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CONCLUSIONS

Based on the results of this study the following was concluded:

1. When the aquifer size compared to the size of the gas reservoir
(Ra/Rg) is less than or equal to 2.0 the effect of the aquifer

on the performance of the gas reservoir can be neglected.

2. Regardless of the size of the reservoir when Ra/Rg > 2.0 the
pressure in the unsteady state water influx equation must be
corrected to the original gas-water contact. Failure to do
so results in an error over 100 percent in the cumulative
water influx which in turn could lead to the wrong conclusions
regarding the'performance of the gas reservoir.

3. Cumulative gas recovery appeared to be sensitive to the aquifer
size (when Ra/Rq > 2.0), initial reservoir pressure, and gas
production rate. As Ra/Rg and the initial reservoir pressure
increases, cumulative gas recovery decreases. The sensitivity
to gas production rate increases in the large reservoir as
Ra/Rg increases. It appeared to be more sensitive when the
production rate is allowed to decline.

4. The declining production rate should be avoided as much as

/" possible in order to maximize cumulative gas recovery and

decrease the producing life of the reservoirs.
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5. The rate at which the gas-water contact advances is contirolled
by the aquifer size compared to the size of the gas reservoir,
and gas production rate when Ra/Rg > 3.0.

6. As Ra/Rg increases the expansion of the trapped gas in the
water invaded zone decreases, and could be neglected when
Ra/Rg > 4.0.

7. The performance of the water drive-gas reservoir must be analyzed
for all the possible development and production programs in

order to determine the optimum production.
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INTRODUCTION

Predicting the advance of a gas-water contact in a water drive-
gas reservoir plays an important role in the evaluation, forecasting,-and
analyzing the reservoir performance.

The purpose of this study was to predict the behavior and the
rise of the-gas-water contact assuming it remains horizontal, and to
determine its effect on ultimate gas recovery. Several factors are
recognized to control the rise of the gas-water contact. Some of the
more important factors are the size of the aquifer, gas production rate,
initial reservoir pressure, and formation permeability. These factors
account for the abandonment of avnumber of gas reservoirs at extra-
ordinary high pressure.

Several methods have been developed for predicting the volume of
water influx into a reservoir, the Van-Everdingen-Hurst method is used
in this study.

The performance calculated in this study was based on the material
balance equation for a gas reservoir. The gas reservoir pressure was
adjusted to the original gas-water contact for the water influx equation,
and the trapped gas in the water invaded zone was accounted for in the

water invaded region.
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LITERATURE REVIEW

Several methods for predicting the depletion performance of water
drive-gas reservoirs have been published in the 1iteraturenl§[.‘

Bruns et al §/, studied the effect of water influx on the P/Z-
cumulative gas production curves. From their study they concluded that
it is dangerous to extrapolate the P/Z charts on a straight Tine without
considering the possibility of water influx.

Agarwal et al Z/, used a material balance model to study the
_effect of water influx on natural gas recovery. Based on their cal-
culations they concluded that gas recovery depends on (1) the production
rate, (2) the residual gas saturation, (3) the aquifer strength, (4)
the permeability, and (5) the volumetric sweep efficiency of the encroaching
water zone.

An experimental study of residual gas saturation under water drive
was performed by Geffen et al 12/ in 1952. The results of their experi-
mental study indicated that residual gas saturation under water drive
varies from 15 to 50 percent pore space depending on the type of sand used.

Dumoré, J.M. 8/ predicted the future behavior of a bottom water
drive gas reservo%r. In his study Bé neglected the total compresibility
and assumed that (1) all the gas in the reservoir, and the free gas in
the water invaded zone to be at the same average reservoir pressure, (2)
the rising of the gas-water contact remains horizontal all the time. On
the basis of his study he concluded that (1) use of the time-integrated

cumulative water influx is a convenient means of calculating water influx

into a reservoir, (2) the straight line relationship between P/7 and Gp
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obtained from reservoir pressure data in the early life of the reservoir,

