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ABSTRACT

Pressure drop in a vertical or deviated borehole is mainly due to hydrostatic changes and friction when the
produced fluids flow to the surface, when the oil is flowing upwards, the flowing pressure along the tubing
string will drop and gas starts to liberate from the oil. Thus, multiphase flow forms in the tubing string. Hence,
adequate modeling of vertical lift performance is required to predict the pressure drop and subsequently the
wellbore pressure.

The purpose of this research study is to predict the bottom hole pressure in the vertical wells of Yemeni oil fields
using PROSPER, a program developed by Petroleum Experts. The most accurate correlations were chosen from
15 selected built-in correlations to predict the pressure drop via gradient matching.

The results showed the best correlation appeared to be the best-fit correlation for wells to predict the bottom
hole pressure gradient in the vertical wells in Yemeni oil fields is Hydro-3p.
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I INTRODUCTION

Multiphase flow in tube strings has gotten a lot of interest in the upstream petroleum sector since it has
remained a black box problem for decades [1].

Multiphase flow studies, which began in the 1950s, require a better understanding of how hydrocarbon
liquid, water, and gas travel from the bottom hole to the surface [2,3] and even in the gathering lines [4,5,6]
before reaching the onshore crude oil terminal in order to save money.

Multiphase flow has a far more intricate flow behavior than single phase flow because it involves the
integration of numerous flow variables.

In a tubing string, liquid and gas normally do not flow at the same speed. This is because the gas phase,
which is less dense and has a lower viscosity, may flow much quicker than the liquid phase in upward vertical
flow. On the other hand, due to gravity and density differences, liquid flows faster than gas when traveling
downwards.

The computations are complicated even when multiphase flow is subjected to modest pipeline
geometry [2, 3].

As a result, accurate prediction of two-phase flow behavior frequently necessitates the development of
a correlation based on multiple trials.

Every multiphase flow correlation has its own set of constraints and can only be used in a limited
number of well circumstances.

Poettmann and Carpenter [8, Duns and Ros [9], Fancher and Brown [10], Hagedorn and Brown [11],
Orkiszewski [12], Govier and Aziz [13], Beggs and Brill [14], Mukherjee and Brill [15], and Hasan-Kabir [16]
are only a few of the relationships.

The flow pattern is one of the most important variables in determining the quality of multiphase flow,
but it is not as simple to analyze as laminar or turbulent flow in a single phase flow. The relative quantities
between the two phases, as well as the topology of the interfaces, must be explained.

Tubing string flow patterns include bubbly flow, slug flow, churn flow, annular flow, and others [2].As
Ismail et al. [5] and Piroozian et al. [17] point out, flow patterns become more complex in waxy crude.
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Each flow pattern is diverse due to the relative magnitudes of forces operating on fluid, such as surface
tension and buoyancy force, which also vary with flow rates, pipe diameter, and phase fluid properties.

As a result, calculations of pressure gradient utilizing any correlation necessitate a large number of flow
condition parameters such as fluid density, velocity, viscosity, and so on [2, 13].

Due to the phenomenon of gas/liquid slippage, the calculations for pressure losses in multiphase flow
are quite difficult. Today, two basic techniques are utilized to forecast pressure losses in multiphase flow in
pipes: empirical and mechanistic.

The empirical technique empirically connects pressure losses with all essential factors without
explaining the source of the event, whereas the mechanistic approach uses physics to analyze and explain the
phenomenon [18, 19].

A substantial amount of real data and multiphase flow calculations are necessary to build the model of
a well production system [20]. As a result, over the years, various empirical multiphase flow correlations for
estimating liquid holdup and pressure gradient have been created. Nonetheless, none of these multiphase flow
correlations could perform well across the entire spectrum of production settings and characteristics such as tube
size, gas liquid ratio, water cut presence, and so on.

In other words, there is no single correlation that can be applied to all types of flow regimes in the well
successfully.

