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Abstract. The study of flooding gas condensate reservoirs at different 

stages of depletion (25, 50, 75% of the dew point pressure and at the 

maximum condensation pressure) with different potential hydrocarbon 

content of 100, 300 and 500 g/m3 and different voidage replacement by 

using injection (50, 100 and 150%). The results showed a positive effect 

of water injection on the increase of the condensate recovery factor, but a 

decrease in gas production compared to the basic options of development 

at depletion drive. Thus, for formation systems with medium and high 

potential yield of liquid hydrocarbons C5+, the largest incremental 

production is obtained in the case when water injection begins with 

minimum depletion of formation energy. While for a formation system 

with a low potential yield (100 g/m3) the maximum technological effect is 

obtained under the condition of maximum depletion. In the case of 

medium and high C5+ yield in the formation gas, with a slight decrease in 

the formation pressure by 25 or 50% of the dew point pressure, the 

maximum increase in the condensate recovery factor is achieved at high 

injection rates with 100 or 150% voidage replacement. The obtained 

results can be used for rapid screening of potential methods of impact on 

the gas condensate reservoir, and the final decision concerning the 

technological parameters of production and injection wells operation will 

be made due to the results of optimization of multivariate hydrodynamic 

calculations using geological and technological models. 

1 Introduction 

The design of hydrocarbon reservoirs development is based on a deep understanding of the 

processes occurring in the formation, namely multi-phase filtration and phase 

transformations of multicomponent hydrocarbon systems. 

With regard to gas condensate fields, it is necessary to pay attention to certain features 

associated with the heavy hydrocarbons condensation when the formation pressure is 

reduced below the dew point pressure. The vast majority of gas condensate fields in 

                                                
*
Corresponding author: kondrat@nung.edu.ua 

E3S Web of Conferences 230 , 01010 (2021)

Gas Hydrate Technologies: Global Trends, Challenges and Horizons - 2020
https://doi.org/10.1051/e3sconf/202123001010

  © The Authors,  published  by EDP Sciences.  This  is  an  open  access  article  distributed  under  the  terms  of the Creative
Commons Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/). 



Ukraine, with the exception of the K-30 Novo-Troitsky, T-1 Timofiyivsky, S-5 Kotelevsky 

and T-1 Kulychykhynsky horizons, are developed at depletion drive. Therefore, in gas 

condensate deposits developed without maintaining the reservoir pressure, a part of 

hydrocarbon condensate drops out of the gas. Condensed hydrocarbons precipitated in a 

porous medium do not move and are practically not extracted. Condensate production is 

observed only from the small bottomhole zone around the wells. At the same time, the 

accumulation of condensate in the bottomhole zone and at the bottom of the wells can lead 

to a decrease in their productivity and subsequent premature shutdown. The coefficient of 

final condensate recovery in the development of gas condensate fields at the depletion drive 

is only 13-40% [1, 2]. 

To increase the gas condensate recovery factor and improve the technical and economic 

indicators of hydrocarbon production, gas condensate fields, as well as oil fields, should be 

developed with the maintenance of formation pressure. Maintenance of the reservoir 

pressure in gas condensate fields can be carried out by revers injection of separated (dry) 

gas, use of dry gas of oil fields, non-hydrocarbon gases (nitrogen, carbon dioxide, air, flue 

and exhaust gases), artificial hydrocarbons which is obtained by hydrocarbon conversion by 

water steam, mixtures of hydrocarbon and non-hydrocarbon gases, of water and gas-water 

mixtures injection. [1, 3-11]. 

In field practice, a complete or partial cycling process is mainly used with injection into 

the formation of all or part of the separated dry gas. 

Given the acute shortage of hydrocarbon crude in Ukraine, the involvement into the 

development of residual reserves of condensate that fell out from the gas in the reservoir is 

of national importance. A number of methods for the production of condensed 

hydrocarbons are proposed, which are reviewed in [2, 3, 12, 13]. 

