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Abstract: This research employed a qualitative system of analysis that incorporates both nodal and economic analysis of
distinct tubing sizes, their flow rates and pressure sensitivity, using tubing performance and four distinct economic profitability
indicators. Furthermore, the four-profitability indicators were subjected to a cause factor sensitivity test. Results of the nodal
analysis and tubing size sensitivity showed increasing flow rates with increasing tubing size from 1.90-inch tubing size to 4.275-
inch and plateaued with highest flow rates within the ranges of 4.75-inch to 5.70-inch and then declined in ranges greater than 6.0-
inch. while pressure sensitivity showed relative pressure decrease with increasing tubing size showing lowest pressure points
within 4.75-inch to 5.70-inch tubing sizes and then increased in ranges greater than 6.0-inch. Economic profitability analysis was
carried out on the tubing sizes using CAPEX, tubing cost and oil production rate through four profitability indicators which
includes; NPV, IRR, PI and PP. The outcome of the analysis aided the determination of an optimal tubing size of 5.225-inch

ranking it highest in all four utilized profitability tools amongst all four analyzed tubing sizes.
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1. Introduction

The oil and gas industry is a vase industry that requires
extensive capital to develop, it cuts across several phases of
processing ranging from exploration, through to completion
and development. Each of these phases encompass several oil
and gas operations, some of which simultaneously intercept
throughout all phases. Every phase of the operation, is just as
important as the order holding the capacity to make or mar
the overall process. This implies that in cases where
operations have progressed to development and production
stage, it’s still not a time to be at ease noting that irrespective
of how far operations have gone, any simple error or
operational malfunction can still mar the operation. Hence,
proper reviews and evaluations on development and
production parameters is carried out extensively. One of the
most important determinant parameters, which have been
described according to [12] as having the capacity to kill the
well is tubing utility. Tubing utility encompass both size,
material strength and installation of production tubing.
Tubing utility doesn’t only have the capacity to kill well, but
it also has the capacity to compromise production rate as well

as incurring additional cost and by extension minimizing
economic benefit. Oil and gas production systems must be
built in such a way that it doesn’t compromise reservoir
pressure while maximizing production, and thus ensuring in
place well control.

Oil and gas production systems, designed to move
hydrocarbons from their position at the reservoir to their
desired destination at the surface/stock tank are made up of
components which play individual roles to ensure an
effective hydrocarbon recovery. Tubing again, has been
described as a component in the production system of a
flowing well and is the main channel for oil and gas
production [13]. After well completion, the reservoir fluid
could be produced through the casing, tubing or both. Mostly
wells are produced through the tubing in order to isolate the
casing from corrosion and for use of artificial lift systems, [6,
4]. It became essential that for any selected production tubing
size, the well should flow naturally. Choosing an undersized
tubing will result in excessive flow velocity and hence
increased friction resistance in the well which limits the well
production rate. The undersized tubing may as well restrict
the type and size of artificial lift equipment [2]. Using
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oversized tubing on the other hand would result in low flow
velocity and hence excessive liquid loss due to gas slippage
effect. Large tubing size would also complicate workover
operations due to loading of the well resulting from heading
and unstable flow [2]. [11], emphasized the need to select the
optimum tubing size that ensures an optimum state for the
friction resistance and liquid-phase loss due to flowing time
lowest lifting energy consumption.

Optimum tubing selection is commonly done by using
nodal analysis to perform sensitivity analysis on the various
tubing sizes during the flowing production period of the well
[11]. The system analysis that combines the inflow
performance relationship (IPR) and the tubing performance
relationship (TPR) curves so as to obtain the operating flow
rate and pressure at a specified node is called nodal analysis
[3]. Establishing and a relationship between pressure drop
and flow rate performance in a reservoir is paramount for
production optimization [1] because it will help to; possibly
forecast well production with the knowledge of Nodal
analysis; forecast production rate, cumulate production for oil
and gas wells, obtain information of oil and gas production
costs; making it possible to use the results for production
prediction and field economic analysis [5]. Hence developing
a relationship between the inflow and tubing performance
curve with respect to tubing size is a critical means of
determining the optimum production rate for hydrocarbon
recovery.

