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Table 1 Main water quality parameters of seepage water
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pACIERIEREE| 0.10~1.2 326~1 230 85.6~723 2.90~18.8 7.48~8.33
1.1.2 SHKMEFRESZTTHETK (0.3 mg/L VAN . #ffriE bR oM E .

FEE 7R WK 70 K 3R 3 Ca(HCO, ), ——>
CaCO, v + CO, A + H,O N i) A #E 47 . KA
HRRR T 65 3k R O K R T .l R S T e 0
B0 T A 0 TR A W R/ 3 T L B B ROK 2
A e A/ UL (Z-4 k042 24 2 650~3 650 nm) .
BB R GEAE . B R K v Sl R
TELVA A 285 Al o ARG, DA M/ B0k 25 R 2

FE 425 AR K /DN o Bl TR S T UE N 4
ZMH L KR Ca(HCO,), MXF &£, mREA
MR UCVD BB RRE L B i A 1) o 1R 4 Tk 16 5
Yy, BBl LAV RS AR O B IR MR H B AR
DRV 5
1.2 ERESHKAEBEBIZRIEHE

JEATE K Ak 31T 2R B B AR W R
2 R B B AE A5 3 Bl B e iR R R Gl
i BT A BRI L Rl . W B ARG
HH 7K il e BE R e s ) A a0 R S B B R A
O R P E ) (GB 23727—2020) B

JE A5 KA Bt B 2 B A B
W Btk ath L BA 3 AT R 28 A 10 m 5 R FH O BB O U
WL KA T A L A T ST B AT . AR
WE T B0 T o B W Bt 7 PH H R AL BRAT 55, 24 LR
W R R, 3R 8 W A S e DT Ak g R A T
T U 2 A L DR K A Y % S R AR
TRY B T 40 3k A R R XU
1.3 SHKKE SERENER

M S 2R 5% R I R BV ) (HT 61—
2021 (R IR O 2 W A B A B R
HLE ) (GB 14585—2024) 1 2 R, it £ 1 W il
N BRI I 38 4, 638 K R AT BORE FNRR AR V5 G
Wy B K WE I ST MR R AR TS e ) R
Ujsp 2 Ra ! Pb. 2 Po, Wil ik i 1 W/ H (—
FRCAE B H S5 Ji — JRL EAT SRAE) SR P 388 Wil 55 41
HB I AH 25 A o L W R B, o (Uky ) 1E
0.135~0.253 mg/L 3 (R 2)., iz B X [H] 4k
T A B W A A B8 it A B2 17 IX ]

Fz2 20232024 FEHKLEBEHHTESTEYRNER

Table 2 Detection results of characteristic pollutants in leachate after treatment in 2023—2024

o(Uxy)/(mg/L) C(**Ra)/(Bq/L) C(*'°Pb)/(Bq/L) C(*1°Po) /(Bq/L) pH
EE

1L [l #{H 105 fE H{H 1t [l #{H 105 H{H
2023 0.194~0.253 0.227 0.151~0.235 0.194 0.010~0.020 0.015 0.014~0.031 0.023  7.10~7.50 7.26

2024 0.135~0.249 0.204 0.115~0.191 0.154

0.010~0.040  0.025

0.001~0.063 0.032 6.82~7.41 7.14
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Table 3 Comparison of technical advantages
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Table 4 Detection results of characteristic pollutants in leachate after PRB treatment in 2025

5 H o(Uxgp)/(mg/L) C(?%5Ra) /(Bq/L) C(2Pb) /(Bq/L) C(21°Po) /(Bq/L) pH HEE/NTU
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Table 5 Comparison of average detection results and reduction rate of characteristic pollutants in leachate treatment

o(Usxg)/(mg/L)
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Treatment Process of Uranium Removal from Seepage Water in Decommissioned
Uranium Mines Using Permeable Reactive Barrier Technology

YUAN Daohe', XIONG Ting’an*, TANG Haidong®
(1.Shaoguan Jinyuan Uranium Industry Co., Ltd., CNNC, Shaoguan 512000, China;
2.Guangxi Nanning Xinyuan Nuclear Industry Co., Ltd., Nanning 530000, China)

Abstract: Aiming at the water quality characteristics of low uranium concentration, high sulfate and
high suspended solids in the seepage water of a decommissioned uranium mine in southern China, as
well as the problems of unstable treatment effect, easy saturation and hardening of resin, and high op-
eration and maintenance costs in the original resin adsorption uranium removal process, combined with
the seasonal dynamic change law of uranium occurrence state under the background of the mine’s karst
landform, the analysis of seepage water quality characteristics and the optimization of treatment
process were carried out. On the basis of finding out the cyclic mode of uranium “activation and migra-
tion in rainy season, local enrichment in dry season” and the difference of occurrence states in winter
and summer, a seasonal combined treatment scheme of iron-based permeable reactive barrier (PRB)
was proposed, and the process flow design, engineering facility planning and seasonal process parame-
ter optimization were completed. The designed treatment capacity of the project is 400 m®/d, which
can adapt to the seasonal fluctuation characteristics of the seepage water volume and uranium occur-
rence form of the mine, with an expected operation cycle of 10 years, and the materials can be recycled
after regeneration. The application results show that the process has a significant removal efficiency
for radioactive pollutants such as natural uranium, ***Ra, ?°Pb and *°Po, the effluent water quality
meets the standard stably for a long time, which can provide technical reference and engineering dem-
onstration for the seepage water treatment of similar decommissioned uranium mines in karst areas.

Key words: decommissioned uranium mine; seepage water; karst landform; uranium occurrence state;

permeable reactive barrier (PRB); uranium removal process; iron-based materials



