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Summary. A theoretical basis is given for well test analysis of solution-gas and gas-condensate reservoirs in the infinite-acting period.
The study is limited to radial flow with a fully penetrating well in the center of the drainage area. Porosity and absolute permeability
are constant, and gravitational and capillary effects are neglected. The tests are conducted at constant surface rate, and the skin factor
is zero. An analytical expression for the pressure/saturation relationship is derived from the time-dependent gas and oil flow equations.
This relationship can be used to generate pseudopressure functions that allow test interpretation with liquid analogy. The infinite-acting

drawdown case is treated in detail, while the buildup case is briefl

drawdown and buildup tests. in.a solution-gas-drive reservoir.

y discussed. Theoretical developments are exemplified by simulated

Introduction

Many pressure-transient tests can be interpreted by using solutions
of the diffusivity equation that are based on the liquid analogy of
reservoir fluids. In the liquid model, the reservoir fluids are repre-
sented by a single-phase liquid with small and constant compressi-
bility and constant viscosity. The corresponding diffusivity equation
is linear, and solutions for a variety of boundary conditions have
been presented in the literature. Single-phase gas tests can be in-
terpreted within the liquid analogy by introducing an integral trans-
form, the pseudopressure function, as suggested by Al-Hussainy
et al.! This pseudopressure function is uniquely dependent on pres-
sure and can therefore be used for both drawdown and buildup
analyses.

To a certain extent, multiphase flow effects also can be-adapted
to the liquid model solutions if total mobility and compressibility
are used.23 The interpretation of the test will yield the effective
permeability. For solution-gas reservoirs, this method becomes less
reliable with increasing gas saturation.* A better adaptation to the
liquid analogy can be achieved by introducing a pseudopressure
function into the multiphase-flow equations, as suggested by Fet-
kovich,® in analogy with the single-phase gas case. This sugges-
tion was pursued by Raghavan,% who gave practical methods for
calculating the pseudopressure function for oil in solution-gas-drive
reservoirs and showed that the standard liquid-analogy semilog plots
could be used to calculate the absolute formation permeability from
computer-generated test data. To evaluate the oil pseudopressure
function, the relation between oil saturation and pressure must be
known. Raghavan, however, did not present a theoretically based
relation but demonstrated, through examples, that the instantaneous
producing GOR could be used for drawdown interpretation. He also
suggested that the producing GOR at shut-in could be used for build-
up analysis.

The objective of this paper is to present theoretical relationships
between pressure and saturation that can be used to evaluate pseu-
dopressure functions in the infinite-acting period. The suggested
methods are valid for any multiphase system provided that the fluid
flow can be described by diffusivity equations based on ‘‘beta”
formulation—i.e., FVF’s. The examples, obtained from computer-
generated test data, are limited to solution-gas-drive Teservoirs.

Theory
For simplicity, consider only the oil and gas phases to be mobile
and the irreducible water to be incompressible. The flow equations
for gas and oil, respectively, are then

make the system of equations applicable to gas-condensate reser-
voirs. In this case, the FVF’s, B,, rg, R, and B, can be derived
from a constant-volume-depletion experiment, as proposed by Whit-
son and Torp.”

The following simplifying notation is introduced.

BT O R R R R (3a)
a=RkolpoBotheglpgBe, oo (3b)
a=rkelpeBetko/ioBos <o TR (3ec)
b=R;S,/Bo+Sg/Byg, oo (3d)
and B=rySy/By+8,/By. oot (3e)

In these expressions, Ry, rs, By, Bg, Ko and p, depend only
on p, while k,, and k., depend only on S. Consistent units are
assumed.

We also introduce X = (9x/35), and x' = (dx/dp) ¢ for the partial
derivative with respect to saturation at constant pressure and the
partial derivative with respect to pressure with saturation held con-
stant, where xe(a, «, b, ). Eqs. 1 and 2 may then be written as

V- (@Vp)=(d/k)y@bidt) ... .. ..o “4)
and V- (aVp)=(o/k)(@B/a0). ............oints e &)