As a result, distinct multiphase correlations can be used in different parameter ranges to avoid
significant mistakes generated primarily by the fluid's PVT properties [1,2].

Using the basic energy balance equation, the generic equation of pressure gradient that applies to any
fluid flowing in a vertical or deviated well was obtained. It was created for two-phase flow under the assumption
that their flow regimes and attributes are homogeneous in a fixed volume of pipe [2].

The goal of this research is to forecast bottom hole pressure in vertical wells in Yemeni oil fields.

1. RESEARCH METHODOLOGY
To achieve the objectives of the research using PROSPER software following the below mentioned steps:
Step.1 Describe the type of the system that we are attempting to model.
Option summary use in order to describe the type of system that you are attempting to model.
Step.2 Entering Information which can be used to customize reports and plots.
Also, entering free form comments which may be utilized for the purposes of logging what has been done to the
file since its creation.

Step.3 Enter the relevant PVT data and choose the best correlation that matches the laboratory data.

Step.4 Select a reservoir model for the IPR model that is appropriate for the target reservoir and execute the IPR
sensitivity test.

Step.5 Entering survey and equipment data, such as downhole and surface equipment, geothermal gradient, and
average heat capacity .Matching data and calculating the pressure gradient

Step.6 To make a comparison between the calculated data and the actual data
Step.7 To assess the accuracy and performance of the correlation developed in the study, statistical and
graphical error analyses were utilized to compare the calculated data to the real data.

Statistical Error Analysis
The accuracy of the estimated value of a given fluid property was compared to the measured value using the
following statistical parameters:

Average Absolute Error

The average absolute error, AAE, is defined as the sum of the relative absolute deviation of a calculated value
from the corresponding measured value, divided by the number of observations, as given by Eq:

(¢Y]

1 Xi = Xm
AAE = — E ‘— x 100
n Xm

Where:
Xm = measured value
X; = calculated value

n = number of observations
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Average Absolute Percent Relative Error

It is defined as:

Yi=m AAR (2)
»

and indicates the relative absolute deviation, in percent, from the experimental values. A lower value implies a
better correlation.

AAPR =

Minimum/Maximum Absolute Percent Relative Error

After calculating the absolute error and the absolute percent relative error for each data point, E; .i=1,2, .....,
n, both the maximum and minimum values were scanned to determine the range of error for each correlation.
The lower the value of maximum absolute percent relative error, the higher the accuracy of the correlation.

Sum of Square Residuals
The sum of the square residuals, SSR, is the total absolute squared-error involved in the estimated values.

SSR = Z(Xm —X,)? 3)

Standard Deviation:
Standard deviation of the errors. R, is a reflection of the dispersion of errors around
the mean and a measure of the quality of the fit. It is expressed as the positive square
root of the variance R?

(z =nd(p, ET)) )

B ng —1

A lower value of standard deviation means a smaller degree of scatter and a better
quality of fit.

The Correlation Coefficient:

The correlation coefficient, r. represents the degree of success in reducing the

standard deviation by regression analysis.

(3

2

2
: :(J‘_exp - ‘1'_6.:: )f
_ _i=1

7= 1
E — -
Z[‘Texp — .x]
i=1 i
where
o
I 3 CoN }
. =1
X 1,

The correlation coefficient lies between 0 and 1. A value of 1 indicates a perfect correlation whereas a value of
0 implies no correlation at all among the given independent variables. The larger of the value of r, the greater is
the reduction in the sum of squares of the errors, and the stronger is the relationship between the independent
and the dependent variables.
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Graphical Error Analysis:
Graphical means help in visualizing the accuracy of a correlation. One graphical analysis technique were used
and presented below.

Cross plots:

In this technique, all the estimated values are plotted versus the measured values, and thus a cross plot is
formed. A 45-degree straight line is drawn on the cross plot on which estimated values are equal to the
experimental values. The closer the plotted data points are to this line, the better the correlation.

