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Abstract

Gas lift optimization has been a classic problem since its inception. The problem with currently practiced optimization,
the gas lift performance curve (GLPC), was the sole requirement for exhaustive calculation that has to be performed every
time changes to the reservoir are acknowledged. The approach of mechanistic modeling has been proven to be a powerful
tool to complement the analysis of GLP curves, especially in complex, multi-well gas lift system. This publication offers
a new approach in modeling the progression of flow pattern map (FPM) in case of reservoir pressure decline. The findings
presented in this publication encourage the hypothesis that FPM can be used with minimum alteration should there be any

changes in reservoir pressure.
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Introduction

Indonesia’s oil production has been on a less favorable trend
lately, where current production is not complemented with
new reserve discovery and several newly developed fields
are not producing in accordance with its previously designed
schedule. Therefore, marginal oil fields that have been pro-
ducing for tens of years have to be optimized in order to
sustain the nation. Gas lift currently holds as one of the most
prominent artificial lift methods not only in Indonesia, but
also worldwide due to its long history of practice and suc-
cess stories. The beneficial properties of gas lift, such as
having almost no moving part and versatility in a wide range
of well specifications and reservoir properties, coupled with
relatively low operational expenditure are deemed to be ideal
for Indonesia’s oil production rejuvenation (Arachman et al.
2017; Aprilian et al. 2003).

Current industrial practices have divided two differ-
ent approaches in optimizing gas lift design. The first one
packaged as engineering optimization where new types of
equipment, injection method, and gas lift valve placement
are optimized based on new findings and technologies (Glass
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1975; Mukherjee and Brown 1986; Asheim 1988; Betan-
court et al. 2002; Decker 2007). These approaches have
been developing as an answer to increase practicality and
long-term use of gas lift systems. The second approach is
mainly developed in conjunction to the need for field wide
gas lift optimization and scheduling or injection allocation,
with sophisticated algorithms taken from the field of non-
linear optimization, machine learning and genetic algorithm
(Ranjan et al. 2015; Wang and Litvak 2008; Lu and Flem-
ing 2011; Posenato and Rosa 2012; Samier 2010; Salazar-
Mendoza 2006; Deng et al. 2019).

The simplest, yet the most highly accepted practices in
optimizing gas lift have been revolving around the concept
of gas lift performance curve (GLPC), an extended applica-
tion of nodal analysis, in which a single curvature project-
ing liquid (hydrocarbon and/or water) recovery in a well
as a function of incremental gas injected. Several novel
approaches have been disseminated to enrich the concept
and application of GLP curves, namely quantification of the
curves and observation of curvature behavior, pioneered by
a set of publications from Kanu et al. (1981) and augmented
by Nishikiori et al. (1989), Alarcén et al. (2002), Fang and
Lo (1996) and Schmidt et al. (1990). However, the GLPC,
derived from a static circumstantial-based evidence of nodal
analysis, is known and proven to be highly repetitive method
where changes in production dynamics will require multiple
calculations of GLP curves. As production parameters are
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known and accepted to be changing in a highly dynamic
situation, minuscule alterations of GLP curves for every
change are not operationally and economically feasible due
to difficulties in data gathering and its adverse effect into
reservoir dynamics. Mian (1992) presented an improvement
of GLPC concept, using simpler term, gas utilization factor
(GUF) in which a plot of gas injected as a function of oil
produced is plotted as a function of monetary value of the
operation itself. However, this approach is not novel to the
aspects of production engineering and yet only presented
another complication due to the dynamic oil and gas price.
Therefore, this publication aims to deliver another point of
view in reducing uncertainties in GLPC forecast and produc-
tion modeling.

Basic researches related to multiphase fluid flow in gas
lift system is not commonly encountered recently, namely
due to the relatively established operational procedure of gas
lift system, providing less incentive to perform researches
in highly uncertain areas. Multiphase flow research does
provide a new perspective in a previously thought to be
well-understood phenomenon such as liquid loading and
slugging phenomenon, rendering new comprehension and
more detailed mapping of the problem itself (Veeken and
Belfroid 2011).

The application of mechanistic modeling, an approach
that identifies pattern, timed changes, routine alterations
of a dynamic system, has never been prominently applied
in the aspects of petroleum engineering, mainly due to its
complicated nature. Many researches related to mechanistic
modeling have only been limited to basic researches in fluid
flow in pipes (Taitel and Dukler 1976; Barnea 1987; Taitel
and Barnea 1990). It is known that mechanistic modeling
often requires high understanding in fluid physics, as well
as rigorous mathematical process. However, mechanistic
modeling does offer more realistic model due to its nature
of observation-based model coupled with mathematical
modeling.

Several models have been developed for multiphase flow
model in pipe, namely the Taitel and Dukler (1976) which is
augmented by Taitel et al. (1980) for general applications of
general pipeline system and downhole casing/tubing system.
These models basically laid the foundation for Ansari et al.
(1990)’s model which defines flow patterns into 4 distinct
flow patterns, shown in Fig. 1, which laid good foundation
for further researches in flow pattern mapping.