The nonlinearities of Fqs. 4 and 5, given by coefficients a and
«, can be eliminated by introducing an integral transform of the
pressure—the pseudopressure function, p,—defined by Fet-
kovich.3 Actually, several pseudopressure functions can be used:

p
Ppo=| Gp, oo ©)
po
14
Prg=] P, oo %)
Po
p .
and ppy=| (@ +a)p. o ®

Po

Any linear combination of a and « can be used to define p,—
e.g., normalizing Eqs. 4 and 5 before adding. In practical use, the
choice of definition depends on reservoir characteristics and test
boundary conditions. Eq. 6 is used for an oil reservoir with con-
stant surface oil rate; Eq. 7 is used with constant surface gas rate
during the test; and Eq. 8 requires constant total rate of gas plus

V.[<%+_k§,>vp]=fi<§£€+§§_> '''''''' 6}
uoBo By kot\ B, B,
r.k k a/rS S,
and V.[(Lﬁé’.+__’2_>vp]=f_—( s g+—i),, ....... @
ugBy  HoBo kot\ B, B,

where S,+5,+8;,=1, R, =gas dissolved in the oil phase, and
ry=oil dissolved in the gas phase. This last term is included to

*Now at Norwegian Inst. of Technology.
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oil at surface conditions: ,

To evaluate the integrals in Eqgs. 6 through 8, the relationship
between S and p must be known. This relationship must be consis-
tent with the pressure and saturation profiles developed around the
well during the test. In contrast to the single-phase pseudopressure
function, the multiphase pseudopressure functions generally are not
uniquely dependent on pressure but depend on the history of the
test; e.8., Ppo(p) for a drawdown test is different from pp,(p) for
buildup following the drawdown.®

Line-Source Solution. For radial flow and with the Boltzmann vari-
able y, y=¢r2/4kt, Eq. 5 yields
(d/dn[oy(dp/dy)]=—p@BIAY). ..o )]
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From Eq. 6 we have a(dp/dy)=dp,,/dy and

d .ds 0

__é..ﬁ___,_*,ﬁlﬁd_e_(ﬁ__.;.ﬁ) —ldp_p‘

dy dy dp dy
Substituted into Eq. 9, this gives

P
= e 10

dy (y dy A Y dy a0

where (c/x)*=[,3’(dS/dp)+ﬁ']a-l. e an

The term (c/N)* is a generalized compressibility/mobility ratio. For
single-phase flow, it corresponds to the compressibility-viscosity
product and for two-phase flow, it corresponds to the total com-
pressxbxhty divided by the total mobility in the approximation given
by Martin,> as will be verified below.

If (c/N)* in Eq. 11 is considered constant, then Eq. 10 has the
standard line-source solution in the logarithmic approximation,

141.2¢,1 1
Ppow=Ppoi = 7 E In tD+O.80907‘ e 12)
where g, is the constant surface rate and
tp=0.0002637[kt/dr2c/N*]. ... (13)

Field units are used consistently.

Although (¢/N)* can be shown to vary with pressure, our simu-
lation results, as well as those of Raghavan, show that the pseu-
dopressure function plots as a semilog straight line during the entire
infinite-acting period. This can be explained from the boundary con-
dition

' 141.2
lim <y dppo ) - “Go
y=0\" gy 2kh

used in deriving Eq. 12. That is, when the producing time becomes
sufficiently large, Eq. 14 can be solved directly and yields logarith-
mic time dependence, independent of (c/A\)*.

Interpreted results from simulated tests correlate fairly well with
the liquid reference curve if the initial value, (c/N)}, is used in Eq.
13. To correlate exactly with the liquid reference curve, (c/A\)} has
to be adjusted by a constant correction factor, usually between 1.0
and 2.0. This is also necessary in Raghavan’ s6 example. The slight
error in using (¢/N)f can be seen as a usually small and negligible
amount of skin.

When the well reaches pseudosteady state during a drawdown
test, the Boltzmann transform is no longer valid and the boundary
condition of Eq. 14 breaks down. In this flow period, the pressure
dependence of (c/\)* can be expected to cause deviations from the
liquid reference curve.

Line-source solutions for other choices of pseudopressure func-
tions, defined in Eqs. 7 and 8, can be derived similarly by use of
different expressions for (c/A)*.

