A comparison of
different methods for
generating pressure-vol-
ume-temperature (PVT)
properties of volatile oil
and gas-condensate res-
ervoir fluids determined
that PVT properties generated with the
Whitson and Torp method agree the
best with full equation-of-state (EOS)
compositional simulation.

Besides the comparison with the EOS
compositional simulation, the study
also compared the initial-oil-in-place
(IOIP) calculations with the generalized
material-balance equation.

The study included a wide range of
fluid characteristics from nine reservoir
fluid systems: six gas condensate, two
volatile oil, and one wet gas.

Production

Material balance

Material-balance calculations are use-
ful for analyzing reservoir performance,
estimating oil and gas reserves, and
predicting future reservoir performance.

Schilthuis in 1936 was among the
first to formulate and apply material-
balance analysis.! In time, the industry
created more sophisticated material-
balance models, each attempting to
provide greater generality.

In 1963, Havlena and Odeh present-
ed techniques for interpreting the mate-
rial-balance equation as a straight line
that facilitates

g on

Walsh addressed this limitation
and developed a generalized mate-
rial-balance equation to treat the full
spectrum of reservoir fluids.*’ The key
is the use of the volatile oil-gas ratio
(R,) expressed in units of stock-tank
cubic meters/standard cubic meters or
stock-tank barrels/standard cubic feet
(stb/scf). This variable effectively de-

scribes the amount of volatilized oil in
the reser-

voir gas
phase.
R isa
function
of both

reser=

Study compares PVT calculati
methods for nonblack oil fluids™

voir-fluid

composition and the separator configu-
ration, which is typically designed for
maximum liquid recovery.

A comparison among different
methods of generating the modified
black oil (MBO) PVT properties deter-
mined the accuracy of three models.
PVT properties considered include the
oil-formation volume factor (B ), solu-
tion gas-oil ratio (R), gas-formation
volume factor (B ), and R,

The study determined the accuracy
of the methods through a comparison
of the MBO simulation with straight-
line material-balance calculations, fol-
lowed with a comparison of the gener-
ated MBO PVT properties to the results
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hical tech- Table 1
grap f‘ B RESERVOIR FLUID SAMPLES
niques.’
The two- Vo 1 voz GC1  Ge2 GC3 GC4 GC5 GC6 WG
hydrocarbon Reservoir 249 246 312 186 286 238 256 312 315
temperature, °F
component or Initial reservair NA 5055 A28 B2E NA 6,000 7000 14216 18,080
Al i 1 pressure, psig
zero-dimensiona Initial producing 1,991 2,000 5413 5987 42785 NA 4,897 8280 29,748
; _ gas-oil ratio
material bal b
ance model still Stock tank s gil 455 512 456 585 NA NA 465 50.7 416
; gravity, |
applies only to Saturation 4,527 48213 52103 4,000 5410 4815 6010 54663 12485
: pressure, psig
black oil or dry- Component Composition mole, %
S Ies irs. As :
gas reservoirs. As co, 214 2w e 0 ae an on 279 197
volatile oil and N, 0.11 167 a7 618 0.70 162 0.1 0.14 0.38
A C 55.59 60.51 59.96 6172 G624 6306 6893 66.73 89.82
gas-condensate El 87 752 el Zoi. . 1135 8.63 1022 3.31
o 5.89 4.7 650 837 4.00 6.01 5.34 5.90 127
exploitation i 136 412 193 098 e 115 188 0.28
increases, the né, 2.69 0 200 1808 176 1.94 2.33 2.0 0.42
_ iC 117 2.97 164 09 074 084 0.93 137 0.20
industry needs nC. 1.36 0 135 152 987 097 0.85 0.83 0.18
o 197 138 2.38 179 0.96 1.02 173 156 0.28
to change these 5 19.02 14.91 1269 685 72 1Es 9.99 6.48 1.89
limitations.
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of the compositional simulation.

The methods investigated were the
Whitson and Torp (W&T),® Coats,’ and
Walsh and Towler” correlations. Refer-
ences 10-11 provide additional details
on the calculations.

Fluid samples

The study included nine reservoir-
fluid samples: six gas condensates (GC),
two volatile oils (VO), and one wet gas
(WG).

This article gives detailed results for
three of the samples, one from each
fluid type. The samples are from reser-
voirs representing different locations
and depth and cover a wide range of
characteristics (Table 1).""

Figs. 1a-1b show the calculated MBO
PVT properties (R and R ) and (B,, and
Bg) with the W&T method for Sample
VO 1. Both the Walsh and Coats meth-
ods apply only to gas-condensate fluids.

Figs. 1c-1f show the calculated MBO
PVT properties (R, and R ) and (B,
and Bg) with W&T, Coats, and Walsh
methods for samples GC 1 and WO.
These figures indicate that the W&T and
Coats methods produce identical results
forR, R, and B_with some differences
at higher pressures only for B,
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The Walsh method was poorest in
each case. For Sample GC 1, only the
R, and B, curves have values similar
to those generated with the W&T and
Coats methods. The R curve is overesti-
mated and B_is underestimated.

For sample WG, the Walsh method
underestimates the R, and B, and over-
estimated B , and R

For Calcuﬁating the W&T and Coats
values, the study used the EOS model-
ing program PVTi'* after first matching
PVT experiment results with the PR-
EOS model."

For the Walsh calculations, the study
used a spreadsheet, as Walsh suggests in
Reference 7, and found that this meth-
od provides inaccurate results because it
is restricted to the pressure levels found
In constant-volume depletion (CVD)
experiments.

MBO PVT

Various authors have shown that
MBO simulation is adequate for deple-
tion studies of volatile oil and gas
condensate fluids.? '+ 15

Our study used a numerical simu-
lation test problem to compare the
different MBO PVT generation methods.
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Compositional simulation provided the
basis for comparing MBO simulation
results for different PVT generation
methods.

