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Today, AIP Conference Proceedings contain over 100,000 articles published in 1700+ proceedings and is growing
by 100 volumes every year. This substantial body of scientific literature is testament to our 40-year history as a
world-class publishing partner, recognized internationally and trusted by conference organizers worldwide.
Whether you are planning a small specialist workshop or organizing the largest international conference, contact
us, or read these testimonials, to find out why so many organizers publish with AIP Conference Proceedings.
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Preface: The 5™ International Conference on Earth Science,
Mineral, and Energy (ICEMINE 2022)

The 5™ International Conference on Earth Science, Mineral, and Energy (ICEMINE) 2022 is an
annual event held by Faculty of Mineral Technology, Universitas Pembangunan Nasional Veteran
Yogyakarta, proudly present the theme of “Earth Resource Management as a Prime Mover to
Achieve Economic Recovery Post Pandemic” where the discussion focused on the earth resources
management to be able to improve the economic growth post pandemic situation. More than 60
presenters and speakers from universities and companies in Indonesia and also the contributor
countries (South Korea, Japan, Brazil, and Canada) were involved in this conference.

Indonesia has abundant natural resources including renewable an non-renewable. The utilization
of natural resources needs to be adjusted with the area development as well as control enhancement
by implementing regulation. Energy sector activities should be done with the concept of
environmental sustainability starting from exploration, until extraction. This concept could
preserve energy resources for the future as well as improve the economic growth. Post Covid-19
pandemic, community lives have not fully recovered from the impact on all sectors of life in
society, including the economic sector. Not only the environmental sustainability issue but also
the exploration, exploitation, and extraction process have the challenges and opportunities to
optimize the national economic growth and energy resilience.

The conference reached final result where the post pandemic could be seen as a challenge to
enhance and improve our knowledge and technology in the earth resource management to keep
the economic growing. Optimizing the existing methods, implementing a new technology, and
collaboration were the important aspects to keep in mind post pandemic situation. The committee
also thank the participants and all parties who made ICEMINE 2022 held successfully.
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Calculation of The Linear Flow Rate of a Compressible
Fluid (Gas) in a Reservoir

Listiana Satiawati?, Yusraida Khairani Dalimunthe and Harin Widiayatni

Petroleum Engineering Department, Faculty of Earth and Energy Technology, Universitas Trisakti, West Jakarta,
Indonesiq

3 Corresponding author: listianasatiawati@trisakti.ac.id

Abstract. Derivation of the equation for the linear flow rate of a compressible fluid or gas in a reservoir has been carried out, the
derivation of the gas equation is quite complicated and many factors must be taken into account. Calculations were carried out
manually and numerically by using the Fortran 95 program. Numerical calculations were carried out because the calculations were
quite complicated and easier when used for repeated calculations. In the middle of the program the price of the pseudo-reduce
variable from temperature and pressure has been calculated, then from the data obtained the compressibility factor for natural gas
from the Standing Kart Chart, then the calculation is continued again. So that the value of the linear flow rate of the compressible
fluid is obtained.

Keywords: linear flow rate, compressible fluid, reservoir.

INTRODUCTION

There are several types of flow in the reservoir, including linear, radial, spherical and semi-spherical flows.
Likewise with fluids, there are several kinds of fluids, namely compressible, slightly compressible and
uncompressible. This research is a continuation of previous research on the derivation of Darcy's equation for linear
flow of slightly compressible and uncompressible fluids (Satiawati & Yulia, 2019) & (Satiawati, 2022). This research
is continued for compressible fluids which include gaseous fluids. In the derivation of the gas flow equation in this
reservoir, first, gas is categorized as real gas in standard conditions Py is 14.7 psi and Ts is 520° Rankine and the
Darcy equation is used for linear flow and the unit used is standard cubic foot per day or scf/day. While the viscosity
of natural gas is calculated using the Lee Gonzales Eakin method or the LGE Method, and the viscosity value is
considered constant for the observed pressure interval. For the natural gas system the value of pseudo critical
temperature, Ty (°R) and pseudo-critical pressure, Py (psia) is obtained from reference no. (Ahmed & Meehan, 2012)
& (Ahmed, 2011). The molecular weight of the gas is obtained from the specific gravity data and the gas density is
obtained from the real gas equation.