1. RESULTS AND DISCUSSION
Data Description:
Data points were collected from Yemeni oil fields which are being used in this study to calculate bottom hole
pressure by using prosper program Table (1) shows Cases study data range.

Table (1): Data Range

Parameter Range
Liquid Rate 7.025-6264
Water cut % 0-98.4
API 28.6-55
GOR 0.8 - 100000
Reservoir Pressure 1443-4065
Water Salinity 0-210000
Reservoir Temperature 135.8-221
True Vertical Depth 646.2-8972
Completion size 2.31-4.95 Tubing with 3.5-9.63 casing

Construct pressure gradient

In this part the field data is used to predict pressure gradient Table (2) Results of error analysis for all method to
predict pressure gradient by using different correlations by using prosper program:

-1Duns and Roes Modified

2- Hagedorn Brown

3- Fancher Brown

4- Mukherjee Brill

5- Beggs and Brill

6- Petroleum Expertsl

7- Orkiszewski

8- Petroleum Experts2

9- Duns and Ros Original

10- Petroleum Exoerts3

11- GRE(modified by PE)

12- Petroleum Experts4

13- Hydro-3P

14- Petroleum Experts5

15- OLGAS 2P

Duns and Roes Modified

Duns and Roes Modified method is used to predict pressure gradient by using prosper program:

The calculated bottom hole pressure is plotted versus field data as shows in Figure (1). Figure (1) shows that the
cross plot of field data versus calculated are above 45 line.
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Figure (1) cross plot of observed vs. predicted BHP for Duns and Roes Modified

Hagedorn Brown

Hagedorn Brown method is used to predict pressure gradient by using prosper program:

The calculated bottom hole pressure is plotted versus field data as shows in Figure (2). Figure (2) shows that the
cross plot of field data versus calculated is above 45 line.
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Figure (2) cross plot of observed vs. predicted BHP for Hagedorn Brown

Fancher Brown

Fancher Brown method is used to predict pressure gradient by using prosper program:

The calculated bottom hole pressure is plotted versus field data as shows in Figure (3). Figure (3) shows that the
cross plot of field data versus calculated is above 45 line.
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Figure (3) cross plot of observed vs. predicted BHP for Fancher Brown

Mukherjee Brill

Mukherjee Brill method is used to predict pressure gradient by using prosper program:

The calculated bottom hole pressure is plotted versus field data as shows in Figure (4). Figure (4) shows that the
cross plot of field data versus calculated is above 45 line.
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Figure (4) cross plot of observed vs. predicted BHP for Mukherjee Brill

Beggs and Brill method is used to predict pressure gradient by using prosper program:
The calculated bottom hole pressure is plotted versus field data as shows in Figure (5). Figure (5) shows that the
cross plot of field data versus calculated is above 45 line.
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Figure (5) cross plot of observed vs. predicted BHP for Beggs and Brill

Petroleum Expertsl

Petroleum Expertsl method is used to predict pressure gradient by using prosper program:

The calculated bottom hole pressure is plotted versus field data as shows in Figure (6). Figure (6) shows that the
cross plot of field data versus calculated is above 45 line.
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Figure (6) cross plot of observed vs. predicted BHP for Petroleum Expertsl

Orkiszewski

Orkiszewski method is used to predict pressure gradient by using prosper program:

The calculated bottom hole pressure is plotted versus field data as shows in Figure (7). Figure (7) shows that the
cross plot of field data versus calculated is above 45 line.
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Figure (7) cross plot of observed vs. predicted BHP for Orkiszewski

Petroleum Experts2

Petroleum Experts2 method is used to predict pressure gradient by using prosper program:

The calculated bottom hole pressure is plotted versus field data as shows in Figure (8). Figure (8) shows that the
cross plot of field data versus calculated is above 45 line.
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Figure (8) cross plot of observed vs. predicted BHP for Petroleum Experts2

Duns and Ros Original

Duns and Ros Original method is used to predict pressure gradient by using prosper program:

