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ABSTRACT

In the oil industry the ISO 10416/ISO
10414-2 standards, which are used for
determination of rheological properties of
oil-based drilling fluids, do not in detail
specify how the fluids should be pretreated
before measurements. In this study, a
systematic approach is used to quantify the
influence of waiting time and/or pre-
shearing on measurements of viscosity and
other rheological properties of an oil-based
drilling fluid.

INTRODUCTION
Oil-based drilling fluids (OBDFs) are
thixotropic  fluids, meaning that their

properties may change with time. One also
knows that the fluid properties of OBDFs
are highly dependent on shear history. As a
result of this, it is important to have a
consistent procedure for how to treat the
fluids prior to measurements. This is vital in
order to be able to compare experimentally
determined flow properties, not only in this
project but also to enable comparison of
results between labs.

Fluids involved in oil-industry drilling
operations range from sea water and drilling
fluids to well cements. Well cements are
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chemically reactive, with a pump ability
time that has to be adjusted to the practical
pumping operation. Therefore, in order to
evaluate viscous properties of the well
cement slurries strict preconditioning
procedures exist to simulate the shear
history of a cement prior to entering the
annulus. These procedures include how to
mix the cements slurry followed by a
detailed procedure on how to measure the
viscosity. These procedures can be found in
publications by Guillot' and by Dargaud and
Boukhelifa> or in API Recommended
Practices”.

For the drilling fluid industry, a similar
degree of detailed procedures does not exist
for determination of the fluid viscosity
values. The ISO 10414-2/ API 13B-2* and
ISO 10416/API 13T’ standards are used for
determination of viscosity and gel strength
of drilling fluids by use of direct-indicating
viscometers (Fann 35  viscometers).
However, the drilling fluid standards do not
in detail specify how the fluids should be
pretreated before measurements. Often the
pretreatment only consists of simply
shearing the sample for a specific time at
1022 s, as performed by for example
Maxey et al.® who sheared the sample for
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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: 1)
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.” 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 Bui® presented
this preparation in some more detail. In
summary his procedure was to blend the
drilling fluid portion, shear it at 1000 s™ 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 work” 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 (Bentonel28), emulsifier and fluid
loss material. Bentonel28 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.
Bentonel28 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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Fluid characterization

Three batches of the OBDF were
sampled from the flow loop at different
times. The first two batches were sampled
on March 20" (OWR 91/9) and April 8"
2015 and used for experiments on the Fann
35 viscometer. The third batch was sampled
on April 20" 2015 (OWR 95/5) and used for
measurements in the Anton Paar Physica
MCR302. It should be emphasized that even
though the three fluid batches might have
slightly different OWR, the rheological
properties of the batches are nearly identical.

Density measurements for the OBDFs
were done by a standard Brand pycnometer.
All three batches were measured to
1,26+0,01 g/ml.

OWR was measured by retort analysis,
ref to ISO 10414-2/API 13B-2".

The effects of waiting time and/or pre-
shearing were studied using the following
time test matrix for measurements:
immediately and after 1 hr, 2 hr, 4 hr, 6 hr, 8
hr and 24 hr resting. All measurements were
performed both at 28 °C and at 50 °C, and
the samples for 28 °C testing were stored at
room temperature (approx. 20 °C), and the
samples for 50 °C testing were stored in a
heat cabinet at 38-42 °C. The whole matrix
was repeated a second time with 10 min pre-
shear preceding each measurement. The full
test matrix was conducted both using a Fann
35 viscometer and an Anton Paar Physica
MCR302 rheometer.

For the Fann 35  viscometer
measurements were started immediately
after sampling from the active flow loop.
The measuring cup was heated to the
required temperature by use of OFITE
Thermocup 130-38-25. Temperature was at
all times observed by use of Eurotherm
2408i Indicator unit, with precision down to
0,01 °C. Viscosity and gel strength were
measured following the ISO 10414-2/API
13B-2* and ISO 10416/2008° (600 -300-
200-100-6-3 rpm, 10 sec and 10 min gel).
For the preshearing measurement sequence,
a shear rate of 600 rpm was applied for 10
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min before starting the measuring sequence.