2. Literature Review

Tubing size determination in relation to its production
capacity, is a vital part of the well development phase in the
industry. It poses strong influence in determining the
success or failure of the overall process and most
essentially the production yield which consequently, affect
the economic profitability of the overall process.
Conventionally in the industry, a well completion
evaluation is carried out by production engineers, in order
to develop well completion design with optimal production.
The result of this practice is that the well production is
limited to the degree to which the well completion design
allows. Thus, it is on this basis, that certain production
variables are evaluated in terms of their effects on
production. After a well completion operation is completed,
the tubing size and mode of production is then determined
based on already established well completion parameters.
Tubing is an essential part of the production system; it
forms the most important path way for the development of
an oil and gas field [13].

Again, [13] in his book further described the full weight
consequence of tubing determination and application in
production operation, he reported that bottom hole to surface
pressure drops initiated by fluid lifting may range up to 80%
of the overall reservoir pressure. Therefore, stressing the
need for the determination and application of optimal tubing
size unique to a particular oil and gas well as the case may
be. Optimal tubing applications allows for best well control

practice, which in turn sustains well longevity and enhances
results of workovers [7].

An efficient operation in the oil and gas industries requires
the knowledge of tubing performance of flowing wells, and
the future performance of the wells may also be evaluated,
[9]. He further stated that the flowing bottom hole pressure of
a well varies with the production rates for a given well head
pressure, hence plotting these parameters against each other
on a Cartesian coordinate will yield a curve called the tubing
performance curve (TPC).

In their book, [7] also noted that the determination and
installation of tubing is a critical phase that is capable of
killing the well and curing additional cost. Thus, tubing must
be designed in such a way that it meets all stress and load
condition exerted by the well in course of its operational
routine practices such as, tension, burst and collapse. Their
report further highlighted that production tubing’s installed
with packers, provide sufficient casing isolation that prevents
it from interacting with well fluids and thus, prevents casing
corrosion problems.

In their works, [8] used C# programming language to
develop software for optimizing tubing and production case
sizes for flowing oil and gas wells. It was shown that their
software could produce the accurate results for tubing and
production case sizes for flowing oil and gas wells but does
not consider the future IPR and therefore impossible to
predict when the selected optimum tubing size will stop
flowing.

3. Methodology

This research work was done using Schlumberger’s [10]
and Oracle’s CRYSTAL BALL. PIPESIM was used to model
the well by properly inputting the well parameters such as
casing depths, tubing, downhole equipment such as packer
etc.

Schlumberger’s PIPESIM (2017) was also used to carry
out nodal analysis and sensitivity analysis of different tubing
sizes while CRYSTAL BALL was used for Monte Carlo
simulation to carry out economics analysis of the different
tubing sizes.

Prediction of discounted cash outflow and inflow over the
projected field life was carried out using an excel
spreadsheet. Parameters such as the Capital Expenditures
(CAPEX), operating expenditure (OPEX), anticipated
revenue, marginal field fiscal arrangements, oil price forecast
and the desired discount rate were used to estimate the NPV,
Profitability Index (PI), Payout Period (PP) and internal Rate
of Return (IRR). For well XYZ, some assumptions were
made which includes:

a) Price of crude oil was assumed as $59 (the average

price between 2018-2020);

b) Royalty at 12.5%;

c¢) Discount rate was at 15%;

d) Tax at 30%;

e) For a specific period of 10 years.

Input data for well XYZ
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Table 1. Wellbore data for well XYZ.

From ToMD ID Wall

and well fluid flow rate of 786.3491stb/day.
Tubing size sensitivity analysis test was further carried out

