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Abstract:

In field separation facilities operation, operators tend to determine the optimum
conditions to maximize revenue.

The object of this study is to investigate the present number of separation stages and their
optimal conditions for degassing stations of oil Field.

A computer program model was written to predict the optimal conditions for oil field
gas-oil separation stations subject to a given crude oil composition , flow rate and feed
temperature and pressure using flash calculations with modified Soave-Redlich-Kwong
Equation of state.

Nine Bottom-hole well samples of reservoir crude oil was collected and subjected to
PVT analysis commonly performed on crude oil, Surface stage separators gas samples at
steady condition were taken and analyzed by gas chromatography apparatus to determine
the gas composition.

A good agreement was found by comparing theoretical and experimental prediction for
gas composition.

The results indicate that the present five separation stages is the optimum number and
the values obtained for these optimum stages pressure are (514.7,119.7,42.7,26.7,14.7
psig) for Summer and (464.7,119.7,42.7,26.7,14.7 Psig) for Winter where the current
operation pressures are (614.7,119.7,42.7,26.7,14.7 psi) for Summer and Winter. The
total liquid yields in stock tank reaches (1.29, 1.31 %) for summer and winter
respectively and the stock tank API Gravity reaches (0.41, 0.42) for summer and winter

respectively.
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Introduction:

The main function of a surface production facility is to separate the well stream
into three components, typically called “phases” (oil, gas, and water), and process these
phases into some marketable product (s) or dispose of them in an environmentally
acceptable manner. In mechanical devices called “separators”, gas is flashed from the
liquids and “free water” is separated from the oil. For a given separator, factors that
affect separation of liquid and gas phases, including separator operating pressure,
temperature, and fluid stream composition. Changes in any of these factors, change the
amount of gas and liquid leaving the separator.

In petroleum industry, the optimum pressure is defined as the maximum liquid
volume is recovered in the stock tank per volume of reservoir voidge. This pressure

corresponding to a maximum in the API gravity, a minimum in total gas oil ratio (GOR),
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and minimum oil formation oil factor (Bo) [1]. In general, the optimum separation
conditions are fairly complex due to some variables (well stream, flowing temperature
and Pressure, liquid content of the residue gas, and composition of the well stream to the
separator).

In order to investigate the present stages number and the separation stages
pressure for the field are required a knowledge of composition, temperature , pressure
and volume relationships of coexisting vapor and liquid phases, phase equilibrium
calculations are also needed especially in the vicinity of critical point. These quantitative
can be estimated by means of thermodynamic indices, using an equation of stat (EOS).

The most widely used equation of state in petroleum industry is the cubic type,
such as the Redlich Kwong (RW) equation of state and various modifications [2]. Flash
calculations with an equation of state provide the most accurate and reliable method for
phase equilibrium production [3]. Modified Soave-Redlich-Kwong (SRK) equation of
state has been adopted in this study, and a computer program is developed to perform
flash calculations for hydrocarbon and non-hydrocarbon mixture.

Developed a correlation to calculate the optimum second-stage pressure in a
three-stage separation system. The inputs required for the calculation are primary
pressure; stock-tank pressure; and the mole fractions of methane, ethane, and propane.
This correlation does not need flash calculations [4].

Proposed a method to determine the optimum separator pressure for the two-stage
separation provided that the stock tank is connected to the atmosphere. In their study,
GORs obtained from different separators are plotted against separator pressure, and then
the optimum pressure is the pressure that produces minimum GOR [5].

Presented a methodology for optimizing separator pressures in the crude-oil
production unit. It can be used to estimate the optimum pressures of separators in
different stages of separation. The disadvantage of this method that it requires
tremendous numbers of trial-separator pressures and difficult to obtain the exact
optimum pressures [6].

Developed a group of correlations for optimum separator pressure for volatile oils

using the results of the computer model [7, 8]. These correlations are based on data from
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over 6,000 computer model runs with various independent variables. The variables are
temperatures of stages, mole fractions of some components of the feed stream, and

optimum separator pressures.

