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Abstract

The transportation of heavy gas condensate through the pipeline system is conducted in
accordance with the approved delivery plan, which provides for the operation of the system
in various modes and circumstances. One of the main problems in transporting such gas
condensate is the low (negative) ambient temperature.

The results of this work are presented, on the basis of which two methods of solving the
problem of transporting "heavy" gas condensates in the winter conditions of the North are
proposed. The first method involves the use of overpressure, which prevents the formation of
structures in gas condensates at sub-zero temperatures, the second method involves the use
of a solvent than which it is proposed to use "light" gas condensates.
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1. INTRODUCTION

Problems associated with the transport of gas
condensates (GC) at negative ambient
temperatures, particularly in the winter
conditions of the North where the temperature
can drop to -50°C and below, have always
existed [1]-[4]. These problems became
particularly acute in connection with the
development of gas condensate fields
containing a large amount of high-melting n-
paraffin; "heavy" gas condensate [5]-[8]. The
temperatures of the onset of crystallization of
n-paraffin of such gas condensates, i.e. their
melting point (MP), are much higher than
those MP of standard light gas condensate,
and sometimes they can even have positive
values, up to 15-20°C [9]-[11]. Pour Point
(PP) of "heavy" gas condensate also occurs at
positive temperatures. It is clear that it is
impossible to transport "heavy" GC from the
field to the plant for its processing in the
winter period without additional measures.

Table 1 shows the quality indicators of two
samples of gas condensate (GC-1 and GC-2)
with different compositions. Sample GC-1 is a
sample of "heavy" GC from a field containing

higher melting point n-paraffin than sample
GC-2. Sample GC-2 is a typical sample of
"light" GC from the lower Cretaceous deposits.

Table 1: Dependence of the main quality
indicators of GC on their hydrocarbon
composition
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Indicator Sample Sample
GC-1 GC-2
Density at 20°C, kg/m’ 7788 6979
MP,°C 5 -39
PP.°C -3 -48
Fractional composition,”C:
Gasoline 615 455
10% 935 805
50% 199,7 149,0
Petrol 300,0 300,0
Output,% vel 752 855
Residue.% val 248 14,5
Hydrocarbon composition, % wt.:
paraffins 341 089
naphthenes 155 200
aromatic hydrocarbons 150 39
Sulfur content,% wt. 0.01 0,02
Cetane number 43 45
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A consequence of the differences in
hydrocarbon composition of these samples is
a significant difference in their MP and PP. It
is clear that if sample GC-2 has problems
with transport in the winter conditions of the
north, sample GC-1 is completely
crystallized in these conditions, so it is
impossible to transport it.

The new gas-condensate fields developed in
recent years generally contain "heavy" GC
[12]-[14]. To solve the problems associated
with transporting "heavy" GC to the
processing plant, we have considered several
ways to destroy the structures that form in
such GC at the melting point (MP) and
below.

1.The first method is to heat the condensate
pipeline, through which the transport of
"heavy" GC occurs.

2.The second method is the wuse of
depressant-dispersant additives, the effect of
which on the low-temperature properties of
GC is probably the same as on the low-
temperature properties of oils and the main
types of petroleum products [15],[16].

3.The third method is the use of overpressure
to destroy structures that occur at low
temperatures.

4.The fourth method is the use of a diluent in
the capacity of which "light" GC-2 is
involved in the mixture with GC-1 in an
optimal ratio.

In our opinion, the first method, which
involves heating the condensate pipeline, is
economically impractical because it requires
significant energy costs.

The use of depressant-dispersing additives is
also not considered an effective method, as it
will require expensive, in-depth research
related to the development of new,

previously  unknown  high-performance
additives for GC.
2. AIM OF THE WORK

The aim of this work was to investigate the
influence of overpressure on the one hand
and concentration of diluent on the other

hand on the processes of structure formation
taking place in GC at negative temperatures.
In addition, it is to choose the optimal modes
for the transport of heavy GC in the winter
conditions of the North.

3. METHODOLOGY
3.1 Overpressure method

In order to determine the optimal value of
pressure (P) at which the flow of "heavy" GC
would be possible, the dependence of the
structural and mechanical properties of GC,
namely the structural viscosity of GC at
temperatures below MP, but above PP on the
value of the applied load was investigated.
Based on the obtained results, the optimal
value of P was determined, at which the
structure is completely destroyed, ensuring the
flow of GC and, consequently, its transport.