The MCR302 rheometer is equipped
with an electrically heated temperature
chamber. Before each test, the temperature
was set with an accuracy of 0.01 °C. To
ensure  temperature  equilibrium  an
additional 7-8 minutes waiting time was
added before start of measurements. A
concentric cylinder measuring system
(CC27) was chosen to avoid evaporation at
50 °C, and the sample was changed for each
new measurement. The fluid batches were
mixed thoroughly every morning in a
Hamilton Beach blender, at appr. 13000 rpm
for 10 minutes. The measuring sequences
following the previously described test
matrix were then conducted immediately
after mixing (for both 28 and 50 °C). For
each slot in the test matrix, flow curves and
amplitude sweeps were performed. Flow
curves (controlled shear rate) were recorded
from shear rate 1 to 1200 s™. The amplitude
sweep tests were conducted with a constant
frequency of 10 s' and with increasing
strain from 0.001 to 100 %. The whole test
sequence was then repeated with a 10 min
preshear at 1000 s’ before each
measurement. This shear rate corresponds to
600 rpm shear in the Fann viscometer.

RESULTS

Figures 1 and 3 show dial readings in the
Fann 35 viscometer for 28 and 50 °C,
respectively, with no preshearing. For both
temperatures, dial readings are slightly
increasing with increasing waiting time,
especially for rotational speeds of 600 to
100 rpm. A maximum structure build-up of
9 % for the 600 rpm reading at 28 °C and 12
% at 50 °C can be seen for the 24 hour time
period. For the readings of 300, 200 and 100
rpm the structure build-up accounts to 2 —
10 %. The 6 and 3 rpm measurements
appear rather stable as well as the 10 sec and
10 min gel strength measurements. This
may be explained by the fact that at the time
of these last readings, the fluid has already
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been sheared significantly (through the 600 100
to 100 rpm measurements). %00

Fann 35 dial readings, for which the l
fluid has been pre-sheared for 10 min at 600
rpm  (equivalent to 1022 s™) prior to w00 o waitig
measurements, are shown in Fig. 2 and 4 for 2o o
28 and 50 °C, respectively. A much flatter E w00 mr
trend with increasing time from sampling is § 300 osir
apparent with preshearing than without pre- & 00 o
shearing. Maximum structure build-up B (VIR TR | ————
values are 4 % (600 rpm) for 28 °C and 5 % M) e T
(200 rpm) for 50 °C, see Fig. 2 and 4. In .
Fig. 4 the measurements after 2 hours RPM

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

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 wvalue than the starting value,
indicating that after 24 hours waiting time o BNo wating
preshearing does not reproduce the initial N w2
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 pre-
shearing, at least within a time frame of 6-8
hours after sampling.

Primary aim of the evaluation of the o
Fann 35 data is based on the high shear RPM
values (600 and 300 rpm). These two data Figure 3. Fann 35 dial readings directly from resting
points are in the field expressed by the after indicated waiting time. T= 50 °C. The lighter
Plastic Viscosity (PV) through the Bingham the colors, the longer the waiting times.
Plastic model, assuming a near constant
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024 hr

Fann dial reading

|

10sec 10 min

il W No waiting
800 mlhr

80,0 | No wait

W2hr
200 mlhr 700 Bahr
m2hr @ehr
O8hr
O24hr

60,0 ®4hr
@6hr
500 [ O8hr

D024 hr
. Ml Iﬂ T ) T
RPM
Figure 1. Fann 35 dial readings directly from resting

after indicated waiting time. T= 28 °C. The lighter
the colors, the longer the waiting times.

Fann dial reading
Fann dial reading

6 3 10sec 10 min

RPM
Figure 4. Fann 35 dial readings after indicated
waiting time and 10 min preshearing. T= 50 °C. The
lighter the colors, the longer the waiting times.
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Figure 5. Plastic viscosity (mPas) plotted against
resting time (h) for the non-presheared (diamonds)
and the presheared (triangles) data, for 50 °C. A
linear fit is made to both data sets.

