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Abstract: With the increasing proportion of gas cap & artificial gas injection reservoirs, production performance monitor-

ing and evaluation of gas-drive reservoir are becoming more and more important. However, there is no efficient method to 

forecast the production performance of gas-drive reservoir. In this paper, the analysis starts from the statistics of oil/gas 

relative permeability data of cores experiments. Based on fundamental principles of segregated flow and material balance, 

a new analytical curve of gasflood was developed to analyze the production performance. We applied the novel analytical 

curve to the production data from 23 gas-drive reservoirs at home and abroad and found a better power function relation-

ship between dynamic reserves (Nd) and the slope (B) as foreseen by the analytical curve. It has been shown that the slope 

of the new curve represents dynamic reserves value; the smaller the slope value is, the more dynamic reserves are. Fur-

thermore, by introducing the economic limit gas-oil ratio and control conditions which include initial and boundary condi-

tions, a chart of dimensionless fractional flow of gas vs. recovery percent of OOIP is established to evaluate oilfield de-

velopment rapidly and intuitively. Finally, many examples of application confirmed strongly that the new analytical curve 

used in gas-drive reservoirs is practical and effective, which broadens the scope of gas-drive oilfield research. 

Keywords: Dynamic reserves evaluating, gasflood characteristic curve, gas-drive reservoir, recoverable oil reserves, relative 
permeability theory.  

1. INTRODUCTION 

Oil/gas-yielding rules in gasflood reservoirs become 
complicated when gas breakthrough occurs, which results in 
a lot of difficulties in the gasflood reservoir development. In 
order to improve the oil recovery during gasflood, it is cru-
cial to afford an accurate estimation of reserves and future 
performance. In recent years, there have been many reports 
on developing semi-analytical and empirical model for esti-
mating reserves and predicting performance, which are 
mainly applied in waterflood reservoirs [1-9]. However, for 
gas cap & artificial gas injection reservoirs, application of 
these methods will result in significant deviation or even do 
not completely apply to oilfield development. 

At present, production performance forecasting of gas-
flood reservoir usually depends on numerical simulation 
method. However, the calculation accuracy of numerical 
simulation heavily relies on static and dynamic data quality 
and history match accuracy of reservoir, among which static 
data comes mainly from laboratory test. Generally, labora-
tory test is high cost in coring, low in efficiency, and diffi-
cult to track continuously, and the core can hardly reflect 
heterogeneity in reservoir scale.  

Moreover, the history match accuracy is limited by de-
piction of geological conditions and experience of the engi-
neers as well. Given this, widely developing reservoir engi-
neering evaluation method is still the direction which needs 
to be worked on for a period of time in the future.  
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Aimed at the difficulty of monitoring and evaluating the 
production performance of gasflood reservoir, the analysis 
starts from the statistics of oil/gas relative permeability data 
of cores experiments and a quantitative formula is also sug-
gested between oil/gas relative permeability ratio and gas 
saturation in this paper. Based on fundamental principles of 
segregated flow and material balance, a new analytical curve 
of gasflood was developed to analyze the production per-
formance and evaluate the development effect of fields with 
gasflood. And this method can also solve the following three 
problems in gasflood reservoirs: establishment of gasflood 
characteristic curve of research area; estimation of dynamic 
reserves; analysis of ultimate oil recovery and prediction of 
reservoir performance. Compared with numerical simulation 
and production decline model, oilfield application shows that 
the results are reliable, which expands the scope of research 
on reservoir engineering and has significance for evaluation 
of the development efficiency of gas drive reservoirs. The 
evaluation results will help to optimize the field gasflood 
operation. Furthermore, practical application shows that this 
technique is applicable at the individual-production-well 
level, pattern level, or for a reservoir as a whole. 