The 4 distinct flow patterns shown above can be utilized
as a benchmark in defining ideal flow pattern for gas lift
operations. However, these flow patterns have to be math-
ematically and physically quantified in order to increase
its utilization. The study is extended by Shoham (2006) in
developing a simple graphical function to determine flow
pattern region as a function of superficial liquid velocity and
superficial gas velocity, named as flow pattern map (Daton
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Fig.1 Flow pattern in multiphase flow. Reproduced from Ansari
et al. (1990)
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Fig.2 Typical flow pattern map. Reproduced from Shoham (2006)

et al. 2019; Lumban Gaol et al. 2019). Therefore, the con-
cept of superficial liquid velocity is then introduced to the
pattern mapping, shown in Fig. 2, rendering a flow pattern
map (FPM) for simple, versatile use of flow pattern dynam-
ics in gas lift optimization.

Methodology
This study is an extension of Daton et al. (2019) and Lum-

ban Gaol et al. (2019)’s study where the application of
flow pattern map (FPM) is extended to be utilized in gas
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Fig.4 Flowchart for FPM and correction factor utilization

lift optimization. Previous studies performed by the afore-
mentioned authors have indicated that FPM can be used in
conjunction with GLP curves to verify the optimum amount
of injected gas lift, shown below.

As shown in Fig. 3, it is worth noting that the applica-
tion of FPM can be used as an auxiliary tool to complement
the GLP curve (blue dashed line. The red dot represents
the optimum gas lift injection rate which results in the
highest oil rate at certain condition) analysis in gas lift

Table1 Well T basic data

Parameters Value Units Remarks
Tubing OD 2875 in. Base case
ID 2.441 in.

Oil density 7 876 kg/m?

Gas density Pg 0.9 kg/m?

Gravity constant g 9.8 m/s?

Oil viscosity Ho 2.32 cP

Gas viscosity Hg 0.01442  cP

Slug length Lg 2.53 m Moissis and
Griffith
(1962)

Gas specific gravity 0.75

Reservoir temperature 7, 200 °F
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optimization. However, the big question still arises when
reservoir pressure changes are recorded and applied to
the system. The behavior of the FPM after reservoir pres-
sure declines from its original value should be analyzed
in order to provide a more enlightening process on how
to determine the behavior of the system. Figure 4 shows
the methodology flowchart used in this study. 2.875 in.
(OD)/2.441 in. (ID) of tubing size and 1000 psi of reservoir
pressure are used as the base case. The optimum gas rates
are determined from GLPC for each tubing size and reser-
voir pressure. Then, the superficial liquid and gas velocities

Fig.5 Correction factor for

(Vg and V) are derived from FPM (Daton et al. 2019).
The economic limit liquid rate that used in this study is
10 bbl/d.

Results and discussion

In order to provide a more detailed analysis on the future
pressure decline performance of Well T, in which the data
are summarized in the table below, multiple flow pattern
maps are derived for several reservoir pressure condition,
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Fig.7 Correction factor consistency for reservoir pressure < 1000 psi
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Fig.8 Correction factor consistency for reservoir pressure > 1000 psi

i.e. 600—1500 psi, where 600 psi is deemed the future res-
ervoir pressure after several years after production decline
(Table 1).

In order to provide a more comprehensive study on the
applicability of flow pattern map in gas lift systems, a total
of 520 datasets of tubing sizes, grades, and quality which
responds to tubing ID are then used as the test data in this
study, ranging from 2" tubing to 5" tubing, taken from Oil-
field Tubing and Casing Database (2011).

The results of the FPM can be summarized in Figs. 4
and 5, where the multiplier corrections are then taken as
a consideration for regression analysis of the optimum gas
injection rate (Fig. 6).

In order to verify the behavior of the curves, a regression
analysis is performed and the results shown in Figs. 7 and
8 have confirmed the accuracy of the model to be accurate,
where the approximate inaccuracies in calculation can be
estimated to be +0.20 MMSCFD.

The flowchart presented below can be utilized to map the
correction factor for analyzing the optimum injected gas rate
in gas lift systems (Fig. 9).

Thus, the corrected correction factor can be translated in
the following equation:

P. <1000 psi

CF=-045ID*>+1D + 7.75

P, > 1000 psi

CF=-03ID?+1D + 3.75.

Conclusion

A novel perspective on mechanistic modeling application for
gas lift system is presented based on the analysis of future
reservoir pressure decline. Based on the results simulated,
the FPM can be used for future reservoir performance with
minimum alterations. The correction factor and multiplier
presented in this paper can be used to estimate optimum
gas lift injection rate in a faster way compared to previous
practices with a relatively small error.

pisllase ol ay .
e e O) Springer



1640

Journal of Petroleum Exploration and Production Technology (2020) 10:1635-1641

Fig.9 Flowchart for FPM and
correction factor utilization
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as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
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