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Abstract- In 2013 the Grozny State Oil Institute within the consortium ‘Geothermal resources’ started a pilot project to build a 

geothermal plant on the basis of the most promising XIII layer of the Khankala thermal waters deposit of Russia. Planned 

capacity of the projected facility is 5.45 Gcal/hour, which will heat a greenhouse complex. A “doublet” system is going to be 

applied which is represented by a closed loop of one production and one injection well with reinjection of all used water back 

into the layer. This technique allows maintaining the reservoir pressure and thus productive rates, and reducing the ecological 

effects of geothermal development to minimum. In order to predict the changes in the temperature of the resource (it goes 

down as a result of the injection of cold water) it is necessary to conduct a numerical simulation. Modelling permits to have 

general ideas on «doublet» system functioning in its hydrogeological environment, allows choosing best exploitation 

parameters and distance between production and injection wells bottoms in order to achieve sustainable use of the resource. 

Keywords- geothermal waters; geothermal reservoirs; doublet; numerical modelling. 

 

1. Introduction 

At the present time, when thermal waters are no longer a 

little-known form of energy, many researchers put to the 

forefront the issue of “sustainability” of geothermal reservoir 

[1-5]. In order to detect the operation of its system in terms 

of the interaction between groundwater and water resources 

of the lithosphere, and the features of the development of the 

resource during the re-injection, computer technologies are 

used. 

The Khankala deposit is situated in Russian southern 

Republic called Chechnya, 10 kilometers to the south-east 

from its capital – Grozny (Fig. 2). The deposit is represented 

by a multilayered system (22 productive layers) of 

sandstones containing geothermal waters, interlayered with 
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clays, all related to Chocrack and Karagan horizons of 

middle Miocene. 

It is planned to drill a “doublet” (Fig. 1) on the basis of 

the XIII productive layer reservoir, i.e. one production and 

one injection well with the reinjection of all water used for 

greenhouse heating [6,7] and in order to predict the changes 

in the temperature of the resource (it goes down as a result of 

the injection of cold water) it is necessary to conduct a 

numerical simulation. 

 

Fig. 1. The Khankala deposit “doublet” scheme. 

 

Fig. 2. The territory of regional and doublet models. 

Necessity of the hydrogeological forecasts in connection 

with the creation of large hydraulic structures and water 

deposits exploitation determined rapid development of the 

theory of groundwater dynamics, and since the 1970s the 

numerical modelling using computers [8]. 

A large number of numerical codes were developed in 

order to model fluid and heat flow in aquifer systems 

(Comsol, Tough2 [9], Metis [10], Marthe [11], Opengeosys 

[12] among others), allowing to predict and select the right 

regime of exploitation of a thermal water resource, and in 

particular the effect of cooled water reinjection on the life 

span of the exploitation. 

It should be noted that in Russia there is no large-scale 

application of thermal waters for heat and electricity 

production, and as a consequence poor development of 

computer technologies in this area, in contrast with countries 

where numerical modelling and GIS analysis has been used 

in the development of this resource for a long time now. 

For example, in France after 20 years of exploitation of 

the Paris Basin geothermal waters, geothermal heat 

producers are faced with the problem of the cold front 

expansion because of reinjection. It has resulted a decrease of 

the temperature in one production well, and it is predicted, 

that a gradual reduction in temperature might show in 

another [13,14]. Different concepts were proposed to solve 

this problem, for example, the construction of reversed wells 

and the seasonal inversion (winter-summer) of the injection-

production of the thermal water [15]. Thus modelling has 

been used for over 20 years to predict the duration of the 

thermal waters exploitation and the impact of installing new 

wells in the Paris basin [16]. 

In order to draw guidelines for achieving long-term 

sustainable exploitation of the Khankala deposits XIII layer 

and making a prognosis, a numerical modelling based on 

Metis code was used. 

2. Methods  

The computer code Metis developed at the Geosciences 

Department of Mines ParisTech [10], simulates liquid flow, 

heat and mass transport in fractured and porous medium in 

either steady or transient conditions. Mathematical equations 

describing the processes are converted into a form suitable 

for direct computer processing by the finite element method, 

which is one of the most efficient numerical methods for 

solving mathematical problems, describing the state of the 

physical systems of complex structure. It is a grid method: 

the region of interest is divided into distinct volumes 

(elements) and the model is defined by a system of 

differential equations with given boundary conditions. The 

equations are discretized in space according to the Galerkin 

formalism. Systems of linear equations are solved by 

conjugate gradient method [17]. 

2.1. Regional model 

The initial stage of the work was the creation of a 

regional hydrological model for understanding the general 

water circulation in the XIII layer within the vast territory of 

the Chechen Republic. It is isolated from other layers by 

impermeable clay interlayers and a two-dimensional model 

was adopted for this case in regard of the big difference in 

horizontal and vertical extensions. 
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The reservoir recharge zone is Karagan-Chokrak 

deposits outcrop in the south of Chechnya within the Black 

Mountains, which was chosen as the southern boundary of 

the modelled area. The northern border is carried out by the 

Terek River which is assumed to act as a regional drainage 

axis (Fig. 2). Waters move in north direction after 

infiltration. 

