Spring International Engineering Research Journal: ISSN: 2384-5058

olume-11 | Issue-5| May, 2023 |

Research Papers

Investigation of the Effects of Oil-Gas Ratio in Crude
Oil Production

Uti L.O., Ogugu A.A. and Esabunor O.R .

Department of Petroleum Engineering and Geosciences, Petroleum Training Institute, Effurun, Nigeria.

Authors’ E-mails: Uti L.O: *uti lo@pti.edu.nqg
Ogugu A.A: ogugu_aa@pti.edu.ng,
Esabunor O.R: esabunor _or@pti.edu.ng

Received: 15/4/2023| Accepted: 10/5/2023

Abstract: With rising crude oil consumption and limited conventional petroleum reserves, big crude oil resources are
projected to play more crucial roles in the petroleum industry's future. Also, optimal tubing size selection might result in
maximum production from a crude oil well. More so, when drilling a well in a reservoir of any kind, the selection of optimal
tubing size must be considered, especially in solution gas drive reservoirs where there is a possibility of generating an
increase in gas as reservoir pressure decreases. This research work is therefore focused on investigation of the effects
of oil-gas ratio in crude oil production. To forecast the behavior of producing GOR, Tracy methods for estimating a
solution gas drive reservoir's performance was employed. The results showed that the bottom hole pressure decreases
as tubing diameter increases. Besides, as GOR rises from 840 scf/stb to 1052 scf/stb, the tubing curves shift to the right,
indicating an increase in crude oil production. Furthermore, at the lower IPR curves (IPR4 and IPR5), the well cannot be

constructed using the larger tubing (4-in).
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INTRODUCTION

The solution gasoil ratio (GOR) just describes the
quantity of gas dissolved in reservoir fluids at reservoir
pressures [1]. Figure 1 [2] is a typical solution GOR versus
pressure curve. The GOR is also defined as the oll
produced after the dissolved gas has developed from it at
the surface divided by the volume of gas that originates
from the generated oil (or water) at atmospheric pressure.
measured in standard cubic feet (SCF) [3-6].
Correspondingly, in heavy oil, the solution gasoil ratio
(Rs) is larger than in light oil. When there is no dissolved
gas in the oll, it has a ratio value of 0 SCF/STB, whereas
very light oil has a value of 2100 SCF/STB [7-9]. While
waiting for the bubble point pressure to be reached, the
solution gasoil ratio tends to grow linearly [10]. "The
maximum pressure at which the first gas appears" [11-
14] is used to define the bubble point pressure (BPP).
Since no gas is released from the oil since it is still
contained in the reservoir, as shown in Figure 1, the Rs
have a constant value above the bubble point.
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Furthermore, wellbore optimization is primarily
evaluated during the stages of well completion. Tubing
joints range in length from 18 to 35 feet, with the average
being around 30 feet. There are numerous outside
diameter diameters available for tubing. 2 3/8-in, 2 7/8-in,
3 1/2-in, and 4 1/2-in are the most frequent sizes. The API
defines tubing as pipe with an outside diameter ranging
from 1 in to 4 1/2 in. Casing refers to larger diameter
tubulars (4 1/2-in to 20-in) [15-17]. Also, production
optimization identifies ways to enhance output while
decreasing operating expenses. The main purpose is to
maximize the well's profitability. To attain and sustain this,
it is critical to examine and monitor several sections of the
production system, such as the wellbore sand face,
reservoir, generated fluids, and surface and downhole
production equipment. For production optimization,
several strategies are utilized [18]. The system analysis
approach, also known as nodal analysis, is the most
frequent and widely utilized method. The crucial
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parameter is the flow rate per well. It determines the
number of wells that must be drilled in order to maximize
the field's economic output [19]. The nominal tubing
diameter is the first characteristic to consider when
selecting a tubing string. The steel grades and nominal
weight are selected depending on the stress that the
tubing will be subjected to during production.

Thirdly, the type of connection and metallurgy are
chosen based on how damaging the current and
upcoming effluents are. In fact, the many stages stated
above overlap, making tubing selection challenging at
times. The nominal diameter through weight affects the
pipe's inner through diameter while estimating the
nominal pipe diameter [20]. The maximum flow rate that
corresponds to the erosion velocity and the minimum flow
rate necessary to lift water or condensate are the two
factors that set the flow rates that can pass through it.
Tubing having a diameter of less than 2 7/8 in is known
as macaroni string and is typically used for well operations
employing concentric pipe. Also keep in mind that the
space needed by the tubing couplings limits the largest
nominal tubing diameter that may be run inside the
production casing [21].

MATERIALS AND METHODS

The capacity to predict reservoir performance in
the future is required for scheduling artificial lift
operations, sizing the appropriate equipment, and
planning reservoir expansion from an economics
perspective. Additionally, forecasting a depletion-drive
reservoir's primary recovery performance in terms of Np
and Gp, the reservoir PVT data must be available. Initial
fluid saturation, initial oil in place, initial hydrocarbon PVT,
and relative permeability are some of these data. Every
other method for predicting a reservoir's performance in
the future is essentially reliant on the appropriate material
balance equation (MBE) and an appropriate saturation
equation for the immediate GOR. However, the projection
is just limited to the current GOR. The computations are
also performed again at a number of hypothetical
reservoir pressure decreases. Although there are a
number of ways that can be utilized to forecast how the
solution gas drive reservoir would operate, Tracy's
method was employed in this study.

For a depletion drive reservoir without water
ingress, Tracy (1955) [22] proposes that two functions of
PVT variables can be used to modify and express the
general material balance equation. The formula that
follows assumes that there is an initial oil instead of one
STB.

