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ABSRACT

A study has been done for finding the optimum separators pressures of degassing stations. The
optimum operation presswres are determined by employing Constrained Rosenbrock (1966) method
using the nm,\'inunn APL minimum GOR and mintmum 13,4 as objective functions and separators
pressuves as the decision varlables, The optimization of separators pressures requires equilibrivm
flash calculation under different conditions of pressures and  temperawres o determine  the
conditions that will vield the most stock tank figuid. FEquitibrium flash calculation is achieved by
solving the cquation of state. In the current study. Soave ~ Redlich — Kwong (1972} and Penyg -
Robinson (1976) have neen used with the black and volatile oils respectively.

Awo compuier modets are weed 1o hind e optimum separators pressares, he st maded s OKPB
which can be used with black oils while the second 15 OSUY that eopdevs volatile vils, Application
ol these models shows nnprovement ot e all vbjective functions for oils, [wo cheeking techniques
(the plofting & sensitivity analysis test) proved the validity of these optimization modets.
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INTRODUCTION
The optimization of phase separation practices is important because by varying the blend of surface
oil and gas produced per reservoir volume, an operator may markedly affect the 10tal value of the
mix. [he total value of the mix is affected by the fractional volumes produced of each phase as well
as the quality el each phase. The fractional volume of each phase is important because traditionally
the market has paid a significant premium for hydrocarbons in the liquid phase.
An impertant concept in surlace phase separation is that the fructional liguid recovery will always
be erhanced by addiag more separators hetween the welhead and the stock lzu)k. ln a slage
separation process. the haht hvdrocarbons moelecoles that tTash are removed a rc!:urivdy high
pressuic. keeping the partial pressure ol the micrmediate hvdrocarbors lower at cach stage
An equally mportnl coneept is that lor o nite pumber of separators, there 1s an opamal
combination of discrete separater pressures that will maximize the fractional liquids recovery. At
the optimal combination of separator pressures. the AP gravity of the crude will be maximized and
the gas-oil ratio will mipimized.
Whinery and Camipbell (1958) developed a imethod for determining the optimum sceond stage
pressure in three stages. separation system. Their method is simple, accurate and climinates the need
for flash vaporization caleulations. ‘
Penick and Thrasher (1977) suggested finding the oplimuni separator pressure by plotting
cquilibrium ratio versus pressure. Since K~ value is defined as the ratio of mole fraction of a
amponrent in the vapor to the mole fraction of that component m the liquid. then when K — valucs
ar2 applicd na conventional equilibrium Hash calculation the condition which gives the greatest
proportion of ¢ compoenent in the hguid phase 15 a condifion whose K - value is the Towest.
AL-Ameeri (1981) proposed a mathematical model capable of finding the optimal pressures for gas-
oil separation systems, The primary objective of desigming this model was to solve the problem off
excess natural vas hatis faced by many oil producing countries in Middle Bast and elsewhere in the
workd, The objective Tuncbon was iz vas ol raae. The sovesticator nsed the Fibonaced
method as opimization Wohmau,
talali, Van Wassennhove, Romano and Pickics (19973 constructed afgorithim w predict opLimum
separator pressure in North Sea [field tor the [ust - stage. In addinon. they suggested simpic
formulation o the samme aim. The objective function was the oil praduction.
Palke and Home (1997) made integrated production model composed of several components.
included separator model. The authors used Redlich — Kwong equation of state to determine phasc
properties and the nonlinear optimization techniques are mathematical methods of determining the
sel of decision vartable values that maximizes an objectrve [unction value.

MATERIAL BALANCE

The stage separation unil can be described with a group ol material batance equations.
- Anover all matertal balunce.

- The compoenent material halance.

- CArestietive equation on the phase composition,

The general ecuation to caleulate the vapor moie fraction e be writlen s

oz (1]
f f)_Z— K \4)1)20 (1)

The above equation can be solved by Newton-Raphson method and False position method. The first
method is the most common used techritque for locating roots of nonjinear cquations. The assumed
value of v mst be between zero and one. The False position predicts the initial value of the vapor
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fraction afier soime iterations. The resolted value s adopted as imitial guess i the Newton-Raphson
method which dnaurn find the free vagw
I the Newtoa-Rapisun medbiod, o aideulacd salae of e oot Tor aertion &0 e compuied lrem

the following relation:

Vk-»] _ Vk _ f(\() (2)

ook
fv)
where the derivative of equation (1) is:

X oz (1=K
f(v)zl ( ,.) -

vk, - bl

and convernence s achieved when both

W et K g ()
and
vy <e (5)

. R il . .. .
where ¢ is a small tolerance. In this study, © was sel gqual Lo 107", Fmpirical correlations can be
used 1o provide an initial estimate of the equilibrium ratios. The Wilson equation (1968) has been
used in this study.