Possible directions of condensate recovery dropped out from the gas in the formation 

are its transfer into the gas phase with subsequent extraction together with the gas, 

displacement from the porous medium by different working agents and their combination 

[2, 3, 12, 13-15]. The results of laboratory experiments on condensate displacement by 

water from models of porous media conducted in IFNTUNG were used in the design of 

further development of the Gadyach gas condensate field (horizon B-16) using intracontour 

(focal) flooding [7, 16] and in the design of secondary condensate recovery from partial 

depleted gas condensate deposit of the horizon B-19b of the Anastasiyivske field [11, 17]. 

In this work, we study the efficiency of flooding a typical gas condensate deposit at 

different stages of depletion and with different compositions of formation fluids, expressed 

in different potential yields of liquid hydrocarbons, to determine the optimal compensation 

of withdrawal by injection depending on the potential yield. 

2 Statement of a numerical experiment 

To study the efficiency of enhanced hydrocarbon recovery from the gas 

condensatereservoir, a synthetic numerical model of the reservoir was used, as close as 

possible to the conditions of deep deposits of the Dnieper-Donets depression (DDD). The 

reservoir measuring 6.7×2.0 km, with a thickness of about 100 m is located in the range of 

depths between -3000 and -3100 m, represented by a homogeneous grid of 188 thousand 

active cells. Four lithological rock types (clay and three sandstones) are stochastically 

distributed over the volume of the reservoir using the method of sequential indicator 

simulation. For each rock type, the porosity is assigned using the Monte Carlo method 

based on the normal porosity versus rocks for each class. The average porosity values for 

the rock types are 9, 11 and 16%, respectively. Most of the reservoirs (56%) are composed 

of coarse-grained sandstone with permeability above 10 mD. It is assumed that each rock 
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type is characterized by intermediate wettability with corresponding relative phase 

permeability and capillary pressures. 

The effect of different methods was investigated using compositional simulations for 

three different synthetically generated reservoir fluid systems with low (100 g/m3), medium 

(300 g/m3) and high (500 g/m3) initial potential yield of C5+ hydrocarbons (Fig. 1) based on 

the developed methods [18-20]. 

 

 

Fig. 1. С5+ hydrocarbons potential yield in reservoir fluid systems. 

The reservoir is developed by 14 unevenly placed vertical production wells in the crest 

section with distances between the wells from 550 to 750 m (Fig. 2). All the wells were 

perforated against the intervals with the best (coarse-grained) rock type with zero skin 

factor. A generalized pseudo-pressure method is used as the inflow equation to the 

production wells. It is the best suited for gas condensate wells of all IPRs implemented in 

the hydrodynamic simulator ECLIPSE by Schlumberger, because it corrects the mobility of 

both gas and liquid hydrocarbon phases which allows considering the effect of dropping out 

condensate in bottom hole zone due to a specially introduced “blocking factor” [21]. 

 

 

Fig. 2. Example of permeability distribution for one of the layers in the model shown together with 

two present faults, production (red) and injection (blue) wells. 
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All production wells operate into one Gas Treatment Unit (GTU) with a total group 

limit of 7 million m3/d, and the flow rates of individual wells are calculated automatically 

based on their ranking by the values of maximum free flow rate, but not more than 
0.5 million m3/d. If it is not possible to satisfy a given group rate, the wells are switched to 

downhole pressure control with a limit of 4 MPa. 

First, the calculation of indicators for the base case at depletion drive for 30 years 
(Table 1 and Fig. 3) was performed. Since the conditions of the well control were the same 

in all cases, the period of continuous production decreases with increasing potential yield 

(1.5 years shorter) with the gradual transition of wells to downhole pressure control, which 
in turn also affects the cumulative production. However, regardless of the potential yield, at 

abandonment pressure of 4 MPa, in all the cases the same gas recovery coefficients of 

about 89% were obtained. At the same time, with the increase of the potential yield, the 
losses of the dropped out condensate increase significantly, which leads to the reduction of 

the recovery factor from 70% for 100 g/m3 to 40% in the case of high content at the level of 

500 g/m3. One of the most important factors here is the growth of the dew point pressure, 
and its approximation to the initial formation pressure, which leads to the rapid formation 

of the liquid hydrocarbon phase, first in the BH zone and later in the intra-well area. 