Relationship Between Saturation-and Pressure. From the oil
equation (Eq. 9) and the corresponding gas equation, respectively,
we get

d/ dp\ da dp dap
Oy |y = =y i (15)
dy \ dy dy dy dy
d da db
and a-——( E{)~>+-—~y2‘2=—y~-—. ................... (16)
dy \ dy/ dy dy dy

Here, da/dy=d(dS/dy)+a’(dp/dy). The three similar terms can be
explicitly expressed in the same way.
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For convenience, we introduce N=y(dp/dy) and K=y(dS/dy), so
that the respective oil and gas flow equations become

‘AN N N (N N
a— +N:{ o' —+B" )+K-la—+£)=0
fdy y ¥y

aN N N .
and a—+N-{a'—+b" |+K-{d— +b | =0.
dy -\ oy y :

Eliminating dV/dy between the two equations and noting that
K/N=dS/dp, we get the general saturation/pressure relation

N

ds

N
(aa' —aa’)y—+{(ab'—aB")
Y

BN an
N ..
(aa—~ady—+(@B—ab)
y . .
Estimating N/y. From Darcy’s law, at radius r and time ¢,

2arkhod(y)[0p(y)/ar]=q,(y),
where q,(y) is the surface oil rate. Hence,

N=y(dp/dy)=q,(y)/4mkhod(y),
which shows that N is bounded for all values of y. At the wellbore,

NIY=qotITrZhag .........cooooiiiiiiiiiiiil ... (18a)
or Nliy=(1/a)tt,),

where t,,=13.44(¢r2h/q,) in field units. Eq. 18 has to be solved
iteratively with Eq. 17, because « depends on both saturation and
pressure. Note that Eq. 18 is independent of absolute permeabil-
ity, k. Therefore, py, values can be generated without knowledge
of k.

Limiting Cases. We will first examine the two limiting cases of
short and long producing times for a constant-surface-oil-rate draw-
down test. In these cases, Eq. 17 is solved without estimation of N/y.

Initial Flow: y— o (t—0). Because N is bounded, N/y—0 as
y— oo, and Eq. 17 reverts to

aS/dp=(ab' —aB"M@B—ab). ... .. 19)

To compare with Martin’s3 results, we set 7 =0, substitute the
expressions from Eq. 3, and get

B, X,
SO‘*""+">'\-C,

1

ab’' —af' =
B,B,

and af—ab=M\,/B,B,,

where A;=A,+Ag= (km/po)-f-(k o/g) and c,=—(S5,B,/B,)
+(S,BgR; /B,,) (SgBy/B,) is the total compressibility of the
fluids. Hence,

dS,/dp=S,(B;/B,) +()‘o/}‘t)cga

as shown by Martin.?

Eq. 19 can be derived dlrectly from Egs. 15 and 16 by neglect-
ing the second-order flow terms.3 Substmltmg Eq. 20 into Eq. 11,
we find (c/M*=c,/\,. Therefore, in the limiting case when t—0
or if the second-order flow terms can be neglected, the standard
interpretation procedurc is applicable.? Our simulation runs show,
however, that Eq. 19 is valid at the wellbore only for very short
producing times; i.e., only a few minutes for the presented example.

Long Producing Times: y—0. In this case, Eq. 17 reduces to

dS/dp=(aa’ -aa')(ad~ad). ..... RO ...@n

The consequences of this expression can be seen as follows. The
producing GOR is glven by R=a/c. The total derivative of R with
respect to pressure is then dR/dp —R(dS/dp) +R'. Substituting from
Eq. 21, we find that dR/dp=0; i.e., the GOR is a constant, indepen-
dent of pressure and time. This is an important observation. For
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a drawdown test in the infinite-acting period, when Eq. 21 becomes
valid, the GOR will stabilize. The stabilization level depends strong-
ly on the rate and may be higher or lower than the initial GOR,
as observed from our simulation runs. The stabilization and the shift
from Eq. 19 to 21 occur after a very short producing time. Eq.
21 easily can be derived from Eqgs. 15 and 16 by neglecting the
expansion terms on the right side of the equations.

Saturation as a Function of Radius. In the infinite-acting period
when the Boltzmann transform is valid, saturation and pressure pro-
files can easily be generated if S and p are known functions of time
at the wellbore.

For a drawdown test, at r; and ¢, § will be equal to the satura-
tion at the wellbore at #,=(r2/r})t;.
~ During buildup, the saturation change, AS, from the shut-in pro-
file, at r; and shut-in time, At;, will be equal to the saturation
change at the wellbore at shut-in time, Afp, given by An=
(rnr)at;.