The calculated bottom hole pressure is plotted versus field data as shows in Figure (9). Figure (9) shows that the
cross plot of field data versus calculated is above 45 line.
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Figure (9) cross plot of observed vs. predicted BHP for Duns and Ros Original

Petroleum Exoerts3

Petroleum Experts3 method is used to predict pressure gradient by using prosper program:

The calculated bottom hole pressure is plotted versus field data as shows in Figure (10). Figure (10) shows that
the cross plot of field data versus calculated is above 45 line.
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Figure (10) cross plot of observed vs. predicted BHP for Petroleum Experts3

GRE (modified by PE)

GRE (modified by PE) method is used to predict pressure gradient by using prosper program:

The calculated bottom hole pressure is plotted versus field data as shows in Figure (11). Figure (11) shows that
the cross plot of field data versus calculated is above 45 line.
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Figure (11) cross plot of observed vs. predicted BHP for GRE (modified by PE)

Petroleum Experts4

Petroleum Experts4 method is used to predict pressure gradient by using prosper program:

The calculated bottom hole pressure is plotted versus field data as shows in Figure (12). Figure (12) shows that
the cross plot of field data versus calculated is above 45 line.
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Figure (12) cross plot of observed vs. predicted BHP for Petroleum Experts4

Hydro-3P

Hydro-3P method is used to predict pressure gradient by using prosper program:

The calculated bottom hole pressure is plotted versus field data as shows in Figure (13). Figure (13) shows that
the cross plot of field data versus calculated is above 45 line.
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Figure (13) cross plot of observed vs. predicted BHP for Hydro-3P

Petroleum Experts5

Petroleum Experts5 method is used to predict pressure gradient by using prosper program:

The calculated bottom hole pressure is plotted versus field data as shows in Figure (14). Figure (14) shows that
the cross plot of field data versus calculated is above 45 line.
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Figure (14) cross plot of observed vs. predicted BHP for Petroleum Experts5

OLGAS 2P

OLGAS 2P method is used to predict pressure gradient by using prosper program:

The calculated bottom whole pressure is plotted versus field data as shows in Figure (15). Figure (15) shows that
the cross plot of field data versus calculated is above 45 line.




American Journal of Engineering Research (AJER) 2022

3000

2500

1000

predicted bottomehole pressure
v
=2
»
[
.
pd
o |
*
o

0 500 1000 1500 2000 2500 3000

Measured bottomhole pressure

cross plot of ohserved vs. predicted BHP for OLGAS 2P

Figure (15) cross plot of observed vs. predicted BHP for OLGAS 2P

Error Analysis:

The average absolute percent relative error between the actual bottom hole pressure data and the
calculated bottom hole pressure for predict pressure gradient methods that used in this study are shown in Figure
(16). It is clear from this Figure that Hydro-3P pressure gradient has the lowest average absolute error percent
that is 11.8780 %, while the average absolute error percent for Duns and Ros Modified method is 12.3043%.
The other methods have average absolute errors percent ranging from 13 to 31% Table (17) presents the results
of error analysis for all method to predict pressure gradient.
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Figure 16) Average Absolute Percent Relative Error

The correlation factor is a statistical measure of the strength of the relationship between the relative
movements of two variables. The values range between -1.0 and 1.0. A calculated number greater than 1.0 or
less than -1.0 means that there was an error in the correlation measurement. A correlation of -1.0 shows a
perfect negative correlation, while a correlation of 1.0 shows a perfect positive correlation. A correlation of 0.0
shows no linear relationship between the movement of the two variables.
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corrEIEtlon FaCtor M Duns and Ros Modified
0.2300
B Hagedorn Brown
0.9200 M Fancher Brown
B Mukerjee Brill
0.9100 M Beggs and Brill
M Petroleum Expertsl
0.5000 W Orkiszewski
M Petroleum Experts2
0.83900
W Duns and Ros Original
0.8800 Petroleum Experts3
B GRE (modified by PE)
0.8700 W Petroleum Experts4
Hydro-3pP
0.8600
Petroleum Expertss
OLGAS 2P
0.8500
0.8400

