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Table 1 Classification of Digital Twin technology levels
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Fig. 1 Schematic diagram of a fiber-optic sensor-based

water level monitoring system

2.3 BEAREEOBMEEEXNERE

TE V3 G B TP RAR R b 3 i 38 2 8l
M R BRI | 3t BR A 2 KO AN TS MO S
A BT 2 LM Sl 5 T A 7 s e 2 R M
I GG EF K A 5 I 2R e 4 3t 1 S A2 A 1 3l
AR . X PSR RR L R 4R T R B
TP RARF )RR E AR
2.3.1 HEFRERENEN

Ji 33 3 25 T SR AR R S5 A 2 TR
Ay JEU iR H Bl 25 0 SR AR 2R I 0 o M UL L R
GER AT 5 R R S T e A
(1 M o 5 AR A Y | Ml K 3B I Y A R B 3 A A
B R FHGRBE 2 2] Oy 0 e Sp B 8 RE AR A AL
IR A 3R A7 PAODR 25 A0 S I R dhe R A 3l A
RS2 BN [ 1k, DL S Bl 3R R Bl 7 ) K
iR LR S VR RTTRI B a iy < T o B o AR
B 3z 2B S L S50 25 R S I e B A ]
MALF- 6 1. W S AR R L GIS &L
22 B AR A A R R s B 5 il B B A S
PP 2 BB 2 T ) 5080 £ B, R 455 O SRR 285 R 33T 0
B0 DL R SR AR A A BT TR T, 39 5l KU 4
B S P B 2T R AR R R kR E L RE Ak
HH,

VR i i35 H 3 25 0T SR MR R 1 Bk 3R T B, 3
B TE 2R GEAE b s R il Aol b e 15 4 S B

BRI BY B B AR A 5K L R A H AR s 2 B Ar
AL e BT B 4k U7 38 L T 2 IR B R A 7
PESRAE N B RE DAL s . o H s AL AL i = 1
i E B BEAY 2 H bR, AR R AR R AR T2
FARDL AL W 25 & 25 1 2 A~ H AR 2Z 8] (9 A4, 4
A e [l Wi A | o B AR A0 D8/ BROBE R R, i
S I A o3 B RARE R T L A RE DL K R G RE
R BT R T EZS 808X
R AR 77 U SR DT 42 T A= 7 053 T I 3R 558 52 i
A2 35 A 4 Bl 3 35 R Al AT Al 1) 2% 8 L BE B
Ji T K

BB 2
l AL
. 1 |
# i | [
B[ mmeERZ |-
7 HRERAL
x RY%
7| R |
27 S— -
ZFRE ZWm | | s
Bl | gk s
B H B2

2 FRHHEFRERNEN
Fig.2 Structure of in-situ leaching

dynamic mining system
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Fig. 3 Basic elements and integration of in-situ leaching dynamic mining system
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Exploration and Construction of a Digital-Intelligent In-Situ Leaching

Dynamic Mining System for Uranium

LIU Longcheng,ZHANG Zhean

(Digital Uranium Mining and Metallurgy Center ,Beijing Research Institute of Chemical

Engineering and Metallurgy .CNNC,Beijing

101149)

Abstract: To address the problems such as insufficient real-time data analysis, lack of intelligent

decision-making support, and limited dynamic optimization capabilities of in-situ leaching dynamic

mining system in practical application,the advantages of integrating Digital Twin technology with the

in-situ leaching process for uranium extraction were analyzed. By incorporating advanced technologies

such as muon imaging, fiber-optic water level monitoring,advanced sensing technologies, artificial in-

telligence,and big data analysis,an efficient digital-intelligent uranium mining platform was construc-
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ted. The platform includes geological structure model, groundwater seepage model, reactive transport
model, and intelligent agent model. The core algorithms cover deep learning,data assimilation, multi-
objective optimization, and uncertainty analysis. The establishment of the dynamic in-situ leaching
mining system can improve the efficiency of uranium resource development and can provide valuable
reference for the extraction of other mineral resources,thus having certain theoretical significance and
practical value.

Key words:in-situ leaching; uranium;dynamic mining system;Digital Twin technology;

intelligent mining platform;multi-source heterogeneous data
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