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Abstract

One of the main challenges regarding crude oil production under low temperatures in deep seas concerns
the wax deposition in pipelines. This issue presents a high level of complexity and the governing mechanism
is still under investigation. Considering the deposition phenomenon and seeking to improve the knowledge
about the governing mechanism and the main variables influencing the final behavior, the present work
analyzes how different oil compositions and mixtures, under different flow conditions, impact the deposit wax
thickness. It also compares the dimensionless temperature for different wax concentrations, which allows to
evaluate the behavior of the temperature gradient, and verifies the behavior of the plateau under different
Reynolds numbers. Finally, the mechanism proposed in this work is compared with the behavior proposed by
the main governance mechanisms discussed in the literature in the last decades.
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Introduction (obtained by the method BP237) and flow
The problem of flow assurance related to wax conditions such as pipe diameter, temperature
deposition is among the highest OPEX for several gradient and Reynolds number.

production fields, thus better controlling of the

problem and improvement of the modeling is of Table 1. Test Matrix

great importance. Test 1 Test 2 Test 3
The ch_allenge is so co_mplex that even the 50% Oil A 65% Oil A
mechanism that controls it is under debate for Fluid 100% Oil A

decades. The general behavior and how are the 50% QilB | 35%QilB
most important variables and how they influence AT [°C] 18 17 18

the deposition process need to be better Do T 3 Py 3 e 3
understood and considering this scenario, the EiRg

present work will analyze the effects of different Re 19000 | 13000 | 10000 | 7000 | 12000 | 9000
crude oils compositions and flow conditions on the Wi% 6 6 105 | 105 | 125 | 125

dimensionless temperature parameter plateau.

Methodology

All the experimental results shown in this paper
were obtained at Equinor's research Centre in
Porsgrunn, [1][2][3]. In this experimental

As commonly applied in wax deposition literature,
the thickness of the deposit was measured by
mass measurement of a removable section, the
thickness can be obtained using Eq. (1).

apparatus, two test sections are positioned in Dpipe.

parallel, one with a 2-inch pipeline and one with a 6= % —

3-inch pipeline. The experiments are done at the

same time in both sections. Dpipe; 2 Maep

These experiments are interesting because two ( > ) - PYY) @

waxy crude oils were mixed, which shall be called dep

oil A and B, hence, all properties varied

depending on the proportion of each crude: the Where § is the thickness of the deposit, Dy, is
concentration of wax (wax content in percentage the diameter of the pipeline, p,., is the density of
of mass on the total sample tested), viscosity, the deposit, m,, is the weight of the deposit and

density and WAT. Table 1 contains the main

) . . ) AL is the length of the removable section.
information about the concentrations of oils A, B



Experimental Procedure

The experimental procedure with the details of the
experimental apparatus, test duration until the
steady-state and flow conditions have been
described by previous papers, [2][3]. Since the
data was collected in the same experimental
apparatus, just with a different fluid, we shall not
describe in detail the procedure again. "An
important precondition for repeatable stable
experiments is a suitable experimental procedure.
First, all wax in the rig is melted by running the rig
at 60 °C (i.e., well above WAT) for at least 6 h.
Then, both oil and water (coolant) temperatures
are set to the desired oil target temperature. Flow
rate versus pressure drop measurements verifies
that the pipe contains no wax deposit before
startup, as expected, and that all instrumentation
is operating smoothly. Then, the water
temperature is quickly set to the target
temperature. After the experiment is finished, the
pipe is drained, the test pipe is weighed, and
deposit samples are collected for further
analysis." [2].

The main variable of interest in this paper is the
dimensionless temperature, which can be defined
as

Tint_Tpipei _ Rdeposit _ 9 (2)
- — Yde
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Where Ty, is the temperature at the interface wax
deposit/bulk, Ty, is the temperature at the inner
wall of the pipeline, Ty, is the temperature of the
bulk, T.oo1an: 1S the temperature of the coolant
(water), Rgeposic 1S the thermal resistance of the
deposit, Rrytq; IS the total thermal resistance of
the system and 64, is the dimensionless
temperature.

Results and Discussion

When discussing if the controlling mechanism of
wax deposition is phase transition or molecular
diffusion, there is a piece of interesting evidence
supporting phase transition, which is the decrease
in the thickness of the deposit as the Reynolds
number increases. It is important to highlight,
however, that this is not conclusive evidence,
since molecular diffusion uses the argument that
shear stripping is what makes the deposit
decrease due to shear forces.

In order to Dbetter understand how the
concentration of wax in the fluid influences the
deposition process, the results of the thickness of
each experiment are shown in Figure 1. The black
squares in Figure 1 are the experiments
discussed in [1].

The first interesting observation is that the trend
continues, for similar conditions, just varying the
Reynolds number (points with the same color), as
the Reynolds increase, the thickness decrease.
The discrepancy between the values for different
crudes can be explained by the experimental

condition and fluid property, but it is outside the
scope of this document.

The focus of the present work is that as the
concentration of wax increase, the thickness
increase for similar conditions, which is well
documented in the literature.
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Figure 1. Thickness vs Reynolds number

One of the main contributions of [1] was the
unexpected plateau when doing experiments
under cold flow conditions, which was attributed to
the limit of Ty, — Tine ~ 2°C at steady-state being
apparently a constant number between 2°C and
4°C. That is an interesting tool, because if that is
proven universal, regardless of the condition and
the fluid, it is an input to know what is the final
thickness of the deposit, regardless of the
Reynolds number.

Figure 2 shows the data discussed by [1] and
the news experimental points of this experimental
matrix, showing that for a wide variety of fluid,
viscosity, temperature gradient and even wax
concentration, the dimensionless temperature
seems to be independent of the Reynolds
number, apparently, if the system is under cold
flow, the plateau does occur nevertheless of other
variables.
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Figure 2. Dimensionless temperature vs Reynolds
number.

It is important to mention that as the temperature
gradient decreases, it will eventually reach a value
where there is no longer deposition. This value is
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the condition of temperature difference around
2°C discussed before, thus, at that point, the
dimensionless temperature will be zero, since the
thermal resistance of the deposit is zero. For low
radial thermal gradients, the dimensionless
variable will go from zero to the plateau value, that
variation is an interesting subject for further
studies.

Conclusions

An experimental matrix has been executed in
order to understand how changing the
composition of the waxy crude oil influences the
wax deposition process. The experiments were
done by mixing the two different waxy crude oil
with different wax concentrations.

The thickness of the deposit decreased with the
Reynolds number when everything else is
constant, this is a general behavior observed
throughout the literature, several experiments and
several research groups have observed the same
behavior.

With more experimental data, more evidence is
accumulating that there is indeed a plateau on the
dimensionless temperature vs Reynolds number
graph when the system is under cold flow
conditions, the value of the plateau is around
Hdep = 07
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