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Abstract: Artificial solution mining technology, which converts evaporite minerals in brine aquifers
into brine, is crucial for the sustainable development of salt lake resources. However, the dynamic
evolution of aquifer hydraulic conductivity induced by mineral dissolution during water injection

remains insufficiently understood, hindering accurate process prediction. In this study, a Python-based
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modeling tool, MF6PQC, coupling MODFLOW®G6 and PhreeqcRM, was developed to systematically
investigate the effects of reactive transport on the hydraulic conductivity of brine aquifers and the
overall solution mining process. Simulation results show that aquifer heterogeneity governs the
spatiotemporal evolution of hydraulic conductivity. During the early stage of dissolution mining,
hydrogeochemical reactions preferentially occur in high permeability zones. The dissolution of highly
reactive minerals such as carnallite significantly enhances porosity and hydraulic conductivity,
ultimately forming preferential flow paths driven by positive advection-dispersion feedback.
Relatively homogeneous aquifers or those with extensive, well-connected high-permeability zones
facilitate uniform lixiviant distribution and achieve higher solid-to-liquid conversion efficiency. In
contrast, strongly preferential or poorly connected formations interrupted by low permeability barriers
limit mineral contact and dissolution, thereby reducing overall solution mining efficiency. This study
deepens the understanding of hydraulic conductivity evolution in brine aquifers during water injection
and provides a theoretical basis for optimizing salt lake brine resource exploitation.
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conductivity; preferential flow
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Fig. 1 Interactions among various physical fields during artificial solution mining
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Table 1 Evaporite minerals and their physicochemical parameters

‘ . TE BEIRERL SEESE =
Y/ B2 [ 8=25:0 . .
(g/mol) (cm’/mol) (%) (g/cm?)

fiEh NaCl 58.43 27.1 45-80 2.17

Y4 KMgCls 6H,0 277.85 173.7 0.9-34 1.60

WA KCI 74.55 375 2-13 1.99

Zexifi Ko,MgCay(SO4)s 2H,0 602.91 218 2-4 2.78

L8 CaS0, 2H,0 172.16 73.9 2-11 2.32
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T 25 (Parkhurst & Wissmeier, 2015) , %% Pitzer i B R Bl
FUFEHARE . Pitzer B FEICHIEH T =B B R TRk RS, ek
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Table 2 Hydrogeochemical reactions and their equilibrium constants

v RN ST R 5
£ #h NaCl=CIl'+ Na" 1.57
Jeki A KMgCl; 6H,0 = K* + Mg + 3CI" + 6H,0 4.35
Bt KCl=K"+CI 0.9
KA KoMgCax(SOu)s 2H,0 = 2K* + Mg? + 2 Ca®* + 4 SO,* + 2H,0 -13.744
HE CaS0, 2H,0 = Ca** + SO,* + 2H,0 -4.58
Na"+X = NaX 0.00
KX = KX 0.70
BT A H e o
Ca’*+2X = CaX, 0.80
Mg?*+2X" = MgX, 0.60
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Fig. 3 Geometric configuration and mesh discretization of the numerical model
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*® 3 RERNSEEATBEFRE (B42: mol/L)

Table 3 lon concentrations of the injected lixiviant and the native brine (unit: mol/L)

I (g/L) pH K* Na* Ca Mg** cr S0,  COs”
¥IRVA  1.2778 6.82 0.4441 0.3870 0.0110 3.6380 8.0235 0.0519 0.00009
IR 1.1988  7.31 0.0004 5.3289 0.0003 0.0005 5.1894 0.0703 0.00008

* 4 BAMIRHIEY AN ER (BAL: mol/cell)

Table 4 Initial mineral composition per grid cell (unit: mol/cell)

/2 fiEh He i f PEpa B R HE X
YIG & & 77.00 1.78 2.70 0.66 4.39 1.00

2.2 E¥HRBERBFEN S B R

N UL ER T X i 1< 2 [ AT 1R175 08 R AU (AR R, AN AR A s i
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Oy EAR R () L (MUler et al., 2022)
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Table 5 Definitions and parameters of the five scenarios

Wt IR AT E X Ji 7% Oy t;
85753 F(¥) =10.0 0.00
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5 = ! —)- :
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W5 E Fo) = %arcsin(ﬁ) - arcsin(jy -1 10 15 5
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Fig. 5 Spatial distribution of residual mineral content at different time steps
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