Surface Separation:

The crude oil separation is only a part of the entire system. The total system looks
very much like that shown in figure (1) which represents a fairly complete processing set
up for crude oil and handling gas [9]. The field separation process consists of two or
more separators operating in series at lower pressures. Each condition of pressure and
temperature at which gas and liquid are separated is called a separation stage. If the
pressure of the last separator is greater than atmospheric pressure, the stock tank acts as a

stage separation. In each separator, the previous liquid stream is flashed at separator.
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Fig. (1) Typical Oil and Gas Production Schematic

Pressure and Temperature:

The resulting vapor and liquid products are then removed from contact with each other

on leaving the separator. Figure (2) shows the five stage separation process system.

E25



No.23- (6) 2019 Journal of Petroleum Research & Studies (JPR&S)

Dehydration| | “ p Gas flawrate
Unit - 0m|1 COI” ) omp Cantrol
k T ¥ i

¥
e ¥ Flare
3 - | Arca

astler Flaw Tank

— Blower
-

J"

Fig. (2) Gas-Oil Separation Processing Systems.

The feed crude oil is supplied by oil wells gathered at degassing station manifold,
and enters the first stage two phase separator in a given composition, pressure,
temperature, and flowrate. The pressure and temperature of the entering feed are usually
higher than those of the first stage, the pressure drop can cause flash vaporization of
some of the gas dissolved in the crude oil.

Gas produced from the first stage, which containing a high percentage of light
components such as methane, ethane, propane ... etc., flow to the compression stations.
Pressure of the separator is subjected to direct control by means of pressure regulating
devices. Crude oil leaving the first stage flow to the second stage which is held at a lower
pressure. Again pressure drop causes flash vaporization of the dissolved gas. This
process continues up to the final stage which is a stock tank. The stock tank is usually
operated at pressure slightly higher than atmospheric.

Under the assumption of equilibrium conditions, and knowing the composition of
the fluid stream coming into the separator and the operating pressure and temperature
conditions, we could apply our current knowledge of VLE equilibrium (flash
calculations) and calculate the vapor and liquid fractions at each stage. However, we are
looking at designing and optimizing the separation facility, we would like to know the
optimal conditions of pressure and temperature under getting the most economical profit

from the operation.
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Separator calculations are basically performed to determine [10]:
e Optimum separation conditions: separator pressure and temperature
o Compositions of the separated gas and oil phases
e Oil formation volume factor
e Producing Gas-Oil ratio

e API gravity of the stock tank oil

Constraints:

The objective function for separator pressure optimization can be formulated as
follows:
Objective Function = f(x)

( Stock tank oil gravity(API)

Maximize {
Liquid volume in the stock tank (Vysr)

Total Gas Oil Rtio (GOR)

Minimize {
\ Oil Formation Volume Factor (By)
The terms of the stated objective function are equivalent, e.g., if stock tank oil

API gravity is maximized, then the oil formation volume factor and gas oil ratio are
minimized.

The constraints which are to be considered for the processing system showing in
Figure (2) can be expressed as:

1. Stages Number :
N < Nyax 1

2. Separator pressure is not exceed the highest allowable pressure specified by the

manufacturer:

P; < P max 2
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3. The pressure of a separator couldn’t exceed the pressure of the previous
separator.

Pi+1<Pl ...3

4. The pressure of a separator prior to the stock tank shouldn’t be below the stock
tank pressure,

P,,Py,Ps,..,Py_1 > Py_4 "

5. Stock tank pressure is equal to the atmospheric pressure approximately

Py =1atm .5

6. Production rate shouldn’t exceed a certain value in order to avoid gas slippage

and allow good separation:

Q < Qmax ...6

Crude oil specification such as API gravity can be satisfied by blending various
cruds having deferent compositions, and called from several oil field, therefore these
specifications wouldn’t impose as constraints on the gas-oil separation process.

The difficulty for developing a method is to calculate the amount of products for
a given set of operating conditions.