does not necessarily indicate a depletion-type production mechanism, but

is consistent with a moderate water influx, (3) the calculated P/Z curve

(in his example of a gas reservoir) deviated very little from the straight

Tine until more than 50 percent of the initial gas in place has been

produced, (4) when the pressure dropped to 90 atm (1323 psi) the calculated

Gp was about 85 percent of the initial gas in place, and the gas-water

contact had risen to about 70 percent of the closure of the reservoir.
Shagroni, M.A. §/, studied the effect of formation compressibility,

and edge water of gas field performance. From the results of his study

he concluded that (1) it is incorrect to extrapolate the early part of

the P/Z curves as a straight line to P/Z = 0.0 to estimate the initial gas

in place without considering the pos§ib11ity of water -influx and the

effect of formation compressibility, (2) the sensitivity of the performance

curves (P/Z vs. G_) to formation compressibility increases as the initial

P
reservoir pressure increases, and decreases as the aquifer size increases.

Pepperdine, L. 13/ studied‘the performance of the Devonian gas
fields in northeastern British Columbia. The objective of his study was
to: establish means of early recognition of water drive gas fields;
find the most efficient methods for predicting gas from water drive gas
fields; and estimate the recovery efficiency to be expected under various
conditions. From the results of the mathematical model and the analysis
of the actual field data he concluded that: (1) to achieve maximum
recovery of gas the depletion process should be increased as much as

possible by production practices, (2) the important factor in the Tow

efficiency of gas recovery was water 1nflax rather than the coning
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phenomenon in the portion of the Clarke Lake field that was modelled.
Givens, J.W. 14/ used a simulation model to determine the effects
of well density, production rates, water influx, water coning, and rock
and fluid properties'on the depletion performance of dry gas reservoirs
with bottom water drive. On the basis of his results he concluded that:
(1) the best performance for reservoirs with bottom water drive will not
necessarily be obtained by high producing rates; (2) the presence of

bottom water drive in gas reservoirs lowers the ultimate recovery and

increases the producing life of the gas reservoirs.
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MATHEMATICAL CONSIDERATION

In this study the gas reservoir was taken to have radial water
drive and idealized geometry. The reservoir was assigned a dip angle
of 15 degrees with a geometric shown in Figure 1.

Basic Assumptions: '
.1. No phase change in the reservoir;

2. No shale water'inf1ux;

3. Residual gas saturation in the water invaded zone (Sgrw)

equal to 20%;
4. No gas produced from the water invaded zone;
5. No water production

6. Gas-water contact remains horizontal at all times.

New g-w contact _ _
Orig g-w contact

Figure 1. Schematic sketch of simplified radial flow model.
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The general form of the material balance equation (MBE) for the

gas reservoir under the stated assumptions is

GB .
gi _
G(Bg -B_.)+ (C, S .+ Cf) (Pi_P) + 5.615 Ne = GpBg + 5.615 W

. B (1)
gi 1-Swi W Twi w

P

where G = standard volume of free gas originally in place
Gp = standard volume of cumulative gas produced
Bgi = gas formation volume factor at pressure P{, cu ft/scf
Bg = gas formation volume factor at pressure P, cu ft/scf
Bw = water formation volume factor, res bbl/surface bbl
C, = average water compressibility, ps1"1
Ce = average formation compressibility, ps1"1
P. = initial reservoir pressure, psi
P ='average gas reservoir pressure, psi
Swi = average connate water saturation, fraction
we = cumulative water influx, bbls.
wp = cumulative water production, bbls.

The gas formation volume factor can be written as:

B, = 0.02829 %;~ (cu ft/scf) (2)

where 7 is the gas compressibility factor; and T is the reservoir
temperature, OR.
Arranging the MBE in terms of P and Z, and assuming no water

production equation (3) is obtained
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7./p.
— 1 1
W, = [Fp X I/P - G x (Z/P - Z,/P.) - G x ) (68 * c,)
| S (3)
x (Py - P):] A X 5.615

where A = Tref/(Pref X Ires)

Tref = reference temperature = 520° R;

Pref = reference pressure = 14.7 psia;
- T 0

Tres reservoir temperature, R

when the gas reservoir is considered to be a part of a cone with'a fault
located at R1 as shown in Figure 1, the volumetric calculation of the

initial gas in place, G, can be obtained by the following equation:

- 2_ 2 -

GBgi Wﬂ@h(Rg R]) (1 Swi) (5)
where ¥ = shape factor = °45/°360 in this study

¢ = average reservoir porosity, fraction

h = net pay thickness, ft.