Due to the fact that at MP (+ 5 ° C) and
below, down to PP (-8 ° C), the processes of
structure formation occur actively in the
sample of "heavy" GC-1 [17],[18], the
dependence of its structural viscosity on the
value of the applied load P was studied. This
investigation was carried out at a temperature
of -3 °© C, which is lower than its MP, but
higher than PP. For comparison, similar
investigations were carried out with a sample
of "light" GC-2, also at a temperature lower
than its MP (-39 ° C), but higher than PP,
namely at a temperature of -40 ° C.

Figure 1 shows the dependence of the
viscosity of the studied samples GC-1 and
GC-2 on the values of P. From the obtained
dependences it follows that when the P values
are changed from 0 to 6100 Pa at a
temperature of -3 ° C, the viscosity of the
"heavy" sample GC-1 decreases steadily, until
its minimum value of 2040 Pa - s at P = 4100
Pa. When the P values were further increased
from 4100 Pa to 6100 Pa, the viscosity of
GC-1 did not change.

A decrease in the structural viscosity of
dispersed systems, which include oil-
dispersed systems, such as GC, with an
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increase in P indicates the destruction of the
structures present in them under the action of
a load [19],[20].
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Fig.1: Dependence of the viscosity of GC-1
and GC-2 on the value of the applied load (P)

As the structures are destroyed, the viscosity
decreases and the system acquires a flow.
When the structures are completely
destroyed, the dispersed system acquires a
flow similar to a Newtonian fluid, as
evidenced by the absence of a dependence of
viscosity on pressure. Thus, the transition of
the load-dependent structural viscosity to the
load-independent Newtonian viscosity is
direct evidence of the termination of the
structure  formation process and the
possibility of dispersed flow.

The experimental data obtained in this work
have proved that the process of active
structure formation occurring in a sample of
"heavy" GC-1 at temperatures below plus 5°
C can be stopped by generating an
overpressure in the system, more than 4000
Pa. This ensures the transport of GC-1
through condensate pipelines in the winter
conditions of the North without significant
problems.

As for the sample of "light" GC-2, ascan
be seen from Figure 1, under experimental

conditions at a temperature of -40 ° C, with
an increase of P from 1100 Pa to 6100 Pa,
its viscosity did not change. The viscosity
remained constant and equal to 1900 Pa.s ,
indicating the absence of complex structural
formations in the range of applied loads,
even at such low temperatures, which give it
a flow similar to a Newtonian fluid.

Thus, it is possible to carry out the transport
of GC, including "heavy", in practice at
negative ambient temperatures, using excess
pressure and placing only pumps as
additional equipment.

However, using pressure as the only means
of transporting "heavy" GC is unlikely to
solve this problem for GC with high levels
of PP. Thus, for example, if the ambient
temperature is significantly lower than the
temperature of "heavy" GC, which may
even be positive depending on its
composition, and such a situation is real for
the north in winter, then transport of such
GC will be impractical due to the
impossibility of destroying the structure
with pressure alone.

3.2 Dilution method

In this context, the use of a diluent has been
proposed as a second method to ensure the
transport of "heavy" GC at low temperatures.
To this end, we studied the effect of the
concentration of diluent used as a sample of
"light" GC-2 on the low-temperature
properties of the prepared mixtures of
different compositions.

The results of the study of the dependence of
MP and PP the mixtures GC-1 and GC-2 on
their composition are presented in the table.
2. From the experimental data obtained, it
follows that increasing the content of
"heavy" GC-1 in a mixture with "light" GC-2
from 0 to 50% by weight naturally leads to
an increase in the MP and PP of the mixture
from -39 to -15°C and -48°C to -25°C,
respectively.
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Table 2: Dependence of MP and PP of a
mixture of GC-1 and GC-2 on the

concentration of GC-1

Content of GC-1, MP. °C PP, °C
% i, ‘
0 -39 -48
10 =38 -48
15 =37 =47
20 =37 ol
2 -3 46
30 -34 -44
3 -30 ~0
40 =25 =35
50 -15 -2

4. CONCLUSIONS

From the obtained results it can be concluded
that at negative ambient temperatures
"heavy" gas condensate (GC-1) can be
transported by dilution with "light" GC-2.
The content of GC-1 in the mixture varying
from 10 to 50 wt%. At the same time, PP of
the mixtures will vary from - 48 to -25 ° C,
which will ensure the transport of "heavy"
GC-1 in the winter conditions of the North at
ambient temperatures below -25 ° C, up to
-48 ° C.

Thus, the experimental results obtained in
this work show that it is possible to solve the
problem of transport of "heavy" GC. In our
opinion, the following methods are
economically feasible, which can be
recommended for the transportation of
"heavy" GC:

1. the use of positive pressure,

2. the use of a diluent.

Any of the proposed methods can be applied
in the climatic conditions of the North.
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