In order to solve this problem one has to develop equations for following:
1. Material Balance and Flash vaporization calculations
2. K-values, of various component of crude, as functions of pressure temperature

and compositions.

Material Balance and Flash vaporization calculations:

The purpose of the flash calculation on a two-phase system is to establish the
amounts of gas and liquid, and the analysis of them. In the usual application, one will
need to find the bubble point and dew-point of the system to bracket the condition at

two-phase.
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The equations needed to make the flash calculation are easily derived by carrying
a material balance over the separator. These equations are found in the literature [11] and
will not be derived here.

The necessary equations are the following:

F.Zi=L.xi+V.yl- 7
n n
). : 3
¥ =
L1 -y(A-ky)
l =1
n n
Zy _Z z; . k; 9
;=
L T LTy - k)
Where:
= v 10
==

when each member of equation (8) is summed over all components i and the result so

obtained is restated in functional notation, one obtains :

n
7.
f(¢)=;m—1 11
Equation (11) can be solved by trial and error, by guessing a value for(y)
between 0 and 1 until f(ip) =0.
The most widely employed computer method for solving equation (11) are false
position and newton's method [10]. In the latter, a predicted value of i root for iteration

k+1 is computed from the recursive relation:

ket _ ok FW9)
=9y D) w12
Where the derivative in equation (11) is
n
— z;(1—k;)
= .13
F =) i ya P

i=1
The iteration can be initiated by assuming 1! = 0.5.

Sufficient accuracy will be a achieved by terminating the iterations when:

1l)k+1—l,[)k

¢k+1

<0.0001 ...14
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Equation of State:

Any equation correlating pressure, volume and temperature is called equation of
state (EOS). It can be used to calculate gas-liquid equilibrium as an alternative to using
K-value correlations. The assumption must be made that the equation of state is predict
pressure-volume-temperature relationships for liquids as well as for gases [10].

The K-value needed for flash calculations can be calculated using the modified
Soave-Redlich-Kwong equation of state [12] which is recommended for predicting
components k-value.

The soave equation is given by equation (15) below:
Z3—-7°+Z(A—B—-B*)—-AB =0 .. 15

The soave equation and its modifications are cubic in compressibility factor, as
shown by Edemister [13], equation (15) may yield three real roots but the largest is
always taken as vapor compressibility factor and smallest positive root is taken as liquid
compressibility factor. It can be solved by iterative method either by using cubic solution
procedure or by trial and error technique. The component fugacity in a phase may be
calculated once the fugacity coefficient has been evaluated. The relationship between

fugacity and fugacity coefficient is given by equation (16) below:
—N
fi = dNx; P .. 16
In terms of the Soave equation, the fugacity coefficient in the liquid or vapor

phase can be calculated from equation (17) once the volume of that phase has been

determined.

b: Al2 SO Qs B
In¢} = j(z— 1)In(Z — B) [%] In <1 +—) .17

B Z
PT?
A= aaﬁ .. 18
bPT

The equation constant for all pure component are calculated from the critical
temperature and pressure and acentric factor. In term of critical constant, a; and b; are

given by equations (20, 21):
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R?Tc?
a; = 0.42747 .20
PCi
RTCi
b; = 0.08664 —— .21
PCL'

For all fluid except Hydrogen, «; is given by equation (21):
Where
a; = [1-m(1-yTr)|" .22
Where
m; = 0.48508 + 1.55171w; — 0.15613w? .23

The composition averaged parameters aa and b are calculated from equations (24, 25)

below:

n
aa = zxix]'aijaij .24

n
j=11i=1

b= xibi .. 25

n
i=1

The cross mixture parameter @;;a;; is given by equation (26):
al-jal-j = (1 - kl]) aiajaiaj .. 26
The binary interaction coefficients k;; are used to improve the vapor-liquid predictions.

A first estimation of un kwon phase composition must be made using the component k-

values calculated by the following empirical equation proposed by Wilson [14].

