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Abstract. The authors of the article examine the possibility of extracting geothermal energy to
the Earth’s surface using the circulation of a heat carrier — water. For this purpose, an oil well
is operated that is already suspended and is no longer used for its original purpose. A system of
heat and mass transfer equations describing heat distribution in the ground around the well and
in the coolant is presented. Various well depths, geothermal gradient, and water injection rate
are considered.

1. Introduction

Energy production from petrothermal sources is possible almost anywhere in the world by deep wells
drilling that reach hot dry rock layers, supplying them with a heat carrier and removing the heated
transfer medium to the surface of the earth, where its heat is utilized by converting it into thermal or
electrical energy. At the same time, the heat carrier that has given off heat can be re-fed into the deep
well, which results in a circulation system (a closed loop) creation and up to 70% of the total cost of
work is spent on wells drilling.

There exist numerous ways to energy from petrothermal sources production, as well as devices for
their implementation. The disadvantages of these methods are the complexity of a circulation system
creating, as well as the high cost due to the need of two or more deep well drilling. A method is known
for the earth’s heat utilizing and minerals mining in the zone of weakened earth’s crust to produce hot
steam in hot dry rocks [1]. The disadvantages of this method are an unreasonably large depth of wells
being drilled, as well as its high cost, due to the need to drill two or more deep wells when their
productivity is not high enough.

2. Background
Many scientists in Russia and abroad are engaged in petrothermal energy utilization. In particular, the
works of such authors as S.S. Smirnov, G.A. Cheremensky, N.A. Gnatus, Yu.A. Popov, S.L. Pevsner,
V.P. Pimenov, M.D. Khutorskoy, E.l. Boguslavsky, A.A. Chermoshentseva, A.N. Shulyupin, A.lL
Filippov, P.N. Mikhailov, O.V. Akhmetova, N.I. Stoyanov are devoted to these issues.

There are no research projects related to the use of the suspended well stock. However, as of the
beginning of 2018, the idling well stock accounted for 13.5% of the total well stock, respectively. This
is exactly the stock that our research is devoted to.

2.1. Problem statement

There are two coaxial cylinders. The outer cylinder contacts with the ground, the temperature of which
increases linearly with the depth. A heat carrier is pumped into the space between the cylinders, which
is heated by the coming from the ground heat. A heated by petrothermal energy heat carrier is pumped
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out through the inner cylinder, which is utilized on the surface to generate electricity. It is assumed
that the temperature distribution has a cylindrical symmetry. It is also assumed that there is no heat
exchange between the injected and the produced liquids.

Let us denote by R, the radius of the casing, and by R; — the radius of the inner pipe, which we will
consider heat-insulated, by T — the temperature of the soil, by u(z) — the temperature of the liquid (heat
carrier) between the pipes, and by v — the velocity of the fluid between the pipes. (Figure 1 shows the
diametrical section of the well.)

dz ¥

(4 t

Z
Figure 1. Axial section of the well.

We assume that the temperature distribution has cylindrical symmetry about the well axis. To
describe the temperature distribution T, u(z), we introduce a cylindrical coordinate system by directing
the z axis down the axis of the well, and the r axis perpendicular to this axis. Between the pipes, we
select a small motionless area (4V) of the height 4z = z, — z;.

The temperature distribution T = T (t, r, z) in the soil around the well (i.e., at ¥>R,) is set by the

equation
2
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in which a is the soil thermal conductivity coefficient,
k
a, =—
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where ks, ¢, ps are the soil thermal conductivity coefficient, heat capacity and density.