Integration Paths. Raghavan® pointed out that the pseudopressure
function should reflect the pressure and saturation profiles occur-
ring in the drainage area during the test. To achieve this, the in-
tegral [£i adp could, for a given time, be evaluated by integration
over the saturation and pressure profiles—i.e., along r. This ap-
proach is consistent with the pseudopressure equations suggested
for steady-state and pseudosteady-state (PSS) flow by Fetkovich.>
When the Boltzmann transform is valid, however, the integration
along the radius for a fixed time is equivalent to the integration
over time for a fixed radius, r=r,,. Therefore, in the infinite-acting

period, the pseudopressure function can be evaluated simply by -

using the correct pressure/saturation relation at the wellbore.

Interpretation Procedures, Infinite-Acting Period. Drawdown.
Egs. 17 and 18 are used to generate S vs. pyy in tabular form. The
pseudopressure function, p,,, is calculated from Eq. 6. A semi-
log plot of pp, vs. producing time, 7, gives a straight line and ab-
solute permeability, k, is calculated from the slope. The
dimensionless pseudopressure function, p,yp, can then be calcu-
lated and compared with the liquid-reference curve,

pi
where ppy =Ppo(Pi) ~Ppo(Puf)= § odp.
Pwf

This method is similar to that suggested by Raghavan,® who used
the GOR equation, R=a/«, to relate saturation to pressure on the
basis of measured values of R.

Buildup. The saturation/pressure relation at the wellbore during
buildup differs from the drawdown case. After shut-in, the pres-
sure gradient at the wellbore is zero and N/y=0. Hence, Eq. 19
is valid during the entire buildup period. The saturation at the well-
bore at the instant of shut-in can be found from drawdown § vs.
p, or directly from the GOR equation and the observed constant
level of R. S vs. p,,, is generated in tabular form with Eq. 19, and
Ppwp is obtained from

Powp =R/ T41.2G0)Pps - (23)

Pws
where pp, =Ppo(Pws) "'Ppo(Puf,s) = X adp.
Pwfs

If the saturation/pressure relation at the wellbore had been valid
for all radii, a Horner plot of ppwp from Eq. 23 would have yielded
the formation permeability. The numerical examples below dem-
onstrate that this is not the case.

Raghavan® suggested a different procedure for calculating ppy
for buildup test interpretation. The S vs. p relation is derived from
the GOR equation with R held constant at the shut-in value.

PSS. Drawdown. When the well reaches PSS, the Boltzmann trans-
form is no longer compatible with boundary conditions. If the use
of Eq. 17 is extended into this flow period, deviation from the lig-
uid analogy will occur. Even if the correct S-vs.-p relation at the
wellbore were used, from the observed R=alq, it is not obvious
that a continued integration of only wellbore data would give a pseu-
dopressure function that properly describes the conditions within
the drainage area. Also, (c/A)* in the expression for dimensionless
time (Eq. 13) varies with pressure and may cause deviation from
the liquid reference curve. Therefore, it is not evident whether the
liquid analogy of multiphase flow can be extended into the PSS peri-
od to determine the drainage area accurately.

Ppwp=(H/141.200)Ppyys e S @2) Buildup From PSS. It can easily be shown, without the Boltz-
" mann transform, that the S-vs.-p relation at the wellbore still is given
TABLE 1—RESERVOIR PROPERTIES by Eq. 19. This is verified in the presented example. But, if the
é 0.30 pseudopressure function is evaluated on the basis of wellbore data
k, md : 10.0 only, the corresponding Horner plot will not be a straight line with
p,, psia 5,704.0 the correct slope, as shown in the example. This also indicates that
Do PSia 5,704.0 for buildup from PSS, a pseudopressure function evaluated from
$4, iIncompressible 0.30 the correct wellbore data will not properly describe the saturation
Sgi 0.0 and pressure profiles occurring in the reservoir during the test. It
ry ft 0.33 appears that Raghavan’s® suggested procedure for buildup better
re, ft 656.0 covers this case. The lack of a liquid analogy makes it difficult to
h 15.6 determine the average reservoir pressure accurately from the test.
TABLE 2—FLUID PROPERTIES”
p B, Ko Rs 18, Bg
(psia) (res m3/stocktank m3) (cp)  (std m®/stock-tank m®) (std m 3ires m3)  (cp)
5,705 1.806 0.298 266.964 298.85 0.0298
5,633 1.791 0.300 261.867 296.99 0.0295
5,204 1.702 0.317 232.513 285.12 0.0281
4,703 1.605 0.348 200.793 269.48 0.0263
4,202 1.516 0.391 171.580 251.30 0.0246
3,700 1.434 0.446 144.715 229.88 0.0228
3,200 1.360 0.515 119.997 204.59 0.0210
2,770 1.302 0.587 100.408 179.63 0.0195
2,340 1.249 0.671 82.196 151.86 0.0181
1,911 1.202 0.768 65.275 122.42 0.0166
1,482 1.159 0.881 49.553 92.32 0.0152
1,052 1.121 1.011 34.925 63.03 0.0138
623 1.088 1.164 21.218 35.63 0.0125
193 1.058 1.35 7.887 10.65 0.0113
*PVT properties represent a crude oil system with 35°APi oil, specific gas gravity of 0.75, initial solution GOR of 1,500
sct/STB, and reservoir temperature of 200°F.
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TABLE 3—RELATIVE PERMEABILITIES

