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ABSTRACT

In calculation of reserves of gas reservoir, the material balance method is a kind of methods that currently use
mostly and accurately. The condensate gas reservoir is a kind of complex special reservoirs, with the decline of
formation pressure, retrograde condensate phenomenon will occur in the formation in the process of exploitation of
gasreservoir, result in gas and liquid two phase, the change of reservoir fluid component and phaseis very complex,
this retrograde condensation feature makes the pressure drop of condensate gas reservoir not only relevant with the
increase of things produced, but also some complex factors like retrograde condensation, especially the output
quality of conversion between, namely the wellhead oil gas and bottom oil gas, with volume coefficient can not
direct conversion, so the material balance equation are quite different from conventional gas reservoir. This paper
established a material balance equation that can describe not only the release of elastic energy, but also the
retrograde condensate phenomenon of condensate gas reservoir on the base of principle of mass conservation.
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INTRODUCTION

Gas reservoir material balance equation has beeelapeng since 1940s. For the special and comgitat
characteristics of gas reservoir, there is commitgphase behavior variation companying with thademsate
hydrocarbon fluid seepage during the exploitatighich would make a difference between condensaeaservoir
material balance equation and conventional gasveiseThere are many experts have studied the naatealance
equation of condensate gas reservoir. Chen yualtjateduced gas reservoir material balance equatituenced
by different driving pressure and applied the eigmain condensate gas reservoir. During the cafimuia the
condensate oil should be converted into gas etlgl and the gross cumulative production is thm sd dry gas
and condensate gas. The gas deviation factor ial éguhe overall well fluid deviation factor; Maggxiang [2]
developed the condensate gas reservoir materiahbalequation based on the molar weight balanceythBut he
didn't illustrate the method about how to convémt tgross oil volume into the gas volume. Qi zhéinal. [3]
established the general oil-rimming condensatergsarvoir material balance equation and he also'tditustrate
the method about how to convert the gross oil velumo the gas volume. According to the porous n@tbalance
fundamental principal of hydrocarbon, Chen yuxisargl Ma faming et al. [4] established the condensgaie
reservoir material balance equation which consiti¢he influences of fluid component and phase tianaof the
condensate gas reservoir. It also introduced timeeqt of condensate oil-volumetric factor and pridun GOR.
For part of the gas phase will condensate intadiguhase in the process of fluid flowing from weldtd to bottom
hole, the mass of oil and gas are changing. AsuatrésOR of the wellhead is totally different fralre GOR of the
bottom hole; Yu yuanzhou and Yang guangrong ef{Hlimproved the gas-injection condensate gas veser
material balance equation. Considering the voluifferdnce between injection gas and reservoir gagle phase
deviation factor or double phase deviation actarsisd at different condition, and also, the volwheondensate oil
is converted into the volume of gas. Kang xiaodengl. [6] deduced the material equation for cyghs injection
condensate gas reservoir which considering the ositipn-difference between injection gas and prdéidacgas;
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Based on the molar weight balance principle, Lingand Lixiangfang et al. [7] deduced the materialahce
equation for the abnormal pressure condensateegasvoir under the condition of natural water driy&s injection
and oil rimming. But it has the same disadvantagether equation.

At present times, although the condensate gasva@senaterial balance equation considered the plehsaging
and the retrograde condensation in the condenssg¢evoir and all of them are on the basis of volaorservation
or molar weight balance conversation, there isatéui in the calculation of cumulative productiohcondensate
gas reservoir which converted condensate oil volimegas volume. As a result, there is a significdeviation in
calculation of condensate gas reservoir reservdspagdiction of production performance. Therefaensidering
the production characteristic of condensate resemwe developed the innovative material balanceatign for the
condensate reservoir based on the principle of w@sservation.

Derivation of the novel form

Although the volumes of oil and gas between forarationdition and ground standard condition variadtim the
total mass of oil and gas remained the same. Ohdahbis of fundamental of mass conversation, thiepdeveloped
a generic form of mass balance equation for natuatér driven condensate gas reservoir at gastiojecondition.
Assumed the original condensate gas in place wase@ucible water saturation was Swi, so the vauoh pore
filled with gas was:

S ()
The initial water volume was:
TS @

The initial mass of condensate gas was:

M = 2558y ©
The remained mass (including condensate gas amdjratle condensation oil) in place was:

Mes = PGB~ (pgscG ot PN 2 4)

According to PVT experiments, while the formatiaegsure decreased from Pi to P, the retrogradecosation oil
saturation was So, then the reduced pore volume was

C,GBy(R - P)
AV, =V,C, (P -P) =#

S (5)
The total volume of irreducible water was

Vwc +Avwc :Vwc +Vwch(Pi - P) = ?LGBQ' + CW SM;_;_Bgi (R - P)
S S ) (6

If the volume of water influx was Wand the production volume of water wag, Wr gas reservoir would not
exploited by water injection, so the pore voluntiedi with water influx was:

W =W, -WB, @

The volume of injection gas was:
\/ip = Gip Bgdr (8)
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The decreased of pore volume, expanded of irretugiater and water influx will lead to reducing thelume of
the remained condensate gas in place. The remgmedolume in place while formation pressure deszéao P
was:

Vo =V,=AV, -V, -W -V, =

GB, CGB, (P-P GB. +C.S.GB.(P-P
g _ p g|( i ) _ Sm gi WSNI g|( i ) _(We _WPBW) —GipBgdr
1-S, 1-S, 1-S,
C +Cwai(R - P)
=J1-r GB, —(W, -W,B,,) - G,,Bq
1-8,

(9)

The pore volume filled with retrograde condensatidnwas:

A\/0 = Sovres ( 10)

The remained gas volume was:

Vg = (l_ So )Vres (11)

Substitution equation (9), (10), and (11) into dé@ma(4) and simplified to:

pgiGBgi - (IogSCGp + IOOSJ\I p) =

{[1_ (c,+c,s,)aP

T -(w,-w,B,) —GipBgdr}[pg(l— S)+pS]

(12)

Equation (12) was the novel form of mass balancp#&on for natural water driven condensate gasrves at gas
injection condition.