EQUATION OF STATE

Phase cquilibrium calculations require solution of equations ol state o evaluate the relevant
proverhies pertaiming o liguid and vapor. Furthermore reeent advances in computer mmpleimented
equations ol state have made predictions of phase behavior easier and more rehiable.

Several forms of equation of states have heen presented 1o the petrofeun industry. I this study the
most widely used: Soave = Redlich -~ Kwong and Peng — Robinson have-been used with the black
v The cubie cquation for the /7 factor s wolved (o obtain /7 Factor for

and volatile oils respective

hauineh and vanor phoses,
SRK cquation ol swate presented mothe Toltowinge furin.

2 -7 +(A-B-B')Z-AB=0 (6)
Peng-Robinson proposed the fotlowing equation of state:

2 +(B-1)2° +(A-3B*-2B)Z - {AB-B* ~B")=0 (7
where A and B are caleulated from equations (6) and (7).

C._Properties

Fquations of state have generally been recoenized by the petroleum industiy as important angytic
expressions uscd in deseribing behavior of the complex hyvdrocarbon mixtures. An important
considerittion in using equations ol state 15 the difficalty in charoeterizige the heavy tractions ot

hvdrecarbon mistures. These fractions. osuwatly Tumped as heptane plus (C- 3, are diflicult wo deline
without an extended molar sualysis o dhe plus oction, A comuentional Liboraiory hvdrocarban

analysis ol oill pas. or condensate systom usually reports thie composition  ob thie system
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{methane throueh heplane plus), with molecular weight and specifie gravity of heptane plus
fraction.

Three correlations used 1o predict propertics for lumped fraction during this study. namely Riazi
and Dubert (1980). Mahdi (20029 and Fdmister (1984, Riazi and Dubert developed an empincal
cquation which is useful for predicting 1he eritical properties for the plus [raction. This correlation
usedh with PROLOS. Mahdi suggested modilication of Riaz) and Dunbert correlation o predict the
critical properies of the heavy fractions, The modificd equation fias heer used with SR EOS,
Liynstor suggesied approntrimion conclation o tmdime e acenteie fachon, 5 his correfation nas

been used with PR 1OS and SRK EOS.

Computer Models of Surface Calculation

[n this work. two computer models were used to achieve the surface scparator calculations namely
SFSRK mode! and SFPR model. The first model has been used to reat black oils and the sccond for
treatment of volatile oils. The computer models have achieved all aims of surface separator
caleulation that ilustrated in this chapter. Fig. (1) shows the How chan for the computer models
SESRK and SI'PR.
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The epumizuion of separators pressuivs included the [oliowing steps:

- Analysis of the process. in which the important variables and specific characteristics of ihe

problem are defined.

Definitivn of an objective tunction or performance criterion and expression of the eriterion as

mathematical function. :

3- Development of a mathematical process model that relates the input-outpul variables and lists
the constraints.

4= Application of an optimization procedure o the mathemaiical formulation of the problem.
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Analysis of the Separation Process in the Separators

Well flutd from various oil wells enters the first stage in a single stream with a given composition,
temperature and pressure. Temperature and pressure of the entering feed are usually higher than
those of the first stage. The drop in the pressure causes flash vaporization of the well fluid, Oft-
vases from the first stape. which contain a high percentage of hight components such as methane.
cthane and propune (O Cyoand Coo Tow o gas plant where compression and refrigeration
processes. Crude oif Teaving the hrat stage Hows (o the sccond stage which 1s held at a lower

pressure. Again pressure drop causes Hash vaporization of feed. This process continues up to the
final stage N. whicli s the stoke tank, The stock tank 1s usually operated at atmospheric pressure.
and 1ts temperature s close Lo ambient temperaiure. '

Decision Variables for thie Process Donder Sindy

Fram the tormulation of te problem, te Jdecsion variibies of the process ave the pressures oy
stages separation except the stock tank because the last staze has constanl pressure thal cquals
atmospheric pressure. Bguation (8) and Table (1) show the variables in this problem, respectively.

