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In caleplating oiwall production, i har enmunanly been
ossumed ihal producing rales are proportional to dreave-
divwere. Plidng thix aveumeption, a well's behavior car he
described by ifr productlviry index (PI), This PI relasion-
ikip wor developed from Darey's law for the sfzady-stane
radial flow of a single, incompressible fuid. Although
Muskay podnted our thay the reladonsldp Is not valld when
kath oil and gas How in o reservoir, ity uye kas contirued
Jor lack of berter approximarions, Gllbert proposed meik-
el of well prelyvsis wiilizing g curve of produding rules
Flodied agalnst badlos-Role well pressuresy e termed this

cennplete graph rhe Inflow p.:r_f'r.rrmurzr."e relationship (IPR)

wf a well,

The cotewlaticns recessury To oo pule IPR's from two-
phise flow theory were extremely fedious before adyent of
the computer, Curg machine compurasons, IPR curves
vere coleiated for welly progdpcing freen several fiediliouws
selution-pas drive reservolrs tha! covered a wide range of
ell PVT proparies and repervolr relagive permeabilliy char-
acieristicy. Wells with hydeawiic fracteres wére alfo in-
cluded. From these curves, a reference IPR curve wos
devieloped that iy simple fo apply and, It ls belleved, can
be wsed for most solution-gas drive reservoirs fo pronvide
more acctirate calculadons for olfwell produciiviiy than
can be secured with PI methods, Field verificaiion ix
reeded.

Introduction

In caleulating the produetivity of oil wells, it is cdm-
monly assumed that inflow Into a well iz directly pro-
portional to the pressure dilferential between the reservoir
and the wellbore — that production i direcily pfopar-
tiohal to drewdown, The cabstant of proportioneluy is
the PI, derived from Darcy’s law fur Lthe steady-state rad-
il fow of & sinogle, incompressible fluid, For cuses In
which this relatlonship holde, a plot of the prodoomg
rnates vs the corresponding bottam-hole pressures resalis
in & straight line (Flg. 1), The PL of the well is the inverse
of the slope of the siraight line.

However, Muskat' pointed out that when two-phase
liguid and gas flow exisls in a reservair, this relationship
should not b¢ expected: to hold; he presented theoretical
caleulations o show that graphs of producing rates ws
bottom-hole pressures for two-phase flow resulted in
curved rather than strmight lines. When curvature exisis,
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n well cannot be said to have a single Pl because the
valpe of the slope varles continuously with the varlatlon
in drawdown. For this reason, Gilbert” proposed methods
of well anabysls that could utllize the whole carve of
producing rafes plocled apainsl mlake pressares. He ieonsd
this complete graph the inflow performance relatonship
(IPR ) of & wall.

Aftheugh the stralght-line appresimation 15 known to
have mistions when apglisd to two-phees How In the
reservolr, it still is used primarily because no simple sub-
atitiles have been available) The caleulation: pecessary to
compate IPRs from two-phase flow thesry have been
extremely tediows. However, recently the approximations
of Weller' for a solutbon-gas drive reservoly were pro-
grammed {or compuiers, The solution, involved the fol-
lowing simplifving assumptions: {1} Jhe resecvoir is oir-
cular and completely bounded with & completely poene-
risting Well sl its center; (2) the porous medium s
uniform and isotropic with a conshant water saturation
at all golnfe; (3) gravity cfects <an Do neglected; (2)
compresibility of reck and water can be neglected; (3)
the composition and eguilibrivm are constant for oil and
gas; () the same pressure exists in bota the oil wnd R
phasess and (7} the semisteady-siate nssumption that the
tank-oil desaturation rate @5 the same ab all polats at a
glven [nstant. Weller’s solution did not reguire the con-
stant-CHOR, psaumption.