We obtain the temperature distribution equation u = u(t, r, z), where R; < » < R,. Due to the
smallness of the R, — R; distance we assume that u does not depend on the r variable. Between the
pipes, we select a small stationary cylindrical area (4V) with a height of 4z = z, - z;. An infinitesimal
layer of liquid with a thickness of dz moving at the speed of V (figure 2) will pass the Az distance in
the time 4t = 4z/v and absorb a certain amount of heat equal to

Qadsorb = cdmAu (2)

where c is a specific heat capacity of the liquid ; dm = pSdz is the mobile layer mass;
Consequently, we obtain the thermal conductivity equation:
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dz
coefficient, c and p are specific heat capacity and water density.

where A= a is heat transfer from the ground to the heat carrier
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We calculate the depth z from the level where the ground temperature does not depend on
temperature fluctuations on the ground surface and is equal to the T, value. We assume that before the
well operation the ground temperature increased linearly with the depth. Therefore, at the initial
moment, the temperature in the ground is set by the equation

T ‘t:O =Ty +Gz (4)

where G is geotemperature gradient. At a distance R from the well axis this temperature remains stable
over time:

T‘rZR =Ty +Gz (5)
We assume that at the initial depth, the temperature does not change over time and is equal to:

We will also assume that at the initial moment the temperature of the injected heat carrier in the
annular space is the same throughout the borehole and is equal to T,.

Ui =T (7)
The temperature of the injected liquid at the initial depth is constant and also equal to T,
u ‘ ,0=T- 8

Finally, we assume that heat exchange occurs between the soil and the liquid in the annular space,
described by the equation of the form:

k((jj—-::za(T—u)

=R, >0 ©)
We apply the grid method for the numerical solution of the problem (1) — (9).

2.2. The mathematical model reliability results

The mathematical model reliability was confirmed experimentally. Calculations of the liquid
temperature at the well bottom at depths of 2000; 2500 m with a geothermal gradient of 0.05 °C/m
were made. Figures 2-3 show the curves of the liquid temperature dynamics for 3 months (90 days )
from the beginning of injection. A month after the pumping starting the temperature of the liquid
tapers off to a steady-state regime.

Different injection rates were considered: 3.6; 7.2; 10.8; 14.4 m® per hour. The graphs show that as
the pumping speed increases, the temperature of the liquid decreases. For example, increasing the
injection rate from 3.6 to 7.2 m® per hour reduces the water temperature from 40°C to 30°C.

Figure 4 shows the curves of the liquid temperature dependence on the injection rate at different
geothermal gradients. At low geothermal gradients (less than 0.02°C/m), the injection rate has a
smaller effect on the water temperature.

Change In e lemperature of he lguid 31 e bolominole 31 difizrent Injeciion rakes (P

€ parn). megeomenmal gradient Is .05 $C/m. e dapm s 2000m.
-

&0 5 & T 30 fLd

Figure 2. Change in the temperature of the liquid at the bottomhole at different injection rates (m* per
h), the geothermal gradient is 0.05 °C/m, the depth is 2000 m.
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Figure 3. Change in the temperature of the liquid at the bottomhole at different injection rates (m*
per h), the geothermal gradient is 0.05 °C/m, the depth is 2500 m.
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Figure 4. The temperature of the liquid at time t=90 days at the well bottom, depending on the
injection rate at a different geothermal gradient, at a depth of 2000 m.

3. Key findings
1. A mathematical model describing the heat exchange processes in a petrothermal well and in the
surrounding it soil mass has been developed.

2. Basing on the mathematical model and the experiment, it is proposed to select wells so that
geothermal energy production is cost-effective, for example, at a depth of 2000 m, with a
temperature gradient of 5°C per 100 m, the injection rate of heat exchanger should not be more
than 3.6 m3 per hour.

3. The work can be useful for oil companies in order to save energy and make the use of
suspended wells profitable.

4. Acknowledgement
We would be grateful to those colleagues and scientists who could share their opinions and wishes on
the work we have done.

5. Jlutepatypa

[1] Method of the earth's heat utilization and minerals mining in the weakened earth's crust zone:
Pat. of Russian Federation No. 2068530: IPC F24J 3/00 / Werner Foppe; applicant and patent
holder of the Compisa AG (LI) application 10.09.1990, publ. 27.10.1996.

