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Characterization of Tracer Responses in Fractured Geothermal Reservoirs
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Tracer tests are often performed to obtain hydraulic parameters and to model geothermal reservoir systems.
The Advection-Dispersion Equation (ADE) based on Fick’s law has generally been used to describe the mass
transport in the underground. However, this conventional model cannot describe mass transport correctly in the
highly complex media such as fractured reservoirs. In this study, the fractional Advection-Dispersion Equation
(fADE) has been utilized to calibrate tracer curves instead of the classical ADE. We investigate the relationship
between flow parameters involved in the fADE and fractal dimension to explore the feasibility of predicting fractal
dimensions of fractured rock masses based on the fADE. We simulate tracer transports employing fracture network
models where the fractal dimensions are in the range of 2.0-3.0. It is shown that the fADE parameters correspond
closely to the characteristic properties of the fracture networks. This indicates the fADE model based on fractal
geometry is capable of capturing key aspects of flow and transport in fractured reservoirs and of predicting fractal
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dimensions of fractured rock masses by tracer tests.
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Fig.1 Schematic of a fractured reservoir and fADE model.
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Fig.2 Converting a fracture network model to an equivalent continuum:
(a) fractal fracture network; (b) calculation of “block to block”
permeability; (c) equivalent continuum model with spatial
distribution of permeability.
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Table 1 Calculation conditions for tracer analyses by FRACSIM-3D.
Parameters Value
Pressure difference between inlet and outlet AP [MPa] 0.1
Volume of fracture network model [m3] 100x100x100
Number of elements 100x100x100
Viscosity of water u [Pa * s] 3x10°4
Numbers of tracer particles 10000
Injection time Tix [-] 0.01
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Fig.3 Schematic diagram of calculation condition for a tracer analysis.
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different Dg values. Fracture density is 1.5 m.

Illustration of fracture network of Model U with r = 1.0 m.
Fracture density is 1.5 m.

I mRadius r=1.0
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Permeability distribution in fracture network (Model U)
with 7= 1.0 m. Fracture density is 1.5 m.
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Fig.13 Tracer curves computed by FRACSIM-3D for Model U and
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Fig.14 Tracer curves computed by FRACSIM-3D for fracture networks
with different Dy values. Dg = 2.5, and fracture density is 1.5 m.
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Fig.15 Tracer curves computed by FRACSIM-3D for Model Dg and
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and fracture density is 1.5 m.
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Fig.16 The fitting result of tracer analyses based on the fADE : Relationship between the fADE parameters (&, 7, b, Pe)
and (a) fractal dimension of fracture radius (Dg) at fracture density of 1.5 m’l, and (b) fracture density at D= 3.0.
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