Relative permeabilities are generated as table input
to the model from the following expressions.

Ko =0.7(S5)*
kg =0.7(1-85)2[1~(85)?]
S5 =S,/(1-S4)
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Fig. 1—Dimensionless pressure functions vs. dimensionless
producing time, ¢,,: Case 1 with g, =125.8 STB/D.
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Fig. 2—Dimensionless pressure functions vs. dimensionless

time, t,: Case 1 with g, =125.8 STB/D.

Example
Numerical Model. The test data were generated by a radial, 1D,
three-phase simulator with variable bubblepoint pressure. The for-
mulation is implicit finite difference with simultaneous and direct
solution of pressures and saturations.

The validity of the model was checked by simulation and interpre-

tation of several single-phase-liquid pressure tests. Trial runs were
made to eliminate time and space discretization errors. All exam-
ple runs were made with a 40-block numerical grid, the block lengths
increasing logarithmically with radius, and with the timestep size
controlled by a maximum saturation change of 0.025 and maxi-
mum pressure change of 43.5 psi [300 kPa].

Reservoir and Test Characteristics. Example tests are limited to
a well fully penetrating the center of a radial oil reservoir with
solution-gas drive. Therefore, in all calculations, the oil pseudopres-
sure function from Eq. 6 is used. The base case was made with
a constant surface-oil rate of 125.8 STB/D [20 stock-tank m3/d].
All runs had incompressible water at an irreducible saturation of
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Fig. 3—Dimensionless producing GOR, R, vs. dimension-
less time, t,,: Case 1 with q, =125.8 STB/D.
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Fig. 4—Oil saturation at wellbore vs. dimensionless time, {:
Case 1 with g, = 125.8 STB/D.

0.30 and started with initial reservoir pressure equal to the bub-
blepoint pressure. The absolute permeability and porosity were con-
stant, and gravitational and capillary effects were excluded. The
common reservoir properties, fluid properties, and relative perme-
abilities for the tests are presented in Tables 1, 2, and 3, respectively.

Dimensionless Variables. All plots are presented in dimension-
less form with the pseudopressure functions, p,,.p, for drawdown
and buildup defined by Eqs. 22 and 23. Dimensionless time, ¢;p,
based on wellbore radius is defined by Eq. 13, with (¢/\)* evalu-
ated at initial pressure. Dimensionless time based on drainage area,
t4ip, is given by

tip=tip(r3iar?). ;
Dimensionless wellbore pressures, p,,p, for drawdown and build-
up, respectively, are defined by

Pwp =(kh/141.29,)(D; —Pwf)

and p,,p=(kh/141.2q,Xpws _Pu{f,s)~

Note that k,,; is not included in the definition of p,,p. Correct
slope of a p,,p-vs.-t;p semilog plot should therefore be 1.151/k,,;
per log cycle, while for the corresponding pp,,p plots, the slope
should be 1.151 per log cycle. ‘

The dimensionless liquid reference pressure is denoted by pp on
the plots.

Test Cases. The following tests were simulated and analyzed.
Case 1. Drawdown to 100 hours corresponds to #,;5=0.17. The
test extends slightly into PSS (z4;5>0.10), for rates ¢,=62.9,
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Fig. 6—Oll saturation at the wellbore vs. dimensionless shut-in
time, At,,: Case 2 with g, = 125.8 STB/D.