2. DERIVATION OF GASFLOOD CHARACTERISTIC 
CURVE 

2.1. Oil-Gas Relative Permeability Ratio and Gas Satura-

tion 

The most important theoretical basis for studying the gas-
flood characteristic curve is oil-gas relative permeability 
theory. Therefore, the key point of representing the percola-
tion feature and regularity of gas-drive reservoir is to accu-
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rately describe the relevant relationship between oil-gas rela-
tive permeability ratio krg/kro and gas saturation Sg. Based on 
large amounts of data statistics and curve analysis, the 
authors put krg/kro placed on semi-logarithmic sheet of paper 
as a function of Sg, the relationships are shown as follows: 

 

lg(
krg

kro

)=
Sg

a + bSg

+ c   (1) 

Equation (1) can represent the relationship between 

krg/kro and Sg in almost whole gas flow range. But for most of 
the production period of gas-drive reservoirs, the middle part 

of the curve is actually used in the analysis of reservoir per-

formance. In this section, the analysis shows that the value of 
b in Eq. (1) is close to zero, which can be neglected to sim-

plify the processing. Therefore, the equation (1) can be trans-

formed as follows: 

krg

kro
= me

nSg   (2) 

 Where, m=e
2.303c

, n=2.303/a. 

Combining with the core relative permeability data of 

three typical gas-cap sandstone reservoirs, the semi-

logarithmic curves of krg/kro vs. Sg were drawn to validate the 
applicability of Eq.1 and the rationality of Eq.2 (Fig. 1). Us-

ing Eq.1 and Eq.2 to fit different oil-gas relative permeabil-

ity curves with different wettability, the results were shown 
in Fig. (1a-1c), from which it can be seen that characteriza-

tion function of Eq.1 fits data well in interval of 10%-50% of 

Sg when characterization function of Eq.2 fits data well in 
interval of 10%-35% of Sg. Then based on Eq.2, a new gas-

flood characteristic curve was deduced to describe the rela-

tionships between krg/kro and Sg.  

2.2. Material Balance Equation 

Takeing a gas cap reservoir as example, we can treat wa-

ter phase as irreducible water and assume that it won’t occur 
in fluid flow when there is no water or a small amount of 

water rate in actual production period. Therefore, the gas 

saturation in the gas displacement process can be described 
as follows [10]: 

  
Sg = 1 - Swi - So   (3) 

Where, the oil saturation is the ratio of the residual to to-

tal pore volume of reservoir. The material balance equation 

can be used to calculate oil saturation at any moment, as 
shown below: 

So =
(NEv - N p )Bo

NEvBoi / (1- Swi )
  (4) 

When gas cap volume is much larger than that of oil rim, 

the formation pressure will be decreased slower because of 
the supplement to energy by the gas cap expansion. At this 

point, it can ignore the minute variation of gas density, gas 

solubility, as well as gas volume factor. Substituting Eq. (4) 
into Eq. (3), gives: 

Sg =
N p

NEv
(1- Swi )   (5) 

2.3. Derivation of the New Formula 

Due to the complex fluid flow mechanism of gas drive 

reservoir, a number of simplifying assumptions must be 
made to keep the mathematical forms reasonably simple. 

The following assumptions, generally made, in most cases 

are appreciable: uniform pressure throughout the reservoir in 
both the gas and oil zones. This means gas and oil volume 

factors, gas and oil viscosities, and solution gas will be the 

same throughout the reservoir; Negligible capillary force and 
gravity forces; No water coning and negligible water produc-

tion. 

We can apply the Dray’s law to describe oil and gas flow 
rate at reservoir conditions [11, 12]: 

 

qga

qoa

=
μo

μg

krg

kro

  (6) 

It’s important to note, however, that the qga and qoa are 

the flow rate data at reservoir conditions, but the flow rate 
data at surface conditions are often used in actual work. 

Therefore, it needs to be converted as follows: 

 
qoa = qo Bo ; 

 
qga = (qg -qo Rsi )Bg   (7) 

Substituting Eq. (7) into Eq. (6) gives 

 

(qg -qo Rsi )Bg

qo Bo

=
μo

μg

krg

kro

  (8) 

It can be seen that, when oil-gas viscosity ratio is a con-
stant, the oil-gas flow rate ratio will mainly depend on oil-

gas relative permeability ratio. Substituting Eq. (2) and Eq. 

