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Abstract: In this study, a numerical manifold method (NMM) model was developed for fully coupled analysis of 
thermal-hydro-mechanical (THM) processes in porous rock masses with discrete fractures, such as a naturally frac-
tured enhanced geothermal system (EGS). In this model, heat transfer, fluid flow, and mechanical deformation are 
simulated in both rock matrix and discrete fractures. And interaction among fractures and the rock matrix in the three 
physical fields are also included. By using the NMM, a non-confirming mesh can be constructed [1]. The fluid flow 
is simulated by a previously developed zero-dimensional fluid flow model [1]. With the zero-dimensional model, 
fluid in both fractures and rock matrix as well as their interaction are considered without introducing additional de-
grees of freedom for fractures. For mechanical analysis, fractures are treated as discontinuities with opening, closed 
or sliding states which could be dynamically transferred. The hydro-mechanical couplings involve both direct and 
indirect couplings. The direct coupling in terms of pore-volume interaction in the porous rock matrix was considered 
by a fully coupled scheme. The indirect couplings, including mechanically induced permeability changes associated 
with existing arbitrarily intersected fractures were realized by the discontinuous model [2]. The thermal-mechanical 
coupling in terms of thermal strain and the thermal-hydraulic coupling through convective flux, as well as material 
properties are simultaneously solved in this model. With the above capabilities, such a model can deal with THM 
processes in porous rock with discrete fractures possibly with multiple intersections. First, thermal-hydraulic cou-
pling, thermal-mechanical coupling, and THM coupling without fractures are verified against results from analytical 
solutions or other numerical methods, respectively. Then impacts of fluid flow, cooling and mechanics are investigat-
ed through an example of water injection into a fractured EGS system by changing temperature, flow boundary con-
ditions and stress regime.  
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