1 1
ki = Pr, [exp (5.37(1 + w;) (1 - T_rl)>
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Experimental work:

Bottom hole samples from nine wells were collected and analyzed there
composition in a PVT laboratory of Basra oil company. The arithmetic average were
taken and assumed to be a representative sample composition of reservoir crudes under

study.

Statistical parameter:

Correlation verification and validation:

Statistical correlation verification and validation are the most important step in the
correlation development process. Both quantitative and graphical analyses are used to
verify the accuracy of proposed correlations [15].

Graphical error analysis:

Graphical means help in visualizing the accuracy of correlations .

Cross plot Graphic analysis:

In this technique, all the estimates values are plotted against the experimental data,
and thus a cross plot is made. A 45 straight line is drawn on the cross plot on which
estimated value is equal to experimental value. The plotted data matches the

experimental data finally well.

Correlation coefficient:
The correlation coefficient (r) represents the degree of success in reducing the
standard deviation by the regression analysis.

It is defined as:

r= \/1 - [Z?(Xexp - Xest)z/zrll(xexp - X)Z] .27

Where:

n

1

X = EZ(xexp)i .. 28
i=1

The correlation coefficient lies between 0 and *1. A value of *+1 indicates a
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perfect correlation, whereas a value of 0 implies no correlation at all among the given

independent variables.

Result and discussion:

To determine the optimum stage conditions and the number of stages, a series of flash
calculations were performed with various and intermediate stage pressure combinations
for four and five separation stages. The results are presented in Table (1), including the
optimum number of stages and the stock tank.

API gravity, gas oil ratio and formation volume factor values estimated by the
program calculations were plotted as a function of pressure as in Figures (3 A, B, C, D)
Figures (4 A, B, C, D), which shows the optimum conditions for summer and winter
respectively. It can be seen from Figures (3 D, 4 D) for summer and winter respectively
that the stock tank API gravity increase as 4™ stage pressure degrease, but the minimum
4" stage pressure couldn’t be less than 12 psig because the pressure needed to pushed the
oil to the oil tank.

Table (1) Result of four and five separation stages.

Stage No. Total Liquid
API
1st 2nd 3rd 4th 5th Yields %

4547 94.7 38.7 14.7 - 33.97 42.272
winter

514.7 119.7 42.7 22.7 14.7 | 34.24 42.751

464.7 94.7 34.7 14.7 - 32.91 40.032
summer

464.7 119.7 42.7 22.7 14.7 | 33.14 40.454

Field test:

Bank B of 50000 bbl/day design capacity with stock-tank No. 2 of 70000 bbl/day
flowing capacity in a degassing station of the field under study was chosen for carrying
out the field tests. The tests were conducted under the same existing and predicting
optimum pressure sets. During the test, stock tank API gravity, separators temperature
and pressure, Samples of gas outlet of each separation stage (including flow tank) at

steady separation conditions were evaluated.
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To avoid turbulence, agitation and undesirable carryover of oil particles with gas,
the liquid level must be kept at minimum set. Table (2) shows that the oil level of stage
separation versus stage number.

Table (2) Stage separation oil level %

Stage separation
Stage No. oil level %
Summer Winter
1™ 35 40
2 35 35
31 35 35
4" 35 35

The results of carry offer tests using spot test on a white paper were carried out
during the field test. It was found that no carry over was taking place at first and other
stages due to reduction of the first stage pressure.

The use of SRK equation of state for determination of theoretical oil and gas of
individual compositions at stages separation conditions have shown that the theoretical
calculated values fit well within acceptable limits with field experimental test results
determined from actual measurement using Gas Chromatography tests. This is shown
exclusively on Figure (5 A, B) for summer and winter respectively . The plotted points of
this study's correlation fall very close to the perfect correlation of the 45° line.

Figure (6) summarizes the correlation coefficient of all separation stages for summer and
winter respectively, which indicate the model is sufficient to describe the data.

It was found from Table (3) that the optimal number of stages was five plus the
stock tank including the five stage and actual and recommended optimal operation

pressure for each separating stage.
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Table (3) Operating and recommended optimum operation pressure for each

separation stage.