(5) into Eq. (8), and taking transposition and derivation, 
gives:  

qg dt =
0

t

(Rsi
0

t

+
μoBo

μgBg
me

n(1 Swi )Np

NEv

)qodt  (9) 

For a specific oilfield, the cumulative oil or gas produc-
tion can be expressed as follows: 

Gp = qg dt;N p
0

t

= q0 dt
0

t

 (10) 

Then substituting Eq. (10) into Eq. (9) gives 

  
lg(Gp - DNp + C) = A+ BNp   (11) 

Where, 

  

A = lg(
mμo Bo NEv

nμg Bg (1- Swi )
) B =

n(1-S
wi
)

2.303NE
v

  

C =
mμo Bo NEv

nμg Bg (1- Swi )
 
D = R

si
 

The Eq. (11) is new gasflood characteristic curve which 

can reflect the percolation feature of fluid in a porous me-
dium for gas drive reservoirs. 

Taking derivative of Eq. (11), we have 

1

Gp - DNp + C
(qg - Dqo ) = 2.303Bqo   (12) 
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Fig. (1). Relationships between krg/kro and Sg as well as fitting curves of typical cores. 

 
Substituting Eq. (12) into Eq. (11), we have 

  
lg(GOR - D) = A+ lg2.303B + BNp   (13) 

By rearranging Eq. (13), one can obtain 

  
Np =

lg(GOR - D) - ( A+ lg2.303B)

B
  (14) 

Based on Eq. (14), we can solve the recovery percent of 
OOIP of reservoir at any time, which gives: 

  
R =

lg(GOR - D) - ( A+ lg2.303B)

BN
  (15) 

Then we can introduce the economic limit gas-oil ratio 
GORmax into Eq. (14) and Eq. (15) for forecasting recover-
able oil reserves and the final recovery factor of gasflood 
reservoir, gives 

  
NR =

lg(GOR
max

- D) - ( A+ lg2.303B)

B
  (16) 

  
ER =

lg(GOR
max

- D) - ( A+ lg2.303B)

BN
  (17) 

It’s important to note that the economic limit gas-oil ratio 

is restricted by various factors, such as: reservoir types, de-

velopment ways, driving energy, producing technology and 

cost of development, and so on. A number of variables syn-

thetically determine the value of economic limit gas-oil ratio. 

Based on previous studies, if we do not take significant ad-

justment measures and change the way of development when 

the oilfield has already entered production decline stage, a 

semi-log relationships between gas-oil ratio and oil produc-
tion can be expressed as [13, 14]: 

  
lgGOR = + Qo   (18) 

Based on Eq. (18), we can approximately calculate the 

economic limit gas-oil ratio when given oilfield waste pro-

duction. 

 

 (a) Typical cores in Pucheng Oilfield (Water-wet) 

 

(b) Typical cores in STZ Oilfield (Weak water-wet) 

 

(c) Typical cores in Lamadian Oilfield (Oil-wet) 
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3. REGULARITY ANALYSIS OF GASFLOOD CHAR-

ACTERISTIC CURVE 

In order to provide insight into the physical significance 
and inherent law of the gasflood characteristic curve’s coef-
ficient, the authors have analyzed the production perform-
ance of 23 typical gas-cap reservoirs (most of them supplied 
by plenty of natural gas cap energy), and the data and rele-
vant information were collected from published literature 
including the Mile six, Troll, STZ, Gao and JZ25-1S oilfield, 
and so on. The dynamic reserves of these reservoirs with a 
long history in producing are distributed from 95 to 
3275 10

4
m

3
. All of these lay a solid foundation for subse-

quent effectively analysis. 