125.8, 188.7, and 251.6 STB/D [10, 20, 30, and 40 stock-tank
m3/d]. Drawdown to t4;p =2.7 with g,=125.8 STB/D [20 stock-
tank m>/d].

Case 2. Buildup follows a drawdown of 5 hours. The entire tests
were performed in the infinite-acting period with rates g, =62.9,
1235.8, 188.7, and 314.5 STB/D [10, 20, 30, and 50 stock-tank
m-/d].

Case 3. Buildup begins at PSS with g,=125.8 STB/D [20 stock-
tank m3/d] and with producing time =100 and 2,500 hours.

Results. Case 1. A semilog plot of pseudopressure function, pyup,
liquid reference pressure, pp, and wellbore pressure, pyp, is
shown in Fig. 1 for g,=125.8 STB/D [20 stock-tank m3/d] be-
cause the other rates gave almost identical results for pyyp. As
shown, this curve is a straight line, with the correct slope in the
infinite-acting period, parallel to the liquid reference curve. A slight
shift between the two curves corresponds to a correction factor of
1.62 on (c/N)¥, or a skin factor equal to —0.48, which should have
been zero because no fixed skin zone is used in the model and gas
blockage around the well is incorporated in the pp,p function. The
Ppwp Plot, therefore, will give the correct absome permeability,
but a slightly erroneous skin factor if (c¢/N)f is used in the dimen-
sionless time, #;p. The p,,p values do not plot as a straight line
and cannot be used to interpret the test.

The results are replotted in Fig. 2 on a linear £4;p scale. The
infinite-acting §-vs.-p relation from Eq. 17 also has been used to
evaluate py,,p in the PSS period. The slope of the p,,p curve is

close to the correct value, 27, but the shift between the pp and
Ppwp Curves makes drainage-area determination uncertain. Further
extension of the drawdown to #,;p =2.7 shows that the pp,,p values
do not plot as a straight line, as also noted by Raghavan.6 Neither
of the two suggested methods, therefore, is applicable for a liquid-
analogy interpretation in the PSS period.

Fig. 3 shows the development of producing GOR with time for
q,=125.8 STB/D [20 stock-tank m>/d]. The simulated and cal-
culated R values from Eq. 17 agree closely. Rp =R/R; drops down
from 1.0 within about 5 minutes and then stays constant through-
out the infinite-acting period. The third curve was generated with
Eq. 19 until dS/dp became equal to the value calculated from Eq.
21, and then Eq. 21 was applied. Only a coarse estimate of the
constant R level is achieved.

Fig. 4 plots simulated and calculated values of the oil saturation
at the wellbore. There is a close agreement between simulated values
and values from Eq. 17.

Case 2. Fig. 5 depicts the results from buildup following the
5-hour drawdown in a Horner plot for the rates g,=62.9, 125.8,
188.7, and 314.5 STB/D [10, 20, 30, and 50 stock-tank m3/d],
demonstrating a significant rate dependence. Therefore, even though
Eq. 19 precisely monitors the saturation at the wellbore, as shown
in Fig. 6, it will not transform the wellbore pressures into a cor-
rect, liquid-analogy pseudopressure function.

Simulated and calculated saturation profiles as functions of radius,
at shut-in and after a 5-minute buildup, are given in Fig. 7. The
calculated saturations were generated from wellbore data by the
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Fig. 7—Saturation profiles vs. dimensionless radius, rp, at Fig. 8-—Dimensionless pressure functions vs. dimensionless
the end of 5-hour drawdown and after 5-minute buildup: Case shut-in time, At,p, following producing times of 100 and
2 with g, =125.8 STB/D. 2,500 hours: Case 3 with g, =125.8 STB/D.
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Fig. 9—Oil saturation at the wellbore vs. dimensionless shut-in time, At,,: Case 3 with

Boltzmann transform variable. The excellent agreement for the
drawdown case demonstrates the validity of the transform in the
infinite-acting period. For this rate, q,=125.8 STB/D [20 stock-
tank m?/d], there is also a good match for buildup following
drawdown.