Type MD (ft)  (ft) (in) Thickness oushness using a range of tubing sizes from 1.9 to 7 inches as shown in
Conductor casing 0 1500 20 0.99 0.001 Figure 3.
Surface casing 0 3000 16 0.8 0.001
Intermediate casing 0 6000 12 06 0.001 33ft
Production casing 0 10000 8 0.55 0.001 3 ~ | SURFACE EQUII
Liner 7999 10000 6 0.45 0.001 e surface choke
Tubing 0 9500 2 0.35 0.001 Elowline
Sink
Table 2. PVT and Production Test Data for Well A. "Tublng flow from Cpl]
Type Value | CONDUCTOR |
Reservoir Pressure, Psia 4000 [ 1
Wellhead Pressure, Psia 500 L SURFACE
Reservoir Temperature, F 20 T/
IPR Basic Liquid
AOFP, stb/day 1200
IPR model Vogel ]
Water cut, % - INTERMEDIATE |
GOR, scf/stb 1500
Gas specific gravity 0.7
Water specific gravity 1
Al DAL PRODUCTION |
Fluid Light oil + gas 1
l Tubing \
. . | Pk 1
4. Results and Discussions Mme.. =
=0
After the data was correctly inputted, the software was 0490 # ] [ Cpl ‘
allowed to run and thus, generating well model for well XYZ .l TJ
shown in figure 1. The process is then proceeded by the »
nodal analysis phase at the bottom-hole as indicated in Figure =~
1 showing a N/A symbol indicating nodal analysis. It then 10000 ft
generated an IPR and outflow performance curve as indicated Figure 1. Well XYZ.
in figure 2 The results shows that the curves pass through the
operating points of bottom hole pressure of 2172.829 Psia
Well
4000
3800
3600
3400
_ 3200
3
é 3000
« 2800
c
S 2600
=3
2 2400
2 2200
& 2000
§ 1800
£ 1600
; 1400
2 1200
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0
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Stock-tank liquid at nodal point (STB/d)

= Inflow:

= Qutflow:

© Operating Points

Figure 2. IPR and VLP curve of Well XYZ.

4.1. Result of Sensitivity Test

Figure 3 shows results of the tubing performance of different tubing sizes for well XYZ and they are summarized in Table 1
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which is further analyzed in figures 4 and 5.

Well

4000

3500

3000

2500

2000

1500

Pressure at nodal analysis point (psia)

0 100 200 300 400 500 600 700 800 900 1000 1100 1200
Stock-tank liquid at nodal point (STB/d)

Inflow: Outflow: IDIAMETER=1.9 ins
Outflow: IDIAMETER=3.325 ins Outflow: IDIAMETER=3.8 ins
Outflow: IDIAMETER=5.225 ins Outflow: IDIAMETER=5.7 ins

Outflow: IDIAMETER=7 ins Q© Operating Points

Outflow: IDIAMETER=2.375 ins Outflow: IDIAMETER=2.85 ins
Outflow: IDIAMETER=4.275 ins Outflow: IDIAMETER=4.75 ins
Outflow: IDIAMETER=6.175 ins Outflow: IDIAMETER=6.65 ins

Figure 3. Effects of various tubing diameter size on inflow performance curve vs outflow performance curve of well XYZ.

Flowrates vs Tubing sizes
980

960 (o] (]
940 (o)

920

900 °

880

flowrate (stb/day)

860
840

820
0 1 2 3 4 5 6 7 8

Tubing sizes (inches)
Figure 4. Plot of Flow rate Vs Tubing sizes.

tubing sizes range of 2.375-inch to 4.75-inch, while tubing

Table 3. Optimal flow rate and pressure for different tubing sizes. sizes greater than 4.75-inch to 5.70-inch showed highest flow

Tubing size, ID (inches)  Flowrate (stb/day) Pressure (psia) rate performance. Consequently, those greater than 5.70-inch
1.9 763. 6803 2242.626 to 7.0-inch showed significant flow rate decline. The
22T BATLIERE 1973.58 aforestated analysis therefore, shows that tubing sizes within
§§§ ggz‘gﬁg 1223‘3;7 the range of 5.225-inch to 5.70-inch will produce the well
38 941.1729 1698.302 XYZ at optimum flow rate.

4275 950.1762 1600.888 The Pressure versus tubing size plot data was again,
475 955.1532 1581.053 generated from the tubing size sensitivity analysis (Figure 5).
3225 958.2438 1568.64 The plot shows a relative pressure drop within the range of
2‘?7 5 Zz?‘égzi iggj‘fgi less than 2.375-inch to 4.275-inch, while within the ranges of
6.65 913.5425 1741493 greater than 4.75-inch to 5.70-inch show also a relative stable
7.0 829.1195 2036.005 and lowest pressure rates and then increases again in ranges

greater than 5.70-inch. Based on the plot analysis, it clear

The flow rate versus tubing sizes plot data was generated  that ranges within 5.225-inch to 5.70-inch tubing sizes will

from the tubing size sensitivity analysis result (Table 4) The  make the best choice for well XYZ development in terms of
plot shows that flow rate increased progressively within  well control and longevity in well service life.
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Pressure vs Tubing sizes
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Figure 5. Plot of Pressure Vs Tubing sizes.

four tubing sizes which includes; 2.375, 3.325, 5.225,
6.651nches, are now presented in this sub-section. The selected
indictors were carefully to justify the research objectives.