3.1. Slope of the New Curve and Dynamic Reservoirs 

With examples of 23 typical oil fields, we have found 
that the inherent relation exists between the slope (B value) 
of the new curve and dynamic reserves of these oilfields. To 
make a diagram in linear coordinate about the value of dy-
namic reserves changes from the slope of the new curve, 
which presents a better power function relation, as shown in 
Fig. (2), giving: 

 
N

d
= 5.77B

-0.98   (19) 

Eq. (19) can also be translated into another expression, 
which BNd equals 5.2. Researches have shown that the slope 
of the new curve represents dynamic reserves value and the 
smaller the “B” value is, the more dynamic the reserves (Nd) 
are. Consequently, when we obtain the value of B by fitting 
production performance, we can also calculate the value of 
dynamic reserves of the reservoir which will also reflect the 
development efficiency. 
 

 

Fig. (2). Dynamic reserves versus the slope of the new curve. 

 
3.2. Dimensionless Fractional Flow of Gas and Recovery 

Percent of OOIP 

Relationships between gas-oil ratio and recovery percent 
of OOIP can be obtained on the bases of simultaneous equa-
tions (15), (17) 

  
lg(GOR D) = 5.2(R - E

R
) + lg(GOR

max
- D)   (20) 

Then, introducing the correction coefficients a1 and b1 
into Eq. (20), we have 

  
lg(GOR D + b

1
) = 5.2(R - E

R
) + lg(GOR

max
- D) + a

1
  (21) 

Initial conditions introduced: GOR = Rsi = D R = Ri, the 
following equations can be obtained from Eq. (21) 

  
lgb

1
= 5.2(R

i
- E

R
) + lg(GOR

max
- D) + a

1
  (22) 

And also concerning the boundary condition: GOR = 
GORmax R = ER, we can deduce expression about coeffi-
cient a1, which can be expressed as 

a
1
= lg

GOR
max

D + b
1

GOR
max

D
  (23) 

From Eq. (22), (23), we will also obtain the expression 
about coefficient b1 

  

b
1
=
(GOR

max
D)10 ^ (5.2(R

i
E

R
)

1 10 ^ (5.2(R
i

E
R
)

  (24) 

Then substitute a1 and b1 into Eq. (21), the relation ex-
pression of gas-oil ratio and recovery percent of OOIP at any 
moment can be obtained. It's important to note that the pa-
rameter of Ri is the recovery percent of OOIP at period of 
gas- channeling free production. 

To display the relationships between gas-oil ratio (GOR) 
and recovery percent of OOIP more visually, we can replace 
gas-oil ratio with dimensionless fractional flow of gas ( f

g
), 

which can be expressed as follows: 

  

fg =
10 ^ (5.2(R - ER ) + lg(GORmax - D) + a

1
- b

1
+ D)

1+ 10 ^ (5.2(R - ER ) + lg(GORmax - D) + a
1

- b
1
+ D)

 (25) 

fg =
fg - fgmin

fgmax - fgmin
  (26) 

On the basis of above results, there are certain relation-
ships between dimensionless fractional flow of gas ( f

g
) and 

recovery percent of OOIP in gas drive reservoir, and which 
depends on the ultimate recovery of reservoir. 

4. DEMONSTRATION CASES 

4.1. Case 1: S6 Reservoir 

Field Case 1 (S6 reservoir) is for a typical large-scale gas 
cap reservoir at the STZ Oil field, China. The details of 
physical parameters of reservoir about study area are as 
shown in Table 1. This field case study will further demon-
strate the application of the new analytical method to fore-
cast production performance. The reservoir started produc-
tion in 1979 with the development of well pattern revised as 
420m spacing square well pattern after 1981 to ensure stable 
production and make full use of nature gas cap energy. In the 
whole process, the oil is produced relying entirely on gas cap 
natural depletion. Based on this situation, the reservoir pro-
duced for 8 years at a steady state with an average recovery 
rate of 2.67%. Until 2000, the recovery degree has amounted 
to 25.9%. 