 
Table 1. Development parameters due to the basic variant at depletion drive.  

Model 
Final reservoir 

pressure, МPа 

Cumulative production Recovery factor, % 

gas, billion m3 
condensate, 
billion m3 

gas condensate 

100 g/m3 4.016 39.388 4.662 89.16 69.61 

300 g/m3 4.018 38.114 6.924 89.09 47.11 

500 g/m3 4.018 36.108 9.561 88.86 40.34 

 
According to the base cases, the time corresponding to the pressure drop by 25, 50, 75% 

of the dew point pressure and the maximum condensation pressure is determined. Injection 

was carried out into 6 additionally drilled injection wells. When injecting water, the maximum 
downhole pressure is limited to 70 MPa (conventional hydraulic fracturing pressure), 

production wells automatically shut down when the water-gas ratio of 0.005 m3/m3 (5750 

g/m3), which characterizes complete flooding and the impossibility of further wells operation. 
 

(a) (b) 

  

Fig. 3. Gas (a) and condensate (b) recovery profiles for the base cases (magenta – 100 g/m3,  

green – 300 g/m3, red – 500 g/m3). 

The analysis of the efficiency of the methods was performed according to two criteria: 
– technological – additional production of condensate; 

– economic – net present value (NPV) by simplified calculation based on the data given 

in Table 2. 
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Table 2. Initial data for economic calculations of net present value. 

Parameter Value 

The cost of marketable products, USD/m3 
Condensate 700.00 

Gas 0.65 

Operating costs of production, USD/m3 

Water 5.00 

Condensate 350.00 

Gas 0.20 

Injection costs, USD/m3 Water 1.00 

Annual discount rate, %  10.0 

3 Calculation results analysis 

The results of the calculations for each stage of the depletion are summarized in Tables 3-6 

and Figures 4-7. Blue colours correspond to the potential content of 100 g/m3, green – 

300 g/m3, pink – 500 g/m3, and shades – the percentage of withdrawal compensation by 

injection, light – 50%, intermediate – 100%, dark – 150%. Incremental production is 

calculated relative to the base cases of development under depletion drive. 

 
Table 3. Results for the beginning of flooding at a pressure of 25% of the dew point pressure. 

Model 

Voidage 

replace-

ment 

ratio, % 

Cumula-

tive gas 

produc-

tion, bln. 

m3 

Gas-

recov-

ery 

factor, 

% 

Incre-

mental 

gas pro-

duction, 

bln. m3 

Cumula-

tive con-

densate 

produc-

tion, bln. 

m3 

Conden-

sate 

recovery 

factor, 

% 

Incremental 

condensate 

production, 

bln. m3 

100 g/m3 

50 No results 

100 37.075 83.93 -2.313 4.743 70.50 0.081 

150 36.341 82.27 -3.047 4.689 69.69 0.027 

300 g/m3 

50 37.987 89.18 -0.127 7.679 47.56 0.755 

100 32.064 75.27 -6.050 7.828 48.48 0.904 

150 30.768 72.23 -7.346 7.759 48.05 0.835 

500 g/m3 

50 35.548 83.45 -0.560 10.837 42.11 1.276 

100 29.184 68.51 -6.924 11.138 43.27 1.577 

150 27.936 65.58 -8.172 11.029 42.85 1.468 

 

Table 4. Results for the beginning of flooding at a pressure of 50% of the dew point pressure. 