Rg = radius of the internal boundary of the aquifer, ft.

R] = radius of the internal boundary of the gas reservoir, ft.
R] can be expressed in terms of Rg such that:

Ry = ax Rg . (6)

Substituting equation (6) in equation (5) results in:

- 2 2 .
6Bg; = ¥mohRy (1 - 2%) (1 -5 ) (5A)

Equation (5A) can be solved for Ry and the initial pore volume (Vi)

if G. Pi‘ Y, &, h, a, and Swi are known.
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Knowing Rq, the water influx (we) for a radial system can be cal-

culated using the unsteady state water influx equation of Van-Everdingen

and Hurst: Cy
W2w®hCeR2 <<?—-
= el [Q(tD -ty ) APJ] . (6)
n : 4_- n J-1
J=1
0.006328k t ,
where t., = ——m5—— i
D~ 2 (7)
(P, 5-P,) '
APy = —~5t%%—il— for J > 2; and (8A)
P'i - PJ
APl = — for Jd =1 (8B)

Q(tD) is the dimensionless water influx function as defined by
Van-Everdingen and Hurstlg/.
The cumulative pore volume of the water invaded zone can be calculated

by the following equation:

Pore Volume of Water vw i .n AVW (9)
Invaded Zone, Bbl n :%;;; J,
where 4V, t Mo o )-(WB)y o (M )y
J J-1
J-1
(B, -B, )
+[ S AVw1 S ] 9 941 }
i=1 Bg1 arw 5.615
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Having determined the cumulative pore volume of the water invaded zone,
the current pore volume containing free gas (Vc) above the gas-water

contact can be obtained by the following equation:

VC = Vi - EE AVW (11)

n J=1
And the corresponding rise of the gas-water contact (Ahn) can be obtained

from the followina relation:
= R - R i . *
Ahn (Pg g ) sin © (12)

Where R_  is the current reservoir radius at fhe new gas-water contact.
Using thg foregoing equations, the pressure at the original gas-water
contact can be calculated with equation (13).

du Hy ]n(Rg/Rg )
P,00rig g-w contact = P+ 0.4338h x y, * dte " 500708 krwgw ., (13)

where Yy is the specific gravity of the water, and My is the viscosity
of the water in cp, and krw is the relative permeability to water in the-

water invaded-zone.

*This equation is valid until Rq = R1+h/2 sind cosH
9
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SUMMARY AND DISCUSSION OF THE RESULTS

The results of the calculations for small (5=10 BSCF) and relatively

large (G=100 BSCF) gas reservoirs are shown in Figures 1 through 29

~

and summarized below.

Figures 2 through 7 show the performance of the cumulative water |

influx (we) calculated using average gas reservoir pressure corrected

to the original gas-water contact. The effect of the initial reservoir

pressure and aquifer size are also shown in these figures. From these

figures the following results were obtained:

1.

Regardless of the gas reservoir size when Ra/Rg < 3.0 the
performance of the gas reservoir is not affected by the
aquifer, and the average reservoir pressurelcan be used to
calculate the cumulative water influx. The aquifer can also
be treated as a finite storage tank. This result justifies
the first assumption of Dumoré, J.M8in his calculation of the
cumulative water influx. However, when Ra/Rg increased from
3.0 to 6.0 the difference between the average reservoir pressure
and the pressure calculated at the original gas-water contact
increased from a negligible amount to more than 4000 psi in
some cases. This indicates that Dumoré's first assumption

can not be used when Ra/Rg > 2;0.

when‘Ra/Rg = 6.0 the effect of the aquifer boundary was noted

only for small gas reservoirs. This is because the area of
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disturbance which created by the flowing of water across the
gas-water contact reached the outer boundary in the small
aquifer faster than that in the the large aquifer.