The actual production data of S6 reservoir is taken from 
the open literature [15-17]. Based on actual production data 
of S6 reservoir, we can draw the relation curve of cumulative 
oil production vs. cumulative gas production and integrated 
function of cumulative oil & gas rate (Fig. 3a, Fig. 3b). 
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Table 1.  Reservoir physical properties of typical gas cap reservoirs. 

Name Units 
Parameter 

(S6 block) 

Parameter 

(E block) 
Name Units 

Parameter 

(S6 block) 

Parameter 

(E block) 

Reservoir type - Stratified structure Stratified structure Oil Density g/cm3 0.861 0.878 

Sedimentary - River mouth bar River mouth bar Formation oil viscosity mPa·s 0.5 0.71 

Permeability mD 331 325 Oil volume factors - 1.658 1.216 

Porosity % 19 25 Gas Density - 0.742 0.712 

Initial oil saturation % 65 60 Formation gas viscosity mPa·s 0.031 0.019 

Initial gas saturation % 75 78 Gas volume factors - 0.00478 0.00613 

Irreducible water saturation % 35 40 Initial pressure MPa 24.7 16.5 

 

 

Fig. (3). Gasflood characteristic curve of S6 block in STZ oilfield. 

 
Then, the new analytical curve can be applied to match data 
in Fig. (3b) and obtain an expression as follows: 

lg (Gp-235Np+24112) = 4.38+0.0034Np  (27) 

Where, A = 4.38; B = 0.0034; C = 24112. 

Plugging the parameter of B solved by Eq. (27) into Eq. 
(19), we can obtain the production reserves as 
1529.41 10

4
m

3
. Compared to 1545.00 10

4
m

3
 by using the 

volume method, the relative error is only around 1.01%. 
These results also indicate that the reserves produced are 
high at the current development well pattern. 

Next, we will make the actual production performance 
period from 2001 to 2009 to valid the applicability of the 
new analytical curve proposed in this paper. Based on the 
annual cumulative oil production data, we can apply Eq. (27) 
to forecast the annual cumulative gas production and com-
pare with the actual data. Fig. (4) shows the contrast effect 
and we can see that the values of cumulative gas production 
were calculated using the new analytical curve which agrees 
well with actual data. Fig. (5) illustrates the relationships 
between annual oil production and gas/oil ratio in a decline 
period of study area. As can be seen from the scatter gram, 
there is a better semi-log relationships between both. Then, 
we can use the obtained equation to quantitatively calculate 
the oil field economic limit gas/oil ratio, which is 
5623m

3
/m

3
. Plugging the parameter of B solved by Eq. (27) 

and the parameter of GORmax into Eq. (16) we can get the 
economic recoverable reserves as 450.46 10

4
m

3
 as well as 

the recovery factor which is 29.15% and is coincident with 
the value of 29.75% forecasted by numerical simulation 
method after fine history matching. And now, the actual re-
covery degree of S6 reservoir has reached 28.20%. It has 
been fully illustrated that the potential of remaining recover-
able oil reserves is limited. 

In addition, we can make the actual production data fit 
with the chart of f

g
 vs. R, which can directly demonstrate 

the final development efficiency of study area. Fig. (6), for 
example, shows that the final economic recovery factor will 
be 29.5% if the oil field develops sequentially under the cur-
rent well pattern.  
 

 

Fig. (4). Comparison between the predicted ratio value of Gp and 

actual value. 

     

  (a) Gp versus Np                       (b) Np versus ( Gp –DNp+C ) 
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Fig. (5). Relation curves of gas-oil and annual oil rate. 

 

 

Fig. (6). Dimensionless fraction flow of gas versus recovery factor 

in S6 block. 