[2] Davis, A.P. Geothermal power production from abandoned oil wells / A.P. Davis, E.E.
Michaelides // Energy. — 2009. — Vol. 34(7). — P. 866-872.

VI Mesknynaposast KoH(pepeHuus 1 Monoaé&xkHast mkoina «HpopmaonHble TexHoornu 1 Hanotexnonorun» (MTHT-2020) 285



CCKHI/IH: Maremarnyeckoe MOZCINPOBAHUE CI)I/IBI/IKO-TBXHI/I‘IBCKPIX IIPOLECCOB U CUCTEM
Mathematical modeling of geothermal energy from a well extraction

(3]

[4]

5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

Wight, N.M. Geothermal energy from abandoned oil and gas wells using water in combination
with a closed wellbore / N.M. Wight, N.S. Bennett // Applied Thermal Engineering. — 2015. —
Vol. 89. — P. 908-915.

Noorollahi, Y. Numerical simulation of power production from abandoned oil wells in Ahwaz
oil field in southern Iran / Y. Noorollahi, M. Pourarshad, S. Jalilinasrabady, H. Yousefi //
Geothermics. — 2015. — Vol. 55. — P. 16-23.

Cheng, W.-L. Evaluation of working fluids for geothermal power generation from abandoned
oil wells / W.-L. Cheng, T.-T. Li, Y.-L. Nian, K. Xie // Applied Energy. — 2014. — VVol. 118. — P.
238-245.

Gabdrakhmanova, K.F. Nomogram method as means for resource potential efficiency
predicative aid of petrothermal energy / K.F. Gabdrakhmanova, G.R. Izmailova, P.A. Larin,
E.R. Vasilyeva, M.A. Madjidov, S.R. Marupov // Journal of Physics: Conference Series. — 2018.
—Vol. 1015(3). — P. 032036.

Gabdrakhmanova, K.F. The way of using geothermal resources for generating electric energy in
wells at a late stage of operation / K.F. Gabdrakhmanova, G.R. Izmaylova, P.A. Larin // IOP
Conference Series: Earth and Environmental Science. — 2018. — Vol. 194(8). — P. 082012.
Gabdrakhmanova, K. Equipment for paraffin removal from oil pipelines in order to ensure
energy saving in Arctic conditions / K.F. Gabdrakhmanova, G.R. Izmaylova // I0P Conf. Ser.:
Earth Environ. — 2019. — Vol. 378. — P. 012038.

Gabdrakhmanova, K. Use of geothermal energy from abandoned oil wells / K.F.
Gabdrakhmanova G.R. Izmaylova // IOP Conf. Ser.: Earth Environ. — 2019. — Vol. 378. — P.
012053.

Gabdrakhmanova, K. Method for selecting geothermal energy extraction technologies using
nomograms / K.F. Gabdrakhmanova, G.R. lzmaylova // J. Phys.: Conf. Ser. — 2019. — Vol.
1333. — P. 072006.

Gabdrakhmanova, K. Information Technologies as a Means of the Professional Competence
Formation in Technical University Students Teaching Advances in Economics and Management
| K.F. Gabdrakhmanova, G.R. Izmailova, L.Z. Samigullina, R.R. Ganiev // Advances in
economics and management. — 2018. — Vol. 3. — P. 59-64.

Gabdrakhmanova, K. Solution of the problem of annular space gas utilization in wells operated
by walking-beam pumping unit / K.F. Gabdrakhmanova, G.R. Izmailova, L.Z. Samigullina //
IOP Conference Series: Earth and Environmental Science, 2019.

Gabdrakhmanova, K. Task approach in the bachelors’ professional competence formation / K.F.
Gabdrakhmanova, G.R. Izmailova, L.Z. Samigullina // Advances in Economics, Business and
Management Research, 2019.

VI Mesknynaposast KoH(pepeHuus 1 Monoaé&xkHast mkoina «HpopmaonHble TexHoornu 1 Hanotexnonorun» (MTHT-2020) 286