Recommended
Present Operating
Stage No. Optimum Stage
Stage Pressure (Psig)
Pressure (Psig)
Summer Winter Summer Winter
Ist 614.7 614.7 514.7 464.7
2nd 119.7 119.7 119.7 119.7
3rd 42.7 42.7 42.7 42.7
4th 26.7 26.7 26.7 26.7
5" 14.7 14.7 14.7 14.7
Stock tank
32.73 33.82 33.14 34.24
API Gravity
Total liquid yield in
40.16 42.44 41.45 43.75
Stock tank %
Conclusions:

e (alculated flash values following the SRK equation based on a composition

mixture have shown a good agreement with measured values.

Optimization of separation pressure for the prevailing oil specifications shown

that in order to achieve efficient gas separation or to produce a high quality oil at

the stock tank the first stage pressure had to be reduced.

e At the maximum rate of 70000 bbl./day , the banks have to be operated with oil
levels cut down to nearly third in the first separators stage in order to bring gas

velocity down to acceptable limits and prevent excessive oil carry over with the

gas.

E35



No.23- (6) 2019 Journal of Petroleum Research & Studies (JPR&S)

¥ Tote atages GOM S0P STE]
» Biook Tank AR Goevity
a4 Ol Formation Vo lums Fesior Bo

= o
=700 =13445m - 3315

&
o

P
]
134440 13432

-
@
wn

F 314

& Fa

RET
=1

q
i

i

-

Al

RETEE 15428

q
i
wn

@

13432

-
]
Stock Tark AP Gravity

=1.3424
= 13425

Stock Tank AP Gravity
ol
Taotal stages GOR [SCFSTE)

g
n

Tatal stages GOR (S CF/STE

-
B
wn
i

u

T T T 10 T T T T
0 3H 400 450 SO0 S50 00 eSO 100 120 140 1ed 13: 20

3311

Qil Farmation Yolume Factor Bo

Qil Formation

15t Stage pressure (Psia)

(3 A) OptimumFirst StagePressure (Summen)

and Stage pressure [Psia)

(3B) OptimumFirst StagePressure { Summer)

F T TR ORE GoM (e ot e T e
Biook Tenk &R Grevity

O Formation Volums Feeior B

& 4 Tote stages GOM [SOF STH
Al Stook Tenk ARG vty

2

— o A A & Ol Formation Vol ums Feotor Bo o
o =E o —Te2e 18 1345800
= SETTTE =
n TES o 2 = [ oo 13452%
5] B g 2 e R = =
@ 1880 o lide g o [l SR
— ! =] o 3312
= T E = 212 2 L
o = Lissed g = =
1313 - =
© 7855 o = = = x 1384035
o = 5 o 7350 o 5 Fiasec
- s L prasig B 308 - g
B " = 134320
= : Brszo o 8 E
E LI SETE R ] & piMzs
2 TETS 11 — k] [
o u = = TETe r r r LT T 1M
36 35 40 45 50 F=]

MO M IR M HE
4th Stage pressure |Psia)
(3 D) OptimumF irst StagePressure | Summer)

3rd Stage pressure |P5 laI
(3 C) OptimumFirst StagePressure (Summer)

Fig. (3) Optimum first stage pressure (Summer)

e ook Tenk ARG revity
& & DIl Formeticn Vol ums Feoior Bo)

4

7420 4 Hal

.31
T4LE

M3
T4 4

3430

L1313 TS 1 3479 L1.3138:
00 350 400 450 500 S50 c0O oS50 S0 100 120 140 180 150 200
15t Stage pressure (Psia)

{4 A) OptimumFirst StagePressure (winter)

E..... Tota stages GOM (GO STE]

L
-
B
(=1
4
=
(=]
in

[=1.314%
13143

13144
134

L 5140° 13140

Stock Tank AP Gravity

Total stages GOR(SCRSTE
0il Formation Yalume Factor Bo

@il Formation Yalume Factar

B
o
.
-
Fa
[+ 4

Total stages GOR[SCFRET
= - = =
E & [T
=] o =1 -
-
Stock Tark AP! Grav ity

and Stage pressure [Psia)