 
4.2. Case 2: E Reservoir 

Located in the north of the Liaodong Gulf in Bohai Bay, 
the JZ25-1S oilfield has a series of branchy anticline gas cap 
reservoirs controlled by structure developed in the Es 2 of 
the early Tertiary Shahejie formation in oilfield, with the 
most typical fault in block E. This block is a sandstone res-
ervoir with a typical characteristic of big gas cap, edge and 
bottom water and narrow oil ring (gas cap index of 2.03, 
water multiples of 5 times, the width of the oil ring plane is 
less than 600m) [18, 19]. The detailed reservoir physical 
parameters are shown in Table 1. 

In Dec.2009, E reservoir has been formally put into pro-
duction, which was developed by horizontal row well pattern 
under 750m well spacing. With an average recovery rate of 
3.5%, the study area maintained a steady base level of pro-
duction for 3 years, with reliance on gas cap natural energy 
expansion with the recovery percent of OOIP reaching 
14.5%. 

Based on actual production performance data of E reser-
voir (Table 1), we can draw the relation curve of cumulative 
oil production vs. cumulative gas production or integrated 
function of cumulative oil & gas rate (Fig. 7a, Fig. 7b). Con-
sequently, the new analytical curve can be applied to match 
data in Fig. (7b) and obtain an expression as follows: 

lg (Gp-68Np+1970) = 3.29+0.0093Np  (28) 

Where, A = 3.29; B = 0.0093; C = 1970. 

After getting the value of GORmax, plugging the above 
regression coefficients into Eq. (16) the recoverable oil 
reserves are 149.00 10

4
m

3
 and the recovery factor is 23.8%. 

In order to validate calculation results through the new ana-
lytical curve, production decline model and numerical simu-
lation technique are available to obtain the recoverable oil 
reserves (Fig. 8). Here a brief introduction of production 
decline model is stated as follows: Production decline model 
was introduced in 1980 by Kepeituofu, a former Soviet 
scholar. The principle of this method is that there is a rela-
tionship between cumulative oil production and exploitation 
time in the period of production decline, gives: 

  
Np( + t) = + ( + t)   (29) 

Where, the recoverable oil reserves calculated by produc-
tion decline model is 147.23 10

4
m

3
 and the recovery factor 

is 23.5%, as well as the recoverable oil reserves calculated 
by numerical simulation is 151.78 10

4
m

3
 and the recovery 

factor is 24.3%. Forecasting results of two methods are com-
bined with the new analytical curve. The comparison results 
fully demonstrate the effectiveness of the new analytical 
curve proposed by this paper. 

Moreover, plugging the parameter of B solved by Eq. 
(28) into Eq. (19) the dynamic reserve is 559.14 10

4
m

3
. It 

shows that parts of OOIP are not fully used under the current 
well pattern by comparing with 626.44 10

4
m

3
 of volume 

method. To stabilize oilfield productivity and make the best 

 

Fig. (7). Gasflood characteristic curve of E block in JZ25-1S oilfield. 

 

 

(a) Gp versus Np                       (b) Np versus ( Gp –DNp+C ) 
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Fig. (8). Comparison between the applications of different methods. 

 

 

Fig. (9). Gasflood characteristic curve of E block under different well patterns. 

 
of gas cap energy, the numerical simulation model can be 
applied to analyze the feasibility of infilling on basic well 
pattern, and after infilling, the well spacing of oil rim is re-
duced from 700 to 350m. Using the method of gasflood 
characteristic curve derived, we could evaluate and forecast 
the development efficiency of oil-rim after infilling wells. As 
shown in Fig. (9a), the blue line and red line represent dif-
ferent production performance with different well patterns of 
E reservoir. Take the red line for example and draw a curve 
between cumulative oil production vs. integrated function of 
cumulative oil & gas rate (Fig. 9b). Consequently, the new 
analytical curve can be applied to match data in Fig. (9b) and 
an expression can be obtained as follows: 

lg (Gp-68Np+2884) = 3.46+0.0085Np  (30) 

By Equation (30), we got: A = 3.46; B = 0.0085;  
C = 2884. Put A, B and C into Equation (16), we obtained 
that the economic recoverable oil reserves is 191.00 10