If there is no edge water and bottom water, eqodti@) will changed into:

(c,+c,s,)aP

pgspo+ posJ\I p: 10 gGB gi_ [l_ ]GBg|[pg(l - So) + Ioosu]

- S (13)
Equation (13) was the form of mass balanced equétioseal condensate gas reservoir.

If there no water influx and gas injection, equat{@2) will changed into:

_ pgspo - {l_ (CP +CWSNi )AP‘|,0
9

Byi
| ) (14)
Considering that:
M _ be TZ
Prrrz BTz R
RTZ , <t T -
Equation (14) will be changed into:
p'(l—G”J = B[l— C,(R-P)+C,S,(R- p)]
Z G Z 1-s, N

Equation (16) was the form of mass balanced equétioseal dry gas reservoir
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Caseanalysis

In order to confirm this novel form of mass balaecgiation, we take the M condensate gas reservdiariim Oil
field for example, using this new form to estimtte geological reserves.

Table 1: PVT datum of The Condensate Gas Reservoir

Formation Pressure: 50.98 MPa

Formation TemperatOe1/]

Dew Point Pressure: 47.83 MPa

Critical Pressurgt33Pa

Land appear differential pressure: 3.15 MPa

Ciiffemperature: -67.0

Critical Condensate Pressure: 49.47 MPa

Criticaldeasate Temperature: 290.8

Volume Factor as Dew Point Pressure: 3.1983htim’

Oil Density(207): 0.7721 g/cr

Z-factor at Dew Point Pressure: 1.167

Moleculamivedf oil: 153.95

The Z-factor and retrograde condensation oil voluahalifferent pressure can be obtained from thelteof
constant mass expansion experiment and constamneolailure experiment. The density of gas andhbdifferent

pressure can be calculated by state equations.
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Fig.2: Retrograde condensation oil volume vs. pressure
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Table 2: Physical Property of Oil and Gas at Different Pressure

Molar fraction (%) Density (kg/f Viscosity (mPa-s) Relative permeability
Pressure (MPa Gas Qil Gas Oil Gas Oil Gas Oil
51.01 1 0 282.333 0 0.0358 0 1 0
45.01 1 0 264.417 0 0.0328 0 1 0
42.01 0.965 0.035| 250.659 328.350 0.0313 0.0B05 559.4 0.00669
40.01 0.951 0.048 241.224 329.085 0.0303 0.0P99 658.3] 0.0135
32.01 0.933 0.067 201.1583 332.097 0.0259 0.0p78 350.3] 0.0157
29.01 0.934 0.066| 184.949 333.563 0.0243 0.0p71 37@.4] 0.00839
24.01 0.941 0.059 156.22[7 336.689 0.0215 0.0RP61 716.3] 0.0131
17.01 0.957 0.043 112.159 342.656 0.0180 0.0p48 630.4] 0.00601
9.01 0.979 0.021 58.074 350.375 0.0151 0.0227 @.4790.00442
5.01 0.989 0.011 31412 350.449 0.0142 0.0203  0.4830.00397
151 0.997 0.003 9.215 338.948 0.0137 0.0152 0.4858.00381

Table 3: Accumulate Production Gas at Different Formation Pressure

Formation pressure (MPa) 50.98 50..17 40 B2 24
Accumulate production gas (Gpfh& 0 2 24.0] 47.00 69.0
Accumulate production oil (Np) 16’ 0 0 30.0] 90.0] 126
Assume:
Yv::/%s§3p4_/7mJ“r
(c,+c,s.)aP

s 0ae-s) +posu]}

X = Bg\ {pgi _[1_

The equation (13) can be converted to:
Y =GX (17)

Then,Y will be proportional toX and the straight slope will be the dynamic geaabgreserves. Figure 3 can be
drawn by substituted the physical property paramete production datum into equation (17). Figurghdws that
the dynamic geological reserves of M condensatergservoir were 157.52x%@°, which confirmed the mass
balance equation in this paper.
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Fig.3: Therelationship curveof X and Y for M condensate gas reser voir

CONCLUSION
The matter balance equation in this paper was basdtle fundamental of mass conversation, the togss of oil
phase and gas phase remained same in the prodymiood of condensate gas reservoir, which avoided
consideration the composition and volume chang#l @ind gas caused by phase change.

No need to convert condensate oil to equivalenugagy empirical equation, which makes more rediaiflthis mass
balance equation and matches better to the aainditin of condensate gas reservoir.
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This material balance equation has been demorastogtéeld case and the reserves calculated bygiteliable.

Nomenclature

Bgi= initial formation volume factor of gas,3m?

Bo= formation volume factor of condensate oif/mt

Bw= formation volume factor of water,*m?

Bgdr= formation volume factor of injection gas, mc

pgi= initial density of gas at formation conditiagicn®
pgsc=density of gas at ground standard conditiam/
posc=density of condensate oil at ground standandition, g/cni
pg=density of gas at present formation conditioong/
po=density of condensate oil at present formatiardmn, g/cni
Gp=accumulate production of gas i

Np=accumulate production of oil, 46>

G=original gas in place, 10°

Gip=accumulate injection of gas, b}

So=saturation of retrograde condensed liquid iarkesr, decimal
Swi=irreducible water saturation, decimal

We= water influx in gas reservoir,’m

Wp=accumulate production of water’ m

Cp=compressibility coefficient of formation, MPa
Cw=compressibility coefficient of water, MPa
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