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DEVELOPMENT OF TECHNOLOGY OF 
GAS CONDENSATE EXTRACTION FROM 
THE FORMATION IN THE CONDITIONS 
OF RETROGRADE CONDENSATION

The object of research is gas condensate fields at a late stage of their development under conditions of a de-
crease in reservoir pressure below the pressure of condensate separation from a gaseous state. Reservoir losses 
of condensate during the development of deposits in depletion mode can reach 78 %, which entails the need to 
use various methods of stimulating the reservoir system to remove it. The most acceptable method is the use of a 
cycling process by re-injection (recirculation) of the produced and separated gas into the formation. A significant 
disadvantage of the cycling process is the long-term conservation of gas reserves as a result of its re-injection into 
the reservoir and significant capital and operating costs for dry gas injection. From a technological point of view, 
the use of the cycling process is constrained by the low value of the sweep efficiency. Dry gas that is injected has 
a lower viscosity in terms of the gas-condensate mixture is withdrawn from the reservoir, and under the conditions 
of the heterogeneous structure of the reservoir, its rapid breakthrough from injection to production wells takes place 
and, as a result, a decrease in the efficiency of condensate recovery. As an alternative to the cycling process for 
extracting retrograde condensate from the reservoir, it has been proposed to squeeze it out with water.

The paper proposes a unified waterflooding system, actually displacing condensate with water or a gas-water 
mixture. This is achieved by controlled operation of injection and production wells. First, gas is taken from the wells, 
and with the appearance of water in the product, methods of intensifying the transfer to the surface are used. If 
necessary, the wells are switched to forced production mode. The results of laboratory studies carried out on real 
samples of core material from the Andriyashivske gas condensate field (Ukraine) are presented. The directions of 
the implementation of gas-water repression in gas condensate fields with the parallel use of restrained reservoir 
gas available in the reservoir are substantiated. The technology allows to extract up to 50 % of the condensate 
dropped out in the reservoir.

Keywords: gas condensate fields, retrograde condensate, cycling process, unified waterflooding system, gas-
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1.  Introduction

Gas condensate fields, like purely gas fields, are deve­
loped mainly in the regime of depletion of reservoir energy. 
Development of depleted fields is carried out, as a rule, at 
pressures significantly lower than the pressure of the onset 
of condensation of the formation mixture and is characterized 
by the formation of significant residual volumes of retrograde 
condensate. The condensate becomes practically immobile 
due to its low phase permeability. With the initial content 
of heavy hydrocarbons in the gas up to 300–600  g/m3,  
the saturation of the formation pores with condensate that  
has fallen out of the gas, as a rule, does not exceed 10–20 %  
and in most cases is below the critical (equilibrium) value  
at which it becomes mobile  [1,  2]. The movement of con­
densate partially occurs only in the bottomhole formation 
zones of limited size, in fact, within the radius of the 
depression funnel. At the same time, the action of  capil­
lary and gravitational forces during depletion of the state 
causes the formation of a man-made condensate rim in the  

reservoir  [3]. The results of laboratory, analytical and in­
dustrial studies indicate that the retrograde condensation of 
a hydrocarbon mixture has a negative effect on almost all 
technological processes of both condensate and gas produc­
tion. Reservoir condensate losses during the development of 
gas condensate fields in the depletion mode are on average 
60–78  %  [4], and for other researches – 40–70  %  [5], 
which is consistent.

The saturation of the collector with condensate, as 
a  rule, is much lower than the critical values of saturation 
of the collector-side phase given its mobility.

These phenomena, combined with the low energy charac­
teristics of the formation, cause significant barriers to the 
withdrawal of residual reserves of retrograde condensate 
to the surface.

Distinguish between passive and active ways of deve­
loping gas condensate fields. Passive methods are based on 
the gradual depletion of the reservoir energy, which affects 
it only by changing the technological modes of production 
wells. Active methods provide for maintaining the energy  
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of the formation by acting on the formation system through 
a network of injection and production wells, providing an 
increase in condensate production by 15–20  %  [6]. In this 
case, the field is being developed for depletion for some 
time, and then a working agent is injected in the reservoir 
to maintain or raise the formation pressure values (non-
hydrocarbon gases, mixtures thereof, water, water with gas).

