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ABSTRACT: 
 
When the oil field is almost depleted, the high gas injection can help to produce additional oil, if 
the process is in immiscibility or miscibility conditions. For that reason, the simulation both, high 
gas injection and the process of underground gas storage has been performed. The two studied 
ways of future oil field management results by enrichment of dry gas with valuable components as 
underground gas storage, rather than oil recovery by high gas injection. 
 

1. INTRODUCTION: 
 
Historically, the main purpose of storing 
natural gas has been to enable the gas 
transmission and distribution companies to 
respond to lost production or to the higher 
seasonal demands that are caused by winter 
weather. 
Some method of accumulating large quantities 
of gas nearer to the point of usage could be 
depleted or almost depleted oil/gas reservoirs. 
The initial reservoirs were old, depleted oil 
and gas fields, and if these fields were able to 
contain gas for millions of years, they should 
be able to contain gas that was injected into 
them. 
 

In this paper phase behavior of reservoir 
hydrocarbon mixture in terms of supposed 
scenarios of gas storage in almost depleted 
reservoir, has been investigated. 
 

2. THE GAS INJECTION IN DEPLETED 
RESERVOIR 
 
During the process of storing gas in depleted 
reservoirs, there are practically no differences 
in composition of gas injected in the filling 
phase of the underground storage and 
produced gas during the producing phase of 
reservoir. However, by using partially or 

completely depleted oil reservoirs for gas 
storage, composition of gas in reservoir 
changes. When injected dry gas comes in 
contact with residual oil, exchanges in phase 
behavior of new hydrocarbon mixture occur. 
The result of exchange in phase behavior is 
vaporization of one part of hydrocarbons from 
liquid (oil) to gaseous phase so exchange in 
content of C2+ component in produced gas 
occurs. This enrichment is desired effect, 
because it increases energetic, and potentially 
economic value of stored gas.  
Simulation of gas storage has been conducted 
on Žutica oil filed using following parameters, 
or assumptions: 

• The composition of reservoir fluid were 
sampled under static conditions, 

• Present oil/gas ratio in gas cap is about 
1:45 

• The maximum pressure variation of fill-
in/emptying phase is 50 – 200 bars. 

 
Main features of calculated procedures are: 
In the gas injection phase, final storage pressure 
is systematically increased up to its maximum 
value.  
 
Emptying phase has been simulated by 
differential vaporization in one stage. In this 
case it is similar to flash process for same 
pressure difference. 



At lowest empting pressure the equilibrium 
composition of liquid phase (oil) is initial 
composition for next cycle. 
 
2.1 Production History 

 
Žutica oil field is reservoir with gas cap and 
relatively small oil ring, and it is at the end of 
production. 
Three intervals were separate within the oil 
reservoir A1-3 defined as independent 
exploitation objects. The production history 
was short and can be divided in two phases: 
Phase 1 - test production from the reservoirs, 
which was short due to the very fast 
movement of gas from the gas cap into oil 
ring, which simultaneously reduced the 
productivity of wells. 
Phase 2 – maintaining reservoir pressure by 
high injection of dry gas in the gas cap, 
obtaining the immiscible conditions. 
 
Due to depletion of reservoir and gas cap 
volume the reservoirs are potential candidates 
for underground gas storage. Previous 
engineering studies showed good prospects for 
such usage of these reservoirs as well as some 
inherent disadvantages, which are mainly due 
to condition of old wells. 
 
During the injection phase of gas storage, 
partial dissolving of gas in oil occurs in every 
cycle. Composition of oil changes after each 
cycle of injection/emptying, due to step-by-
step vaporization, and regarding that swelling 
factor and density of remaining oil also 
changes. 
 
In the first cycle, injected gas comes in contact 
with saturated oil under reservoir pressure 
identical to bubble pressure (pb=129 bar). 
Dissolving of methane in saturated fluid is 
small, which is represented by small values of 

bubble factor (1.06) during the pressure increase 
from 129 to 200 bars. 
 
Residual oil phase, after first cycle, not contains 
the C1-C6+ components. In other words, during 
second and next cycles of injection, injected gas 
is in equilibrium with oil of rather exchanged 
composition (smaller content of C1-C6 
hydrocarbons, greater average molecular weight 
and oil density). 
 
