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Characterization of fluid flow in 3D fracture networks by functional
nano-particle tracers
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Nano-/microparticles have a potential to predict fluid flow inside a
fractured rock accurately. In this study, we aim to propose a new method for fluid flow evaluation
using the nano-/microparticles. Flow experiments using microfluidcs and fracture network models
controlled by a 3D printer were conducted. Microfluidics experiments confirmed that particles of
different sizes exhibit different flow behaviors, and the particles tracer-based fracture structure
estimation method was devised. In addition, a fracture network model created by a 3D printer was
used to compare between numerical simulation and experiment and to validate the flow model.
Furthermore, the structure of the fractures was quantified using topology and the relationship
between structure and flow was elucidated.
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Fig.3 SEM image of nanoparticles. Fig. 4 Schematic of the Tunable Resistive Pulse
Sensing (TRPS) system.
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Fig. 5 Creation of an artificial crack network. (a) Relationship between fracture
length and number based on field observations, (b) Design of artificial rocks (greens
show fractures), (c) photograph of printed specimen, (d) cross-sectional image of design,
(e) CT scan cross-sectional images of artificial rock.
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Fig.6 Observation of particle Fig. 7 Size-dependent tracer responses.
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