4.2. Monte Carlos Simulation Results for Some Selected
Profitability Indicator

The stochastic results of the Monte Carlos simulation of the
model for some selected metric system measures considering

Humphrey Nnenna Amah and Uche Osokogwu: Investigating Effects of Tubing Sizes on

1,000 Trizls Split View 595 Displayed
NPV for 2.375-in Statistic Fit: Beta Forecast®
: - : Trials = j
0.05 Mean $39.455.608.29 539455
Median $39.335.304.58 539443
S 004 Mode 53907461164
E el Standard Dev $3,479.409.26 53481
= ariance $12.106.288,802.0 s12118.40
& 007 Skewness 01827
Kurtosis 288
0:01 Coeff. of Vari 0.0882
0.00 Minimum £24,453,143.92 530,240
$30,000,000.00 Maximum $65,573.674.64 £51.198
: Mean Std Err — 5110
—Eit-Hela . Forecastvalues
< >
P (53523518535 Certainty: | 77.57 % 4 54379569993

Figure 6. NPV Result for 2.375-inch tubing size.

4.3. Net Present Value (NPV)

The result of the stochastic modelling for a 2.375-inch tubing size (Figure 6), shows that on a 10% probability scale, the well
has the capacity to generate an NPV less than or equal to $35,011,020.46 while on a 90% scale it has the capacity to generate

an NPV less than or equal to $43,905,637.55.

1,000 Trizls Split View 558 Displayed
NPV for 3.325-in Statistic Fit Weibull | Forecast:
Trizls —
= = Mean 546,705,929.64 546,685
0.08 P30 = $52 040,587.29 S :
Median 546,725,010.13 546,762
= 0.04 Mode 546,866, 510.50
% 003 Standard Dev £4,173,208.25 £4173
o Wariance 5174156754255 51741567
& o0z | 00113
Kurtosis 27
0.01 Coeff. of Vari 0.08%4
o0 L Minimum $33,329.457.00 $35.71%
535.000,000.00 Maximum Infinity 558,525
3 Mean Std Err - 5131
‘ — Fit. Weibull . Forecastvalues
< >
P (54077517252 Certainty: 8202 % 4 $52.360.457.7
Figure 7. NPV Result for 3.325-inch tubing size.

The result of the stochastic modelling for a 3.325-inch tubing size (Figure 7), shows that on a 10% probability scale, the well
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has the potential of generating an NPV less than or equal to $40,860,754.52 while on a 90% scale it has the capacity to
generate an NPV less than or equal to $52,040,587.29.

1,000 Trials Split View 558 Displayed
NPV for 5.225-in Statistic Forecast values Fit: Logn:
Trials 1,000
Mezn 550,843,482 26 £50.843
0.05 PSO - £56,635,540.16 | 50 el :
Sl oo < 550,505 252 Median $50,653.93275 850,792
> 004 40 T |Mode — %5069
= S |[Stendard Dev  s44023142¢  s4.402
3 005 0T ariance  $19380370.7063 $19,382.33
=3 = .
& 0.02 2082 0.0599
Kurtosis 279
0.01 - 10 Coeff. of Vari 0.0866
LT o Minimum $37,582,8155¢ -$140,366
$56,000,000.00 53,000,000.00 Maximum 64,408,207 64
$ Mean Std. Er £139,212.40
‘ M Forecastvalues = Fit: Lognormal
£ >
P |544532.853.44 Certainty: |82.95 % ¢ |556.754.085.75

Figure 8. NPV Result for 5.225 tubing size.

The result of the stochastic modelling for a 5.225-inch tubing size (Figure 8), shows that on a 10% probability scale, the well
has the potential of generating an NPV less than or equal to $45,087,033.38 while on a 90% scale it has the capacity to
generate an NPV less than or equal to $56,639,540.16.

