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Abstract. The article is devoted to an actual issue: the development of 

internal downhole heat exchangers technology to combat hydration in 

injection wells. Purpose: development of conceptual solutions for the use 

of geothermal coolant in the internal well heat exchanger of the injection 

well. A scheme of an internal downhole heat exchanger with a geothermal 

heat carrier has been developed, and includes a supply line of a 

geothermal carrier through the heat exchange surface of the injection well 

into the productive reservoir of the oil field. The scheme provides targeted 

utilization of thermobaric energy of a geothermal source to combat 

hydration in the injection well. A mathematical apparatus for describing 

the process of heat utilization and heat exchange in injection well is 

proposed. It is established that the capacity of one geothermal well 

discovered at the oil depths in the Dnipro-Donetsk basin is sufficient to 

eliminate hydration in 1-3 injection wells, and determines the feasibility 

of their joint work. 

1 Introduction 

Hydrates of a mixture of hydrocarbons and water are formed in injection gas wells on oil 

fields under certain pressure and temperature conditions (PTC) and chemical 

composition [1-3]. If the hydrate formation clogs the injection column or bottomhole zone, 

it leads to economic losses.  

The study of hydrate formation problem in the technological lines of downhole wells 

and bottomhole zone is of the highest relevance. The search for strategies and methods of 

eliminating excess hydrate formation, for different regime and technological conditions of 

oil field development, increases in depletion conditions of explored oil reserves in the 

world [4-20]. This is due, in particular, to the increasing need for flooding and injection of 

various gases compositions into depleted deposits to intensify oil production.  

During the operation of an oil field with an anticlinal type deposit in the flooding regime, 

the bottom holes of injection and production wells are placed in accordance with Fig. 1. The 

reservoir area of the development object includes three main parts: gas-saturated, oil-

saturated and water-saturated, the corresponding volumes of which Vgas, Voil, Vwater change 
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when flooding and pumping gas and water by dVgas and dVwater. In this case, for the 

development object with a total volume of V, 

 oil gas waterdV dV dV   ;    (1) 

gas oil waterV V  V  V const    .    (2) 

 

 

Fig. 1. Development scheme of an oil field with contour flooding and maintenance of pressure in a 

gas cap. 

The diagram in Fig. 1 shows the water-oil and gas-oil contacts, which change according 

to (1) and (2). In injection wells, hydrates are formed in the column, at the bottom and in 

the bottomhole zone [4] (Fig. 2). The figure shows the crystalline structure of the gas 

hydrate and the numbered hydration zones No. 1-3 are highlighted in red. 

 

 

Fig. 2. Formation zone of gas hydrates in the injection gas well. 
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When injecting gas, which is not sufficiently dried and heated, there is a process of 

throttling the gas in the column and in the formation medium, when reaching the point of 

hydration formation becomes a problem. 

To avoid hydration and elimination of gas hydrates, shown in Fig. 2, dehumidification, 

increasing the temperature of the gas in the injection stream; reducing its pressure , the 

introduction of thermodynamic inhibitors of hydration (methanol, glycol, etc.), kinetic 

inhibitors and anti-agglomerates are used [5-8]. The operation of the injection well has a 

fixed plug of the pressure regime, that is, logically, to increase the gas temperature in the 

lower part of the column and in the bottomhole zone. 

The problem of regulating the flow temperature in a porous hydrocarbon-saturated 

medium to reduce the growth of gas hydrate zone 3 (Fig. 2) on the one hand, and maximize 

the mass flow rate through the injection circuit on the other is known [9]. It is solved using 

heaters and heat exchangers. But the calculation of the amount of energy required for such 

heating is intensive and requires careful analysis of the main factors. 

The study of the conditions for the hydrates formation of a natural gas mixture with 

water and some artificial impurities is given considerable attention due to its importance for 

oil and gas wells operation. In [10], it was shown that a small change in the percentage of 

impurities leads to a significant change in the temperature of hydration. In [9-11] it is 

emphasized that important factors of hydrate formation in addition to the composition of 

natural gas are under pressure and temperature conditions and capillary phenomena. 

