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Introduction

Riser-pipeline system that transports crude oil from
subsea system to the floating production structure is
gaining increased attention as countries presently put
maximum efforts to increase off-shore production.
Thus, economic and safety concerns of such systems
are of great importance | | |. Severe slugging, which is a
transient cyclic phenomenon and is normally occurred
at low liquid rates, may lead to the accumulation
of liquids at the riser base which would ultimately
otherwise lead to blockage of the gas flow. This will
increase gas pressure at the riser base until sufficient
pressure has been built to push the liquid slug out of
the riser. This cycle would be repeated by creating
a new blockage and building pressure at the riser
base. Severe slugging can create several problems
for surface facilities such as pumps, compressors and
in worst case scenario may paralyze the producing
well. Different approaches have been proposed to
mitigate the severe slugging; among them, the gas
injection at the riser base is used as a viable method.
Injected gas can carry the liquid upward and produce a
continuous flow. Several experimental and numerical
investigations have been carried out by Schmidt et al,
1980 [2], Taitel et al, 1990 [3], Fabre et al, 1990 [4],
Sarica and Shoham 1991 [5], and Balifio et al, 2010
[6]. All these studies considered only the air-water
flow system. A model was proposed by Nemoto and
Balino in 2012 [7] to study the gas-oil flow in risers of
which the results were in conformance with those from
the OLGA simulation software. The present study aims

Accepted: August/25/2020

at simulating gas injection at the riser base with the
help of model proposed by Nemoto and Balino (2012)
[7] model. Unlike previous studies that used air as the
injection gas, this study investigated the gas injection
into an oil/gas system. To accomplish this purpose,
severe slugging phenomenon was first modeled. Then
the effect of gas injection at the riser base is studied.
Finally, the results of this study were compared with
the OLGA simulation software output.

Materials and Methods

Dynamic three-phase flow of oil-gas-water in riser-
pipeline system was mathematically modeled in this
study. The first step in modeling was to use the continuity
equations. Liquid phases (oil and water) were assumed
homogenous, and the mass transfer between oil and
gas was estimated by the black oil approximation. In
addition, fluid properties were modeled by empirical
and/or experimental correlations. Since the system
is consisted of two parts, namely riser and pipeline,
separate models have been carried out for each part. To
model the riser system, an isothermal, three-phase, one
dimensional flow was considered. Real gas assumption
was also incorporated into the governing equations.
Continuity equations were written, and auxiliary
equations were employed to simplify the resulting
equations. To fully describe the physical phenomenon,
the model must have a unique solution and clearly
defined initial and boundary conditions. This situation
happens when all characteristic values (Eigen value or
characteristic wave velocity) are real. To solve
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such a system, the method of characteristics was
employed which is a normal numerical method for
hyperbolic systems. In this method, the derivatives are
simpler [8]. The final equation for three-phase flow in
risers is as follows:

i D,  DP (1
-~ = —_ P S
Os /i Dt /2 Dt
where:
fo_ g )
' pg oP
_Pe%OR |1 1| a0p, & 0p,
=7 [pa p,) P, P p, 0P @

Gas injection was added to the riser base. The following
relationship describes the system:
ZTP,

T,PA ="

Je=Jgt

4)

where j-, and j," are the superficial gas velocity in riser
before and after gas injection.

Pipeline model was constructed similar to the riser
model, but without gas injection and with different
geometry. To start the simulation process, stable flow
in riser-pipeline system was first assumed, and the
superficial velocities of three phases were determined.
Then the unstable flow was modeled by discretization
and integration of the equations for riser and pipeline
based on the stable flow parameters. The dynamic
node method was used for discretization purpose. The
following algorithm was used to simulate the unstable
flow system:

1- Predicted values for the variables were assumed as
the current values at the time t*.

2. New parameter values, as well as fluid properties,
were calculated.

3. Pressure at the time step t“'! was calculated. Then
the predicted fluid velocities were used to determine
the velocities across the riser.

4. Pressure at the riser base was determined to obtain
the superficial velocities and liquid holdups.

5. Convergence of variables was checked; if divergence
occurred, then a correction factor was incorporated.

6. Calculations were repeated similarly for next time
steps

Results and Discussion

Results obtained from simulation of the riser-pipeline
system at steady- state conditions showed 5 severe
slugging cycles in 10 hours started 2 hours after the
production. Generally, the model behavior is closely
predicted by the OLGA software. Simulation of the
unstable flow showed that the optimum gas injection
rate was 0.23 cm¥/s. By gas injection into the riser
base, the liquid flow was completely stable at first,

after which, severe slugging cycles in short time
intervals and small amplitude was formed that leads
stabilized flow. Moreover, liquid blockage at the riser
base was not observed.

Conclusions

The model generated in this study was used to simulate
the severe slugging phenomenon and to dynamically
simulate the three-phase flow in a riser-pipeline
system. Gas injection into the riser base was shown
to have great impact on stabilizing the flow. To better
simulate the gas injection scenario and become closer
to real conditions, one can consider the pressure drop
in the pipeline section and add the inertia term to the
riser momentum equation. Although the results of this
study have shown the effectiveness of gas injection,
application of combination methods such as gas
injection and choke valve is recommended for future
studies.
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