Figures 8 through 12 show the response of the P/Z curves to the
initial reservoir pressure and aquifer size. This response shows that
as Ra/Rg and the initial reservoir pressure increase the average reservoir
pressure is maintained at higher levels. In regard to pressure level,
the calculated gas recovery at a field production raté of 25 MMSCF/D
ranges from 76 percent for an initial reservoir pressure of 10,000 psi
to in excess of 92 percent for an initial reservoir pressure of 5,000 psi
(Figures 10 and 12). Cumulative gas recovery was found to be sensitive
to gas production rate only when Ra/Rg > 2.0. This result indicates
that recovery in depletion-type gas reservoirs is not sensitive to gas
production rate even with some edge water influx.

In general as Ra/Rg and initial reservoir pressure increase the
cumulative gas recovery decreases and becomes more sensitive to gas
production rate and aquifer permeability.

Although the effect of aquifer permeability on the gas reservoir
performance is not of interest in this study, it is worthwhile to mention
some results obtained from this study regarding the subject.

The effect of aquifer permeability on gas reservoir performance
with water influx was studied by Bruns et a1§/f0r finite aquifers. They
showed that for Ra/Rg = 1.5 the effect of thé aquifer on the performance
of the gas reservoir is negligible for the given water compressibility

of 3.0 x 10-6 psi'l, porosity of 0.25 and water viscosity of 1.0 regardless
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of the permeability.

This result agrees with the results obtained from this study for
Ra/Rg = 2.0.

Agarwal et a]Z/ showed that the aquifer permeability has a great
effect on the gas reservoir performance and on the cumulative gas recovery
for an infinite aquifer. They also showed the effect of gas production
rate on the cumulative gas recovery for various aquifer permeabilities
and concluded that cumulative nas recovery decreases as the permeability
increases. |

In this study an aquifer permeability of 300 md was used and as
Ra/Rq increased from 2 to 6, the cumulative gas recovery appeared to be
sensitive to gas production rate. Figure 18 shows this effect for production
rates of 1 MMSCF/D per 4, 6, and 8 BSCF of initial gas in place respectively.

Figures 14 through 21 show the effect of the aquifer size initial
reservoir pressure, and gas production rate on the rate at which the
gas-water contact advanced.

) In response to the pressure drop in the gas reservoir, because of
gas production, the aquifer reacts to offset or retard the pressure
decline by providing a source of water influx or encroachment by the
expansion of the water and aquifer rock compressibility. Coﬁsequent]y-
the gas-water contact advances entrapping some gas behind it. As the
reservoir pressure continues to déc]ine the gas-water contact continues
to advance and the trapped gas expands resulting in an acceleration of
the rate at which the gas-water contact advances. From the above figures
(14-21) it can be seen that the rate at which the gas-water contact

advances was controlled by the rate of water influx and the expansion of

the trapped gas in the water invaded zone. As Ra/Rg increases the
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expansion of the trapped gas decreases, and can be neglected when Ra/Rg >
4.0,

Figures 27 through 29 present the results when the initial rate
of productién was the same but one rate was maintained constant and the
other rate declined in proportion to the volume of the reservoir not
invaded by water. The constant rate performance was analyzed and discussed
in detail elsewhere in this study, and presented here for comparison
purposes only.

Comparing the performance of the gas reservoir predicted with the
declining and the constant production rates showed agreements in the
first two years. However, after about two years of production history the
following results were noted: (1) the average gas reservoir pressure
declined faster for the constant production rate; and (2) the cumulative
gas recovery decreased from 82 to 73 percent of the initial gas in place
when the initial production rate was allowed to decline with time. In
the same time the producing life of the gas reservoir increased from 9
years to about 27 years.

The above noted results for the declining production rate agree
with that presented by Givens, J.W.lﬁ/ in his study wifh bottom water
drive.

