a2 5534 IR s Vol.42 No.3
20254 6 H WORLD NUCLEAR GEOSCIENCE June 2025

SHR AP AR T R AF L BB ARl R AT AR5 UK R O T R A 4 S 2 M) T SR M R4, 2025, 42(3) 1 659-667. doi:
10.3969/j.issn.1672-0636.2025.03.016

ZHANG]Jin, ZHONGChunming, GAO Xiang, et al. Investigation results and analysis of radioactivity in water seepage of a decom-
missioned uranium tailing pond[J]. World Nuclear Geoscience,2025,42 (3):659-667 (in Chinese).

EEREHET ESKAHSAEHELERS M
KL HE.HA. KA

1 i PR RRE A IR AR, BIF K 410007
2 BTk —=O®5ir, #im K1 410007
3 WIEE A TR A U P R S 2 A A TR ARG P, WIEE KV 410007

WE BWNERRBRET EBKFRAMZENTERE, 2 BT EFE 20202024 4 Wik K P o st &
EEMEME R ENES, FRESRKMENF AP EZZOEXE, DIFNWRET BB A AL T
KW EEEEm . AELEREN, BAFU, BB AT 151~397 pg- L' 2 [, *Rai B AT 0.008~0.176 Bq-L™" 2
[, *'°Pb & B AT 0.007~0.172 Bq-L™" Z &, *'°Po & B 4/~ T 0.004~0.021 Bq-L" Z [&], **Ra. *"’Po fn*'"Ph I MMl %
FHARMAAPIRAE, KN HAF U, EEANTF0.21~2.98 pg- L7 2 4, *Rak B A F0.006~0.023 Bq-L"' 2 i,
2P $E Bl AT 0.004~0.131 Bq-L' 2 &, *°Po 3% B 4~ T 0.002~0.011 Bq-L"'Z i, B &4 T LHAKAKF, RIE
Mann-Kendall # 3 3= 45 R, BAF U, M RaiRE LB Z it Bl E b &%, *°Pb A "Po ik i B 2 AL T [
BT TR, RAE Spearman B A X R B M AR, BAFEMFAFHU, . *Ra. *PbFr*""Po ty Spearman
Bt x R ¥p, 45 H 03143, 0.0744, 0.939 551 0.460 5, Wl FF K F 2Ph F1 2P0 5 3% A F 2'°Ph F1 2P0 F A B F
AR dekEE Y W E T A A B R AT R AR AT PR A AR AR A ke, AT R EUA At
PR B B A R

KR HEFT E; BA; MHEEE; %0 Mann-—Kendall # 3 % 5 Spearman 48 % % %

mESES X591 MEARER A XEHS 1672-0636 (2025) 03-0659-09

Investigation results and analysis of radioactivity in water seepage of a

decommissioned uranium tailing pond

ZHANG Jin, ZHONG Chunming, GAO Xiang, ZHANG Xin

1 Hunan Engineering Technology Research Center for Evaluation and Comprehensive Utilization of Associated Radioactive Mineral Resources ,
Changsha 410007, China
2 Research Institute No. 230, CNNC, Changsha 410007, China

3 Hunan Zhonghe Nuclear Environmental Protection Technology Co., Ltd., Changsha 410007, China

EEWH: PEETLFSMT R H (%5 202324-3) %)

Wi BH: 2025-03-25 BE B 2025-04-28

E—1EE: ki, B, 197644, S TEM, EZNHAR TEMATE WM TA/E. E-mail: 254180476@qq.com
BEESE: AV, B, 19864F4, @R LA, FENFHPEM2E ST TAE. E-mail: 363450767@qq.com

Supported by the Central Financial Fund Project (No. 202324-3) under the planning and jurisdiction of the China Nuclear Industry Geological
Bureau

Received date: 2025-03-25 revised date: 2025-04-28

First author: ZHANG Jin, male, born in 1976, senior engineer, focusing on environmental protection engineering and
environmental impact assessment. E-mail: 254180476@qq.com

Corresponding author: ZHONG Chunming, male, born in 1986, senior engineer, focusing on radiochemical analysis. E-mail:
363450767@qq.com



JLRE T g S

660 https://gwyd.cbpt.cnki.net/portal % 42 %

Abstract: This study monitored the activity concentrations of radionuclides in seepage water from a
decommissioned uranium tailings pond, analyzed the temporal trends of radionuclide concentrations in
seepage water from 2020 to 2024, and investigated the correlations between radionuclides in seepage water
and monitoring well water to evaluate the radiological impact of seepage on surrounding groundwater. The
results showed that the seepage water contained uranium at concentrations ranging from 15.1 to 397 pg-L™",
*%Ra from 0.008 to 0.176 Bq-L™", *'°Pb from 0.007 to 0.172 Bq-L™", and *'°Po from 0.004 to 0.021 Bq-1.™",
levels of **Ra, 2"Pb, and *'°Po are all below regulatory limits. In monitoring well water, uranium
concentrations ranged from 0.21 to 2.98 wg-L™", ***Ra from 0.006 to 0.023 Bq-L™", *'°Pb from 0.004 to 0.131
Bq-L™', and *'"Po from 0.002 to 0.011 Bq-L™', all consistent with local background levels. Analysis using
the Mann—Kendall test revealed no significant temporal trends for uranium and ***Ra in seepage water, while
2%Ph and *°Po concentrations exhibited declining trends and become stable. According to the evaluation
results of Spearman correlation coefficient, the Spearman correlation coefficient p_for uranium, 26Ra, 2'°Pb,
and *'°Po in the seepage water and monitoring well water were 0.314 3, 0.074 4, 0.939 5, and 0.460 5,
respectively. Significant positive correlations were observed between *'°Ph and *'°Po in monitoring well water
and their counterparts in seepage water. These findings provided critical data and regulatory guidance for
authorities and enterprises to strengthen radiation environmental monitoring and implement targeted

management strategies, thereby mitigating potential risks to groundwater safety around uranium tailings

facilities.
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Table 1 Monitoring methods, monitoring instruments and detection limits
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Table 2 Uranium and ***Ra background values in the surface water and well water around the tailings pond
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Table 3 Monitoring results of the radionuclides in seepage water
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2020 15.1~353 116 0.008~0.022 0.013 0.085~0.172 0.116 0.011~0.021 0.015
2021 43.0~397 158 0.010~0.058 0.035 0.041~0.063 0.053 0.005~0.013 0.008
2022 57.2~251 118 0.009~0.034 0.016 0.030~0.055 0.038 0.005~0.009 0.006
2023 21.7~357 146 0.042~0.176 0.087 0.016~0.024 0.021 0.005~0.006 0.006
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Table 4 Monitoring result of the radionuclides in water wells
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2023 1.11~2.98 2.21 0.006~0.021 0.013 0.005~0.007 0.006 0.002~0.004 0.003
2024 0.36~1.36 0.88 0.011~0.017 0.014 0.004~0.007 0.005 0.003~0.004 0.003
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Table 5 Evaluation results of the Mann—Kendall trend test for U, **Ra, *°Pb and *'’Po in seepage water in 2020-2024

B WA { X, X, e, Xop ) S VAR(S)  Zz 2k
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57.2, 21.7, 357, 149, 341, 232, 58.6, 39.0
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Fig. 1 Distribution map of radionuclide monitoring data from 2020 to 2024 in seepage water
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Table 7 The Sperrman correlation coefficient for seepage water and monitoring wells in 2020-2024
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