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Abstract: To accurately predict the migration process of acidic minedrainage (AMD) in fractured media and its discharge intensity
into the surface environment, an novel simulation technique based on the Upscaled Discrete Fracture-Matrix (UDFM) method is
proposedinthisstudy, which involves locally refining the fracture structure and mapping it onto an equivalent continuum model.
Building upon this approach, we construct a series of numerical casesfor AMD reactive transport in carbonate fracture networks. By
integrating AMD discharge flux analysis with Damkohler number(Da;), we quantitatively elucidate the influence of key fracture
parameters (fracture direction, fracture density P3,) on AMD migration patterns and meticulously characterize the hydrogeochemical
interactions and their dynamic evolution between fractures and the rock matrix. The simulation results demonstrate that: The higher
the fracture density and the smaller the fracture angle (i.e., direction concentrating)correlate with the faster AMD migration rates and
increased discharge intensity; conductive fractures dominates preferential flow under high-density conditions, AMD diffuses through
the matrix into adjacent non-conductive fractures near preferential pathways, triggering a transition from reaction-dominated
(highDayj) to advection-dominated (lowDa;) regimes within these fractures. Connectivity to the downstream boundary subsequently
amplifies AMD discharge; lower fracture density and greater orientation alignment result in a higher proportion of reaction-
dominated simulation units after system stabilization, indicating larger zones of incomplete neutralization.

Key words: Discrete fracture network; unstructured grid; reactive transport; equivalent continuous medium model
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Table 1 Parameters of numerical model
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SE AL - 0.01 [25]
AR kg/m’ 1x10° [39]
STV EERE m’/s 1x10° [39]
NI TR U m 2.5x10° [39]
W R U m 2.5x10* [39]
A 1) R U m 2.5x10° [39]

B BB T 7] 5B U T 6 R T K R N 12
IS A SRR AL B BRI RI 4L A 1 = e 24
WA A1 R BEHLT 1) S4B, 6=0.1;B 21 4 5 41 %5
B 7K E EAS R, ) 20 590 4 45715 135, {6
o4 75 k=10.30 e FoRBT 1 SRR, B8
I B K 2% W S B8 1) 5 T A R D O RS R R

ANPTURSC AR R 8 241 135 B B I 4 A58 3 B 2 4l
2,500 N O RSB A1 ARER A AR
), p' =1 TR H N 25 fe A 20w 24 Bt )
DFN #7458 B2i fU% B ABT 1), p' =2 R
AR H AR B I T B DFN B,

F 2 DFN#BEHAESE

Table 2 Fracture parameters for DFN model
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Table 3 Chemical reaction parameters (25 C)

ST A B 1gK
CaCO; + H e Ca®* + HCO; 1.85
CO5(aq) + H,0 < H' + HCO, -6.34
HCO, <> H + CO:s -10.33

Fz 4 HHRESE(mol/L)

Table 4 Ion concentration parameters (mol/L)
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