Case 3. Fig. 8 gives modified Horner plots for buildups follow-
ing 100 and 2,500 hours of drawdown with a rate of 125.8 STB/D
[20 stock-tank m3/d], together with the liquid reference curve. Eq.
19 was used to generate the pressure/saturation relation, and, as
shown in Fig. 9, the relation is correct at the wellbore. Although
the correct relationship between pressure and saturation at the well-
bore is used, the p,,,,p function generated from these data departs
from the liquid analogy. This is probably because wellbore data
alone will not properly represent the saturation and pressure pro-
files that occur in the reservoir during buildup from PSS.

Conclusions

1. Theoretical developments are strictly valid when there is a
unique relation between pressure and saturation. This is the case
for a drawdown test in the infinite-acting period.

2. For buildup, a correct pressure/saturation relation at the well-
bore is given. The associated pseudopressure function, however,
cannot be used to interpret the test.

3. During a drawdown test, the producing GOR quickly stabi-
lizes and remains constant throughout the infinite-acting period.

Nomenclature
a = parameter defined by Eq. 3b, scf/RB-cp
[std m3/res m3-Pa-s]
b = parameter defined by Eq. 3d, scf/RB

[std m3/res m?]
B, = gas FVF, RB/scf [res m>/std m?]
B, = oil FVF, RB/STB [res m3/stock-tank m?]
¢ = compressibility, psi~! [kPa~!]

(¢/M* = [B(dS/dp)+B'Ja™!, generalized
compressibility/mobility ratio, cp/psi
[Pa-s/kPa}

= formation height, ft [m]
k = absolute permeability, md
k, = relative permeability, dimensionless
K = y(dS/dy), dimensionless
N = y(dp/dy), psi [kPa]
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p = pressure, psi [kPa]
Pp = bubblepoint pressure, psi [kPa]
pp = pseudopressure function defined by Fetkovich>*
Ppo = oil pseudopressure function, STB-psi/RB-cp
[stock-tank m>-kPa/res m>-Pa-s]
Pws = flowing well pressure, psi [kPa)

Pwis = flowing well pressure at shut-in, psi [kPa]

Pws = shut-in well pressure, psi [kPa]

po = base pressure in evaluation of pseudopressure

function, psi [kPa}
g, = oil surface flow rate, STB/D [stock-tank m3/d]
r = radius, ft [m]
rp = rir,, dimensionless radius
ry = dissolved oil/gas ratio, STB/scf

[stock-tank m3/std m3]
R = producing GOR, scf/STB [std m?/stock-tank m?]

Rp = R/R,;, dimensionless producing GOR
R, = solution GOR, scf/STB [std m3/stock-tank m3]
S = saturation or oil saturation
Siw = irreducible water saturation
Sg = 8,/(1-85;,), normalized oil saturation,
dimensionless
AS = saturation change during buildup, at a fixed
radius
¢t = time or producing time, hours
At = shut-in time, hours
x = dummy variable
y = ¢r?/dkt, Boltzmann variable, ft2/md-hr

[m?/pm? -hr]

o = parameter defined by Eq. 3¢, STB/RB-cp
[stock-tank m3/res m3-Pa-s]

B = parameter defined by Eq. 3e, STB/RB
[stock-tank m?/res m3]

N = k. /u, mobility, cp~! [(Pa-s)~1]

p = viscosity, ¢p [Pa-s)

¢ = porosity

Subscripts
AiD = dimensionless, based on drainage area and with
(c/N)* evaluated at p;

*Fetkovich uses the symbol “m.”



dimensionless

external

= gas

initial

dimensionless, with (¢/N)* evaluated at p;

oil

total

= well or water

denotes a chosen, arbitrary point (ry,#;) for
drawdown or (r;,At;) for buildup

2 = denotes time ¢, when S(ry,,t2)=35(r,t;) for

drawdown, or time At when

AS(r,,,Aty)=AS(rq,Aty) for buildup

it

i It

it

’—\E«.QE«..%NU
i

Superscripts
- = operator, partial derivative with respect to § at
constant p
' = operator, partial derivative with respect to p at
constant S
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S1 Metric Conversion Factors

°API  141.5/(131.5+°AP) = g/cm?
bbl x 1.589 873 E-01 = m’
cp X 1.0* E-03 = Pa's
ft X 3.048% E-01 = m
°F  (°F-32)/1.8 = °C
md X 0.986923 E-04 = um?
psi X 6.894757 E+00 = kPa
psi—! x 1450377 E-01 = kPa~!
scf/bbl x 1.801175 E—01 = m¥/m’
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*Conversion factor is exact.
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