1,000 Trials Split View 594 Displayed
NPV for 6.65-in Statistic FitBeta | Forecast:
) Trials = i
Base Case =533 98 61422 1 Mean $28.569.188.50 $28.569
- L. Fo-commensy | O |Medin S28.40341170 528363
= o i %1 Mode £28,008,243.26
T | Median = 528,363,654 81 [ | & |Standard Dev $2. 77448753 $2775
2 N 5 |Variance $7.697.731,068.06 7,705,426
fo i =t 3 [Skewnsss 0.3086
G | Kurtosis 2.80
Coeff. of Vari 0.0971
0.00 T o Minimum 520,548,420.73 521,752
536.000.000.00 Maximum $42,822.261.01 537,166
3 Mean Std Err - 587
= Fit-Hels . Forecastvalues
< >
Jp [525,290.959.48 Certainty: |30.88 | % 4 |s32788.150.77

Figure 9. NPV Result for 6.65-inch tubing size.

The result of the stochastic modelling for a 6.65inch tubing size (Figure 9), shows that on a 10% probability scale, the well
has the capacity to generate an NPV less than or equal to $25,079896.67, while on a 90% scale it has the capacity to generate
an NPV less than or equal to $32,183,856.15.

4.4. Internal Rate of Return

1,000 Trials Split View 995 Displayed
IRR for 2_375-in Statistic Fit: Weibull Forecast
Trials -
0.06 | 5D Mean B9%
PS0=77% Median 69%
-, 004 HBase Case= 70— 4 1 |Mede 68%
% g Standard Dev 6%
o W59 V4 Median = 53 o S |Variance 0%
© oo P10 =617 P o0 3 |Skewness 02239
L M 2 |urtosis 282
0.01 - 10 Coeff. of Vari 0.0861
Certainty = B1.63% Minimum 55%
0.00 0 Maximum Infinity
Mean Std. Err -
$
| = Fit: Weibull . Forecastvalues
< >
b 61 Certainty: |81.63 % q 7

Figure 10. IRR Results for 2.375-inch tubing siz.
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The IRR result of the stochastic modelling for a 2.375-inch tubing size (Figure 10), shows that on a 10% probability scale,
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using a 2.375-inch will generate an IRR of 61%, while on a 90% probability scale it will generate an IRR of 77%.

1,000 Trials Split View 993 Displayed
IRR for 3.325-in Statistic Fit: Beta
Trials
0.06 M
[P0 =81% 2
0.04 Median
= Mode
S 003 Standard Deviation
] -
o Variance
|jD: 0.02 - Skewness 0.
Kurtosis
DU ——y Coeff. of Variability o
0.00 Minimum
Mascimum
o Mean Std. Error
| — Fit: Beta .Furecastvalua
< >
P 64 Certainty: |78.69 q |80n

Figure 11. IRR Results for 3.325 tubing size.

The IRR result of the stochastic modelling for a 3.325-inch tubing size (Figure 11), shows that on a 10% probability scale,
using a 3.325-inch will generate an IRR of 64%, while on a 90% probability scale it will generate an IRR of 81%.

1,000 Trials Split View 959 Displayed
IRR for 5.225-in Statistic Fit: Beta Forecast
Trials
B Mean
P30 = 83%
0.04 Mean = 74% ————r 4% Median
z Megian = 72% T (Mode ,
= 003 F10 = B6% 3 T |Standard Dev 7%
8 Base Case=62% @ |Variance 0%
£ oo 20 5 Skewness 0.1481
0.01 - 10 Kurtosis 255
' _,FPH Certging = 77 167, Coeff. of Vari 0.0885
0.00 o Minimum 56%
1 i 1 1 i B o
80% 0% 80% 0% Maximum 8%
9% Mean Std. Err -—
| = Fit: Beta .Forecastvalua
£ >
P 68 Certainty: |77.76 4 |83

Figure 12. IRR Results for 5.225-inch tubing size.

The IRR result of the stochastic modelling for a 5.225-inch tubing size (Figure 12), shows that on a 10% probability scale,
using a 5.225-inch will generate an IRR of 66%, while on a 90% probability scale it will generate an IRR of 83%.