An acceptable method for recovering condensate precipi­
tated in the reservoir is the cycling process  [7,  8], which 
is implemented by reverse injection into the reservoir (re­
circulation) of the produced and separated gas. The ef­
ficiency of dry gas injection depends on the available gas 
and condensate reserves, the specific content of condensate 
in the gas, the type and nature of the phase diagram, the 
number of production and injection wells, their operating 
modes and their location on the structure and gas-bearing 
area. Undoubtedly, the cycling process provides an increase  
in condensate performance, but at the same time it is charac­
terized by long-term conservation of gas reserves as a result 
of its re-injection into the formation and significant capital 
and operating costs for dry gas injection. Therefore, the 
cycling process has been implemented only at 26 fields in 
the USA and at 2 in Ukraine.

An alternative to the reverse injection of dry hydrocarbon 
gas into the formation can be artificial flooding of gas con­
densate deposits  [9]. The essence of the method is to inject 
water into the reservoir in order to maintain the reservoir 
pressure above the pressure of the beginning of condensa­
tion. However, this method has not received widespread 
use, given the possible breakthrough of water in producing 
wells and watering of the reservoir sections saturated with 
a gas-condensate mixture with a possible entrapment of gas  
and a decrease in its recovery factor  [10]. The amount 
of restrained gas depends on a number of geological and 
physical factors, such as porosity, permeability, reservoir 
heterogeneity, rate and uniformity of gas extraction over the 
area by the reservoir thickness. In addition, according to 
industrial data  [11], the extrusion of retrograde condensate 
from a porous medium by water leads to an increase in its 
molecular weight, density, and viscosity.

Consequently, with all the positive and negative fea­
tures, waterflooding is one of the promising directions for 
increasing the hydrocarbon production during the develop­
ment of gas condensate deposits in conditions of retrograde 
condensation  [12]. The idea of injecting water into a gas 
condensate reservoir to squeeze out liquid condensate is 
not new  [4, 5, 13], but remains controversial. On the one 
hand, it attracts by the relative ease of implementation, 
and on the other hand, it is alarming about possible losses 
of gas and condensate in the formation. Recently, gas con­
densate deposits have been discovered at depths of more 
than 3000 m with a high condensate-gas ratio and a high 
density of the formation fluid. For such reservoirs, the 
use of waterflooding technology is becoming a more at­
tractive method to increase the condensate ratio of study. 
Therefore, studies aimed at studying the processes and 
developing technological methods for extracting retrograde 
condensate from the reservoir remain relevant and have 
both theoretical and applied significance.

Thus, the object of research is selected gas condensate 
fields at a late stage of their development under conditions 
of a decrease in reservoir pressure below the pressure of 
condensate separation from a gaseous state. And the aim of 
research is to develop technological methods for extracting 

retrograde condensate that precipitated in the reservoir dur­
ing the development of the field and the prospect of using 
water-gas repression with the use of restrained reservoir gas.

2.  Methods of research

The study was carried out at the theoretical (grouping 
and analysis of information sources) and experimental levels 
using a standard installation for studying rock samples (cores) 
in conditions close to real in terms of reservoir pressures 
and temperatures. In the course of research  [14] on real 
cores of the Andriyashivske gas condensate field (Ukraine), 
a series of experiments was carried out aimed at study­
ing the process of squeezing out condensate by creating 
a water-gas repression both with the previous injection of 
the hydrocarbon border and without it.

The reservoir model (core) was filled with water under 
vacuum and purged with nitrogen. After the creation of 
residual water saturation, the model was evacuated and 
saturated with stable condensate, which later turned into 
unstable (raw) condensate. After saturation of the porous 
medium with condensate, nitrogen is replaced by natural gas.  
Further, the gas-condensate mixture was flooded with forma­
tion water – a solution of sodium chloride mineralization 
100  kg/m3. The gas-liquid mixed outlet from the model 
was separated to measure the volumes of its ingredients. 
Thus, the coefficient of residual condensate saturation was 
determined and the coefficient of squeezing out condensate 
with water both at the moment of water breakthrough 
from the model and after its prolonged flushing until the 
completion of the removal of condensate. The saturation 
of the porous medium with individual phases was deter­
mined by their balance ratio.

At the second stage of the research, before the injec­
tion of the gas-condensate mixture, the model was filled 
with raw condensate, which whirled while at the exit from 
the model, its parameters acquired initial values at the 
input to the model. For this, gas condensate mixture was 
pumped through the model at a pressure of 30  MPa and 
a temperature of 90  °C. Thus, in the process of research, 
the reservoir model was filled with gas, residual water 
and condensate, which simulated conditions close to real.

