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Damage Simulation of Fracture Asperity in Geothermal Systems

Chao Zeng!, Wen Deng!

/INTRODUCTION: Fracture as a major factor WhiCh\
greatly affects the fluid flow, heat recovery in subsurface.
Natural fractures are usually maintained by self-propping

asperity .The In-situ stress loading on fractures are

balanced by contacting asperity pairs. In geothermal
systems, cold water I1s pumped Into deep formation and has

exchange
temperature difference between water and rock would

Induce considerable thermal strain and possibly damage

In this study,
Implemented In Weak Form PDE interface to simulate the

damage evolution of asperity under different invading
water temperature.
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\ Figure 1. Schematic of (a) fracture and (b) asperity in geother

) m(alljl )systems /

/COI\/IPUTATIONAL METHODS: Isotropic damage mod@
[2] 1s Implemented in Weak Form PDE interface to analyze

the potential damage of asperity.

model.

Heat conduction equation Is solved to obtain temperature
distribution Iin geometry and then calculate thermal strain.

From numerical consideration, three sequences are involved
In this process: a) displacement loading of asperity, b) stress
loading of asperity, b) thermal cooling coupled with damage
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/RESULTS: Displacement loading and thermal cooling\
steps are presented to Illustrate the degradation of asperity

d fatlure evolution.
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Figure 3. Mechanical analysis of asperity: (a) stress-strain curve and (b)

Figure 4. Thermal-mechanical analysis of asperity: (a) compaction with
response to different temperature difference and (b) temperature distribution
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Figure 2. Meshed fracture asperity model
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Qﬁer cooling at AT = 300°C.

AT, = 48°C

AT = 300°C

Figure 5. Thermal-mechanical analysis of asperity: (a) compaction with
esponse to different temperature difference and (b) temperature distributi
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Increasing temperature difference (Fig. 4a):

1.
region of asperity (Fig. 5a&5b);

towards radial direction (Fig. 5¢&5d).
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CONCLUSIONS: Two stages of damage take place with

the first stage Is degradation of stiffness In the center

2. the second stages correspond to damage of element
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