1,000 Trials Split View 996 Displayed
IRR for 6.65-in Statistic Fit: Beta Forecast
Trials -
o 0 Mean 60%
004 “w_ m:ia” ::3"
= M : 2 |sortad b .
o 0.03 d Base Case = 56% 30 o e 5%
a P10 - 537, 5 |variance 0%
|jD: 0.02 - 20 é Skewness 0.3583
Kurtosis 264
0.01 TS 10 | Coeff. of Vari 0.0884
0.00 0 Minimum 48%
Mascimum 2%
o Mean Std. Err
| = Fit: Beta .Forecastvalua
£ >
P 53 Certainty: |78.40 q &7

Figure 13. IRR Results for 6.65-inch tubing size.

The IRR result of the stochastic modelling for a 6.65-inch tubing size (Figure 13), shows that on a 10% probability scale,
using a 6.65 -inch will generate an IRR of 53%, while on a 90% probability scale it will generate an IRR of 67%



Profitability index (PI)

Journal of Energy and Natural Resources 2022; 11(3): 95-106

102

1,000 Trials Split View 994 Displayed
Pl for 2.375-in Statistic Fit: Beta Forecast
Trials -
0.05 5D Mean §3.32
EEPEI Median £3.30
= 0.04 r 40 T Mode §3.26
= - = |Standard Dev s0.28
% 0.03 - 30 2 |Variance s0.08
2 S |skewness 0.3380
(r 002+ 208 |Kurtosis 290
001 10 Coeff. of Vari 0.0841
: Certainty = 82 457 Mini!'num §2.46
0.00 : | ‘ | | ; 0 maxlmgﬁ = £5.1%
£3.00 £3.20 £3.40 53.60 53.80 54.00 ean . B
| = Fit: Beta .Forecastvalua
< >
P 5234 Certainty: |82.49 q 372

Figure 14. Pl results for 2.375-in tubing size.

The PI result of the stochastic modelling for 2.375-inch tubing size (Figure 14), shows that on a 10% probability scale, using
a 2.375-inch will generate an PI of 2.95, while on a 90% probability scale will generate a PI of 3.67.

1,000 Trials Split View 1,000 Displayed
Pl for 3.325-in Statistic Fit: Beta Forecast
Trials —
0.05 50 Mean £3.47
P Median £3.46
5, 004 40 |Mode £3.43
= z Standard Dev £0.30
S 0.03- 302 |Variance $0.09
S T |Skewness 0.1582
(@ 002+ 208 Kurtosis 251
T - Coeff. of Vari 0.0869
' Certainty = 73.91% Minimum $2.65
0.00 . I . ] | J : 0 Maximum §453
S300 5320 5340 5360 5380 5400 5420 Mean Std. Err
| = Fit: Beta .Forecastvalua
£ >
b |s3.08 Certainty: |79.91 4 387

Figure 15. PI results for 3.325-in tubing size.

The PI result of the stochastic modelling for 3.325-inch tubing size (Figure 15), shows that on a 10% probability scale, using
a 3.325-inch tubing size will generate a PI of 3.07, while on a 90% probability scale will generate a PI of 3.88.

1,000 Trials Split View 959 Displayed
Pl for 5.225-in Statistic Fit: Beta Forecast®
Trials —
Mean 8357
0.04 Feg=<398 40 Median $3.56
Mode §353
> ml -
= 003 30 g Dev 80.31
% 2 |Variance 8010
J§ 0.02 - 205 [sk 0.1573
T 2 |Kurtosis 258
0.01 10 Coeff. of Vari 0.0870
_/PFH Minimum 5289
0.00 | . . : | - 0 Maximum 8472
52.80 $320 5340 5360 5380 5400 S420 5440 Mezn Std. Ere
| = Fit: Beta .Fnrecastualus
< >
P |s318 Certainty: |77.47 4 |s395

Figure 16. PI results for 5.225-in tubing size.