The dependence of hydrate formation on impurities composition [10] and different 

water saturation of reservoir rocks [11] complicates the accumulation forecast of hydrate 

formations in the porous medium. 

When pumping cold gas into a porous medium, modeling the formation of hydrates is 

one of the most important industrial and scientific-applied tasks, which requires the 

involvement of tools for applied fluid mechanics and theoretical physics [12]. Basic and 

improved methods for predicting the formation of hydrates in pipeline injection lines, 

through which cold gas enters the porous medium, are covered in branch applied scientific 

journals of oil and gas profile [13]. 

Combined methods of combating hydration in injection wells on oil fields with hydration 

inhibitors and gas heating, using heat exchange systems, have become widespread [21]. But 

direct natural gas heating in the wells by electric heaters is not used by many oil companies 

due to distrust in the complete internal well electric heaters safety [22]. 

One of the promising areas of combating hydration in injection wells are internal 

downhole heat exchangers [23, 24]. Heat exchangers, in contrast to electric heaters, allow 

separating the heat source from the explosive gas environment as safely as possible. 

The increase of the heat exchange surface between the injection columns within the 

framework of the combined injection of thermal and pressure agents, as well as inhibitors 

of hydrate formation, the establishment of a rational balance of formation and destruction 

of gas hydrates are important applications in the development of oil deposits. 

Thus, the review and analysis confirm the presence of an urgent problem: the 

development of technologies of internal well heat exchangers to eliminate hydration in 

injection wells. 

Purpose: development of conceptual solutions for the use of geothermal coolant in the 

internal well heat exchanger of the injection well. 

To achieve this goal, the research objectives are formulated: 

– development of the basic scheme of the internal well heat exchanger with the 

geothermal heat carrier; 

– modeling of the heat exchange process and calculation of the regime parameters of the 

implementation of a downhole heat exchanger with a geothermal heat carrier. 
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2 Research results and discussion 

Fig. 3 shows the proposed scheme of the combined injection well with an internal 

geothermal heat exchanger. The geothermal coolant is taken from a separate geothermal 

tank, which can be ground or formation water with high temperature. For the conditions of 

the Dnipro-Donetsk basin, the temperatures of formation waters at depths of about  

2500-3000 m reach 80-110°С. The coolant is pumped through the injection gas well in a 

parallel discharge pipe (column). Pipes can be arranged coaxially (heat exchanger “pipe in 

a pipe”), in parallel or mixed (coaxially-parallel) [25]. The Fig. 3 shows the heat transfer 

zone formed by the pipes of the internal heat exchanger of the well. These pipes cross the 

layers of rock from the surface to the water mirror of the sole of the oil-saturated formation. 

Heating the gas with a heat exchanger changes the PTC and the probability of hydration in 

the main endangered areas – the bottom of the injection gas column, the filtration zone of 

the face and bottomhole zone (shown in Figs. 2 and 3 with numbers 1-3). If it is necessary 

to use an injection well (Fig. 3) to raise the geothermal coolant to the surface (where a 

pump or hydraulic turbine is installed for its subsequent injection into the groundwater 

area), the geothermal coolant is fed through another inner column of the well. The 

submersible and / or surface pump (hydraulic turbine) in such a circuit solution is selected 

at the design stage. In the case of localization of the geothermal reservoir in the zone of 

high pressure and temperature of the side rocks, in the proposed scheme, the pump for 

water injection may be unnecessary due to a sufficient difference in formation pressure. 

Therefore, in the diagram of Fig. 3, pump and turbine at the top are not shown. 

 

Fig. 3. Scheme of combined (for geothermal carrier and gas) injection well with internal geothermal 

heat exchanger. 
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Thus, from the point of view of engineering reconstruction at transition from a typical 

flooding of oil deposit (Fig. 1) to the offered scheme of a well (Fig. 3), the following 

technological operations become necessary: 

– intake of geothermal water from an appropriate source; 

– supply of geothermal hot water with thermal insulation of individual parts of the well;  

– injection of coolant into the well with a heat exchanger on a two-row or multi-row 

injection column. 

