Revised Understanding of Transferring a Black Oil Model to Compositional
(Re-revised March 2015)

STARS has a preference for polynomial approximatieng. the user is encouraged to define K-valyes b
the coefficientK,,, ... Ks as described in an earlier blog. This attempt evag partly successful, and |

felt this could be improved. After some considenati concluded that it would be easier to simplfjrae

the K-values by a table and forget everything alloeifpolynomial coefficients.

The oil phase in the black oil model was definedead oil in the sense that pressure would rentaiea
initial bubble point throughout. The constant(§as resolution factor) was 130 $8n7, with bubble
point 200 bars, and Bo at bubble point was 1.4.

Still, when converting the black oil PVT to a corspgmnal description | found it was a great advgetto
first extend the black oil PVT to a complete liiernodel with the dead oil part as a subdomaintto
first task is to make curves Bf vs. bubble point vs. Bo.

Bo should obviously be unity at SC (1 bar, std.fgerature), and pass through the required point
Bo(200 bars) = 1.4. From experience the curve shioalslightly convex, but the actual shape is pobba
not critical. So ended up with a curve as showRigure 1.
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Figure 1. Livedil primary Bovs. bubble point pressure

The secondary branches (Bo vs. pressure at deadmlitions for a given bubble point) were almost
constant, with only a small negative slope.

The R vs. bubble point curve was constructed in the stast@on
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Figure 2. Rsvs. bubble point pressure

With these curves as basis could now construabithmole fractions xaccording to the formula in the
STARS manual:

Rs (pbp)pgT/
Mg

x3 =
pgT + Rg (pbp)pgT
M, M,

In this formula the densitigs andpy, and the molecular weighd, andM are relatively uncertain,
which means they are parameters which can andwéldjusted later.

The densities in this formula acemponentiensities, which differ somewhat frgghasedensities used in
the standard black-oil thinking. This is discussethe rel-perm interpolation blog entry, for noatice
that “permitted” variation for component densitydasompressibility is much smaller than what we
typically see for the phase variables.

The “black-oil densities” were:

po = 850 kg/M, py = 0.8 kg/nd, while some “typical values” for molecular weightea
M, = 0.04,M4 = 0.05

The formula fomole densityfrom the STARS manual:



pgc n Ry (PBP)PgC
M, M,

B,(pgp){1 — Co,(p — pgp)}

whereC,is the oil component compressibility, typically anal 10°, so can be neglected in this context.

ps(p.pvp) =

Inserting our example value in the formula gives:

880  130-0.66
0.04 * _ 0.05
14{1 — ~ 0}

= 16940

ps(p.ovp) =

Multiplying this value with molecule weight conveiit to component density. Using the average gés /
molecule weight givep$ = 762 kg/m, but as the molecule weight is somewhat uncerthis js only an
estimate, with values in the range 700 — 850 prigliading acceptable. (Used 750 for the remainder).

The main message here is that the component dénsityaller than the phase density, and from
experience we have found that using a too largebeuarfor oil component density can lead to “strange”
results as well as numerical problems.

Using these values, and tRgp)-curve above in the formula gave arelationship as shown in Figure 3:
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Figure 3. Oil molefraction (x3) vs. pressure

The phase equilibrium data is now easily constdjas the water and dead oil components don't
vaporize, so y= Y, = 0. Then, asiy+ Yy, + Y5 = 1, ys = K3z = 1, so that Kp,p) = 1/%.
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Figure 4. Solution gasK-value (K 3) vs. bubble point pressure

Figure 4 shows the Kcurve obtained from Figure 3 in blue.

