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Abstract

Oil produced from oil well often has large amounts of dissolved natural gas, which has not been released from oil
despite at lower pressure than saturation pressure. Therefore, it is necessary to separate these quantities of natural gas
from oil and access to oil to the state of stability, taking advantage of natural gas separated from oil economically.The
design of different types of technological separators depends on many factors affecting on the efficiency of their
work. The most important of factors are the pressure, temperature and geometric dimensions of the separator.In this
research, a large amount of field data (from the Alif field (block 18) were perused to investigate the effect of these
factors on the efficiency of the separating process of the natural gas from oil. The number of separation stages that
ensure the highest efficiency of natural gas was also identified. The optimum pressure for each stage of the separation
process in the Alif field (block 18) was determined. The flash calculation was used to investigate the effect of
pressure and temperature on separation efficiency of natural gas from oil flash calculation. The results show that an
increasing in pressure when the temperature is constant increases the efficiency of separation process. For example,
when the pressure separation is (90 psig) and the temperature is (155 °F), (n,= 0.4595%), when the pressure increases
to (250 psig) and the temperature (155 °F), the efficiency of separation process increases (n = 0.5256%).The effect
of number of stages in the separation efficiency was also investigated. It was shown that increasing the number of
stages to five stages increases productivity from (0.45%) to (0.99 %.) The effect of the diameter of the separator and
retention time of oil inside in separator on efficiency of the process of separating the gas from oil was studied in this
paper. The increase in diameter of separator from (12,75 in) to (30 in) increases the efficiency of the separation
process by (33%), and the increase in the retention time of oil inside the separator from (1min) to (10 min) increases

the efficiency of separation process by (90%).
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Introduction:

Crude oil may contain significant quantities of
natural gas dissolved in it. So it was necessary to
isolate such large quantities of natural gas and
make use of them economically.

The process of separation of natural gas from oil
make the oil safer during transport and storage.
The distribution of hydrocarbons between oil and
gas during the separation process is based on the
assumption that the system of oil-gas is in case
of equilibrium (when the pressure and
temperature at any point in oil and gas is
constant). The change in pressure and
temperature in balanced system leads to
imbalance of the equilibrium systems. The
efficiency of the separation process depended on
many factors such as the coefficient of
equilibrium, pressure, temperature and chemical
composition of the mixture of oil and gas.

There are many scientific studies about the effect
of physical factors. Below is a brief review for
the most important ones [2]:

- Wilson,(1968) proposed a  simplified
thermodynamic expression for estimating K-
values. The expression generates reasonable
values for the equilibrium ratio when applied at
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low pressures.

- Standing, (1979) derived a set of equations that
fit the equilibrium ratio data of Katz and
Hachmuth (1937) at pressures less than 1000
psia and temperatures below 200°F, which are
basically appropriate for surface-separator
conditions.

- Standing, (1981) proposed an empirical
correlation for estimating the oil formation
volume factor as a function of the gas solubility,
Rs, the specific gravity of stock-tank oil, yo, the
specific gravity of solution gas, yg, and the
system temperature, The advantage of using
Standing’s correlation is that it gives the density
of the oil at the temperature and pressure at
which the gas solubility is measured, and
therefore, no further corrections are needed, that
is App and Apr.

This study investigates the effect of physical
factors ( pressure, temperature) on the efficiency
of separation of the natural gas from crude oil,
and it also investigates the influence of other
factors such as the dimension of the separator,
the retention time of the gas within the separator
and the steps of separation processing in Alef
field.

The general objective of this research is to study
the effect of different factors on the efficiency of
separation gas from oil and design the optimum
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conditions for system of processing of fluids
products which reduce the losses of light
hydrocarbons to minimum values.

Material and methodology:

The effect of physical factors on the efficiency
of the separation process of laboratory sample of
crude oil from Alif field (block 18) was
calculated. Table 1, showed the chemical
composition of sample from Alif field at 670
psig and 125°F with mole fraction Z; for each
component and this was the most important data
in our research [5]. It has been found that the
non-hydrocarbon components have small a mole

fraction of CO, with no presence for N, and H,S,
so the sample contains sweet gases. It has also
been found that the most available component
was methane representing 43% of sample
composition and comes next the mole fraction of
C,+ equaling 40%. The sum of all component
equal the unity 100 % . So expected that there
was a lot of dissolved gas in this sample of oil.
The critical ~pressure was (F), critical
temperature (T;;) and boiling point temperature
was (Tp;) for each component of sample as
shown in Tablel [6].