The test case is a single-well, one-
dimensional radial flow, with 20-md
absolute permeability and 20% poros-
ity. The simulation included 70 radial
grid blocks and was run from the initial
pressure to depletion without pressure
maintenance.

The run assumed an initial 12% wa-
ter saturation with the water remaining
immobile throughout the simulation.
Initial reservoir pressure was set higher
than the saturation pressure of the fluid
system being simulated. ;

Figs. 2a and 2b compare the MBO !
and compositional simulation results
for Sample VO 1. The results indicate
that the W&T method almost com-
pletely matches the compositional
simulation results. The Coats and Walsh
methods were not used for this vola-
tile oil case because both apply only to
gas-condensate calculations. The PVTi
software does not produce Coats results
for pressures below the bubblepoint, as
McVay recommends, '

Figs. 2c and 2d compare MBO and
compositional simulation results for
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sample GC 1. Fig. 10 shows that the
W&T method matches closely with the
compositional simulation results, while
the Coats method provides poorer
results.

The Coats method has more devia-
tion in the pressure match once the
pressure drops below the dewpoint. The
match improves, however, with deple-
tion.

For Figs. 2e and 2f, both the W&T
and Coats methods match closely and
reasonably well with the composi-
tional simulation. The slight variation
between compositional simulation and
MBO results for GOR may be due to a
slight difference in condensate produc-
tion between the two models, which is
exaggerated because daily gas produc-
tion is high compared to condensate
production.

For all practical purposes, the match
is reasonable.

Figs. 3a-3c¢ compare the MBO and
compositional simulation for sample
WG. The figures show that the W&T and
Coats methods match well with results
from the compositional simulation.

While Fig. 3d indicates that the W&T
and Coats methods differ slightly with
the compositional simulation results for
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Cumulative gas production, bsef
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the same reasons as presented previ-
ously.

The study did not include the
Walsh method for the simulation cases
because it provided poorer results. The
Walsh method is based on a few pres-
sure points from CVD experimental
data.

The study used the same compari-
sons for the other fluid samples with
similar results,!!

Material-balance comparisons
The study used a general spreadsheet
to compare W&T, Coats, and Walsh PVT
methods with the generalized material-
balance calculation (GMBC).**
The general form of the mate-
rial-balance equation, Equation 1

Cumulative gas production, bscf
- - - Coats =——W&T ---x--Compositional |

(see equation box) for oil reservoirs
and Equation 2 for gas reservoirs, is

a straight-line equation for initially
undersaturated, volumetric reservoirs
when the calculations neglect formation
and water compressibility.

The compositional simulation test
case used initial oil in place (IOIP) of
1 billion sth, while the W&T, Coats,
and Walsh PVT generation methods
provided the required PVT data, except
for the volatile oil where only the W&T
method generated the PVT data.

The best-fit lines and their slopes
were computed with the least squares
methods and the slopes of the lines
yielded the IOIP

Fig 4a shows the GMBC results as a
straight line with the W&T method for

PVT GENERATION METHODS Tablo2
W&T Coats Walsh
O0IP 0O0IP, OO0IP,

billion stb Error, % billion stb Error, % billion stb Error, %
VO 1 0.9935 0.65 — . — e
VO 2 1.0044 0.44 — — — ——
GC 1 0.9776 2.24 1.0797 797 0.5223 AL
GG 2 0.978 2.2 0.8017 19.83 5.1289 412.89
GC3 1.0556 5.56 1.505 5.05 0.3568 61.44
GC4 0.9654 3.46 1.0092 0.92 0.0964 90.36
GC 5 1.0496 4.96 0.9655 3.45 1.1805 18.05
GC B 0.9739 2.61 0.9688 312 0.0234 9766
WG 0.9536 4.64 0.9765 236 0.0447 8553
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Sample VO 1.The line fits the calculated
points well and its slope is 0.9935, or a
0.65% error in IOIP

The GMBC with the WE&T, Coats,
and Walsh methods for GC 1 (Fig. 4b)
indicates that the line fits well. The slope
of the line is 0.9776, or a 2.24% error
in [OIP
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W&T A Coats

X Walsh |

For Coats, the straight line fits the
calculated points with a slope of 1.0797
(7.79% error of IOTP). For the Walsh
method, however, the line fits the cal-
culated points poorly and has a 47.77%
erTor.

Fig. 4c provides the results of the
GMBC as a straight line for the W&T,

Coats, and Walsh methods for the WG
sample. The W&T (4.64% error) and
Coats, (2.35% error) correlated well
while the Walsh method has a poor cor-
relation.

The same procedure was followed
for the remaining six samples (Table
2) and the W&T methods provided the
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' best results, although the EHUAHBNS
Coats results are also ac-
ceptable. The Walsh method, For oil reservoirs
however, produces high e
ETTOLS: iblv because i i Boll = RuBe) F (Res — R By
s; possibly because it Where,F = N TR ,

can only be calculated at -
o

(Bo — Bo) + By(Ra — R + R (Bo R, —

BoR.)

pressures reported for a CVD
experiment.
Both W&T and Coats

T=R.RJ .andG = NR,

For gas reservoirs

F = GE,
methods generate PVT prop- oo (B~ B+ B.R,R) - RJE,R,— B.RJ
erties at many pressure steps i (1T —R.RJ :

andN = GR,

because the models were
based on EOS models.

The Coats method shows
higher errors for near critical
fluids.

The study concluded that
the use of MBO PVT proper-
ties is adequate for modeling
depletion in volatile oil and
gas condensate reservoirs,
and the generalized material-
balance equation provides
an easy and accurate way for
calculating original fluid in place for all

fluid types. ¢
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