FORMULA

Darcy's equation is an equation that is commonly used to calculate discharge, and the velocity of linear flow and
radial flow. Initially Darcy's equation was obtained from the results of the cylindrical tube experiment conducted by
Darcy, further analysis of the Darcy equation was derived from the Navier Stokes equation to find a more general case
solution (Satiawati & Yulia, 2019) Therefore, Darcy's equation is widely used in the calculation of fluid flow in the
reservoir and the results are quite valid because it is supported by analysis and experimentation. For a flat reservoir,
the Darcy equation is:
q k dp
—=-0.001127 ——

V= udx

v is the flow velocity, q is the volumetric flow rate or discharge, A is the cross-sectional area of the rock, p is the
viscosity of the fluid, Z—i is the pressure gradient in the same direction as v and g, and k is the rock constant or

permeability. The negative sign (-) is because the pressure gradient is negative or not in the direction of the flow.
For linear flow of a compressible fluids or gas. The equation of state for real gases is used

PV
ZRT

PV=ZnRT O n=
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Where:

n is the number of moles of gas

P is pressure

T is temperature

V is the volume, and

Z is the compressibility factor of the gas

Under standard conditions (sc)

PV BV

"SZRT Z,RT,

And with the approach of the gas compressibility factor under standard conditions the price is close to 1,

PV Psc Vi
IT Ty

and equality (Boas, 1983) & (Hugh D. Young, 2012),
V (ft®) ~ 5,615 q (bbl/day)
Vi (ft%) ~ Qs (scf/day),
Then get

P(5615q) _ Py Vec
2T 0

1= (%) (ZPTT) (5.%165)

q _ (Pse\(ZT\( @sc \(1\ _ k dP
A (a) (?) (5.615) (z) = 0.001127- 7

L Py
( QschscT j d J par
0.006328 kTSCA =) 7y,
0 Py
Assuming Z pu, is constant for the range P; — P,
P,.T L ‘
(Fooeae—a Gschie f dx = P dp
0.006328 kTSCA Zug ug )

0

( QSCRSCT )(L _ 0) —
0.006328 kT,.A 2

1
PZ_PZ
7y P2 D)

0.003164 T, Ak (P2 — P2)
Py T (Z pg)L

sc =

Set prices Py = 14,7 psi and Ts= 520° Rankine

_ 0111924 Ak (P} — P})
T L)
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Where, T is the temperature in Rankine. P is the upstream and downstream pressure in psi. A is the cross-sectional
area in ft2. L is the length of the reservoir in ft. k is the absolute permeability in md. Z is the compression factor found
on the Standing-Katz chart. And pg is the gas viscosity searched by the LGE Method (Lee Gonzales Eakin Method)

RESULTS AND DISCUSSION

Field data
An ideal gas flows in a linear porous medium with the following data:
* Specific grafity 0.72
* Temperature 140°F
* Upstream pressure 2100 psi
* Downstream pressure 1894.73 psi
« Cross-sectional area 4500 ft?
* Total length 2500 ft
* Absolute permeability 60 mD
» Temperature at standard condition 520°R
* Pressure at standard conditions 14.7 psi

The gas flow rate in units of scf/day is:

Derivation of equations for fluid flow in a reservoir with specific gravity data, temperature, upstream and
downstream pressures, cross-sectional area, length and absolute permeability. Followed by the calculation of the
average pressure, pseudo-critical temperature and pressure, pseudo-reduce of temperature and pressure, then obtained
the gas compressibility factor from the Standing Kart Chart. Followed by the calculation of the molecular weight,
density and viscosity of the gas, the gas flow rate can be obtained in units of scf/day. The manual calculations are
quite complicated, so numerical calculations using the Fortran 99 soft program (Mourik, 2005) are used for
calculations with large and repetitive data.
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FIGURE 1. Flowchart of gas flow calculation in reservoir

Caption FIGURE 1
a. Read data
b. Calculating average pressure
c. Calculating pseudo critical temperature and pressure
d. Calculating pseudo reduce temperature and pressure
e. With pseudo reduce temperature and pressure data, the Z value is obtained from the Standing Kart Chart
f. Calculate the molecular weight and density of gas from the specific values of gravity and gas density from the real gas
equation
g. Calculating gas viscosity using LGE method
h. Calculate the gas flow rate in the reservoir
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Calculations using the Fortran 95 soft program
. Pressure up: pup = 2100 (psia)