From the above results it is recognized that the behavior of the
average reservoir pressure for the declining production rate is more like
what most people associate with a water drive gas reservoir. However,
the behavior-of the average reservoir pressure for the constant production
rate could lead to the conclusions that indicate the absence of a water

drive. The P/Z - Gp performance shown in Figure 29 for the declining
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production rate indicates that special attention should be given when
evaluating and analyzing the performance of the gas reservoir. Such
attention should not be confused with the effect of formation compressibility,

active water drive, and high aquifer perméabi]ity.
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'DATA USED IN THIS STUDY

1. Rock and fluid properties:
a. Aquifer permeability
b. Porosity
c. Water viscosity
d. Gas specific gravity

e. Formation compressibility

f. Cﬁnnate water compressibility

g. Connate water saturation

h. Residual gas saturation in the water-
invaded zone

i. Gas compressibility factor (Z) is
calculated as a function of Pr and Tr
using ZFACT Subroutine.

j. Gas formation volume factor (Bg) is
calculated as a function of compressibility
factor (Z), pressure, and temperature using
equation 2, cu ft/SCF.

2. Reservoir and Aquifer conditions:

a. Reservoir thickness

b. Shape factor

c. Initial reservoir pressure

300 md
0.25
0.7 cp

0.65

6 1

4X10 “psi”

6 1

psi
6

8x;o‘

12X10 1

psi_
-6 .-
3.5X10 “psi

0.25

0.2

30 ft

1/8

10,000 psi
5,000 psi

1
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-

2.0

d. Relative size of the aquifer Ra/Rg

3.0 ~

4.0

6.0

e. Initial gas in place 10 BSCF

100 BSCF

1 MMSCF/D per 4,
6, and 8 BSCF of
Initial gas in place

f. Production rate

Reservoir temperature is calculated as a

(]
.

function of initial reservoir pressure using the

following equation:

Pi = 0.6 X D3

T =749 + 1.7 X D/100;

T =74% + (1.7 X Pi)/(0.6 X 100) + 460.0 °R.
h. Reference temperature = 520° R
i. Reference pressure = 14.7 psia
j. k = 150 md

rw
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CALCULATION PROCEDURE

The following steps summarize the calculation procedure:

A. For a fixed time increase of two months (60.83 days), and a production
rate of 0.000125 x G SCF/D, the value of Gp is obtained.

B. For a specific value of initial reservoir pressure, formation

compressibility, R1/Rg, Ra/Rg’ and assumed average reservoir pressure

P, the material balance equation, equation (3) is solved
W = P-G P - P -G
o p x Z/ x (Z/ Z, / x-(————~——y

1
* (G * L) | riem (3)

C. The cumulative pore volume of the water invaded zone is calculated

using equation (9)

3

Vo= AV (9)

D. The remaining pore volume of the gas reservoir is calculated using

equation (11)

n
vV o=V, - Z AV (11)
Cn 1 WJ

J=1

E. The gas reservoir radius of the remaining pore volume (Rg ) is
n

calculated using the following equation:
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o 2
R = \/ Vcn/(WQWh(l-a ) (l-swi)

F. The rise of the gas-water contact (Aﬁn).is calculated using

equation (12)

Ahn = (Rg - Rgn) sin © (12)

G. The pressure at the original gas-water contact was calculated using
equation (13)
P B orig. g-w contact = Pn + 0.433 Ahn X Yy, f

In(R_/R
dwe . UW n( g/ gn)
dt 0.00708 krwhW

H. The Van-Everdingen and Hurst unsteady state water .influx equation,
equation (6) is solved using the pressure at the original gas-water

contact.

2 n
¥26C_hR Z
=—2=X 9 -
Ve = 75615 [Q(tn tp, ) APJ] (6)

I. Steps B through H are repeated assuming another reservoir pressure
until the water influx calculated by the MBE, Equation (3), and the
unsteady state water influx equation, Equation (6) are in satisfied

\
agreement.
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J. Steps A through I are repeated until the gas reservoir is abaondoned.
K. Steps A through J are repeated for different values of Ra/Rg'

L. Steps A through K are repeated for different Cf.

M. Steps A through L are repeated for different gas production rates.

N. Steps A through M are repeated for different initial reservoir

pressure.
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TAELE 1

Cumulative Gas Production and Corresponding Properties at Increasing
Time Steps of Two Months (60.83 days) for Pi=5,000 psi, G=100 BSCF,
Cg=4.0X10" 6ps 1, Q=25MMSCF/D, k=300 md, Sgrw-ZOo, and Ra/Rg=6.0.