Table 2 .Table (17) presents the results of error analysis for all method to predict pressure gradient
Results of error analysis for all method to predict pressure gradient

Model AAPRE AAE Maximum AE Minimum AE Correlation Factor
Duns and Ros Modified 12.30 245 1007 1.67 0.910
Hagedorn Brown 13.99 245 969 521 0.913
Fancher Brown 15.76 273 1091 5.21 0.899
Mukherjee Brill 16.49 285 1091 0 0.868
Beggs and Brill 15.76 282 1091 0.02 0.871
Petroleum Expertsl 13.70 243 966 1.99 0.910
Orkiszewski 15.73 291 1224 47 0.911
Petroleum Experts2 13.41 237 952 521 0.910
Duns and Ros Original 14.99 282 1360 0.39 0.922
Petroleum Experts3 13.41 237 952 521 0.910
GRE (modified by PE) 14.42 259 1242 2.2 0.916
Petroleum Experts4 14.63 268 1242 0.74 0.881
Hydro-3P 11.88 204 894 5.37 0.918
Petroleum Experts5 14.01 252 1205 5.2 0.912
OLGAS 2P 30.75 609 2157 0 0.917
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V. Conclusion:

The following conclusions can be drawn based on the analysis of the findings of this study:

1. To predict pressure gradient, various pressure gradient methods determined with the prosper program were
utilized.

2. Average absolute error, average absolute percent error, maximum absolute error, minimum absolute error,
and correlation factor were used to assess the validity of the selected pressure gradient methods in comparison to
actual data.

3. The findings of this validation revealed that the Hydro-3P approach was the best method for predicting
pressure gradients.

[1].
[2].
[3].
[41.

[5].

[6].

[7].
8.

9.

[10].
[11].
[12].
[13].
[14].
[15].
[16].
[17].
[18].
[19].
[20].
[21].
[22].

[23].
[24].

[25].
[26].
[27].
[28].

[29].