The resulling cornpuled proprarm proved eonvenlent to
use and gave results closely approsching hoss [utilshes
by the more complicated method of West, Garvin and
Sheldon The program alao includes the unigue feature
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Fig. 1—Sirgighi-line Inflow performance relasicinship.




of making complete IPR predictions for a reservoir, Such
predictions for o iyplcal solution-gaes drive rescrvoir are
shown as a family of PR corv & on Fig. 2. Note that
they confirm the existence of curv.alure,

Tt appeared that if several solition-gas drive reservoirs
were examined with the ald of this program, empirical
relationships might be established that would apply to
solution-pas drive rescrvodrs in genetul, This poper sbm:
marizes the fesults of such g ciedy that dealt with several
simulated reserwoirs covering o wide range of conditions.
These conditions ineluded differing crude oll character-
istice and differing reservoir relative permeability charac-
teristics, as well as the effects of well spacing, fracturimg
and skin festrictions.

The investigation scught relatlonships valld only below
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Flg. 2—Computer-culculated inflow performance
ritetionshi gy for a solution-gar drive réservnlr,
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the bubble point. Computations were made for reservols
initially above the bubble point, but oaly to ensure that
thiz initial condition did not cause a significant change In
hehaviar helow the bubble polnt.

Shape of Inflow Performarce Relationship
Curves with Normal Deterioration

As depletion proceads In a solvtion-gas drive reservair,
the productivity of a typical well decreases. primarily
because the reservoir pressure is reduced and becausc
incrensing gas ssfuration chuwans greater resistance to ofl
flow, The resull s & progressive deterioration of the IPR's,
typlfed by the IPR curves in Fig. 2. Exarrination of these
curves does not make it apparent whether they have any
praperties in common other “han that they are all ¢on-
cave o the origin.

Dne weful operation §s to plot all the IPRY% as “di-
mensioniess IPR'$". The pressure for each point on an
[PR curve is divided by the maximum or chul-in pres-
sure for that particular curve, and the correspending pro-
duction rate is divided by e maximum {100 pereent dres-
down) producing rale for the same curve. When this is
done, the curves from Fig. 2 can be replotied as shown in
Fig. 3. It Is then readily apparent that with this construe-
ticn the eurves are.remarkably similar thropghout most
of 1the producing life of the reservair
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Effect of Crude 0l Characteristica lhad about the same bubble point. IPR" were then calou-
On IPR Curves fated for 2 third crude oil with a higher bubble point
Again, the cheructeristic shape was noted,

Two further rems were made o explore the relationship
under more extreme conditions, One wtilized & more vis-
cows crude [ 3-cp mintmwmn compared with 1-ep minimum ),
and the other used n erude with & low solution GOR
300 sef /STH). With the mere viscous cride, some staight-
ening of the TPR'S wis acted. The low-GOR crude ex-
hikited Lhe same curvature ioted 1n previous cases.

From the forepeing results it appears that 1IPR curves
differing over the life of a given rescovoir netually possess
a common relationship, To determine whether this same
relationship would be valid for ofher reservoirs, IPR cal-
culations were made on the computer for different con-
ditfons, Thne first run utilized the same relative perme-
abilitles bur a completely different erude oll. The new
characteristics included a viscesaty about helf that of the A ]

Runs were also made with the initial rscrvoir pres-

ﬂm_ Ei i e "'_:'u_"f - %l grfat. B sure exceeding the bubble point. During the peried while

I"'EI L T pared the initial TPR’s |:.'l|l .l'lll‘lr —ﬂ-].r”.!r' - the I:!:I"r’-l:lir pressire was above the bubble I.-_||_'||;|'|_|:I the
cent) for the two cases. As would be expested, with a slopes of the IPR curves were discontinuous with the
less viscols crude (Curve B) the produciivity was much upper part being a simight line wntil the well pressure
preater than in the first ease {Cwrve A). Huwever, when was reduced below the bubble point. Below this polnt
plotted on a dimensioniess basis (Fig. 4b) the IFR's are the IPR showed curvature simblar fo that noted previous-
gquite simflar, As 1PR's for the second case deterjorated ly. After the reservoir pressure went befow the bubble
wish depletion, ne greater change of shape occurred than perint, all the dirmensionless IPR curves apreed well with
was holed in the previous section. These two crude ails Lhe previous curves.
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Fig. S5=—=Infliow perfarmuice relationship for solution-gas drive reservoirs.
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