The PI result of the stochastic modelling for 5.225-inchtubing size (Figure 16), shows that on a 10% probability scale, using
a 5.225-inch tubing size will generate a PI of 3.17, while on a 90% probability scale will generate PI of 3.98.
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1,000 Trials Split View 996 Displayed
Pl for 6.65-in Statistic Fit: Beta Forecast»
Trials —
0.08 50 Mean s2.88
Median §2.26
HPa0 -s323
L 0o A Mode 5281
2 I |standard Dev 5025
% 0.03 - 30 2 |Variance $0.06
2 T |Skewness 03733
it TES 2082 |Kuriosis 265
oot 10 Coeff. of Vari 0.0853
1 Minimum s2.34
0.00 0 Maximum §3.30
- 1 1 1
52.40 52.80 53.00 53.2 5360 Mean Std. Err
| — Fit: Beta .Furecastvalua
< >
} 57 59 Certainty: |78.85 e 4 5377 Statistics shown in color are tested for $0.05 pres

Figure 17. PI results for 6.65-in tubing size.

The PI result of the stochastic modelling for 6.65-inch tubing size (Figure 17), shows that on a 10% probability scale, using
a 6.65-inch tubing size will generate a PI of 2.58, while on a 90% probability scale will generate a PI of 3.23.

4.5. Payout Period

1,000 Trials Split View 958 Displayed
PP for 2.375-in Statistic Fit: Beta Forecast
Trials —
Fe0 =161 Mean 145
Median 145
= Mode 144
= Standard Dev 0.12
s Variance 0.0
£ Skewness 0.0840
Kurtosis 261
Coeff. of Vari 0.0833
Minimum 1.05
Maximum 192
Year Mean Std. Err -—
| = Fit: Beta .Forecastvalua
£ >
P 128 Certainty: |82.04 % q 182

Figure 18. PP results for 2.375 in tubing size.

The PP result of the stochastic modelling for 2.375-inch tubing size (Figure 18), shows that on a 10% probability scale,
using a 2.375-inch tubing size will operate a Payout period of a year and 3 months, while on a 90% probability scale will
operate a Payout period of a year and 6 months.

1.000 Trials Split View 598 Displayed
PP for 3.325-in Statistic Fit: Beta Forecast»
005 Trials —
Mean 1.39
0.04 - Median 1.38
= Mode 1.37
S 0.03- fard Dev 012
= Variance 0.01
ey Skewness 02310
Kurtosis 258
0.01 - Certzint = 8 Coeff. of Vari 0.0871
0.00 | ’ . Minimum 107
1.40 ! . Maximum 1.86
Years Mean Std. Err —
| = Fit: Beta M Forecastvalues
£ >
P13 Certainty: |81.76 % q 157

Figure 19. PP results for 3.325-in tubing size.

The Payout period result of the stochastic modelling for 3.325-inch tubing size (Figure 19), shows that on a 10% probability
scale, using a 3.325-inch tubing size will operate a Payout period of 1 year and 2 months, while on a 90% probability scale,



Journal of Energy and Natural Resources 2022; 11(3): 95-106

will operate a Payout period of 1 year and 5 months.
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Figure 20. PP results for 5.225 -in tubing size.

The Payout period result of the stochastic modelling for 5.225-inch tubing size (Figure 20), shows that on a 10% probability
scale, using a 5.225-inch tubing size will operate a Payout period of 1 year and 2 months, while on a 90% probability scale,

will operate a Payout period of 1 year and 5 months.
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Figure 21. PP results for 6.65-in tubing size.

The Payout period result of the stochastic modelling for 6.65-inch tubing size (Figure 21), shows that on a 10% probability
scale, using a 6.65-inch tubing size will operate a Payout period of 1 year and 4 months, while on a 90% probability scale, will

operate a Payout period of 1 years and 8 months.

Table 4. Profitable Indicators of Different Tubing Sizes and their Ranking.

Tubing size (Inches) NPV IRR PI PP Ranking
2.375 43,905,637.55 77 3.67 1.66 31
3.325 52,040,587.29 81 3.88 1.55 20
5.225 56,639,503.16 83 3.98 1.50 I
6.65 32,183,856.15 67 3.23 1.84 4"

4.6. Sensitivity Analysis Results

This analysis was carried out to evaluate much impact
some of input variables such as the price of oil, tubing costs,
etc. have on the profitability indicators. The input variables
impact each profitability indicator differently and would be
observed. The analysis shows how much corresponding
changes the profitability indicator would undergo with
change in particular input variable. Its usefulness in decision

making cannot be overemphasized as most of these variables
could change over time. It therefore gives decision makers an
idea of project’s outcome, negative or positive, if a particular
variable changes.