3.  Research results and their discussion

It is known that in a real pore space, a complex multiphase 
system is filtered, and when liquid condensate is squeezed 
out by gas or water, interphase mass transfers take place, 
as a result of which the properties of the liquid phase and 
the content of condensate in the gas can change. However, 
at the first stage, the pre-lingering processes were not taken 
into account; they can be estimated only by complex cal­
culations using the equations of multicomponent filtration.

Experimental studies of the processes of squeezing out 
a gas-condensate mixture with water were carried out on 
a  core at a pressure of 30 MPa and a temperature of 90 °С.  
Gas extrusion coefficients Kex.g and condensate Kc.g. were 
determined by the balance method:
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where Qg ex, Qc ex – gas and condensate extracted from the 
model under standard conditions, cm3; S – gas saturation 
of reservoir condensate, unit fraction; Vmod – pore volume 
of the model, cm3; j – reciprocal of the gas volumetric 
coefficient; ρg, ρc – saturation with gas, condensate, unit 
fraction; β – volumetric coefficient of formation conden­
sate, unit fraction; q – content of condensate in the gas 
produced, g/cm3.

Experimental studies were carried out in three directions:
1)  squeezing out condensate with water;
2)  squeezing out condensate by the cyclic injection 

method;
3)  extrusion according to the water-gas scheme.
Fig. 1 shows the results of condensate squeezing out with 

distilled water. In order to increase the residual condensate 
saturation (creation of a movable condensate shaft), 10  % 
of the pore volume was injected before flooding. As can be 
seen, the condensation rate was only 4  % (Fig.  1, line  1). 
So, the usual waterflooding of gas condensate fields, even 
with the previous injection of hydrocarbons, is ineffective.

To study the combined action of water and gas (water-gas 
repression), the experiment was continued (Fig. 1, line 2).  
As it is possible to see, the water-gas repression can sig­
nificantly increase the recovery rate of retrograde conden­
sate, even after conventional waterflooding (the condensate 
squeezing out coefficient reached 43  %).

In the next experiment (Fig.  1, line  3) water-gas re­
pression began immediately after injection of 10  % of the 
condensate rim. The generalized results of this series of 
studies indicate that this approach provides an increase in 
the coefficient of squeezing out of retrograde condensate 
up to 80  %.
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Fig. 1. Squeezing out of condensate from the gas condensate model:  
1 – water; 2 – after by water-gas mixture; 3 – water-gas mixture without 

prior injection of water

Injections of hydrocarbon solvent, water-gas mixtures, 
surfactant solution and sequential injection of an aque­
ous solution of surfactant and gas in front of the water 
front increase the coefficient of condensate squezzing out 
compared to the injection of water alone. Thus, in  [15] 
the development of a gas condensate deposit, operated in 
conditions of lower formation pressure below the condens­
ing pressure, is proposed to be carried out by injecting  
a border of liquid hydrocarbons (hydrocarbon condensate, 
light oil), which are pushed simultaneously or alternately 
by hydrocarbons. In this case, the volume of products is 
selected from the reservoir, must be at least three times 
the volume of reagents pumped into the reservoir.

Since the implementation of water and gas repression 
requires, as well as the cycling process, a significant amount 
of gas and appropriate equipment, the possibility of extracting 
retrograde condensate from the depleted formation using 
the available gas in the reservoir was also considered [16]. 
In this case, the condensate was first displaced by water, 
and then, to break the water from the model, the system 
was degassed, reducing the pressure by 25  % below the 
pressure of the onset of condensate and again continued to  
squeeze the condensate with water (Fig.  2).
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Fig. 2. Squeezing out condensate with water (until water breakthrough), 
reducing the pressure to 0.25 of the condensation pressure and further 

squeezing out with water

The architecture of the experiment is based on the 
permanent squeezing out of retrograde condensate with 
water, stopping the squeezing out and cleaning the system 
with activation of the restrained gas and the continuation 
of water injection. Such a procedure (Fig.  2) makes it 
possible to extract about 14  % of retrograde condensate 
by the action of restrained formation gas and 30  % by 
further water injection.

4.  Conclusions

Analytical (survey) and experimental studies have been 
performed that indicate the feasibility of using water-gas 
repression using gas in the field. This allows to remove up 
to 50  % of the condensate precipitated in the formation. 
At the same time, to ensure the mobility of condensate, it 
is advisable to inject a condensate rim in the amount of 
2–3  % of the volume of the reservoir pore space before 
the start of the water-gas repression.
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