The Conversion IMEX - STARS.

MODEL

Our model has 3 components, the water componeno(ee ‘Water’), the dead oil component (‘DeadO#nd
the solution gas (‘SolGas’).

Hence,

ncomp =3 Total number of components

numy =3 Total number of components in fluid @saévater, oil, gas)
numx =3 Total number of components in liquid g (water, oil)
numw =1 Number of agueous components (water)

TheMODEL keyword has syntax

MODEL ncomp numy numx numw , for our example
MODEL 3331

Component names must be supplied:
COMPNAME 'Water' 'DeadQil' 'SolGas'

Note that many later keywords require componerdrpaters in theame order as defined in the
COMPNAME keyword.

MOLECULAR WEIGHT

Defined by keyword CMM:
CMMcmm ... CMMycomp

Molecular weights are given mass/mole.

Water has a molecular weight of 0.01802 kg/gmole

As both oil and gas in our example are pseudo-commqis (not pure components), the calculation or
estimation of molecular weights can be somewhatrarp. Based on STARS suggestion of some standard
values for gases and light — medium — heavy diks following values were chosen:

Molecular weight oil: 0.15; gas: 0.022

So the keyword we used was:

CMM 0.018 0.15 0.022

MASS DENSITY

Density can be given in several ways. For me it @assest to stick with my existing understandingefisity,
and just copy over the numbers from the IMEX datx(i the other parameters are OK, STARS wilhthe
perform the conversion to mole densities itself).

The keyword MASSDEN allows standard densities faremce pressure and temperature:

MASSDEN 1038.0 883.0 0.66



K-values, Compressibilities
Now it begins to get a little tricky...
I'll use superscript ST for standard conditions, RCreservoir conditions (and standard symbols).

From the black oil model we had the parameters:

pw = 1038 poo =883 pg =0.66

Bo(Pop) = 1.2601 B.= 1.024 By(Pyp) = 0.006 R{(pp) = 80
Cw = 4.64E-7

1o{Pep) = 1.041 1g(Pep) = 0.015 ptw = 0.42

M, =0.15 Molecular weight dead-oil component

M3 = 0.022 Molecular weight solution gas component

Then, following the step-by-step description in RAmanual appendix D.18:

. ; ST 883
moles dead-oil: mole®l = Lo — = 4671.587
M;Bo(ppp)  0.151.2601
- as _ Rs@op)pg" 80:0.66
moles solution gas: moled* = = = 1904.61
M3Bo(ppp)  0.022:1.2601
) . Rs'py! /M3 80+0.66/0.022 2400
oil mole fraction: X3 = —= =F = 553 B00EE- = = (0.028962
I +R5-pg m+ 0022 5886.667+2400

My M;
and as + x3= 1; x, = 0.71038

Density in a black oil model refers to the density of firase in question. Hence “oil” density will have a
strong dependency on the amount of dissolved gas in

In contrast, STARS us@&smponent mole density, so that oil density refers to tlogid oil, which will

typically be much larger, and have a smaller viangtthan the black oil variant. (The total densifya phase is
computed by STARS from the component values.)

Forliveail, ref. Egs. (3-4) in STARS manual appendix D.18.

ST
The component mole density for dead oil is p32 = pML = 5886.67
2

The corresponding value for gas is a bit more yipk™ is the mole density (at some reference pregsycs
the solution gas dissolved in oil. Thiswst the density of pure liquid gas, nor is it the ghase density, or the
bulk density of solution gas in the live oil. Acliyait's a quantity that can’t be measured, ordyculated, by
the formula

,DST — Rs(pbp)pgT/M3
o { Bo(Pvp)/Bo(Pr) 1}
eXp[Coz(pbp - pr)]

HereC,; is the oil phase compressibility of component2, dead oil component.

pes is not unique (depends @y(p;)), but only one value can be given to STARS, seha choose some
representative value. | didn't manage to compudereible value from this (easier for live oil...),lsti it as a
sensitivity parameter for the time being.



