fluids.
EXPERIMENTAL
Drilling fluid design
The fluid selection was based on
previous work9 and delivered by M-I
SWACO. The oil-based drilling fluid
(OBDF) was a field fluid which had been
used during actual drilling operations. Prior
to delivery, the fluid was cleaned,
reconditioned and shipped to the research
facilities of SINTEF. The OBDF is an
emulsion of high-alkaline brine droplets in
the continuous phase of base oil, and
enriched with barite weight material as well
as clay (Bentone128), emulsifier and fluid
loss material. Bentone128 was used as the
primary viscosifier. The original ratio of
base oil to water, before clay addition, was
85/15. The fluid was used for circulation in
a full scale flow loop, and while running
through the sand removal filters of the
circulation unit both sand, clay and small
amounts of water were filtered out on each
circulation. This, together with evaporation
effects, lead to loss of water and a change in
the oil/water ratio (OWR) over time. This
dewatering effect was noticed over a few
days of operation, but it was decided to
continue with the operation and keep the
viscosity expressed with Fann 35
measurements more or less constant.
Bentone128 was added to compensate for
the loss in viscosity, and at the respective
time of sampling for the data measurements
in this work, the OWR of the fluid was 91/9
for the first batch and 95/5 for the last batch.
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been sheared significantly (through the 600
to 100 rpm measurements).
Fann 35 dial readings, for which the
fluid has been pre-sheared for 10 min at 600
rpm (equivalent to 1022 s-1) prior to
measurements, are shown in Fig. 2 and 4 for
28 and 50 ⁰C, respectively. A much flatter
trend with increasing time from sampling is
apparent with preshearing than without preshearing. Maximum structure build-up
values are 4 % (600 rpm) for 28 ⁰C and 5 %
(200 rpm) for 50 ⁰C, see Fig. 2 and 4. In
Fig. 4 the measurements after 2 hours
deviate clearly from the rest. There is no
apparent explanation for this and these
measurements are considered less reliable.
Note that readings after 24 hours show a
higher value than the starting value,
indicating that after 24 hours waiting time
preshearing does not reproduce the initial
state. The 10 s and 10 min gel strength
measurements are nearly unaffected by the
preshearing. Comparison of Fig. 1 and 2,
and Fig. 3 and 4, shows that preshearing
gives more reproducible results than not preshearing, at least within a time frame of 6-8
hours after sampling.
Primary aim of the evaluation of the
Fann 35 data is based on the high shear
values (600 and 300 rpm). These two data
points are in the field expressed by the
Plastic Viscosity (PV) through the Bingham
Plastic model, assuming a near constant

Figure 1. Fann 35 dial readings directly from resting
after indicated waiting time. T= 28 ⁰C. The lighter
the colors, the longer the waiting times.
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Figure 2. Fann 35 dial readings after indicated
waiting time and 10 min preshearing. T= 28 ⁰C. The
lighter the colors, the longer the waiting times.

Figure 3. Fann 35 dial readings directly from resting
after indicated waiting time. T= 50 ⁰C. The lighter
the colors, the longer the waiting times.

Figure 4. Fann 35 dial readings after indicated
waiting time and 10 min preshearing. T= 50 ⁰C. The
lighter the colors, the longer the waiting times.
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Figure 6. Flow curves of the OBDF for the non-presheared and the presheared samples at 28 ⁰C. The
lighter colors represent longer waiting times.
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End of LVER is also moved to higher strain
values with preshear than with no preshear.
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In other words, amplitude sweeps at 50 ⁰C
are more sensitive to preshear than at 28 ⁰C.
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for a longer time would give even more
reproducible results10. At the same time,
waiting before testing is a non-productive
time, which would increase inefficiency and
costs, especially in the field. Also, given that
10 min preshear is given in ISO/API
standards, we suppose that 10 min preshear
is a good compromise.
Results from this study are generally in
accordance with expectations, although to
our knowledge there are no publications so
far where the effects have been
systematically quantified. The results from
this study are proposed as practical
guidelines to measurements of viscosity and
other rheological properties. The effect of
waiting time and/or pre-shear should be
tested for each individual fluid, but it is
expected that these results will be valid for
most oil-based drilling fluids.
CONCLUSIONS
For both 28 and 50 ⁰C, one gets more
reproducible results with preshearing, except
for the 24 h measurements. Even with
preshearing, sample readings change after 8
hours and/or 24 hours. Viscoelastic
properties are even more sensitive to
preshearing at 50 ⁰C than at 28 ⁰ C, while
this is not the case for purely viscous
properties.
For comparative data, preshearing is
recommended to achieve more reproducible
results. For in-depth characterization of
rheological properties, preshearing is not
recommended as viscoelastic properties are
significantly affected by preshear, especially
for higher temperatures.
Most findings are according to
expectations, but the effects are now
quantified for both simple viscosity
measurements (direct-reading viscometer)
and for measurements of visco-elastic
properties (rheometer). The findings may
serve as a methodic reference work and a
practical
guide
for
rheological
characterization of oil-based drilling fluids.
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