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INTRODUCTION

The procedure for predicting an inflow
performance (IPR) curve for an oil well

involves first measuring a well’s current average
reservoir pressure and then flowing the well at a
constant rate until the bottom-hole pressure
stabilizes. Under ideal circumstances, the well’s
flow efficiency is also determined.

This data is used in conjunction with
dimensioniess IPR curves developed by Vogel ’
for flow efficiencies equal to 1 or by Standing ?
for flow efficiencics not equal to 1 to predict the
current IPR curve for the well.

Future IPR curves can be determined
using a technique developed by Echmeir 1o
solve Tor (o at Tuture conditions using
equation (1)

Qomaxi / Qomaxf ™ ( P j / };l i )3 -------------- (1)

Knowing the value of gomaxr at the future
AVErage rescrvolr pressure, one can generate a
new IPR curve using Vogel’s or Standing’s
procedures.

April, 2008

The use of Vogel’s Method for
predicting IPR curves is a widely assumed
standard in induslry today. This research will
reveal how inaccuracies may be introduced into
this procedure depending on the points used to
determine the Vogel IPR curve. It will also
examine an alternative method to predict IPR
curves that yields more reliable results.

OBJECTIVE

This paper will examine the methods used to
predict the current and future deliverability of
oil wells, analyze the qualitative and
quantitative results of the procedures, and
conciude on the best method to establish an
accurate representation of the future
deliverability of an oil well.

This research involves evalualing a new
methodology for predicting future IPR curves
for o0il wells based on a method developed for
gas wells. For this procedure, known flowing
bottom-hole pressures and oil flow rates are
needed. The production data employed is from
an IPR curve experimentally obtained in the



field for an oil well in the Camry City field,
Oklahoma as reported in Well Performance by
Michael Golan and Curtis H. Whitson ', A
future IPR curve was not reported and had to be
developed using a method referred to as the
United States Bureau of Mines (USBM) Four-
Point Test Method *,

The main purpose of this research was to
determine the best method to predict future IPR
curves for oil wells by evaluating which single
flowing point used i1 Vogel’s IPR equation
resulled in the most accurate values of current
and future gomax. 1N addition, it was desired to
know which 2-points used in Chase’s method
for determining current and future IPR curves
yielded the most accurate representation of the
actual current and future Qemax. The rescarch
also examines the discrepancies that can result
from using Vogel’s IPR to predict oil well
deliverability.

METHOD

Golan and Whitson presented a complete
current IPR curve obtained in the field by
measuring stabilized bottom-hole pressures as a
function of declining flow rate, This data can be
scen 1 Table 1 and Figure 1.

Faint PudPr  Pwinsia) @, (sthid)
a .00 i 2500
1 010 166 2435
2 0.11 183 2460
3 022 351 2352
4 0.33 H34 2280
] 044 187 1365
] 0.54 SET 1845
7 0.62 QGG 1765
a 0.67 1066 1825
X R.75 1194 1470
10 079 1287 1260
"M (.84 1342 1045
12 0.92 1470 720
13 (a2 1476 610
14 (.94 1497 565
15 0.87 15842 235
16 1.00 1600 1]

Table I—Production Data

In turn, they plotted the measured flow
rafes versus average reservoir pressure squared
minus the corresponding flowing bottom-hole
pressure squared on a log-log plot to obtain a
straight line. Figure 2 displays the plof and the
power-type trend line equation. This is similar
to that obtained from a conventional
backpressure test on a gas well.
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Fig. 1-—Actual IPR (from Golan and Whitson)
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The equation describing the line is known as the
stabilized deliverability curve (SDC) equation
and is:

Q=C (P2 Py oo (2)

Where,
n = 1/slope of the line ..oococovvenen, (3)
C=QHP AP oo, (4)

Both Q and AP? in equation 4 must be taken
from a point on the trend line. From this plot
and evaluation, the stabilized deliverability
equation for the production data in table 1 was
ascertained to be:

Q =0.0805 (P, 2Py ™™ i (5)

Eguation 5 can be used to predict both the
present and future inflow performance of the
well in question. This is done by assuming a
value for P, choosing values for Py, and
solving for flow rates. This procedure
encompassing the log-log plot and subsequent
equations will be used repeatedly and will be
referred to as the AP? method.

The AP*-generated IPR was then
compared to the actual production data IPR as
shown in Appendix A confirming the AP?
method was consistent with the actual current
data and therefore can be used to predict future
IPR curves.

