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Groundwater contaminant source information identification based on
tabu search and particle swarm optimization algorithm
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Abstract: To accurately identify key information such as the groundwater contaminant source location and contaminant release process,
the simulation-optimization theoretical framework was used. The groundwater inversion problem that requires simultaneous identification
of information from multiple contaminant sources was generalized as a mixed-variable optimization problem involving discrete and
continuous variables. A two-stage combinatorial optimization algorithm based on tabu search and particle swarm optimization ( TS-PSO)
algorithm was proposed. The algorithm applied the tabu search method to locate contaminant sources and then used the particle swarm
optimization algorithm to determine the contaminant release intensity and process. The verification results of the numerical examples
show that compared with traditional evolutionary algorithms( GA and PSO algorithm) , TS-PSO algorithm has higher solution efficiency,
more reliable calculation results, and higher calculation accuracy. For the inversion problem of multiple contaminant sources, TS-PSO
algorithm can quickly and effectively identify the location of contaminant sources, as well as the release intensity and release process of
contaminants.

Key words: groundwater contaminant; information identification; optimization algorithm; tabu search; particle swarm optimization
algorithm
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Fig.1 Flow framework of TS-PSO algorithm
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Fig.3 Contaminant mass concentration variation

curves at observation wells ( single contaminant source )
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Table 1 Identification results of each algorithm for location and release intensity of a single contaminant source
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Fig.4 Process of identifying location of a single contaminant source using TS-PSO algorithm
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Fig.5 Optimization process of algorithms for

a single contaminant source
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Table 2 Actual location and release intensity of contaminant sources
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Table 3 Identification results of each algorithm for location of multiple contaminant sources
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Table 4 Identification results of TS-PSO algorithm for release intensities of top 5 stress

periods for each contaminant source

SRR/ (ke/d)

15 YL 5
N1 1 ;73 2 N3 3 N1 4 N1 5
S, 20.88 52.11 12.99 39.48 22.45
S, 14.00 5.00 31.00 14.00 40. 00
S, 32.00 25.00 7.00 18.00 23.00

3 &% i&

ARSCHE H Y TS-PSO B3k AT % G Wb HE R TS LR OGS 2 . B NT5 YL TR, TS-PSO B7k nl RS A R
T IR E FT S NI IS Y PR B ) S A R 25 T 2. 00% , HARMEIAE 0. 352, J& B H A 5
AT RRE R, 215 YR, TS-PSO B 3L IR RS B R A5 15 YL R AL B, RS v S TS Y TR B G 1, it — 4
UEBA T HAE 5 2 RS 938 FE A2 48 GA RN PSO 543l 2835 37100 YA 34350 YR PFAG AT A 35 21| FRAL
1M TS-PSO FE3EAH 28 750 YR %A A s D S 2 fe U fife , FOMRisl A 1 1 H 300 VR TS FE RIS SO ], PRI, A 1L
GA 11 PSO 53k, TS-PSO FvE X R A A8 5 Al R (R SR B RE ) 4T, Ak, AIKS: TS-PSO F S Hls 2= I BAR M
iy A R A B e M T 5 S 2285 G 2 P I T

B &3k -
(1] BRI, S LAMS, i, 55, MR AGRER A 42 1 R MoK K G XU R RS HERE[ 1] K TR I3, 2024,40(4) :27-35. (Xu

Teng, Wang Yipeng, Ye Yu,et al. Research progress on groundwater overexploitation control system and dual control system of

water quantity and water level[ J]. Water Resources Protection,2024,40(4) :27-35. (in Chinese) )

[ 2] WS, ERBE SR, 45, KR L T RE b N 7K BREE 52 06 7 A G B [0 R0 K G2 810 43 BT [0 ] 0ol K2 22 4 ( HARFH i)
2023,51(3) :48-55. (Chen Zhou,Wang Jinguo,Zhang Yanjie, et al. Key issues and case analysis of groundwater environmental
impact assessment in water conservancy and hydropower projects[ J ]. Journal of Hohai University ( Natural Sciences) ,2023,51
(3) :48-55. (in Chinese) )

[ 37 TR, ks, skar fk, 458, o B R /KIS R B ia BORDF STk JR SR B[ ) ]. BREET5 Y 5117, 2024, 46 (12) : 1834-1840.
(Wang Siying, Han Qi, Zhang Liqiu, et al. Research progress and prospect of groundwater pollution prevention and control
technology in China[ J]. Environmental Pollution & Control,2024,46(12) :1834-1840. (in Chinese) )