Table 1: Mole fractions and chemical composition with physical properties
of sample from Alif field (block 18)

The research was conducted as follows:

1- The effect of Temperature and Pressure on
the Separation Process:

Flash calculation was employed to calculate the
effect of physical factors on separation efficiency
of natural gas from oil. It gives the proportion of
each component of oil in the case of liquid and in
the case of the gas at the certain pressure and
temperature. The Standing Correlation was used
[2], which has lowest absolute average error.

The computational procedures summarized in the
following steps:

1- Assumed several values of pressure like (30 , 90
,....ect) psig , and several values of temperature
like (116 , 150 ,155,....ect ) °F, tried to put this

Comp. Z; Py (psig) T (°R) Ty; (°R)
CO, 0.002 1071 54791 350.74
N, 0 493.1 227.49 139.55
Cy 0.432 666.4 343.33 201.27
C, 0.0495 706.5 549.92 332.51
Cs 0.0468 616 666.06 416.25
Iso -C, 0.0088 527.9 734.46 470.78
n-Cy 0.0213 550.6 765.62 491.08
Iso -Cq 0.007 490.4 829.1 542.12
n-Cg 0.0084 488.6 845.8 556.92
Ce 0.0143 436.9 913.6 615.72
C+ 0.4099 268.55 1209.09 741.04
SUM 1

assumed values as near as much to the conditions of
pressure and temperature in Alef field.

2 - Calculated equilibrium constant (K;) , mole
fraction of gas phase component, (Yj) % and
mole fraction of liquid phase component (X;) %,
at those conditions for all assumptions by using
Standing Correlation.

Kj = (5757 * 10
Where:

Kj - equilibrium constant.
P -pressure, psig.

Fj - constant.

— Zj —
ZXj - 1+ng*(Kj—1) -
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Where:

X;- mole fraction of each liquid component, %.
Zj - mole fraction of components coming from
upstream, %.

ng - mole fraction of gas, % .

K; - equilibrium constant = Y;/X; .

Y = Xj#Kj o 3)
3- Calculate the composition of fluid at various

assumption  values of  pressure and
tempreture.

nl=1-ng ., 4)
Where:

nl - the mole fraction of liquid in feed, %.

ng -the mole fraction of gas in feed %,

2- Selecting the Number of Stage and
Optimum Pressure for each Stage:

Determine the number of stages of separation of
natural gas from crude oil depends on pressure.
The ratio of pressure was determined
mathematically by taking the n root of the
relativity between flow line and final pressure
where n refers the chosen number of stage[3].

P1,- L
Rap = (E NS Lttt et e )

Where:

Rap - pressure ratio.

Nest - number of stage.

P1- first-stage or high pressure separator, psig.
Ps - stock-tank pressure, psig.

Pressure at intermediate stage can then be
designed with the following formula:

Pi

S (6)

Rap
Where:

Pi - pressure at stage I, psig.

3- The effect of Pressure and Dimensions on
the Gas Production Rate:

To study the Effect of the pressure and
dimensions on the gas production rate, the
following steps should be followed [3]:

1. Assume various range of pressure like
(30,60,90,120,270,290 ....etc.).Values of
pressure near to the Aleph field condition were
chosen.

2 .Calculate the Z factor of gas and the viscosity
of gas and the density of oil and gas at each
pressure and temperature. (given from PVT
calculation) [3]:. Example for the results of the
calculation of previous coefficients at 90psig and
150°F were equal: p,=49. lZ,Ib/ft3

pe = 0.455 b/ ft’ , p = 0.009 cp. and the Z
factor = 0.978.

3. Calculate the drag coefficient (Cd) and this
depends completely on Reynolds number by

using the excel program.
4. Calculate the gas flow rate Q, from the
following equations:

_ Dx104.7+(po—pg)*100)0.5
Qg_ 420+ZxTx(pgrCd) 05~
Where:

Qg-gas flow rate in, MMSCFD.

D - diameter of separator in, ft.

po- density of oil in ,Ib/ft3.

pg- density of gas in, ,Ib//ft>.

Z -deviation factor of gas.

T - temperature of system in, °R.

Cq- drag coefficient of system.

