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Exercise 1

We often use somewhat simplified models in characterizing production from natural gas reser-
VOIrs.

1. How would you characterize volumetric pressure depletion?

2. List 3 possible reasons for no-volumetric depletion.

Assume an aquifer water rate, ¢,, connecting an aquifer water volume V,, with a natural gas
reservoir at pressure p. The aquifer compressibility is cy,.

3. Write up the definition of isotherm compressibility and show that the water rate g, can
be written,

Ap
quw = CwVwTa

where ¢ is the time and where the pressure drop Ap is small.

4. Find an expression for cumulative aquifer influx in to the gas reservoir at constant pres-
sure drop Ap.

5. If the aquifer influx is as described above, - how would you characterize the water zone
compared to the reservoir (strong or weak)? Support your answer with an argument!

Aquifer influx are modeled by solutions of the a modified diffusivity equation for cylindrical
and some non-cylindrical aquifer zones, where the following dimensionless parameters are
used (the parameters are assumed known);
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6. Explain very briefly why it is appropriate to use the diffusivity equation in solving the
aquifer influx problem.



7. Use the definition for cumulative aquifer influx

t
We = / qdt,
0
and show thet the influx is written
We=UApWep(tp).

8. Write up the expressions U and Wep(tp).

9. When calculating the dimensionless aquifer influx Wep(¢p), which parameters are nat-
urally part of such an expression?

In connection to production from a gas reservoir, the following pressure and production data
are given in the table below. As part of a general analysis of the reservoir, there has been
included a possible model for cumulative aquifer influx, as seen in the table.

Table 1: The table shows reduced pressure and production data for gas and estimated cumula-
tive aquifer influx.

reduced pressure cumulative production cumulative aquifer influx

[bar] [1065m3] [Rm?]
394.54 2.5 0
378.42 52.5 47021
365.92 102 132000
352.88 177 299000

The following equation describeds dry - and wet gas production,
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Assume the available space (volume) for the gas in the reservoir, V¢ is to a high degree only
dependent on the aquifer influx We.

10. Show that the equation describing the dry - and wet gas production can be written as,
(- 7e) =2 (- 3)
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11. Plott the data in the table above and find GIIP. (The hydrocarbon volume, Vo ~ 3.2-106
Rm? is known, based on geological data.)

12. If we would have assumed no aquifer influx, i.e. We = 0, what would then be the
estimated GIIP and what would be the error in this estimate?



Exercise 2

In natural gas production it is the pressure difference between reservoir and surface that causes
the gas to flow; first through the reservoir rock towards the well and later through the well-
bore and tubing, up to the surface. The surface production rate is therefore determined by the
pressure drop in reservoir and tubing.

1. Write up the pressure equation that demonstrates this relationship, where the following
pressures are considered known: Ap;cservoirs APtubing> P> Poh AN Dy,

2. Define the pressure differences above: Ap;cservoir and APiyping.

3. The surface rate ¢s. is during normal gas production limited by essentially three effects.
Name these and explain how?

Well-inflow performance refers to the production well rate as function of the pressure draw-
down between the reservoir and the producing well. For a given reservoir pressure, the well can
produce the reservoir gas at a certain flow rate, maintaining a particular bottom-hole pressure

Poh = Poh(sc)-
Expressed in pseudo-pressures, the steady state inflow equation is written

m — Mpp, = aQsc + quca

where m and my;, are the mean - and bottom-hole pseudo-pressure. g¢s. is the flow rate at
standard conditions and a and b are constants defined as
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(Note: That the reservoir under consideration is cylindrical with the well at the center.)

4. Identify and characterize the above parameters: In(7¢/ry,), —0.75, .S and D.

5. Some of the above parameters are obviously constants, but not all. Identify those pa-
rameters which would be pressure dependent and draw this pressure dependence in a
plot.

6. How should these parameters be updated in a simulation situation?

The conversion between pseudo pressure, m and pressure, p is given by the Kirchhoff’s
transformation

dppn _ _pB dmap
dQSc (MB)T dQSc

The mean pseudo pressure 7, is considered to be constant under derivation with respect to the
gas rate ., since the mean pressure in the reservoir is not directly affected by the change in
flow rate.

7. Show that the steady state inflow equation, above, can be written as follows using Kirch-
hoff’s transformation,

dppr __ pB
dgse 2rkh

(In(re/ry) —0.75 + S + 2Dgs.).



8. Based on the equation above, draw the well-inflow performance curve in a p(gs.)-plot.

9. In the plot, - mark the crossing point on the pressure axis for ¢;. = 0 and the two limiting
flow rates ¢y;n and gmaz -

10. Explain the existence of the above limiting rates.

11. Draw the well-inflow performance curve for a reservoir where the productivity kh, is
lower than anticipated. NB: Use the same plot as above.

In much the same way as for the well-inflow performance, the well tubing performance can be
described by an equation pyp, = ppr(gsc). An approximated equation has been derived,

N, L 1%
Poh ™~ Pwh\/ €1 9P + 2d, constant,

where the "constant" in the equation above does not depend on the flow rate and is as such not
of interest when considering the bottom-hole pressure as function of gas flow rate.

11. Identify and briefly explain the significance of the parameters; f, A and dj,.
12. Make a plot showing the tubing flow performance p(gsc).
13. Use the same plot and draw the curve a slightly increasing tube diameter.

14. Show that the above approximate pressure solution is identical to the barometric hight
formula.

Best of luck!
JRU