At the same time there is an increase in the speed and turbulence of gas flows in the 

areas threatened by hydration. 

To increase the selection of geothermal heat to the column with water and gas in the 

well can also be installed additional side trunks with heat pipes [26, 27]. 

The calculation of the proposed injection well involves three main stages that allow us 

to estimate the amount of geothermal water and energy in a particular parametric field 

based on the practice of operation of oil fields: 

– determination of geothermal power required for sufficient heating of the gas in the 

injection gas column of the downhole heat exchanger in order to avoid hydration; 

– determination of geothermal capacity required for pumping hot water into the oil field 

development object with a known reservoir pressure difference between the geothermal 

reservoir and the solenoid mirror of the oil-saturated formation (calculated with no pump); 

– determination of the total geothermal energy for the implementation of no hydrate 

operation of the well according to the proposed scheme. 

The change principle of PTC in the zones of injection well threatened by hydration 

formation – transition from critical to safe with a distance margin is shown in Fig. 4. 

 

 

 

 

 

 

 

 

  

Fig. 4. PTC in the injection well from the boundary of the drainage zone to the wellhead: (a) option 

without the supply of geothermal coolant; (b) option with the supply of geothermal coolant; 

(c) hydrate formation zones for individual hydrocarbons. 
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Let’s analyze changes in pressure and temperature conditions in the zones of injection 

well threatened by hydration formation (Fig. 4). Curve A reflects the pressure and 

temperature conditions in the gas flow of the injection well and the drainage zone of the oil 

reservoir. Curve B is the curve of the limiting PTC of hydrate formation.  

Point 1 on curve A (Fig. 4a), corresponds to the boundary of the drainage zone of the oil 

reservoir, in which the temperature and pressure are maximum. Section 1-2 corresponds to 

the approach from the boundary of the drainage zone of the oil reservoir to the face; Point 2 

is localized in the bottomhole zone. Section 2-3 corresponds to the bottomhole zone 

(bottomhole filtration zone); Point 3 is at the very bottom of the well. Section 3-4 

corresponds to the bottom area of the injection gas column. Point 4 – the top of this 

endangered area of hydration. 

When feeding a geothermal carrier, curve A is shifted to the right without intersecting 

with curve B of the boundary PTC of hydrate formation. Thus, the hydration zone between 

points 2-3-4 disappears, hydrates are not formed. 

Fig. 4 shows that according to the composition of the injected natural gas, the 

temperature dependence of the pressure limit curve “hydrate – no hydrate” regime can be 

extrapolated by a quadratic equation and most of the endangered area will be near the face. 

With the gas mass flow and water Qm gas in Qm water injection columns and heat 

exchanger with temperatures at the top and bottom Twater borehole, Twater wellhead, Tgas borehole,  

Tgas wellhead heat supply to the gas from the water will be determined by the equation: 

 –heat exch mwater p water water borehole water wellheadW Q C T T     

 –m gas p gas gasborehole gas wellheadQ C T T   ,        (3) 

where: Cp gas and Cp water are isobaric heat capacities of gas and water, respectively. 

To heat the gas to the temperature –gas gasborehole gas wellheaddT T T  (Fig. 4), the first 

approximation can be considered Cp gas – const and written according to (3): 

 –

m gas p gas
m water

p water water borehole water wellhead

Q C dT
Q

Q T T

 



.  (4) 

Equation (4) shows that depending on the mass flow rate of the gas and its properties, 

different amounts of geothermal energy (and, accordingly, the consumption of heated 

water) are required to avoid hydration. To estimate, take a practical example with gas flow 

reduced to standard conditions Qq gas norm = 200 thousand m3/day, Cp gas = 2400 J/kg ∙ K with 

a gradient of geothermal water dTwater = 60 K. Heat capacity of water  

Cp water = 4200 J/kg ∙ K. To be able to use formula (4), we need to convert the volume flow 