This curve was now defined to STARS by the KVTABk&yword, which has a syntax tuned for
equidistant tables. The inputialues were as defined in the table:

Py (bars) Kz
1 0

25 69.53

50 32.85

75 21.07
100 15.30
125 11.91
150 9.70
175 8.15
200 7.00
225 6.13
250 5.45
275 4.90
300 4.46
325 4.08
350 3.77

STARS requires you define a table max and min (g Ibi), and then uses the number of values foand t
determine sub-interval lengths. The same goe®foperature variation, but as this model is isotlagrm
we just define two identical lines. So the STARMdds input as:



GASLIQKV

** Table limits, p_lop_hi T loT_hi

KVTABLIM 2500 35000 90 91

KVTABLE 'SolGas'

69.53 32.85 21.07 15.311.919.78.14 7.0 6.13 5.45 4.94.46 4.41 3.77
69.53 32.85 21.07 15.3 11.91 9.7 8.14 7.0 6.13 5.45 494.464.413.77

Running this model gave a GOR (surface gas-oibyati 60, which is about half of the required 130.

In the formula for xthe densities are the component densities. Typitabmponent density is
something like 18 kg/n, and although some variation is permitted, theeaised should probably not
differ more than about half an order of magnituaa this. The main degrees of freedom are theraby t
gas component density and the molecular weightth Bdl” and “gas” are probably a mixture of pure
components, which means that actual molecular ieite pretty arbitrary, or stated differently,
candidates for matching. As thg-Burves are based on a formula, it's easier anaogjical to change
the formula coefficients than tweaking the curvedily.

After some trial and failure, found that molecukaightsM, = 0.04 andvi; = 0.01935, resulting in the red
curve in Figure 4, gave perfect match to GOR, 188/Snt.

Observation: Whatever | later did to other parameters didhdmge this GOR-value, which
means thathe K-values determine the surface GOR uniquedydead-oil setting
(The GOR(K) relation is dependent on oil comportentsity though.)

Also did asensitivity testAs the dead oil GOR is unchanged for all pressat®ve initial bubble point,
tried to define K3 = constant above bubble point€g extension to red curve in Figure 4). This didn
have any effect.
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Figureb. Oil rates (SC and RC) for IMEX and STARS simulations after GOR has been matched
by adjusting K-values. (GOR = 130 for both IMEX and STARYS)



Having got the GOR correct and established thetormmie correspondence between GOR and K-values,
the next task is to match RC production and thelywtionshape
Candidates for matching:

» Oil and gas component compressibility (keyword @)noted we have only limited freedom for
varying these:
o Oil component compressibility should not differ tmoich from the “typical” value 10
o Gas component compressibility must be in the réngd 0’ (STARS requirement), but
experience with varying this parameter restrictesl tange even further; using values
outside the range 0.5E-4 — 3E-4 most often produogtiysical or unacceptable results.
o During matching the oil compressibility was kefdt{ast) constant, while gas
compressibility was varied within the permittedgan
» Oil and gas viscosity. As noticed in another blatrye component viscosity is quite different
from phase viscosity, and relatively uncertain,deecan be used as a matching parameter.

Simulation experiments results:

» Reducing CRoil or gas) results irarlier WBTandincreases RC rate.
» Increasingoil componentviscosityresults inslower oil rate descergnd somewhatarlier WBT

As these two parameter effects are not isolatedatect results in partly the same manner, it ptbv
difficult to find a combination that resulted inthaorrect WBT and level of RC rate. First varietsg
compressibility to get a reasonably good match BAFRSS and IMEX RC rates (Fig. 6).
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Figure®6. Oil rates (SC and RC) for IMEX and STARS simulations after RC ail rate has been
matched by adjusting oil and gas component compressibility.



Then tuned the oil viscosity table (rescaled theioal table by a constant factor), and ended uh amn
almost perfect match IMEX to STARS.
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Figure 7. Oil component viscosity (cP); initial curve, and after matching
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Figure8.. Oil rates (SC and RC) for IMEX and STARS simulations after WBT and oil rate
decline part has been matched by adjusting oil and gas component viscosity.
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Figure9. Water production and injection rates (SC) for IMEX and STARS simulations after

final matching.
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Figure 10. Averagereservoir pressurefor IMEX and STARS simulations after final matching.

Summary

Matchsurface GORby adjusting molecular weights, implying updatofg<-values

MatchRC rateshy adjusting oil and gas component compressibility

Matchshapeof oil production during decline by scaling oibebsity table.