AVG.RES. [MEORIG. CuM TIORC HEIGHT CF
TIME GF FRESSURE G W CONT [ grs CUM uE VOL.INVADED C W CONT
(ODAYS) (ESCF) (FSID) (FSI) (FSI3 (MMBERLS)Y (MMBEBLS) (FT)
¢.000 C.00 S000.00 S0C0.00 49646.99 2.0000 0.0000 0.0¢C
60.830 1.32 4878.95 4900.40 437%.7C 0.0702 0.1273 3.179
121,880 3.04 480%9.27 4814.132 4822.71 0.2377 0.4323 10.80
182.390 4.5 4728.2 A737.5 A780.50 0.452S8 0.82322 20.58
243,320 6.08 44645.465 A549.38 1724.30 0.7041 1.2813 2.1
304.150 7440 ASLT .86 1504.36 456%.57 0.9354 1.7937 45.02
344.980 . F.1C2 4495.08 43543.383 4415.98 2.3527 59.17
425,810 1¢.305 4425.08 4487.13 45453.27 2.,u1’ 74.4C
486,640 12,17 43546.02 1432.8% 4511.24 3.58 Cobl
547.470 13,57 4207.51 4330.,01 4453.21 .227 107,07
$08.200 15.21 4218.23 4322.79 3404.97 4.8462 123.04
669,130 15.73 4142.38 4244.52 4249.832 $.4471 123,42
729.760 18.25 40,78.25 4206.08 4293.53 6.0340 153.94
790.7%0 19.77 4008.08 4147.7S 4236.52 &6.6174 147.17
851.620 21.29 3928.02 4089. 91 4178.61 7.1948 184. 35
12,300 22.81 384C.19 4032.4 4120.01 T.7712 199,
¢73.280 24,33 37%8.71 4060.75 8.3482 214.C7%
1024 110 25.8% 3729.48 3.9247 230.32
iC74.% 27.37 3650.50 TLLCST 245.G4
1155.77‘ 28.27 391, 10.0844 241,42
1214.400 35,42 3523.0% 10.6613 277.04
1277.430 I1.724 3454.53 11.2373 292.71
1338.260 32,44 I3IB%.13 11,8120 308.42
1277.270C 4070 SE1TLE3 12.2857 323010
1457.720 300 3245.42 12.938¢8 340.91
1520.750 338,00 3181.52 13.5318 355.9
1581.3580 39,5 3113.4% 14,1048 371. ?1
1642.431C A1.04 304T.53 14,4784 S88.00
1703.240 42.08 ST 15.2522 4C1.18
1764.,070 34,10 2909.469 2080.81 3223.10 15.8248 420.47
1824.900 45.62 2841.75 3:00.78 3153.10 15.4020 4346.87
1885.730 47.14 2773.80 3‘4u. 3082.27 $.9787 453.4¢
1746.560 48.6¢& 2705.77 ;_.16 3010.59 17.8584 470,06
2007.390 50.18 2637.64 3033.‘- 2728.07 13.1342 18¢ .87
2¢48.220 H1.71 QSéQ.43 . 2983.97 2054.89 18.7183 $03.304
U12%. 050 53.23 501,04 2929.%0 27%90.44 19.3030 G20.97
2187.880 53,75 ?'“" A8 287¢.05 2715. 38 J 17.8¢11 T20.39
230,710 5s.27 2282.4% 2821.91 2439.30 10,9470 20,4870 558,71
2311.3740 57.79 2274.44 2rse.i2 25562.40 11.2442 21.0787 573,22
25372.270 59.31 2228.2% 2714.09. 2484.58 11.5403 21,6794 591.78
2433.200 40,373 2155.C 2840.22 24C5.84 11,8382 22.2864 510,14
2494.030 2.35 208%.4% 2506.26 2328.17 12,1320 22.8999 628.82
2034.860 63.87 2014.95 "552.2 2248.85 12,4277 23.5210 $47.87
2615.4690 65,39 1933.91 2498.27 2163.97 12.7234 24.151¢ 657 .32
2676.3520 66.91 1872.30 2444.18 2081.42 13.0192 24.7911 687.23
2737.350 5S4 43 1800.07 2370.07 1997.87 13.3150 23.4430 T07.45
2798.180 69.95 1727.1S 2335.89 1913.31 13.611¢ 24.108S 728.66
2859.010 71.48 1653.48 2281.81 1827.73 13.9073 25,7901 750,35
271%9.840 73.30 578.946 2227.47 1741.09 14,2036 27.4901 772.81
2980.670 74.52 1503.53 2173.2 1653.39 14,5002 28.2121 796 18
3G641.500 76.04 1427.10 2119.0¢ 1544.59 14,7969 28.960C2 820.62
3102.330 77.56 1349.356 2044.80 1474.47 15.07325 29,7374 844.32
3163.160 79.08 1270.84 2011.07 1383.61 15.3904 30.5549 873.546
3223.990 30..:0 1190.81 1957.06 | 1291.37 15.6867 31.4208 ?02.67
3284.820 2.1L 1109.37 1903.93 1197.92 15.9824 32.3434 ?34.13
3345.650 83.64 1026.29 1851.20 1103.23 16.2768 33.3404 9468.59
3406.480 85.16 ?41. 74 1799.52 1007.27 16.5693 34,4347 1006.97
34467.310 86.68 855.3 1749.41 ?09.98 16.8586 35,6598 1050.69
3528.140 88.20 766, 91 1701.63 811.3%5 17.1431 37.0687 1101.90
3588.970 89.72 476,42 1657.32 711.32 17.4202 38,7373 1184.24
34549.800 91.25 583.65 1618.60  609.85 17.6855 40.8125 1244.135
3710.630 . 92.77 488. 40 1589.63 506,92 17.9323 43 .5556 1354.55
3771.460 ?4.29 390.58 1577.25 402.51 18,1476 47.5199 1525.458
3832.290 95.81 290.00 1599.55 276.62 18.2037 $4.0908 1849.28
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Figure 2. Water Influx Performance for Pi = 5,000 psi rog
G = 10.0 BSCF, O = 2.5 MMSCF/D, C. = 4.0 X 10
psi~+, and various Ra/Rg.
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Figure 4. Water Influx Performance for Pi = 10,000 psi,
Ra/Rg = 2.0, G = 100.0 BSCF, Q = 25 MM SCF/D, and