Solubility of injected gas in heavy oil is greater, 
which is accompanied with greater (comparing 
with saturated oil) corresponding swelling 
factor: in second and third cycle, swelling factor 
is twice the one in first cycle, while differences 
in these cycles are small. 
 
The vaporization process of lighter 
hydrocarbons from oil with mechanism of 
exchange in phase behavior at static conditions 
is especially noticeable in exchange of oil 
density. After each cycle, oil density increases 
due to relative increase in content of C7+ 
hydrocarbons in remaining fluid. 
 

The effects of exchange of thermodynamically 
equilibrium are most responsible to enrichment 
of gas with C2+ components. In that process of 
enrichment, tendency vaporization of individual 
component is proportional to its partial pressure 
at given pressure, temperature conditions, or, 
inversely proportional to its molecular weight. 
In concordance with that, increase in 
concentration of gas phase is greatest for ethane, 
smaller for propane, etc. 
 

Level of enrichment, defined for minimal case 
of process, i.e. contact of injected methane with 
saturated reservoir oil in first cycle and 
progressively evaporated oil in next cycles, for 
gas storing pressure of 200 bar is as follows: 

 

 

 

 

 

 

 



Table 1. Level of gas enrichment for minimal case scenario [4] 
 

 Emptying gas 

Component 

Injected 

Gas Cycle 1 Cycle 2 Cycle 3 

Ethane 1.3 9.0 5.3 3.5 

Propane 0.2 5.5 4.2 3.0 

Butanes 0.07 2.0 1.8 1.6 

Pentanes 0.02 0.56 0.53 0.50 

 
The degree of enrichment gas phase depend 
with exchange in oil composition, i.e. due to 
number of cycle (and total number of cycles) 
and is also greatest in case of lightest 
component. 
Magnitude and direction of exchange of gas 
composition during three tested cycles of gas 
storing are depicted with associated K-factors 
of components. The distribution of individual 
component between phases is function of 
pressure.  

Values of K-factor for lightest components (C1, 
C2, C3) of reservoir hydrocarbon mixture are 
decreasing, and for heavier components 
progressively increase with pressure of system. 
This effect is more manifested at heavier 
hydrocarbons so the slope of concentration 
curve for C7+ hydrocarbons in gas phase, with 
increase of pressure, is biggest in order C4, C5, 
C6, C7+.  
 

 

 
Figure 1. Calculated K-factors of hydrocarbons components [4] 

 
 
 
These results are in concordance with known 
facts about dependence of K-factor on 
pressure, temperature and composition of 
hydrocarbon mixture, as well as abnormal 
volatility of heavier hydrocarbons at high 

pressures, especially in condensate hydrocarbon 
systems.3 
Out of this results it can be concluded that level 
of enrichment of injected gas, or, change in 
quantity of vaporized hydrocarbons in each 



cycle of storage, is mostly function of material 
balance, i.e., total initial quantity of higher 
hydrocarbons. 
For process of enrichment of injected gas, 
during lifetime of underground storage is also 
important dependence of K-factor of 

hydrocarbon components on oil composition, 
out of which lighter components are gradually 
extracted. In Žutica-methane system, K-factors 
of components are almost insensitive to change 
in oil composition within three tested cycles. 

 

 
 

Figure 2. Influence on exchange of oil composition on hydrocarbons phase equilibrium in 
system: oil Žutica-methane [4] 

 

3. CONCLUSIONS: 
 
Results of gas storage process simulation in 
terms of pressure cycle, injection to 200 bars, 
depletion to 50 bars, showed: 
• K-factors of C2-C6 components do not 

significantly change values with number of 
gas storing cycles.  

• In practical terms, this means that during 
the first few years of storage it can be 
expected enrichment of injected dry gas 
(methane) due to favorable effects of phase 
behavior exchange within working 
pressure range. 

• Using the reservoir for storing gas, in this 
case has additional benefit in increase in 
value of stored gas due to increase of 

caloric value of gas, and possibility of 
extracting valuable hydrocarbon 
components. 

• It can be concluded that level of enrichment 
of injected gas, or, change in quantity of 
vaporized hydrocarbons in each cycle of 
storage, is mostly function of material 
balance, i.e., total initial quantity of higher 
hydrocarbons. 

• Out of two studied possible ways of future 
management of Žutica oil field, results of 
this study favors using the reservoir for gas 
storage rather than continuation of oil 
production by gas injection. 
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