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Abstract. A renewable energetic resource, clean and non-polluting, is represented by deep geothermal energy. 
Given that in some European countries the use of hydraulic fracturing was banned, a solution for geothermal energy 
extraction is the recirculation of the water in the wellbore. This paper presents a simulation method that 
allows the estimation of the thermal power that can be extracted from a deep well with horizontal drain, using 
the recirculation method.  
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1. INTRODUCTION 

Geothermal energy is an important energy 
resource. In order to be able to harness it, the best 
method is to transform it into electricity through an 
ORC cycle. In this case the temperature of the 
water coming from the well must be higher than 
100 °C. This condition determines the depth of 
boreholes. For heat flows of 40…70 mW/m2 and 
thermal gradients of 3..4 °C/100m the minimum 
depth of boreholes for heat energy is between 3500 
and 4500m. 

The classical solution for extracting deep geo-
thermal energy is to use at least two boreholes. 
Thus, through one borehole, water is injected and 
through the other one hot water is extracted. Between 
the two wells there is an area of water circulation 
through the proximity rocks. To increase the 
permeability of this zone hydraulic fracturing is used. 

If this method cannot be applied, a water circuit 
can be created inside the well, in order to extract 
heat from the rocks where drilling has been made. 
The easiest way for this is to introduce cold water 
through the exterior annular space between the 
casing and the extraction tubing. 

In this paper we present an original numerical 
simulator to calculate the energy potential of a deep 
geothermal well with horizontal drain to which 
recirculation method is applied. 

The main purpose of the analysis was to 
determine, through a set of numerical simulations, 
the thermal power which can be drawn from the 
well by means of a flow of water injected through 
the annular space and extracted by a central casing. 
Besides the extracted thermal power, the tempera-
ture of the hot water which carries the energy had 

been calculated for each simulation, when the 
water reaches the well-head. 

In order to obtain the results, dynamic simulations 
of well functioning were carried out with durations 
ranging between 500 and 50,000 hours. The long 
time simulations have been carried out in order to be 
able to follow the time variation of the parameters. 

The simulations were made for two scenarios: 
bare extracting tubing and insulated tubing. 

2. DESCRIPTION OF THE MODEL 

Figure 1 shows a schema of the model. This 
model consists of a model of the well and the model 
of the space from the well proximity. Due to the 
symmetry of the process a model in cylindrical coor-
dinates with axial symmetry was taken into account. 

In the domain D around the well (Fig. 2) the 
heat diffusion equation (1) is integrated. On the 
border of the domain a Neumann condition is esta-
blished, a condition whose boundary derivative is 
determined from the value of deep heat flow q. 
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The other parameters mean: 
r, z – spatial coordinates; 
τ – temporary coordinate; 
ρ, cp – density and specific heat of the soil; 
λ – soil conductivity. 
The initial conditions refer to the condition of the 

pattern at the beginning of the process of integration. 
The initial temperature of the items contained in the 
domain is equal to the temperature of the soil surface 
to which the temperature gradient is added. 
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Fig. 1. Detail of borehole construction. 
 

Fig. 2. Integration domain around the borehole 
 

The boundary conditions are specific to each 
side of the domain (Fig. 2). Side 1-2 – temperature is 
equal to the temperature of the soil surface. Side 2-3 
free border; the derivative value is preserved on 
this side. Side 3-4 on this border the deep geothermal 
flow appears. The value of the derivative on this side 
is equal to the geothermal flow. Side 1-4 – tem-
perature T0 from the left side of the pattern/model is 
determined by the balance of power realized by an 
annular element of dr/2 thickness called B in 
Figure 3. Two flows of heat work upon it: qdif – 
diffusive heat flow coming from the ground; qconv – 
the heat flow of the water within the annulus space. 

 

 
 

Fig. 3. The limiting conditions at the bore wall. 
 

The energy balance equation for each flow of 
water (the cold water that comes  down the well 
and the hot water that goes up to the surface) has 
been used for modelling the non-isothermal flow 

of water through the annular space. In terms of 
hydraulics the stationary flow of water was taken 
into account. 

 

 
 

Fig. 4. The balance of an elementary volume  
of the water flow. 

 
The energy balance equation is:  

  0d ( )dp glmc T k T T z   (2) 

where: m  is the weight rate of water; cp – specific 
isobaric heat of the water; kgl – overall coefficient 
of heat exchange for 1m of the pipe 

Rearranging the terms, the result is a differren-
tial equation which can be integrated by a Runge-
Kutta method (type IV) because the parameters 
specifying the global coefficient of heat exchange 
varies with the depth. 
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Fig. 5. The integration domain around the borehole. 

Inside the bore there are always two streams of 
water, cold water that comes down to the bottom of 
the well through the annular space situated between 
the casing and tubing, and the flow of hot water that 
goes up from the hole back toward the well-head. 
The balance equation (2) applies to both streams of 

water, the temperature determined by integrating the 
equation (3) is calculated at each step in time. 

To limit the number of integration points, an 
integration area was realized using cylindrical co-
ordinates, which follows the real geometry of the 
bore with a horizontal drain (Fig. 5). 

3. PRESENTATION OF THE RESULTS 

In this section we will present some results 
obtained for a geothermal well with a depth of 
4100m and a horizontal drain between 1000 and 
3000. On the graph, along the axis, there are 
represented, using a colour code, the temperatures 
of the downward water flow on the outside and the 
upward water flow on the inside. On the right side 
of the drawing the soil temperature according to 
the depth is represented. In the caption of each 
image the performances of the solution and the 
simulation time are presented. 

 
 
 
 
 
 

 
 
 
 

Fig. 6. Extracted power 10.15 MW, 
output water temperature of the well 

121.8oC. 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Fig. 7. Extracted power 12.08 MW, 
output water temperature of the well 

141.2oC. 
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Fig. 8. Extracted power 13.43 MW, 
output water temperature of the well 

157.7oC. 
 
 
 
 
 
 
 
 
 

The results show that the horizontal drain con-
tributes to the growth of extracted heat power and 
of the output water temperature.  

4. CONCLUSIONS 

The solution presented and discussed in this 
paper is recirculation of the water through a well 
with horizontal drain, in order to extract heat from 
the ground. The advantage of the solution consists in 
the fact that water is circulating inside of the well 
without interacting with the surrounding ground. 
Using this solution excludes hydraulic fracturing. 

The limiting of the solution is given by the fact 
that the heat exchange surface is small, and so is 
the diffusivity of the ground. A significant im-
provement is obtained by using the horizontal 
drain in the high temperature area. In this way 
significant thermal powers are obtained and can be 

used to produce electricity, and a heat carrier with 
temperatures above 150 °C 
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