4
m

3
 

and economic recovery factor is about 30.5% after infilling 
wells. Put B into Equation (19), we obtained that the dy-
namic reserves is 611.76 10

4
m

3
 which is in accordance with 

626.44 10
4
m

3
 calculated by Volumetric method. These also 

indicated that infilling wells could improve the development 
efficiency by making use of residual oil between wells espe-
cially in the middle and later periods of the oilfield develop-
ment. In order to compare the development efficiency before 

and after infilling wells more intuitively, we put production 
dynamic data into the chart of 

g
f  vs. R (Fig. 10). From  

Fig. (10), it is obtained that before infilling wells the Recov-
ery factor is about 25%, and after infilling wells the recovery 
factor can reach about 32% with the curve trend gradually 
getting better. Examples of application confirmed strongly 
the new analytical curve used in gas drive reservoirs is prac-
tical and effective. 
 

 

Fig. (10). Dimensionless fraction flow of gas versus recovery factor 

in E block. 

 

    

(a) Gp versus Np                       (b) Np versus ( Gp –DNp+C ) 
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CONCLUSION 

Based on the work done in this paper, the following con-
clusions can be made: 

1.  On the basis of oil-gas seepage characteristic equation, 
material balance equation and Darcy’s law, this paper 
proposed a new gasflood characteristic curve. After a va-
riety of practice and statistical analysis, research indi-
cates that the slope of the new curve has a strict physical 
interpretation. 

2.  Research shows that the slope of the new curve repre-
sents dynamic reserves value and the smaller the slope 
value is, the more dynamic reserves are. 

3.  Through theoretical analysis and proof, there are certain 
relationships between dimensionless fractional flow of 
gas and recovery percent of OOIP in gas-drive reservoirs, 
which depend on the ultimate recovery of reservoirs. 
Given the aforesaid research, the authors made the 

g
f  

vs. R relation graph.  

4.  Many applications show that the economic recoverable 
oil reserves and recovery factor can be calculated by the 
new method. Meanwhile, the new analytical curve was 
compared with the well-known production decline model 
and numerical simulation and the results calculated by 
three methods were consistent. More significantly, com-
pared with numerical simulation, the new analytical 
curve is simple and practical. Besides that, the new ana-
lytical curve is able to predict the dynamic reserves of 
reservoirs, which is not the case for production of decline 
model.  

NOMENCLATURE 

a, b, a1, b1, c, , , m, n, C, D = Regression coefficient 

A = The intercept of Eq.11 

B = The slope of Eq.11 

Bo = Oil formation volume factor 

Boi = Originally oil formation volume factor 

Bg = Gas formation volume factor 

Ev = Gas volume sweep efficiency, % 

ER = Recovery factor, f 

fg = Fraction flow of gas, f 

fgmin = The minimum of fractional flow of gas 

fgmax = The maximum of fractional flow of gas 

f
g

 = Dimensionless fraction flow of gas, fraction 

GOR = Free gas production gas/oil ratio, m
3
/m

3
 

GORmax = The economic limit gas/oil ratio, m
3
/m

3
 

Gp = Cumulative gas production, 10
4
m

3
 

krg = Gas relative permeability 

kro = Oil relative permeability 

N = Originally oil in-place, 10
4
m

3
 

Nd = Dynamic reserves, 10
4
m

3
 

Np = Cumulative oil production, 10
4
m

3
 

NR = Recoverable oil reserves, 10
4
m

3
 

Qo = Oil production, 10
4
m

3
/a 

Qg = Gas production, 10
4
m

3
/a 

R = Recovery percent, f 

Rsi = Solution gas/oil ratio, m
3
/m

3
 

So = Oil saturation, f 

Sg = Gas saturation, f 

Swi = Irreducible water saturation, f 

μo = Oil viscosity at reservoir conditions, mPa·s 

μg = Gas viscosity at reservoir conditions, mPa·s 
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