Model 

Voidage 

replace-

ment 

ratio, % 

Cumula-

tive gas 

produc-

tion, bln. 

m3 

Gas-

recov-

ery 

factor, 

% 

Incre-

mental 

gas pro-

duction, 

bln. m3 

Cumula-

tive con-

densate 

produc-

tion, bln. 

m3 

Conden-

sate 

recovery 

factor, 

% 

Incremental 

condensate 

production, 

bln. m3 

100 g/m3 

50 40.535 91.77 1.147 4.796 71.29 0.134 

100 38.433 87.01 -0.955 4.690 69.70 0.028 

150 35.222 79.74 -4.166 4.672 69.44 0.010 

300 g/m3 

50 38.632 90.69 0.518 7.275 45.06 0.351 

100 34.767 81.62 -3.347 7.217 44.70 0.293 

150 32.051 75.24 -6.063 7.159 44.34 0.235 

500 g/m3 

50 38.416 90.18 2.308 9.995 38.84 0.434 

100 33.917 79.62 -2.191 10.065 39.11 0.504 

150 31.190 73.22 -4.918 9.990 38.81 0.429 
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Table 5. Results for the beginning of flooding at a pressure of 75% of the dew point pressure. 

Model 

Voidage 

replace-

ment 

ratio, % 

Cumula-

tive gas 

produc-

tion, bln. 

m3 

Gas-

recov-

ery 

factor, 

% 

Incre-

mental 

gas pro-

duction, 

bln. m3 

Cumula-

tive con-

densate 

produc-

tion, bln. 

m3 

Conden-

sate 

recovery 

factor, 

% 

Incremental 

condensate 

production, 

bln. m3 

100 g/m3 

50 40.606 91.93 1.218 4.757 70.70 0.095 

100 38.687 87.58 -0.701 4.713 70.05 0.051 

150 36.366 82.33 -3.022 4.710 70.01 0.048 

300 g/m3 

50 40.006 93.91 1.892 7.026 43.52 0.102 

100 37.539 88.12 -0.575 6.971 43.18 0.047 

150 35.171 82.56 -2.943 6.960 43.11 0.036 

500 g/m3 

50 39.967 93.82 3.859 9.672 37.58 0.111 

100 37.411 87.82 1.303 9.600 37.30 0.039 

150 35.017 82.20 -1.091 9.583 37.24 0.022 

 
Table 6. Results to start flooding at maximum condensation pressure. 

Model 

Voidage 

replace-

ment 

ratio, % 

Cumula-

tive gas 

produc-

tion, bln. 

m3 

Gas-

recov-

ery 

factor, 

% 

Incre-

mental 

gas pro-

duction, 

bln. m3 

Cumula-

tive con-

densate 

produc-

tion, bln. 

m3 

Conden-

sate 

recovery 

factor, 

% 

Incremental 

condensate 

production, 

bln. m3 

100 g/m3 

50 41.165 93.19 1.777 4.803 71.38 0.141 

100 39.752 89.99 0.364 4.780 71.05 0.118 

150 37.630 85.19 -1.758 4.776 70.98 0.114 

300 g/m3 

50 40.935 96.10 2.821 7.057 43.71 0.133 

100 39.481 92.68 1.367 7.029 43.54 0.105 

150 37.315 87.60 -0.799 7.025 43.51 0.101 

500 g/m3 

50 40.885 95.98 4.777 9.712 37.73 0.151 

100 39.429 92.56 3.321 9.671 37.58 0.110 

150 37.262 87.47 1.154 9.665 37.55 0.104 

 

As can be seen from the Tables 3-6, only in the case of flooding at the maximum con-

densation pressure, there is incremental gas production, with the same insignificant conden-

sate production at the level of 0.1 million m3 for all potential yields. If the flooding starts 

early enough, when the formation pressure is by 25% lower than the dew point pressure, on 

the account of rapid water breakthrough and production wells shutdown due to reaching the 

critical water-gas ratio, gas production losses are compared to the base cases range from  

2 to 8 billion m3 while providing high additional condensate production of 0.7-0.9 million 

m3 for the reservoir fluid system of 300 g/m3 and 1.2-1.6 million m3 for 500 g/m3, which 

indicates the efficient condensate recovery by water. 

At high voidage replacement ratios of 100% and 150% there is a rapid breakthrough of 

water to most of the production wells leading to complete flooding for 4 years of injection, 

at the same time the value of voidage replacement does not significantly affect the 

condensate recovery the curves of cumulative production for similar potential yields 

overlap each other. The higher the potential yield, the faster the water breakthrough occurs. 