Qq gas into mass Qm gas for averaged PTC Pgas av = 15 MPa; Tgas av = 330 K according to the 

following equation: 

 
 

2

15 100 4.34
4

norm norm gas av

m gas q gas

gas av norm

T P D
Q Q S V

T P Z

 


  
        

 
kg/s, (5) 

where: ρnorm – the density of the gas under standard conditions; ρ – the density of the gas 

under operating conditions; Z – the compressibility of the gas; Tnorm and Pnorm – respectively 

temperature and pressure under standard conditions, S – cross-sectional area of the injection 

line; V – the gas velocity. 
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Substitute the obtained value of the mass flow rate Qm gas and the rest of the above 

numerical values in (4) and get Qm water = 0.41 kg/s. In terms of daily supply of coolant we 

get 35 t/day. This value is included in the range of operating mode parameters of both 

injection and production wells [28]. 

Thermal geothermal power Ewater thermo is introduced taking into account the efficiency of 

the heat exchanger 0.3: 

60
0.47 4200 303

0.30
water thermo m water p waterE Q C dT       kW.  (6) 

Equation (4)-(6) is the first stage of calculations. 

In the second stage, we find the geothermal capacity required to pump hot water in the 

oil field. For calculation we choose without pump option. We take the value of the pressure 

depression on the layer dP = 1 MPa [29]. This pressure difference for different geological 

sections corresponds to the difference in geodetic heights between the geothermal reservoir 

and the object of development 1500-2500 m, and the energy estimate of Ewater mech is: 

610
0.41 1 410

1
water mech m water

water

dP
E Q


      kW.     (7) 

At the third stage of calculation of the injection well, we determine the total geothermal 

energy Esumm for the implementation of no hydrate operation of the well according to the 

proposed scheme: 

303 410 713summ water thermo water mechE E E     kW.    (8) 

According to our calculations [30], the capacity of one geothermal well discovered at 

the oil depths of the Dnipro-Donetsk basin varies in the range of 1-3 MW. Thus, this is 

sufficient for the joint operation of geothermal and oil wells injection fund. In the critical 

zones of the injection well, the equilibrium temperature is maintained above the 

temperature of hydrate formation, the dependence on which, the pressure at different 

relative densities according to (1)-(5) is shown in Fig. 5. 

Fig. 5 shows that when the relative density of gas in air from 0.5 to 0.75 and pressure 

from 7.5 to 15 MPa (step – 2.5 MPa), the equilibrium temperature of hydrate formation in 

the gas well changes to 25 K. Therefore, to regulate the equilibrium temperature of 

hydration to 25-30 K, it’s required a power according to (6)-(8) of 320-360 kW. 

 

Fig. 5. Dependence of the equilibrium temperature of hydrate formations in natural gas on the relative 

density by air (specific gravity) at different operating pressures. 
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In addition, the constant introduction of geothermal energy into the rock, which has a 

high heat capacity, gradually heats it [31, 32]. This reduces the risk of hydration over time. 

Detailed consideration and analysis of this phenomenon is the subject of a separate study. 

3 Conclusions 

1. The scheme of the internal downhole heat exchanger with the geothermal heat carrier, 

which includes a supply line of the geothermal carrier through the heat exchange surface of 

the injection well into the productive reservoir of the oil field. The scheme provides 

targeted utilization of thermobaric energy of a geothermal source to eliminate hydration in 

the injection well. 

2. A mathematical apparatus for describing the process of heat utilization and heat exchange 

in an injection well is proposed. On a specific example, and according to the proposed scheme, 

the calculation of the total geothermal energy is required for no hydrate implementation 

operation on the injection well of the oil field. It is established that the capacity of one 

geothermal well discovered at the oil depths of the Dnipro-Donetsk basin is sufficient to 

eliminate hydration in 1-3 injection wells, which determines the feasibility of their joint work. 

The authors are thankful to the Ukrainian Research Institute of Natural Gas in Kharkiv for providing 

information on the oil and gas field in eastern Ukraine for use in preparation of the article. 
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