N = N,8, + G,0, 1)
where,
% e 0

(Bo_Boi)"'(Rsi_Rs)Bg
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The following steps where followed to enable the
prediction;
i. An average reservoir pressure was selected
ii. The values of the PVT functions were calculated
iii. The GOR using data from PVT and expected
reservoir pressure was estimated

iv. The average instantaneous GOR was calculated
using equation (4)

V. The incremental oil production was calculated
from equation (5)

Vi. The cumulative crude oil production was
determined using equation (6)

vii. Calculations were made for the crude oil and gas
saturation at a certain average reservoir pressure.

viii. The relative permeability ratio Krg/kroat Sg was
obtained

iX. The instantaneous GOR was obtained

X. The estimated GOR obtained was compared with

the calculated GOR. The next step was only moved to if
the numbers fall within an acceptable tolerance range, go
ahead; if not, set the estimated GOR to the calculated
GOR, and repeat steps 2 and 3.

Xi. The cumulative gas production determined using
equation (7)

GORassume + RSO
GORgpg = ——tesuined——se (4)
_ 1-(Np@o+NpBy)
ANp = 90+(GOR)avgd, )
N = N; + AN, (6)
G, = Gp+ AN, (GOR)avg @)

The prediction's correctness should be verified once
again on the MBE, and the step 1 calculation should be
redone because the results depend on 1 STB of oil being
initially present.

N = N,@, + G,0, = 1 ¥ Tolerance (8)
where;

Boi = Initial Oil Formation Volume Factor, rb/stb

Bo = Oil Formation Volume Factor, rb/stb Gas

Bg = Formation Volume Factor, bbl/scf

d = pipe diameter, L, in = friction factor, dimensionless

g = gravitational acceleration, L/t2, ft/sec2

gc= conversion facto, dimensionless, 32.2 ft-lom/Ibf-sec2
GLR = Gas Liquid Ratio, (SCF/STB)

GOR = Gas oil ratio, (SCF/STB)

LGOR = Low GOR

N = Initial Oil in Place, STB

Np = Cumulative Oil Production, stb/day

OD = outer diameter, inches is the bubble point pressure,
psi

Rn = Gas Oil Ratio at a specific reservoir pressure, scf/stb
Rsi = Initial Solution Gas oil ratio, scf/stb

Sg = Gas Saturation Oil Saturation
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RESULTS AND DISCUSSION

For a specific range of GOR, Tables 1 displays
the fluctuation in both pressure and the rate of oil
production. The prediction approaches produced almost
the identical GLR at a specific GOR and water cut
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according to Table 1. The findings only shown that Tracy
methods can be utilized to accurately estimate the
immediate gas/oil ratio for an oil well. Additionally, utilizing
Table 1's water cut and the same GLR at a specific GOR.
and there was a very minimal error margin between the
computed and estimated GOR.

Table 1: shows the Tracy prediction methods' estimated GLR for various water cuts.

We (%) GOR (sfc/stb) Tracy Method | Calculated | Difference
GLR (scf/sth)
25 1800 1300 1300 0
20 1800 1500 1400 100
15 1800 1700 1500 200
25 4500 2750 2700 50
20 4500 3300 3100 200
15 4500 4100 3650 450
5400
Tracy wc (15%)
4500 | wc (20%)
— 3600 we (25%)
b
Q2700
L3
-4
-l
@ 1800 |
e Tracy 15%
9200 - e 2 (0%
" 2 2 'l 4 \ 25
’ 0 000 1800 2700 3600 4500 5400
GOR (SCF/STB)

Figure 2: GLR against GOR at varying water cut ratios (Tracy’s method)

The GOR was estimated using Tracy's steps, which are
outlined above for the prediction of produced GOR. The
plot of the instantaneous GOR against pressure shown in
Figure 3 was created using the generated data. For a

solution gas drive reservaoir, the initial crude oil in place is
3.7 MMSTB, the connate water saturation is 35%, the oil
saturation is 0.65, the bubble point pressure is 2500 psi,
and the abandonment pressure is 700 psi.
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Figure 3: Variation of GOR with reservoir pressure

The tubing performance curves as shown in
Figure 4 for different sizes tubing IPR1 and IPR4 curves
intersect, making tubing selection possible. More so, IPR1
to IPR3 curves and the 4-in tubing performance curve
cross each other. Additionally, the TPR curves for the
3.1/2-in, 2.75-in, and 2 3/8-in tube sizes converge as it
approaches IPR5. Therefore, at lower IPR curves (IPR4
and IPR5), the larger tubing size (4-in) cannot be used to
build the well. The 4-in tubing size may produce up to

1000 500

2100 stb/day at a bottom hole pressure of 1375 psi,
according to the IPR1 curve, but the 2 3/8-in can only
produce 1310 stb/day at a significantly higher bottom hole
pressure of 2090 psi. It was observed that as tubing
diameter is increased, the bottom hole pressure generally
tends to drop. In addition, the increase in oil output is
accompanied by a change in the tubing curves to the right
when GOR increases from 840 scf/stb to 1052 scf/stb.
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Figure 4: Future inflow performance relationships curves
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CONCLUSION

The outcomes for the trends in crude oil
production show that GOR production increases the
amount of production to some extent. It was observed that
the GOR generated decreasing reservoir pressure cannot
be regulated, and as a result, it is essential to conduct an
analysis of all tubing sizes offered in order to identify the
precise tubing sizes that will result in a notable increase
in output. However, the outcomes of this study's research
will undoubtedly provide guidance in selecting the best
tubing size for the well's completion and gas lift design. In
addition, the critical point depends on the tubing size
utilized and the state of the well at the time.
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