REFERENCES
Ismail, I. 1990. Optimization of Tubing Size Selection in a Mature Offshore Field. Thesis. Imperial College of London.
Brown, K. E. 1984. The Technology of Artificial Lift Methods. Vol. 4, Tulsa: PennWell.
Brown, K. E. 1990. Petroleum Production Technology of Lifting Methods. Vol. 4. Beijing: Petroleum Industry Press.
Ismail, A. S. I., Ismail, I., Zoveidavianpoor, M., Mohsin, R., Piroozian, A., Misnan, M. S. & Sariman, M. Z. 2015. Review of Qil-
water through Pipes. Flow Measurement and Instrumentation. 45: 357-374.
Ismail, A. S. I., Ismail, I., Zoveidavianpoor, M., Mohsin, R., Piroozian, A., Misnan, M. S. & Sariman, M.Z. 2015. Experimental
Investigation of Oil-water Two-phase Flow in Horizontal Pipes: Pressure Losses, Liquid Holdup and Flow Patterns. Journal of
Petroleum Science and Engineering. 127: 409-420.
Piroozian, A., Hemmati, M., Ismail, 1., Manan, M.A., Rashidi, M. M. & Mohsin, R. 2017. An Experimental Study of Flow Patterns
pertinent to Waxy Crude Oil-water Two-phase Flows. Chemical Engineering Science. 164(2017): 313-332.
Bai, Y. and Bai, Q. 2005. Subsea Pipelines and Risers. 2nd ed. Amsterdam: Elsevier Science.
Poettmann, F. H. and Carpenter, P. G. 1952. Multiphase Flow of Gas, Oil and Water through Vertical Flow Strings. Drill. and Prod.
Pract. Dallas: American Petroleum Institute.
Duns Jr., H. and Ros, N. C. J. 1963. Vertical Flow of Gas and Liquid Mixtures in Wells. Proc. 6th World Petroleum Congress.
Section I1-Paper 22-PD6, Frankfurt. 451-465.
Fancher, G. H. Jr. and Brown, K. E. 1963. Prediction of Pressure Gradients for Multiphase Flow in Tubing. SPE Journal. March:
59-69.
Hagedorn, A. R. and Brown, K. E. 1965. Experimental Study of Pressure Gradients Occuring during Continuous Twophase Flow in
Small Diameter Vertical Conduits. Journal of Petroleum Technlogy. April: 475-484.
Orkiszewski, J. 1967. Predicting Two-phase Pressure Drops in Vertical Pipe. Journal of Petroleum Technology. 19(6): 829- 838.
Govier, G. W. and Aziz, K. 1972. The Flow of Complex Mixtures in Pipes. London: VVon Van Nostrand Reinhold.
Beggs, H. D. and Brill, J. P. 1973. A Study of Two Phase Flow in Inclined Pipes. Journal of Petroleum Technology. May: 607-617.
Mukherjee, H., and Brill, J. P. 1985. Pressure Drop Correlation for Inclined Two-Phase Flow. Journal of Energy Resources
Technology. 107: 549-554.
Hasan, A. R. and Kabir, C. S. 1992. Gas Void Fraction in Two-phase Up-flow in Vertical and Inclined Annuli. Int. J. Multiphase
Flow. 18(2): 279-293.
Piroozian, A., Hemmati, M., Ismail, 1., Manan, M. A., Bayat, A. E., and Mohsin, R. 2016. Effect of Emulsified Water on the Wax
Appearance Temperature of Water-in-Waxy-CrudeOil Emulsions. Thermochimica Acta. 637: 132-142.
Brill, J. P. and Mukherjee, H.- Multiphase Flow in Wells
Brill, James P.: “Multiphase flow in wells,” SPE paper, January 1987.
AL-Assal Abdel-Hafiz A.: " Multiphase Flow In Pipes " Ph. D. Thesis, Faculty of Engineering, AL-Azhar university, Cairo, Egypt,
1990.
Ashford, F. E., and Pierce, P. E.: “Determining Multiphase Pressure Drops and Flow Capacities in Down-Hole Safety Valves,” J.
Petro. Tech. (Sept. 1975) 1145-1152
Hasan, A. R. and Kabir, C. S. : “ A study of multiphase flow behavior in vertical oil wells- Part II,” The 56th California regional
meeting of the society of petroleum engineers held in Oakland, CA, April 2-4, 1986.
Anand, et al.: " 'Predicting Thermal Conductivities of Formations from Other Known Properties,” JPT (Oct. 1980).
Ashford, F.E, & Pierce, P.E..: " 'The Determination of Multiphase Pressure Drops and Flow Capacities in Downhole Safety Valves
(Storm Chokes)" SPE 5161 1974 SPE Annual Fall Meeting, Houston Oct. 6-9.
Beggs, H.D. & Brill, J.P..: " A Study of Two-Phase Flow in Inclined Pipe," JPT (May 1973), 606-617.
Fancher, & Brown, G.G. .:" Prediction of Pressure Gradients for Multiphase Flow in Tubing" SPE Journal (Mar. 1963), 59-64.
Orkiszewski.:"Predicting Two Phase Pressure Drop in Vertical Pipes" JPT (June 1967), 829-833.
Duns, H. Jr & Ros, N.C.J. "Vertical Flow of Gas and Liquid Mixtures in Wells," Proc., Sixth World Petroleum Congress, Frankfurt
(1963) 451.
Tansev, E. Startzman, R. & Cooper, A. "Predicting Pressure Loss and Heat Transfer in Geothermal Wellbores" SPE 5584 1975 SPE
Annual Fall Meeting, Dallas, Sept. 28-Oct. 1.