The first step in modelling is discretization of the study 

area. This is done by covering it with the nodes and elements 

(in this case triangles) which are designated as a finite 

element mesh.  Material properties of the reservoir (for 

example, hydraulic conductivity) must be defined for each 

element; each node and element is assigned a number.  

The aim is to model groundwater flow (considering 

incompressible fluid) in a saturated porous medium in the 

case of the construction of the regional model within the 

Chechen Republic. Before modelling geometry parameters, 

initial and boundary conditions must be established. 

Geometry and system parameters: 

– Productive layers thickness equal to 40 m; 

– Permeability of productive layer is 2.e-13 m2; 

Boundary conditions: 

– Constant hydraulic head along southern and northern 

borders, in accordance with the average absolute elevations 

(Fig. 3). This condition means that water level is, at a 

regional scale, mostly governed by topography. 

 

Fig. 3. Mesh, territory elevation and modelling results. 

This regional model of groundwater flow within the XIII 

layer of the vast territory of the Chechen Republic shows that 

liquid flow through the southern border is equal to 0.62 m3/s. 

Gonsirovsky [18] has calculated the groundwater flow of 

the XIII layer by the formula, which is a regional application 

of Darcy’s law: 

Q k m B i     (1) 

Where k is filtration coefficient, m – layers thickness B – 

length of filtration front, i – piezometric slope. Taking k 

equal to 1,5 m/day, m = 47 m, B = 95 km, i = 6e-3 gives us 

groundwater flow thorough southern border equal to 0.47 

m3/s, which is relatively close to the results obtained by 

numerical modelling. 

Results of regional groundwater flow modelling were 

taken into account in the simulation of doublet reinjection 

described in next part. 

2.2. The Khankala deposit “doublet” model 

More detailed modelling of used geothermal water 

reinjection in the reservoir of the XIII layer is conducted 

once identified the general features of groundwater 

movement within the Chechen Republic. This is based on a 

local, 3D model of the resource. 

The results of temperature estimation and structural map 

of the XIII productive layer obtained after the application of 

geostatistical methods [19] are used to calculate the initial 

conditions of the system and as a basis for creating mesh, 

respectively. Different distances between productive and 

injection wells bottoms were taken into account while mesh 

creation (Fig. 4). 

 

Fig. 4. Three dimensional mesh for geothermal doublet 

modelling. 

Geometry and system parameters: 

– Productive layers thickness 47 m; 

– Permeability: 1.4e-12 m2; 

– Longitudinal and transverse thermal dispersivity: 10 × 

2 m; 

– Volumetric heat capacity of water 4.18 MJ/m3/°C; 

– Volumetric heat capacity of the aquifer 2.75 MJ/m3/°C, 

in calculation of which parameters of reservoir rocks and 

water are taken into account [20]: 

" " (1 ) ' 'C C C       (2) 

Where "  – reservoir density, "C – reservoir heat 

capacity,   – rock porosity,   – rock density, C  – rock 

specific heat capacity, '  – water density, 'C  – water 

specific heat capacity; 

– Volumetric heat capacity of the surrounding 

formations 2.09 MJ/m3/°C; 

– Conductivity of the aquifer 1.45 W/(m·K); 

– Conductivity of the surrounding formations 1.3 

W/(m·K); 

http://en.wikipedia.org/wiki/Watt
http://en.wikipedia.org/wiki/Metre
http://en.wikipedia.org/wiki/Kelvin
http://en.wikipedia.org/wiki/Watt
http://en.wikipedia.org/wiki/Metre
http://en.wikipedia.org/wiki/Kelvin
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Boundary conditions: 

– Imposed liquid flow of 200 m3/h at the injection well 

point with a constant heat flow of 10051 MW, which 

corresponds to water temperature of 45 °C; 

– Imposed liquid flow through north-west and north-east 

borders, according to regional modelling results (in case of 

taking it into account); 

– Geothermal flux imposed at the base of the model. 

This flux is calculated according to Fourier's law: 

q k T    (3) 

Where q  is geothermal flux, k  is thermal conductivity 

coefficient, T  is temperature. Average thermal conductivity 

coefficient of the deposits laying in-between the XIII layer 

and the surface which is equal to 1.4 W/(m·K), depth of the 

XIII layer, temperature of the XIII layer and at the surface 

were taken into account to calculate geothermal flux. The 

fairly high average heat flow (110 mW/m2) can be explained 

by «overthrust-nappe theory» as caused by tectonic 

movements, considering the North Caucasus as a mobile 

tectonic zone [21]. 

The Khankala geothermal waters deposit “doublet” 

model is shown in Fig. 5.  

 

Fig. 5. Schematic representation of geothermal doublet 

modelling. 