No. of decision variables = No. of stages -1 (8)

Table (1) The Definitions of the Decision Variables

Objective Functions

The ealeulation of optimum separators pressures must satisly four objective functions which are

I- Stock tank oil cravity (AP]).

2= the recovers Tiguid volume in the stock tink per volume of reservoir yvordage.

c- Torl cus-oi ratio ;GORY, | 7

F- il lormastion volume ctor (Bae. )

The objective Tunctions must be at maxitm vidues for the Drst and sccond functions and at
mininnm s alues for the thivd and Toun b o ons

The Constraints

The constraints of the optimization of separators pressures may be divided into:

I- The constant constraints: this type related 10 manufacture pressure where the [irst stage pressure
must not exeeed the maximum pressure specified by the manufaciure,

1)]sl - l:"lnzm (9)
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where

Pan = manufacture pressure. psia.
The pressule of separator prior to the stock tank must not be below the stock tank pressure that
approximately equals atmospheric pressure.

PN_; = Pf\' : (lO}

2- The variable constraints: each stage except the stock tank plays role in this type where the
nressure of separator must not exceeds the pressure of the previous separator.

Py P (11

Optimization of Separator Pressure
The problem of optimization of separator pressure has the following properies.
1- Nonlincar.

-

Joo Nulivariable,

3- Consiraiied.

4- The solution is to find & maximum of two functions (APL SPM) and a minimum ol two
functions (GOR. B

5- The degree of complexity is very high.

The method chosen should be:

a- Nonlinear progranuﬁing.

b- Multivariable.

¢~ Constrained.

d- tree of derivative.

The echnigue must find the maximum and minimum solution.

Amaong the oplimization techniques. the Constrained Rosenbrock method 1s adopted to solve this

problein because it achieves all required conditions.

Compuler Models ol Optimization Process )
e major object for this study is to consteuet compuler models (o find the optinm <eparators

pressares. o models achioveo doriag s sindhy Lo tie ahove purpose coe s o the black onls
and the othier one is ler the volate oils,

OSPB is the computer model that weat the biack oils. This model consist of two parts. first part is
Constrained Rosenbrock technique and the sceond is SRK EOS and its correlations. Constrained
Rosenbrock technigue (inds the optimum values of separator pressures while SRK EOS caleulates
the fluid properties (objective functions).

OSPV is the computer model that designated to optimize the operating pressures of the separalors
when volatile oils pass through it. The model consists of (wo main sections. The first section
represents Constrained Rosenbrock lechnique that linds the optimum values of the separator
pressures while the second includes PR BOS and its correlations. The above computer models
provide the following values:

Maximum AP

Maximum quantity ol liguid per produce miole (SPM).

Minrwn O Formaton Yolume Dactor ai the bubble point (13,0

4 Mpimum Produced Gas-Ot] Rato (GO,

1
P -
2.

FEFEICIENCY OF EQUATOIN OF STATLE
In this study. two equations of stale ave used (0 perform the phase cquilibrium cateulattons namely
Soave - Redlieh - Kowng and Peng - Robinson. The main point in accuracy of all results of
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cauilibvium caleulations would be the composition of gas and liquid at cach stage because all of
these results will depend om these compositions, :

Station No.l is used for testing the efficieney of STSRK model where this station represents three-
slage systom. Actual pressures of station cqual 162 paas 755 puie ond 147 psia during sunimer
scason and 172 psha T35 pain end 107 peo dining winder season. Actual remperatures ol slation
equal 140 1, 140 “F and 134.6 "I daring sunmuner and 104 Y1, 104 “F and 100.4 "I during winter i
the 1%, 2" and 3'* stages respectively,

Black oil sumple is used for the comparison between actual and theoretical results. Fig, (2) and
Fig. (3} show the plot of experimental und predicted results at all stages during summer and winter
respectively. The comparison is done between actual and theoretical vapor mole fraction of
individual component at each stage during summer and winter. Theses plots show very good
agreement between the caleulated and measured values. '

i

e ——— e — . Sttt |
en Observed and Predicted Vapor Mele Fraction of Individuat
component for Black Sample at All Stages of Station No.1 (sumimer)
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Fig. (3} Compzn'i‘%ﬁbetwecn Observed and Predicted Vapor Mole Fraction of Individua!
component for Black Sample at All Stages of Station No.1 (winter)

During this study. the PRGOS beeomes important part of SFPRC the comiputer model. The SFPR
computer model has heen aperated 1o predict Tigard mole fracton of ndivideal component at ihe
same condivons of actual pressures and temperatures. Data from station Mo.2 were adopted [or the

compari=on between the sxpoerimemal and predicted results of volmile saunple when passicg through
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five stages during sumimer and winter. Actugl pressures ol this station equal 615 psia. 200 psia. 65
psia. 28 psia and 15 psia during swmmer and winter. Actual temperatures of this station equal
14071 1307 125, 120°F and 120°1 during summer and 120°F. 110°F. 105°F. 100"FF and 100°F
during winter.