Repeat the same calculation at each diameter and
length and each assumed pressure.

4- Effect of Retention Time and Diameter on
the Cumulative Production of Oil :

The effect of diameter and retention time was
studied as in the following steps [3]:

1- Assume various ranges of retention times like
(Iminute, 2 minutes...etc.). These values were
selected near to the field's retention time and it is
suitable for the field's production rate of oil.

2- Dimensions of separation from API design
were selected.

3- Calculate the oil flow rate from the following

equations.

— 8/9x(D?)xLss _ bbl
Qo = gy T gy (8)
Where:

D — diameter of separator, ft.

Lgs- length of separator, ft.

4- Calculate the cumulative oil at 1 year.

5- Repeat the previous calculation for various
assumed values of diameters and seam to seam
length and assumed range of retention time.
Results and Discussion:

The results of the study of the effect of physical
factors on the efficiency of the process of
separating gas from oil were created as follows:
1- Effict of temperature and pressure on
separation proceces:

The effect of pressure and temperature on
efficiency of the separation process of a
laboratory sample of crude oil collected from
Alif field (block 18) was investigated.

For explicitly the flash calculations for C; at the
30 psig and 155 °F and the rule will applied on
all components at all assumed values of
temperature and pressure as the following:

- 1 (36) =
Kj = (30+14.7) *10 88.4

Using the spread sheet by excel program and by
using the trial and error method, it was found
that the number of mole of gas ng = 0.59 %.
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and the mole fraction of liquid phase in each
component is:

0.432

Xi=———
) 1+0.59%(88.4-1)

= 0.0083 %.

Y; =0.0082 *88.3=0.73 %.

nl=1-0.59=0.41%

By repeating the previous calculations of C; for
(Cz to C7),

the final results of effect of pressure and
temperature on efficiency of separation process
of natural gas from oil are shown in Table 2 and
Figure 1.

Table 2: Mole of liquid for various temperatures and pressures.

T,OF 116 130 140 150 155 160 175
P, psig Mole of liquid, %
30 0.436 0428 | 0422 | 0415 | 0412 | 0.408 0.397
90 0.461 0.456 | 0.452 | 0.449 | 0.447 | 0.445 0.438
150 0.468 0.464 | 0.462 | 0.459 | 0.458 | 0.456 0.452
210 0.469 0.467 | 0.465 | 0.464 | 0.463 | 0.4061 0.458
270 0.469 0.468 | 0.466 | 0.465 | 0.464 | 0.464 0.461
330 0.468 0.467 | 0.467 | 0.465 | 0.465 | 0.464 0.462
390 0.466 0.466 | 0.466 | 0.465 | 0.464 | 0.464 0.462
450 0.464 0.464 | 0464 | 0.464 | 0463 | 0.462 0.462
0.48
0.47
o 046 -0~ 116F
T 045 O 130F
g oM - 140 F
S 043 =X=150 F
g 042 -%=-155F
g 04 ~O-160F
0.4 -+=175F
0.39 . : : .

Pressure,psig

300 400 500

Figure 1: Quantity of liquid versus temperature and pressure
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Figure 1. shows the effect of temperature and
pressure on the separation process as follows:
1- At a constant temperature and as pressure
increases, the efficiency of separation process
increases. This is due to the fact that when pressure
increases, the gas will have lower velocity in
separator, then it will remain longer time in
separator, and the small droplets of the liquid in the
vapor phase will take its time to drop in gravity
settling section due to gravity effect. It was also
noted that increasing separator pressure from 30 psig
(nl = 0.4358%) to the 270 psig (nl = 0.4686%) ,
causes a large increase of efficiency of separation
process. At pressure above 270 psig, there will be a
small increase due to the phenomena of gas blow
by, and the liquid carryover. Then from 330 to 450
psig( nl = 0.4657% ), there will be approximately
unnoticed or no increase in the efficiency of the
separation process.

2- At constant pressure: The efficiency of the
separation process will increase as the temperature
of the fluid stream decrease by 4.4 %, because the
temperature increase will vaporize the light
hydrocarbon and then increase the losses during
the separation process bad separation process.

3- Selecting the number of stage and
optimum pressure for each stage:

It is clear that for each facility there is an
optimum number of stages. In most cases the
optimum number of stage is very difficult to
determine as it may be different from well to
well and it may change as the well flowing
pressure declines with time. Table 3 is an
approximate guide to the number of stage in the
separation, excluding the stock tank, which is
somewhat near optimum as indicated by field
experience. Table 3 is meant as guide and should
not replace the flash calculation, engineering
studies, and engineering judgment [4].

