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Multiscale reactive transport modeling and predictive
uncertainty quantification of water-rock interactions during
uranium in situ leaching
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In situ leaching (ISL) has been widely applied for
the extraction of uranium. However, the geochemical
processes, such as the reaction between gangue
minerals and lixiviant, exhibit nonlinear coupling,
making them difficult to fully reveal through laboratory
studies. Therefore, a deeper understanding of the
uranium leaching mechanism is crucial for reducing the
risks associated with the ISL process. This study
analyzes uranium recovery experimental data using a
process-based reactive transport model (RTM) to
identify and quantify the key hydrogeochemical factors
influencing uranium dissolution. Subsequently, we
extend the laboratory-scale RTM to a field-scale to
predict uranium recovery and quantify the uncertainty
in model parameters and predictions through Monte
Carlo uncertainty analysis. The results indicate that
uranium dissolution is influenced by a combination of
uranium mineralogy, leaching agent type, and gangue
minerals. Under acidic conditions, the dissolution of

coffinite (U(IV)) does not require an oxidant, whereas
in alkaline conditions, an oxidant is essential. The pH
buffering effect caused by the dissolution of gangue
minerals, such as chlorite, inhibits uranium leaching.
Moreover, for the first time, quantitative analysis
reveals a specific dissolution sequence of gangue
minerals, with chlorite dissolving preferentially in this
study. Uncertainty analysis shows that the initial
concentrations of uranium and gangue minerals
significantly impact the predictive accuracy of the
field-scale RTM, leading to considerable uncertainty in
the simulation results. The approach in this study not
only enhances the understanding of the ISL process but
also provides theoretical guidance for large-scale
uranium recovery.

key words: Uranium in-situ recovery; water-rock
interactions; reactive transport modeling; uncertainty
quantification
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Research on the Time lag between Groundwater level
variation and Water Burst in Fissure Media Mine Tunnel
Excavation by FEFLOW.

Amjad Danyal1 , Zaimin Wang1 , Yangjun Wu', XiaoXiong Li'
LB R S5 LA, Wl 610059

Mining activities in fissure media pose significant
challenges due to the complex and unpredictable
behavior of groundwater flow, which can lead to
hazardous water bursts. These bursts threaten
operational safety, infrastructure integrity, and
environmental sustainability. This study investigates the
time lag between groundwater level variations and
water bursts during tunnel excavation, emphasizing its
role as an early-warning mechanism. Using the
Maoping lead-zinc mining area as a case study, a
conceptual developed to
groundwater flow dynamics, incorporating geological
and hydrogeological data. The analysis focuses on
hydraulic head, pressure distribution, water flux,
velocity, and time lag, particularly within fractures 1 to
3, which represent varying hydraulic conditions. The
results highlight the importance of monitoring wells in
critical zones, where sudden hydraulic head reductions
act as precursors to water inrush events. A negative time
lag of -9, -8, and -10 steps was observed, corresponding
to different monitoring locations, establishing it as a
reliable indicator of transient hydraulic behavior.

model was simulate

High-risk zones, such as Fracture 2, exhibit dominant
groundwater transport roles, characterized by high
velocities and significant fluxes. These findings
emphasize the need for prioritizing such fractures for
real-time monitoring and proactive mitigation strategies.
By integrating time lag analysis with advanced
numerical simulations, this study provides a robust
framework for enhancing safety in underground mining
operations. The proposed early-warning system enables
timely evacuation of workers, adjustment of excavation
activities, and reinforcement of critical zones,
mitigating risks and reducing economic losses.
Furthermore, this study highlights the importance of
integrating hydrogeological monitoring with predictive
modeling to address address groundwater flow
challenges in fractured rock systems. The findings
contribute to improved risk management strategies and
pave the way for refining predictive tools through field

applications.

Key words: Time lag; water inrush; water burst
prediction; tunnel excavation; mining safety
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Hydrobiogeochemical Impacts of Water Sealing on Acid
Coal Mine Drainage in Well-developed Karst Area
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The acid mine drainage of closed coal mines
contamination for karst aquifers as important drinking
happens continuously. Understanding the
underground iron and sulfur cycles controlled by the
unique karst medium structure and the response of acid
coal mine drainage (ACMD) to source control
technology-blocking is imperative for effective
groundwater quality management and reduce impact of
ACMD for surface water environment in the karst
region. This study combined hydrochemistry, multiple
stable isotopes (6D-H,O, 5"%0-H,0, 5180-8042[, and
534S—SO‘2[), microbiology, solid-phase chemistry and

water

characterization, as well as a tracer test to clarify the
SO?{ sources and iron-sulfur cycling within the karst
aquifer affected by ACMD and blocking at the Yudong
River Basin in Guizhou Province, Southwest China.
Field investigations, solid characterization and
hydrochemistry revealed that pyrite oxidation and
dissolution of coal in the underground P21 layer, and
reaches the surface via the karst conduits of the P2q+m
layer. The low pH and high sulfate and total iron
characteristics of ACMD effluents are not modulated by
seasonal changes and blocking. The dD-excess values
of water isotopes indicates that coal mining increases
the difference in seasonal changes of dD-excess values,
and blocking reverses the seasonal change
characteristics of JD-excess values. The data from
6"80-H,0 and 6'*0-SO; showed that the contributions
of the pyrite oxidation by O, were 14%~45% and

21%~63% during the wet and dry seasons respectively
for ACMD effluents in unsealed coal mines. However,
blocking reduced the contributions of the pyrite
oxidation by O, in the wet and dry seasons (7%~20%
and 11%~21%, respectively). The data from 5345—5042[
suggested that dissimilatory sulfate reduction processes
were responsible for the sulfur isotope depletion in the
ACMD effluents within this region. The microbial
community structure showed that there were hydraulic
connection channels between CM#3 and the Baishui
River. Moreover, the relatively weakened flow might be
more conducive to the redox of Fe-S than the
continuous flow. The predicted genes of Fe-S
metabolism indicated that all links of sulfur redox and
transport processes were relatively complete, and
bacteria that could simultaneously carry out multi-metal
redox including Fe may be the core population in karst
ACMD. Moreover, enormous and free Fe’* may exist in
the karst groundwater system affected by ACMD. This
study provided an integrated method for exploring the
iron-sulfur dynamics in karst aquifers contaminated by
ACMD and its response for blocking technology.
Moreover, the study highlighted that the hydrological
fluctuations and karst media structure control could
interfere the stability and synergy of microbial
indicators.

Key words: Acid coal mine drainage; Karst;
Sealing; Multi-isotopic system; Microbial indicators

REWH: ERARFFIES (42377256); St “HANEEREEHAATH (GCC[2023]038); T AR AR ([2024]013); PRl

M KT R S % A A

W AEER N KR (19945, L5 A, DR FBEH IR . Email: 754254323@qq.com
*EAFVER WA i (1987-), WHFT bas WFFT 5 Al AB K SCHERIL 2% TS M F/KB R . RNV TR TS 248 . Email: sunjing@mail.gyig.ac.cn