(4 B) OptimumFirst StagePressure (winter)

W ook Tenk AFGreuty
& & 06 Formeticon W clums Feotor Bof

E’HE g HI4 ~1.3132

]
E?—iii - HI3
(=]
@,
T2 M3
(=]
L]
T41E o M
- HI

MO 40 45 50
3rd5tagepressurelPs|al
{4 C) OptimumFirst StagePressure (winter)

E‘.. Tota stages GOM [GOMSTE]

1316500
[ 5
13164 3
L13108

-]
13156 2
131523
L131sT

=
F 131345
SEIIS

(]
L1 3138

=

[=1.3143

T440 o

o
o
=
w
(&)
w
e
2 M35
.1
a
=1
o]
&
E
]
K

13144
T4I0 o

=1.3140

Stock Tank AP Gravity
Stock Tark AP Gravity

Total stages

Qil Formation Yolume Factor Bo

=i -
r~ -
= -
o (5]
o
<
b
o

-

r~

=)

-

&

g

b

1]

3:1‘22423283(3\2&35
4th Stage pressure [Psia)

(4 D) OptimumFirst StagePressure (winter)

Fig. (4) Optimum first stage pressure (Winter)

E36



No.23- (6) 2019 Journal of Petroleum Research & Studies (JPR&S)

Evaluation test ; A 45 Degree line (Summer)

2 80 ;
i Variable
[ ® 1stStage
g 70 | ® 2nd Stage
"z': ¢ 3rd Stage
Ig. 60 | | & 4th Stage
5th Stage

Nt
S 50
9 [}
g 40
&

304
s b4
®
§ 20 A L 2

.
] 10
Q A
S
[}
& 0 @00 — T T T T T T
0 10 20 30 40 50 60 70 80

Stage Separation Gas mole % (Calculated)

Fig. (SA) Comparison between Experimental and Estimated gas mole fraction of

individual component at all five stages (Summer).

Evaluation test ; A 45 Deqree line (Winter)

E = Variable

= ° ® st Stage

g 70 F | m 2nd Stage

"z': 4 3rd Stage

Ig. 604 | | A 4th Stage
Sth Stage

& 50 "

2

g 40

a A

‘E 304

2 hd

S

S 20+

s a

@ 104

0 07 2

g

“ 0‘ T T T T T T T

10 20 30 40 50 60 70 80
Stage Separation Gas mole % (Calculated)

Fig. (5B) Comparison between Experimental and Estimated gas mole fraction of

individual component at all five stages (Winter).

E37



No.23- (6) 2019 Journal of Petroleum Research & Studies (JPR&S)

B Summer

H Winter

Correlation Coefficient %

1st 2nd 3rd 4th 5th

Separation stage

Fig. (6) Evaluation test: Experimental vs. Estimated
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Nomenclature:
Symbols
Ajj
@, (a1,az, .., dn) Constant in Soave-Redlich-Kowing
B, b, b;
F Total moles of feed entering separation process
f Fugacity
GOR Gas Oil Ratio

k; Vapor liquid equilibrium ratio (K-value)
K;j Binary interaction coefficient

L Total moles of liquid phase leaving separation process
M; Constant in Soave-Redlich-Kwong
M,, Molecular weight

n Number of component

P Pressure
Pc; Critical pressure of a component
Pr; Reduced pressure

R Gas constant

Sp. G Specific gravity

T Temperature
Tc; Critical temperature of a component
Tr; Reduced Temperature

To Reference temperature

A% Total moles of vapor phase leaving separation process
X; Mole fraction in liquid phase

Y; Mole fraction in vapor phase

Z Compressibility factor

Z; Mole fraction in mixture phase

Greek Letter

Bi Equation of state parameter

a; Equation of state parameter

p Density

1} Fugacity coefficient of component in a mixture vapor phase
oF Fugacity coefficient of component in a mixture liquid phase
w; Acentric factor

W Mole ratio of vapor to feed
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