The next scenario used £, one flow test
point and Vogel’s method to generate an IPR. In
order to utilize Vogel’s equation, one flowing
point must be known. The point used in this
method was varied to show the impact of rate
selection on the shape and position of the
resulting IPR curves. The specific points used
are labeled in Table 1 as point 13, 10, 7, 5, and
3. The resulting IPR curves from Vogel’s
method are compared to those generated using
the AP? method using two flow points.
Reference Appendix C for flow rate values.
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Fig, 2—I.og-Log Backpressure Plot

In the AP? method using two flow
points, point 15 is the “anchor pomnt” and 1s used
in combination with points 13, 10, 7, 5, and 3,
as labeled in Table 1. Accordingly, point 15
and one flow point are plotted on log-log paper
to determine the SDC equation that is used to
generate a AP*IPR curve.

Figure 3 demonstrates the procedure for
flow point 13. This procedure was repeated for
all the points mentioned and an SDC equation
was developed for each corresponding point.
Appendix E displays plots for points 13, 10, 7,
5, and 3 of the Voge! IPR one-point plot, AP?
plot, and the actual production data plot.
Reference Appendix D for flow rate values.
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Fig. 3-Point 13 Log-Log Backpressure Plot



The final set of plots constructed show
the future IPR curves generated for future
conditions. First, future IPR curve data were
generated by using equation § and a future P,
of 1066 psia.

Second, Echmeir’s method for
determining a future qumey in conjunetion with
Vogel’s IPR for each point (13, 10, 7, 5, and 3)
was constructed. A future Qonax was found from
the original qomay and this future gemex Was used
in Vogel’s equation o generate new, future flow
rates.

Third, a future IPR curve in conjunction
with the AP? method was developed using the
future P, of 1066 psia in equation 2 for each
flow pomt (13, 10, 7, 5, and 3}).

For cach of these points, both the future
Vogel IPR curve using Echmeir’s future qemay
and the AP” method future IPR were plotted
versus the data generated using equation 5.
These graphs can be seen in Appendix F.

DISCUSSION QF RESULTS

Through comparison of the IPR curves for the
actual production data shown in Figure 1 with
the IPRs generated using the single-point Vogel
method and the AP? method it was found that
Vogel’s method using a single point from the
original production data consistently over-
predicted the actual Qomgx. This can be seen in
the plot in Appendix G.

IPR curves generated using Vogel’s
method are most accurate when a value of Q 1s
obtained at a value of Pyrequal to 0.1 P, For
example, using point 3 to create a future IPR
curve resulled 1 only a 3% error between the
predicted Vogel qonax and the actual qomax.
Using point 13, however, resulted in an 81%
percent difference i (umex values. The shape of
the IPR curve found using Vogel’s method also
proved to be maccurate.

The graph in Appendix H displays the
AP* method versus the actual production data.
This graph shows the AP? method to accurately

predict the omey for a wider range of Py/ £+
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values. Quantitatively, there is less than 17%

Qomax €rTor when Py<0.9 P, Additionally, the
shape of the actual production data is best
represented by the generated AP? method curve.

Appendix F contains the plotted future
IPR curve scenarios for the actual generated
future production data, the future Vogel IPR
curve, and the future AP? method curve.
Converse to the current Vogel data, these plots
showed Vogel (Echmeir qomay) to under-predict
the actual future qemax. When Py P,
approached 1 (Point 13) introduces a 4% error
from the actual future gomax compared to P/ P,
approached 0.8 (Point 10), which infroduces a
21% error from the actual future ymax. The
error significantly increases as Pyy/ P
approaches 0.1. Table 2 shows the percentage
of error between the actual qemay and the future
Vogel and future AP? Qomax.

Future Future

Vogel AP

PP, WwError % Efror

Point 13 052 4% 17%
Poirt 10 0.79 21% 5%
Point 7 .62 34% 3%
Point 5 0.49 41% 8%
Point 3 022 46% &%

Table 2—qumax Deviation

The future AP? IPR curve most
accurately predicts the shape and (omay for
values of 0.2< P/ P,<0.8. For points of
Pot/ P, <(0.8, the error increases from 5% up to
17% (Point 10 and 13 respectively). For points
in the acceptable range (peints 10, 7, 5, 3} the
average error is 6%. The future flow rate data
for each individual point (Vogel and AP is
presented in the table in Appendix D.

CONCLUSION

The best method for determining future [PR
curves is to utilize the AP? method for two flow
rates flowed to a stabilized Py Both Pyr values



should be greater than 0.8 P,. This produces
the most accurate current and future IPR curves
with an insignificant Qemay €1TOT.

Note that only one set of data could be
found in the literature in which a complete IPR
curve was actually constructed. Further
investigation should be conducted on more data
sets to confirm these findings.
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Appendix A—Actual IPR Curve and AP*-Generated IPR Curve
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Appendix B—Current Vogel Flow Rate Values
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Appendix C—Current AP? Flow Rate Values
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Appendix E—Current [PR Curve Comparison
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Appendix F-—Future IPR Curve Comparison
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Appendix G-—Comparison of Current Vogel IPR Curves versus Actual Production IPR Curve
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Appendix H-—Comparison of Current AP? IPR Curves versus Actual Production IPR Curve
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