Table 3: Stage separation guideline

Initial separator pressure, psig Number of stage
25-125 2
125-300 2-3
300-500 3
500-700 3-4
Ratio of pressure is a factor used in determining 125,12

the stages pressure by dividing it on previous
stages pressure value. The number of stages that
separation processing need to determine the
pressure ratio might be selected . It is easy to
select stages of separation from Table 3 for
pressure is below than 500 psig, but it is difficult
to select the number of stages of separation for
pressures higher than 500 psig.

According to equations 6 and Table 3, the
pressure and temperature ratio is counted as
follows:

1
Rap = (505 =2.15

RaT = (E)s =1,07

Then to know the pressure and temperature of
the following stages, we divided the initial
pressure and temperature by the pressure and

temperature ratios as following:

Rap = % = 317.6 psig. This is the pressure of

stage 2.

RaT = % =116,8 °F. This is the temperature of

stage 2.

After that, the previous steps were repeated for
the pressure and temperature then the results
were summarized in Table 4.

Table 4: Stage's pressure and temperature

Stage Pressure, psig Temperature, °F
1 684.7 125
2 317,6 116,8
3 1473 109,08
4 68,33 102
5 31,7 95
6 14,7 90
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Table 5: Relationship of the separation stages with
pressure, temperature and mole of liquid.

T,°F | 95 150 60

N’ | Stg.l Stg.2 Stg.3 Stg.4 Stg.5 | St.tank
P,psi | 670 | 550 | 290 | 270 | 150 | 120 | 90 | 75 | 60 | 30 | 25 14.7
nl,% | 033 | 046 | 047 [ 0.46 [ 0.89 | 0.90 | 0.90 | 0.97 | 0.97 | 0.96 | 0.99 | 0.99

As it is shown from Table 5, the effect of the

number of stages of separation on the efficiency of

process can be explained as follows :

The number of stages of separation depends on the
pressure of the production wells that enters the first
stage of separation. The increasing in the number of
stages of separation leads to an increase in the
efficiency of the work of separators, this is due to
the indirect reduction of pressure. For the conditions
of separating gas from oil in Alif field, it was found
that the number of appropriate separation stages is

five stages.

3- Effect of the pressure and diameters on the
gas production rate:

The amount of gas resulting from the separation
process is related to the dimensions of separator
and pressure inside it, in addition to other factors,
the most important of which are the composition
and properties of gas and coefficient of friction.
Increasing the diameter of the separator increases
the pressure and as a result increases the speed of
the crude oil inside the separator. This leads to
an increase in the impact of gravity and increases
the amount of gas separated from oil. The results
are summarized in Table 6 and Figure 2.

Table 6: The effect of separator diameter and the pressure on
the efficiency of the separation process at Lss =5 ft

Ppsig | 30 | 60 | 90 | 150 | 210 | 270 | 200 | 330 | 390 | 450
D, in productivity of gas ,(MMSCFPD)

1275 | 094 | 114 | 144 | 203 | 262 | 300 | 3.15 | 343 | 382 | 402
16 | 109 | 133 | 1.68 | 237 | 3.06 | 351 | 3.68 | 4.00 | 447 | 4.70
20 | 124 | 150 | 191 | 268 | 347 | 399 | 418 | 454 | 508 | 532
24 | 134 | 164 | 206 | 201 | 375 | 430 | 452 | 491 | 548 | 576
30 | 140 | 170 | 215 | 3.03 | 391 | 448 | 470 | 512 | 571 | 6.00
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Figure 2: Pressure versus. diameter and productivity of gas at L, =5 ft

As shown in Table 6, an increase in the
diameters of the separator when the pressure is
constant, increases the efficiency of the gas
separation process. When the pressure increased,
while the diameter of separator is constant, the
efficiency of separation process increases. This is
due to the positive relationship between the
diameter of separator and its work. Increasing
the diameters of the separator at D = 12.75 in. to
D = 30 in, when P = 30 psig, increases
productivity of gas from Qg= 0.936 MMSCFPD,
to Qg= 1.339 MMSCFPD.