The comparison is accomphished between experimental and caleulated liquid mole fraction of
mndividual component for all stages durmg suminer and winter as shown in Fig. (4) and Fig. (5)
whieh demonstrate the cood match between them.

AFim Sing

& Sécpnd Hiage

4 Thac Seags

vt ] GO e

]

|
[
{

Fie (D) Comparison between Observed and Predicted Diguid Male Praction ol fndividum
component for Yolatile Sample ai All Stages of the Station No.2 {sunvnoer)
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Fig. (5) Comparison between Observed and Predicted Liquid Mole Fraction ol Individual
component for Volatile Sample at All Stages of the Station No.2 {winter)

DETERMINATION OF OPTIMUM SEPARATORS PRESSURES '

During this study. the optimum separator pressure was determined by applying models OSPB and
OSPV that adopled the constrained Rosenbrock technigue. The first model provides the optitum
pressures when the black oil passes through the scparators. Black oil sample is used o test the
etficiency of QOSPB computer model for station No,1. The optimum pressures and their objective

S48



Number 3 Volume H Seprember 2005 Jowrnal of Engineering

functions corresponds 1o this station are calenlated by OSPH computer mode! while the values of
APIL GOR. B, and SPM at the actual pressures for sumimer and winter are calculated by SFSRK
computer madel. Table (2) mcludes the opnmium and actual pressures and their objective functions
for stages of this station during summer and winter, Table (2) shows the increasing in APl and
SPM and the decreasing in GOR and B, when the pressures changed from the actual case o the
oplimal case.

The second model has been used for volatile oils to predict the opuimal pressure for each stage of
the separation train. lahlc {3) shows actual and optimum separators pressures and the objective
functions at both sct of pressures of the staiton No.2 (Five Stages). Volatile o1l sample 1s passing
ihrough this station. Table {3) demonsirates the increment in AP and SPM and the decrement m
GOR and Bo when the actual pregsures replaced by the ontimal.

Varviny the Number of Stages (N)
Fig. (6) iltustrates the oftecy el e vumber ol stapes on the APL Inthes hooee the imas miun: pereenl

change 10 AP over the search mlored s Gk an s ancisore o 1he senstiviy of e ehiectve
function. Fig, (6) sugeests that the maximunt AP increased with [he increase in the number of
stages white the sensiuvity decreases in sharply manner,

The increasing of number of stages does not aflect the value of APY afier partcular imit because
the aim af the optimization is to obtain a maxumum amount of inlermediate components as liquid
phase. When this aim achicved at particular number of stages. the addition of stages will have no
effect on the results.

CONCLUSIONS

The most important Conelusions that can be demonstrated trom the current study are

F- hocthe current study an optimization models of separators Pressures with black and volatile oils
are consiructed and called ()Sl 3 and O=PY model respeciively. These models have been used
for twa. three ar more stawes

2o Lauations ol stue for Peng- l\uhl o el Sodve - Rediich - Kwaong are ood ools in
performing flash catculations of the voladile and hiack oils respectively.

- Constrained Rosenbrock techmgque s o suitable mcthod 1o Ind opiimiunt sepadlor pressure
because 1 satisties all required conditions reiaied 1w the problent.

4- The models’OSPY OSPL SEFPR and SFSRK give good vesulls with the oils samiples.

FRunbies gl S0 e

F1g (6) thu.\ Number of Stages on APL
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NOMENCLATURE

English Symbols

Equifibrium ratio

Number of components in the system
| Pressure

Vapor mole frachion

Mole lraction of mixture

Compressibility factor

: Component index

3

| Component index
lteration index

[ Vapor

e [kF | ok
| Equation of state

PR Peng-Robinson
SPM | Stock tank oil per mole

SRK__| Soave-Redlich-Rwong

e e

th
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