K-values
Recall the K-values we are interested in are thes®etween gas mole fraction and liquid moletfcac
Ki=yi/x

Water and dead oil components don’t vaporize sicanitly, henceg; = vy, = 0 & Ky = K, = 0.
And asy; + Yo + Y3 = 1, y3 = 1 =Kgxs; henceKs(py) = 1/Xs.
Using formulas above the general expressiorKidrecomes,

psTIMy 5886.67

———=1+ = 3.4528
Ry0)pg /M 2400

K;(p) =1+

Computing of compressibilities
This was an uncertain task.
First computed oil (phase) density by the standafahition of B,:

re _ Pol +Rspg"  833+80-0.66
Po~ = =
B, (p) B, (p)

Then computed compressibility by standard definitio

1 Ap
° p) Ap

The variation oB, with p from the IMEX (ECLIPSE) simulation, and computedues from formulas above:

p Bo Po Co 1.40E-06

22700 | 1.2601] 703.01 1.358E-6 Oil Compressibility (1/kPa)

25340 | 1.2555 70554 1.361E-6 L 20E-06

28160 | 1.2507| 708.24 1.197E-6

31110 | 1.2463 710.74 1.125E-6

34380 | 1.2417 713.36 1.096E-6 1.00E-06

37350 | 1.2377] 715.68 7.725E-}

39550 | 1.2356 716.90 8.00E-07 ' ' '
25000 30000 35000 40000

Used a “conservative” value @f = 1.0E-7 in the data file.

An estimate of the gas compressibility, which s ig uncertain factor here, naive and simple

{1 — By (pbp)}
— ST
¢ =P ) _ 5009255
By (Poyp)

By that, most of the hard work is done, and weaduohthe following keywords to the data file:



K-values (Water, Dead oil, Solution gas)

Kvl 0.0 0.0 0.0
Kv2 0.0 0.0 0.0
Kv3 0.0 0.0 3.4525
Kv4 0.0 0.0 0.0
Kvs 0.0 0.0 0.0

The argument behind setting all KV's for gas toozexcept KV3, was to try to emulate dead oil —stant
behavior above bubble point, thereafter only sef@nditions are interesting. (I don’t say thatsrect
thinking — it isn’t — but it's how | reasoned tofihe the table)

Liquid compressibility CP (water, oil, gas)

CP 4.64E-7 1.0E-7 0.00925

Thermal expansion coefficient CT1 — not used is thin, so some “standard” values used.
OTHER INPUT

The rest of the input is now relatively straightfard

Keyword SURFLASH

This keyword is supposed to enable definition a$lfi conditions at surface conditions, irrespeaiwhat the
K-value computations should deliver. Just what e@liter — being able to define the surface GORldquhe
dead oil model. So included the following:

SURFLASH SEGREGATED
K_SURF ‘DeadQil’ 0
K_SURF ‘SolGas’ 80

The section on sensitivities refers how this wart to reveal it now — didn’t work at all...
Viscosity

Didn’t do anything special with viscosity, just éeg it over from the dead oil PVT tables, adjustiogsTARS
syntax (one “table” for each temperature, so athéesoal, pressure-dependent table looks a little
cumbersome).

** temp mMu_w mu_o mu_g
VISCTABLE
ATPRES 18000

20 0.42 1.041 0.015
ATPRES 22700

20 0.42 1.042 0.015
ATPRES 25340

20 0.42 1.072 0.015
ATPRES 28160

20 0.42 1.096 0.015
ATPRES 31110

20 0.42 1.118 0.015
ATPRES 34380

20 0.42 1.151 0.015
ATPRES 37350

20 0.42 1.174 0.015
ATPRES 39550

20 0.42 1.2 0.015



INITIALISATION

Only special input here is the MFRAC family of keyuds, which define the initial mole fractions oéth
components.

As an initial attempt, set MFRAC for water to 1. Asanted to set the bubble point pressure expliefjual to
the black-oil case, | tried the PBC keyword. Swipgly, STARS didn’t accept PBC for component ‘Dédd
which is where | thought it belonged. But PBC f8olGas’ was accepted (but didn’t work as expected...)

So the syntax used:

MFRAC_WAT 'Water' CON 1
*MFRAC_OIL 'DeadQil' CON 1
PBC 'SolGas' CON 22700

And wonder of wonders — the data file ran at fitsémpt! — But the results were disappointing... Hidratch
the IMEX case at all.



