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Motivation

The Horstberg geothermal reservoir in the
North German Basin (80 km north of Hannover)

Reservoir depth: 3650 mTVD
Reservoir temperature: 144 °C
Reservoir pressure: 584 bar
Shmin: 650 to 680 bar

An induced hydraulic fracture hydraulically
connects two sandstone layers
Area of induced fracture: 196,000 [m?]
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« How to simulate transport phenomena in a geothermal system
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« A monoborehole concept was applied in a
multilayered sandstone reservoir

* Production through annulus from Solling
Formation and injection through tubing into
Detfurth Formation

 Induced hydraulic fracture

x10% m

x10% m
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« Laminar Flow : velocity and pressure fields

Q=0.1[lit/s] P=1[atm]
 Conservation of mass

dp
/04 v (P u) =0 Grout

] Annulus
 Conservation of momentum

ou Tubing
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Heat Transfer in Fluid: temperature field

P T=50°C T=?

pcpa +pcyu- VT =V. (AfVT) +7:Vu

T Temperature

Cy Heat capacity

A Thermal conductivity

u fluid velocity vector

P density

T viscous stress tensor

Grout

Annulus

Tubing

Tin=10°C

The fluid flow was first solved in a stationary study
and the resulting pressure and velocity fields were
used in heat transfer study
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Time=1d Contour: Temperature (degC)
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» Transient poroelastic equation:

p p o€

+V.-p|——(Vp+ pgz) |= -

M@t p{ ﬂ( P+ pg )} Py
(Biot, 1962)

Storage Mass conservation  Sink/Source term

» Constitutive poroelastic equations:

o=Ce—opl
p=M(C -as,)

Stress

Biot Modulus

Fluid mass content increment
Stiffness matrix

Biot coefficient (0 < a < 1)

RN T Q9

Bulk strain

™m

Volumetric strain
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Unit tensor

p Pore pressure
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« heat transfer in porous media

(pC )ffa + V- (pCouT) +7 - q = Qs

* heat transfer in a fracture is similar to porous media

b(pC )effa + V- (bpCpu,T) + Vi - g = bQy,
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» Fracture half length : 500 m
» Fracture height : 175 m

» Fracture half aperture (b): 0.0001 m

—aperture reduction through adjoining layer
elliptical profile
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Mechanical Domain
(10 km X 7 km X 8 km)

Lithostatic / C
pressure grad ien - .

Roller

Base Scenario

~ 0.5

x10% m

Free surface

4 X10°m

Poroelastic domain
(no flow BC)
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Pressure Transient Test - Solling

Hyaraullc Calibration of the Model
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Time=0d kfr-at(0,kfr) (m?)

Solling

Clay

Detfu rth
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« Comsol Multiphysics is applied to simulate transport phenomena in
borehole and reservoir models.

« The coupling aims at transferring data between two models while
updating boundary conditions as follow:

o Update BCS: Grout
N Production R
pressure and |

| - Temperature fune

L . S Update Injection
| presure and
temperature

' N 70000 )



Thank you,
Questions?

| would like acknowledge Wolfram Ruhaak as well as

* Federal Ministry
&b for Economic Affairs
and Energy

Projekttrtiger Julich
Forschungszentrum Jilich






