INTRODUCTION

Conventional geothermal reservoir model
=»Focus on complex spatial shape of fractures

Discrete Fracture Network

P

. Ve - %3

Pl - S5 Branch fractures

. g A1)

Challenges S— (Guo et al,, 2019)
* Numerous parameters required

* Time-consuming model preparation

* High computational cost
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Background

=»Focus on fracture connectivity Fluid flow in geothermal reservoirs is controlled by fracture

Shift in perspective

Advantages
v'Fewer parameters

v'Easy model preparation
v'Low computational cost

networks, but conventional models require many parame-
ters, heavy preprocessing, and high computational cost.

OBJECTIVE

Shift the focus from detailed geometry to fracture connec-
tivity and establish a simpler, more flexible representation of
subsurface flow structures.

Topological Data Analysis (TDA)
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An analytical thermohydraulic mode (D. B. Foxetal., 2016)

Mass flow rate 7 calculation Fluid temperature T calculation
T Const) 1. Formulate a mass balance equation(Oat each
" ' node on the graph
hm 2z Srrsvalite ey 2. Calculate the mass floyv .rate m of each fracture
‘ T(z,t)=T Injection based on the characteristic length of the fracture
.5( set on each edge
——
5z \ I:I 3. Calculate the temperature T of the fluid flowing
T = (T, — T,,)Xerf ] + T, through the fracture based on the mass flow rate
2\a,t
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Fracture set length L decided = Cow
VALIDATION Z Slmulatlpn gondltlons
o . ] v |’ *  Matrix thickness: 500 m e  Thermal conductivity of matrix: 2.7 W/m °C
Statistical rules for creating DFN models (Wangetal., 2024) = /" ' S »  Fracture aperture width: 1 mm +  Thermal conductivity of fluid: 0.6 W/m °C
( P b bl.t d t f t. ff t l_ th l N ' ‘( 3_0 * |n|t|a| temperature: 200 OC ° Heat Capacity Of matrix: 1050 J/kg OC
robability density function of fracture length n(} 3 , ' S * Injection time: 10 years *  Heat capacity of fluid: 4300 J/kg °C
— A : S % . e * Injection temperature: 20 °C «  Density of matrix: 2700 kg/m3
n (l) — 'Yl forl & [lmma lmax] = ' \. 2 * Injection pressure: 20 MPa . Densitill of fluid: 1000 kg/?n3
- ‘ |2 * Injection mass floe rate: 200 kg/s . Viscosity of fluid: 0.001 Pa s
Total length of fractures per unit area d / *  Maximum fracture length Iz 800 m
1 I L \ v Minimum fracture length I i; : 500 m
d = — f max- (l) ldl 1000m e Power-low exponent a: 2.0
L L? Jlnin } . d:0.015
1500m
RESULTS & DISCUSSION
Fluid temperature filed o .
estimation results COMSOL simulation result Variation of T at the production well

t=10years

CONCLUSION

Successfully calculated the
temperature field of the flow paths
that extends from the injection well to
the production well

The detected flow paths were
generally consistent with the
COMSOL results

However, since Mapper captures the
connectivity from the injection well to
the production well, it cannot capture
the flow path in the opposite direction
to this global direction.

Proposing a new numerical model for geothermal reservoirs using Mapper, a TDA tool

Heat transfer analysis was performed on a graph, and fluid temperature changes were successfully estimated
Permeability estimation has already been investigated within the same framework, and integration of both will

lead to a multiphysics approach
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(Raeini et al., 2017)

Permeability estimation

Error margin: Within range of one-tenth to 10x
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Proposed method Overestimation gt 10 year§ possibly
— COMSOL® due to the analytical solution not
accounting for thermal interference
between fractures

Error remains small (~5 °C) because
convection dominates in this case

Accuracy may decrease in
conduction-dominated or densely
fractured systems unless thermal
Interference is included

Time [year]
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