Change in liquid viscosity in Metis code is expressed by 

Bingham equation [20]. Laboratory analysis of the Khankala 

deposit geothermal waters were conducted in 1988, including 

study of viscosity dependence of the temperature [22]. It is 

very well correlated with equations used in Metis (Fig. 6), 

which could be explained by the low salinity of the Khankala 

deposit geothermal waters (0,5–2 g/l), justifying that thermo-

hydraulic modelling is fair enough without taking into 

account chemical components.   

 

Fig. 6. Change in water viscosity depending on temperature 

according to Bingham and laboratory analysis. 

Processes of liquid flow and thermal transport are 

coupled: at each time step the program conducts an alternate 

resolution of their equations. Simulation time is equal to 50 

years. 

3. Results 

Different hypotheses were checked during numerical 

modelling (table 1): 

– Influence of distance between production and injection 

well (450, 750, 1000 m); 

– Permeability of two general faults; 

– Influence of natural groundwater flow; 

Results were compared with Gringarten and Sauty 

analytical solution for “doublet” water reinjection thermal 

breakthrough [23]. 

Table 1. The modelling results 

Case 1oT C  , Year T , °C (50 

years) 

Distance 450 m 

No liquid flow, no 

faults influence 

7.42 18.35 °C 

Impermeable faults 7.25 20.17 °C 

Groundwater flow 10.08 9.92 °C 

Analytical solution ≈6.5 25.56 °C 

Distance 750 m 

No liquid flow, no 

faults influence 

22.00 8.60 °C 

Faults influence 20.25 10.63 °C 

Groundwater flow 45.08 1.33 °C 

Analytical solution ≈20 13.72 °C 

Distance 1000 m 

No liquid flow, no 39.42 2.76 °C 

http://en.wikipedia.org/wiki/Watt
http://en.wikipedia.org/wiki/Metre
http://en.wikipedia.org/wiki/Kelvin
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faults influence 

Impermeable faults 35.08 4.41 °C 

Groundwater flow – 0.62 °C 

Analytical solution ≈38 4.73 °C 

 

Thermal breakthrough occurs earlier and temperature 

decrease faster in case of analytical solution (Table 1., Fig. 7) 

because temperature of reservoir, cap rock and bedrock are 

the same and in numerical simulation temperature obtained 

after geostatistical estimation was used, which is distributed 

unequally with higher temperatures deeper and to the south 

from the prediction well (Fig. 8). 

 

Fig. 7. Temperature in production well change in the case of 

450 m distance between production and injection well 

bottoms. 

 

Fig. 8. Results of the modelisation: temperature evolution in 

layer XIII (450 m distance). 

Our further study was to simulate the recovery behavior 

of the Khankala XIII productive layer resource. The reservoir 

was assumed to be exploited for 50 years (distance between 

wells equal to 450 m) and then shut in (Fig. 9). 

 

Fig. 9. Production well temperature for 50 year exploitation 

and then shut-in scenario. 

In case of taking natural groundwater flow into account, 

total recovery of the temperature in the production well 

occurs after about 65 years of shut-in, if not taking it into 

account temperature will recover on 86.3% after 150 years of 

shut-in scenario. 

4. Discussion 

Taking into account the influence of impermeable faults 

has no big influence on the temperature in the production 

well because they are situated far enough and the cold front 

does not reach them too soon. Natural groundwater flow in 

the XIII layer significantly delays the production temperature 

decrease. So it should be noted that at the Khankala deposit 

site it is very important to place wells parallel to these two 

faults with production well bottom in the south part and 

injection well in the north part.  

According to results obtained by numerical modelling it 

is highly recommended to choose distance between injection 

and production wells equal to 750 m and more. In such case 

temperature in production well will not go down drastically 

after 25-30 years, the usual period of wells equipment 

lifetime after which it is advisable to drill new ones. After 

drilling the “doublet” numerical model should be calibrated 

with new data obtained from hydrogeological tests, well 

logs, etc.  

5. Conclusions 

Numerical modelling allows understanding general 

features of the Khankala deposit XIII layer groundwater flow 

within the vast territory of the Chechen Republic and also 

predicting the evolution of the resource as a result of the 

recycling of the reinjected cold water. It is a powerful tool 

for drawing guidelines in geothermal waters use and for 

choosing an optimal exploitation regime.  

One of the main advantages of the Khankala deposit of 

geothermal waters is that it is represented by a multilayer 

system and in case of significant drop in production well 

temperature after some period of the XIII layer exploitation, 

there is a possibility to drill a new “doublet” at the same 

territory on the resource of highly perspective XVI or XXII 

layer so the geothermal station could continue working. The 

resource of the XIII layer could be used again in case of shut-
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in after some period of time taking into account relatively 

high speed of temperature recovery. In perspective, periodic 

use from different layers could be organized for sustainable 

use of geothermal waters at the Khankala deposit site. 
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