Briefly described below are the results of the sensitivity
analysis done on the various profitability indicators on the
four tubing sizes.

The sensitivity result given in Figure 22 shows that the
input variable with the greatest impact on the NPV of the
tubing sizes is the oil price which is directly proportional to
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the NPV. This implies that the higher the oil price, the higher
the NPV. While tubing cost shows a negative impact,
indicating the lower the tubing cost, the higher the NPV.

1,000 Trials Contribution to Variance View
Sensitivity: NPV@15%
-20.0% 0.9% 20.9% 40.9%
Ol price T
prod. Rate E |
tubing cost I 215%
capital cost 0.1%
Figure 22. Sensitivity Analysis on NPV.
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capital cost 0.1%
Figure 23. Sensitivity Analysis on IRR.
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Figure 24. Sensitivity Analysis on P1.
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Figure 25. Sensitivity Analysis on PP.

The sensitivity result given in Figure 23 on the other hand
shows a different trend. The figure above (figure 23) shows
that the input variable with the greatest impact on the IRR of
the tubing sizes is the tubing cost. The tubing cost shows a
negative impact, indicating the lower the tubing cost, the
higher the IRR. While oil price and production rate show a
positive impact on IRR.

It was also observed in the sensitivity result given in
Figure 24 that tubing costs shows the highest impact on PI.
The figure above (figure 24) implies that the lower the tubing
cost, the lower the tubing cost the higher the PI. While oil
price and production rate show a positive impact on PI.

The sensitivity result given in Figure 25 shows that the
input variable with the greatest impact on the PP of the
tubing sizes is the tubing cost which is directly proportional
to the PP. This implies that the higher the tubing cost, the
higher the PP. While oil price and the production rate show a
negative impact on the PP.

5. Conclusions

This study has been able to prove and further emphasize
the importance of tubing size evaluation, it further buttresses
that a field is not profitable, irrespective of the hydrocarbon
reserve it may have until effective production design
programs is developed such that the wells are produced
optimally without compromising or risking operations while
achieving peak economic advantage.

This research work has extensively analyzed four tubing
sizes for both well XYZ, in bid to determine the optimum
tubing size suited for the well with cost considerations that
support best economic benefits of the wells without
compromising well service life and safety of staff and
environment. The aforestated task was carried out using
Schlumbergers [10] for nodal analysis and consequent tubing
size sensitivity test, while Oracle’s CRYSTALBALL was
used to carry out the economic analysis of the overall
operation in relation to the tubing sizes in order to determine
best economy friendly tubing size irrespective of their
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production and cost performance. Result of the nodal
analysis carried out on all four tubing sizes on well XYZ
show a relatively progressive increase in flowrate within the
tubing sizes of 1.9-inch to 5.70-inch with stability point
within the ranges of 5.225-inch to 5.70-inch and then
declined within tubing sizes greater than 6.175-inch. Pressure
report show reverse relative decrease with tubing sizes from
of 1.90-inch to 4.275-inch, while ranges greater than 5.225-
inch to 5.70-inch show lowest pressure rates and further
increases afterwards with ranges greater than 6.175-inch. The
study further progressed to economic analysis, using four
profitability indicators in order to establish beyond
reasonable doubts the tubing size that meet optimum criteria
for the well in terms of profitability without compromising
well life and safety of crew and environment.

The four profitability indicators explored in the study
include Net present value (NPV), internal rate of return
(IRR), Payout period (PP), and Profitability index (PI).
Result of the economic analysis ranked the 5.225-inch
tubing size highest across all four profitability indicators
(Table 4) on an overall performance. Result of the
sensitivity analysis carried out on all four profitability
indicators show that tubing cost poses over 50% sensitivity
on profitability in Internal rate of return (IRR), Payout
period (PP) and Profitability index (PI) with over 25% of
sensitivity and over 20% of sensitivity controlled by oil
price and production rate respectively. On the other hand,
for NPV, oil price control over 49% sensitivity to
profitability while over 40% and 10% sensitivity is
controlled by production rate and tubing cost.
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