The economic efficiency of the development is completely determined by the duration of 

the period of continuous production and directly depends on the amount of condensate 

production. At the end of the development, all options with water flooding reach zero net 

cost, confirming the economic efficiency of the flooding. 
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(a) (b) 

  

(c) (d) 

  

Fig. 4. Production profiles for gas (a), condensate (b), water (c) and NPV (d) for the injection case 

that started at 25% reservoir pressure decline from dew point. 

(a) (b) 

  

(c) (d) 

  

Fig. 5. Production profiles for gas (a), condensate (b), water (c) and NPV (d) for the injection case 

that started at 50% reservoir pressure decline from dew point. 
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(a) (b) 

  

(c) (d) 

  

Fig. 6. Production profiles for gas (a), condensate (b), water (c) and NPV (d) for the injection case 

that started at 75% reservoir pressure decline from dew point. 

(a) (b) 

  

(c) (d) 

  

Fig. 7. Production profiles for gas (a), condensate (b), water (c) and NPV (d) for the injection case 

that started at the reservoir pressure equal to the pressure of maximum condensation. 
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For reservoir systems with medium and high potential yield of liquid hydrocarbons C5+, 

the largest incremental recovery is obtained in the case when water injection starts with 

minimal depletion of reservoir energy (Fig. 8). While for a fluid system with a low potential 

yield (100 g/m3) the maximum technological effect is obtained under the condition of 

maximum depletion. Also, for low condensate yield, partial maintenance of formation 

pressure is optimal, which does not slow down the rapid water breakthrough into 

production wells. In the case of medium and high C5+ yield in the formation gas, with a 

slight decrease in the formation pressure of 25 or 50% of the dew point pressure, the 

maximum increase in the condensate extraction coefficient is achieved at high injection 

rates with 100 or 150% injection to withdrawal. If flooding is introduced when the 

formation pressure has decreased by 75% relatively to the dew point pressure, incremental 

condensate recovery is practically absent. 

 

   

Fig. 8. Relation between incremental condensate recovery, level of reservoir depletion and voidage 

replacement ratio. 

The use of an artificial inhomogeneous model of the reservoir as close as possible to 

the conditions of deep gas condensate fields DDD allowed us to evaluate the efficiency of 

possible use of flooding to increase hydrocarbon recovery at different stages of 

development and draw appropriate conclusions and provide practical recommendations. 

4 Conclusions 

The use of numerical 3D modeling of the field development processes, allows us to 

analyse many options and establish the optimal actions in order to achieve the maximum 

effect depending on the objectives. 

Taking into account the multi-layered structure of DDD fields, the presence of oil 

reservoirs and frequently faced water drive in the gas reservoirs [22, 23], which leads to a 

gradual increase in the amount of produced water and the necessity of its injection or 

disposal, the efficiency of water flooding application to increase hydrocarbon recovery 

from gas condensate reservoir was investigated. The paper presents calculation results for 

the conditions of deeply buried gas condensate deposits of DDD with different potential 

yield: low (100 g/m3), medium (300 g/m3) and high (500 g/m3) at different stages of the 

depletion drive, which were defined as the decrease of the average weighted formation 

pressure below the dew point pressure by 25, 50, 75% and at the pressure of maximum 

condensation. The comparison of the results was performed in relation to the base 

depletion case. 

As a result, the positive effect of water injection on incremental condensate recovery, 

with a significant reduction in gas production. Therefore, we do not recommend the use of 

intra-contour flooding for gas deposits. 

The increase in the final condensate recovery factor depends on the point of time of 

flooding introduction, the sooner the better. This is due to the possibility of maintaining 
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reservoir pressure and displacement of already condensed liquid hydrocarbons. At the 

same time, partial voidage replacement is recommended in order to delay the time of water 

breakthrough, in our case it is injection to withdrawal at the level of 50%. It is not 

recommended to introduce water injection when the formation pressure has decreased by 

75% relatively to the dew point pressure, as incremental condensate recovery is almost 

absent compared to the depletion drive. 
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