Ce = 4.0 X 10-6 psi~l.
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Figure 7 . Water Influx Performance for Pi = 10,000 psi,
Ra/Rg = 6.0, G = 10010 BSCF, Q = 25 MMSCF/D, and
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G = 10.0 BSCF, Q = 2.5 MMSCF/D, and CF= 4.0 X
10-6 psi-l. N
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Figure 25 Effect of Ra/Rg on (We - Cum. Pore Volume
Invaded) Performance for Pi = 10,000 psi,
G =100,0 BSCF, QO = 25 MMSCF/D,and C. = 4.0 X
S | £
107 %psi™ .
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Figure 26. Effect of the expansion of the trapped gas in

the water invaded zone on the cumulative wvoluum
invaded., For Pi = 4,000 psi, G = 100 BSCF,
-6 ~1

Q = 25 MMSCF/D, C‘f = 4.0 x 10 psi 7,

and various R /R . . (The upper set represents
the cumulatlve pore volume invaded and the lower
set represents the associated gas expansion of
the trapped gas in the water invaded zone.)
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Figure 27. Effect of Constant and Decline Gas Production Rate on
the Performance of Average Gas Reservoir Pressure for
P, = 10,000 psi, G = 100 BSCF, C, = 4.0 X 10~6psi~L,
and Ra/Rg = 4.0. -
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Figure 28. Effect of Constant and Decline Gas Production Rate on the
Cumilative Gas6RecoYery for P, = 10,000 psi, G = 100 BSCF,
Cp = 4.0 X 10™°psi™, and Ra/Rg = 4.0.
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Figure 30. Simplified Flow Diacgram of Calculation Procedure
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