Pressure down: pdown =1894.73 (psia)

Specific gravity of gas: ggas =0.72

Temperature: T=t =600 (oRankien / oR)

General gas constant: R=r =10.73 (psia ft*3/(Ib-mole R)

Cross-sectional area: A= a =4500 (ft"2)

Reservoir length: L=1=2500 (ft)

Permeability: k= kk =60 (ft*2)

. pave=dsgrt((pup**2.0d0+pdown**2.0d0)/2.0d0)

. tpc=168.0d0+328.0d0*ggas-12.5d0*ggas**2.0d0
ppc=677.0d0+15.0d0*ggas-37.5d0*ggas**2.0d0

. pr=t/tpc
ppr=pave/ppc

. Followed by reading the compressibility factor for natural gas z using the Standing Kart Chart, obtained z = 0.78.
See Figure 2

ma=ggas*28.96d0
rhog=(pave*ma)/(z*r*t)

. X=3.5d0+986.0d0/t+0.01d0*ma

y=2.4d0-0.2d0*x
k=((9.4d0+0.02d0*ma)*t**1.5d0)/(209.0d0+19.0d0*ma-+t)
mug=10.0d0**(-4.0d0)*k*dexp(x*(rhog/62.4d0)**y)

. qsc=(0.111924d0*a*kk*(pup**2.0d0-pdown**2.0d0))/(t*I1*z*mug)
Gas flow rate calculation result = Qsc (scf/day) = gsc = 1.226433E+06

Manual flow rate calculation
Calculation of average pressure

5 Pip” + Paown” _ [21002 + 1894.732
B 2 B 2
Calculation of pseudo critical temperature and pressure

= 2000 psi

T,. = 168 + 325y, — 12.5¢% = 168 + 325.0,72 — 12.50,72% = 395.5 °R

P,. = 677 + 15.0y, — 37.5yF = 677 4+ 15.0 0.72 — 37.5 0.722
= 668,4 psia
Calculation of temperature 140°F = 140 + 459.67 = 600 °R
Calculation of pseudo reduce temperature and pressure

b P _2000 o
P Ppe 6684
T 600
T, =—=-———=152

PrT T 3955
pc
Followed by reading the compressibility factor for natural gas z using the Standing Kart Chart, obtained z = 0.78.
See Figure 2
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PwonE

Calculation of Natural Gas Viscosity Using the Lee Gonzales Eakin Method or LGE Method
M,
2896

Yg
Then the molecular weight of the gas is
M, =y, 28.96 = 0.72 28.96 = 20.85 gram/mol

—35+986+001M —35+986+0012085—535
x =3 T . a=35+-,10. .85 =5.

y=24+02x=24—02 535=1.33
(94 +0.02M )T (9.4 +0.02 20.85)600"°

209 +19M,+T 209 + 19 20.85 + 600

=119,72
Calculation of gas density
_m _PM, 2000 20.85 b

=— = = =83 —
Ps =y = ZRT ~ 0.78 10.73 600 ft3
so the value of viscosity is

8,3
62.4

y
uy = 107K exp [x( Pg ) ] =10"*.119.72 exp

1,33
o ) ] = 0.0173 cp

5.35 (
Then the gas flow rate is
0111924 A k (P2, — Pioum) _ 0.111924.4500.60 (2100% — 1894.73%)

se TLZpu, 600 . 2500. 0.78. 0.0173
= 1,224,243.9 scf /day

CONCLUSIONS AND RECOMMENDATIONS

The derived equation can be used to calculate the linear flow rate of a compressible fluid or gas in a reservoir
The calculation of the flow rate manually has been done the results are: 1,224,243.9 scf/day

Numerical flow rate calculation has been done the result is: 1.226433E+06 scf/day
Numerical calculations with the Fortran computer program can be used because they have been validated by manual
calculations and to facilitate repeated calculations.
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FIGURE 2. Reading of the compressibility factor for natural gas z using a Standing Kart Chart
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