In general, it was found that increasing diameter
of separator from 12,75 in to 30 and increasing
the pressure of work of separator from 30 psig to
450 psig, increased the efficiency of gas
separation from oil by 33%.

4- Effect of retention time on the cumulative
production of oil:

The efficiency separation of gas from oil is
determined by an increase in the amount of gas
( from the upper unit in separator) or a decrease
in the amount of liquid (from the liquid
collection and drainage wunit bellow the
separator). Increasing the retention time of crude
oil inside the separator increases the efficiency of
the separation process (decrease in the amount of
liquid resulting from the separation process) due
to the increase gravity effect [7].

Example for effect of retention time on the
cumulative production of oil at Iminute the oil
flow rate at 1 minute, D = 12.75 ft. and L= 5ft.

_ (3/9)x(D*)xLss _ bbl
Qg =—"7"7—"7"7 429.3024,0lay

1.42
4- Calculate the cumulative oil at 1 year.

2
Q = E/X(OxLss  _ 4993024 x 365 day =

1.42
156695.37, bbl
The result presented in Table 7 and Figure 3.
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Table 7: Retention times with productivity of liquid with diameters at Ly;=5 ft

Time,
min

1 2 3 4 5 6 7 8 9 10

D, in productivity of liquid *1000, bbl

12.75 | 156.7 | 78.4 522 | 392 | 313 26.1 22.4 19.6 17.4 15.7

16 246.8 | 123.4 | 823 61.7 | 494 | 41.1 353 309 | 275 24.7

20 385.6 | 192.8 | 1285 | 964 | 77.1 64.3 55.1 482 | 428 38.6

24 555.2 | 277.6 | 185.1 | 138.8 | 111.0 | 92.5 79.3 694 | 61.7 | 555

30 867.5 | 433.8 | 289.2 | 216.9 | 173.5 | 144.6 | 1239 | 108.4 | 96.4 86.8

1400000
1200000 =0~ 1 min
=32 min
1000000 -3 min
=X=4 min
= 800000 .
) =X=-5 min
g 600000 =0~ 6 min
g_- =+=7 min
S 400000 8 min
S —— 1
3 200000 9 min
== 10 min
0 T T T
0 10 20 30 40
Diameter,in

Figure 3: Cumulative produced liquid vs. diameter at different values of retentions time at L;;=5 ft

From Table 7 and Figure 3, we notice that the diameter increases the cumulative liquid
increase in the separation time ( retention time) production in year decrease, at 30 in with
leads to an increase in separation efficiency retention time = 1 min, Q;= 867517.61 bbl, and
(decrease in the quantity of liquid produced). at 30 in with retention time =10 min, Q;=
To lengthen the retention time at constant 86751.76 bbl.
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5. Conclusions

The following conclusions can be drawn from
the obtained results:

1- Pressure and temperature directly affect the
separation efficiency of gas from oil. The
efficiency of separation process is directly
proportional with number of moles of liquid, at a
constant temperature, it is going to be slightly
inverse proportional, and at constant pressure,
the temperature is inversely proportional with
number of mole of liquid. Increasing pressure
when the temperature is constant increases the
efficiency of the separation process by 10.2%.
Increasing the temperature when pressure is
constant decreases the efficiency of the
separation process by 4.4%.

2 - The number of stages of separation depends
on the pressure of the production wells that
enters the first stage of separation. Increasing

the number of stages of separation leads to an
increase in the efficiency of the work of
separators, this is due to the indirect reduction of
pressure. The number of stages that give the best
efficiency for the Alif field (block 18) is five
stages.

3- Selection of the appropriate dimensions of
separators during the designing process depends
on the working pressure and diameter of
separator. The efficiency of gas separation from
oil when the pressure is constant increases by
increasing the diameter of separator from 12,75
in to 30 in by 33%.

4- Increasing the time of oil retention inside the
separator from Imin to 10 min at different
diameters leads to a reduction in the amount of
liquid product from 867517.6,bbl. to 86751.8
bbl. This increases the efficiency of separation
by 90 %.

6.Nomenclature.

Vi Mole fraction of component I in the mixture %
X4 Mole fraction of component iin the mixture %
P Critical pressure Psia
Ty Critical temperature of the ith component °R
(TC)C7 . Critical tempreture of c,+ °R
(PC)C7 . Critical pressure of c,+ Psia
Rap Pressure ratio Psia
Nst Number of stage -1 N’
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