viscosity at high shear rates. The PV of a
drilling fluid is described physically as the
forces/friction between the interactions of
non-continuous particles in the invert fluid,
solids & brine droplets, creating a weak
structure. Plotting the PV of the fluids
towards the waiting time (see Fig. 5) shows
for the 50 °C non-sheared measurements an
increasing trend (3 whole digits) the first 8
hours and then a flattening trend up to 24
hours. For the 28 °C measurements, this
flattening trend after some hours is not that
evident (figure not shown). Preshearing
removes this effect seen at 50 °C, but for
both temperatures the presheared fluids
show a linear increase in PV over 1 digit
approximately (the 1 hour value at 50 °C
preshared disclaimed as an outlier). As the
PV is believed to describe the friction of the
particles at high shear, content, shape and, in
particular, size will have an impact. It is not
believed that the weighting material or other
solids in this short period of time is
aggregating to form larger sized particles.
However, the internal phase consists of
droplets that are highly attractive to each
other, and kept dispersed in the continuous
phase by the emulsifier in the system. If the
emulsion is weakened over this period due
to the lack of shear, the size of the internal
phase droplets will increase due to
aggregation of the water phase. This can

red!

red;
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lead to a higher friction between the droplets
and hence a higher PV.

Figures 6 and 7 show flow curves
measured in the Anton Paar rheometer, at 28
and 50 °C, respectively. The top bunch of
lines in the figures represent flow curves
with no preshearing. In Fig. 6, the structure
build-up with no preshear at 28 °C is clearly
visible with increasing waiting times. The
lower bunch of lines, representing
measurements with preshear fall almost on
top of each other, i.e. the same trend is
apparent here as for the Fann measurements.
The measurement for 8 hour rest and
preshear clearly deviates from the rest and is
considered an outlier.

Figure 7 shows the same measurements
done at 50 °C. At this temperature the
structure regeneration with no preshear is
much less pronounced, and the difference
between the presheared and not presheared
measurements is small. In other words, at 50
9C preshearing has no significant influence
on the flow curves. Figure 8 shows the
storage (G') and loss modulus (G") of a
strain sweep performed at a frequency of 10
Hz at 28 °C, with no preshear. The
measurement made immediately after
mixing deviates from the others.
Comparison with Fig. 9, showing the same
measurement with 10 min preshearing at
1000 s™', reveals that preshearing gives more
reproducible results, even after 24 hours
waiting time. Preshearing has no effect on
the G'/G" cross-over point (flow point) but
the end of the linear viscoelastic range
(LVER) is moved to higher strain values,
i.e. the fluid tolerates a higher strain after
preshearing before the structure starts to
break down than it does with no preshear.
For 50 °C (Figs. 10 and 11), the picture is
slightly different. Preshearing produces
results much more similar than does no pre-
shearing, but G'/G" cross-over point is
moved significantly to higher strain values.
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Figure 6. Flow curves of the OBDF for the non-presheared and the presheared samples at 28 °C. The

lighter colors represent longer waiting times.
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Figure 7. Flow curves of the OBDF for the non-presheared and the presheared samples at 50 °C. The

lighter colors represent longer waiting times.
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Figure 8. Amplitude sweeps of the OBDF for the non-presheared sample, at 28 °C. Storage modulus
(G") and loss modulus (G") are marked in the figure. The lighter colors represent longer waiting times.

End of LVER is also moved to higher strain

values with preshear t

In other words, amplitude sweeps at 50 °C

han with no preshear.  are more sensitive to preshear than at 28 °C.
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——G' 28C No waiting, preshear

——G' 28C 1 hr rest, preshear

——G" 28C No waiting, preshear
Strain [%] G" 28C 24 hr rest, preshear

——G' 28C 2 hr rest, preshear
——G' 28C 4 hr rest, preshear
\, \
\ ——G" 28C 1 hrrest, preshear
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Figure 9. Amplitude sweeps of the OBDF for the presheared sample, at 28 °C. Storage modulus (G')
and loss modulus (G") are marked in the figure. The lighter colors represent longer waiting times.
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Figure 10. Amplitude sweeps of the OBDF for the non-presheared sample, at 50 °C. Storage modulus
(G") and loss modulus (G") are marked in the figure. The lighter colors represent longer waiting times.
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Figure 11. Amplitude sweeps of the OBDF for the presheared sample, at 50 °C. Storage modulus (G')
and loss modulus (G") are marked in the figure. The lighter colors represent longer waiting times.

DISCUSSION The effect of preshearing for a shorter or
In this study, the samples have been  longer time or at a different shear stress has
exposed to 10 min preshearing at 1000 s, not been tested. It is possible that shearing
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for a longer time would give even more
reproducible results'’. 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 °C, 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 °C than at 28 ° 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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