[ 4] FFIR, 2K, F 508, FE UL 5 PR B SR BHR RS R R I8 R i T /K5 Gl sei [ ], kR 5358
27412 ,2024,46(5) :702-710. ( Li Zile, An Yongkai, Yan Xueman. Coupled sensitivity analysis and two-stage MCMC algorithm for
groundwater pollution source identification[ J]. Journal of Earth Sciences and Environment,2024,46(5) ;702-710. (in Chinese) )

(5] W5, 9308 i, 26, S TR - 0010 77 126 9 R /K95 G IR DRBE L [0 ] i IR BRI ) 2, 2020, 40 (4) : 1698-1705.
(Pan Zidong,Lu Wenxi, Fan Yue, et al. Inverse identification of groundwater pollution source based on simulation-optimization
approach[ J]. China Environmental Science,2020,40(4) :1698-1705. (in Chinese) )

[ 6] XI5, Gz eyt R, 46, BT A8 U AU B A5t A% B0k 1 il R TS PR 5 BRI [ )] A IE Tl K224 ( A SRR
fR),2024, 47 (6):731-738. ( Liu Meng, Luo Qiankun, An Jimin, et al. Identification of groundwater contaminant source

information based on ensemble surrogate model and genetic algorithm[ J]. Journal of Hefei University of Technology ( Natural



42 WK E el (AR RS R ) 55 54 &

Science) ,2024,47(6) :731-738. (in Chinese) )

[ 7 ] Singh R M, Datta B. Identification of groundwater pollution sources using GA-based linked simulation optimization model[ J].
Journal of Hydrologic Engineering,2006,11(2) :101-109.

[ 8 ] Wu Mengtian, Xu Jin, Hu Pengjie, et al. An adaptive surrogate-assisted simulation-optimization method for identifying release
history of groundwater contaminant sources| J]. Water,2022,14(10) ; 1659.

(9] m¥iE, 530 WA 7R, 45, T A 386 WA R 7 REOD AL 505 19 o R 7K 35 G R [ 1] v R A K A K F 2022
(12):1-7. ( Gao Wanyu,Lu Wenxi, Pan Zidong, et al. Inverse identification of contamination sources in groundwater based on
adaptive weighted particle swarm optimization algorithm[ J]. China Rural Water and Hydropower,2022(12) ;1-7. (in Chinese) )

[10] FH, 86 G0 45 Hb R /K 5 Jusm 3 S iR B A SCE-UA 323E (1], FF EARA K A7k B ,2020( 12) :106-111. ( Wang Jing,
Han Zhong, Liang Hao, et al. Groundwater contaminant inverse identification by SCE-UA optimization algorithm[ J]. China Rural
Water and Hydropower,2020( 12) ;106-111. (in Chinese) )

(117 BObRE, XA RS, 4. B T 52 G A AL Sk i R /KI5 Qe S i AR [ ] ). N BT, 2019, 41 (4) :58-63. ( Huang
Linxian,Liu Zhizheng, Xing Liting, et al. Inverse model based on SCE-UA optimization algorithm for unknown groundwater
pollution identification[ J]. Yellow River,2019,41(4) :58-63. (in Chinese) )

[12] VLR, Ty, 4828 4 FraliAsbliR A AT SOt I 7Kk 95 Qe ISR BE [ T, I BF R 4R ( HHARBLEIR) ,2013,41(2)
253-257. (Jiang Simin,Zhang Yali,Cai Yi,et al. Groundwater contaminant identification by hybrid simplex method of simulated
annealing[ J]. Journal of Tongji University ( Natural Science) ,2013,41(2) :253-257. (in Chinese) )

(137 VLREHG, 4825, L8 55 JE TR IR B A R /K15 Bl 5 R RS K2 S B R AP SO B FE [ )], KA 2#4H, 2012, 43
(12) :1470-1477. ( Jiang Simin, Cai Yi, Wang Min, et al. Simultaneous identification of groundwater contaminant source and
aquifer parameters by harmony search algorithm[ J . Journal of Hydraulic Engineering,2012,43(12) :1470-1477. (in Chinese) )

[14] Z/h2 WREE | AR, 45, BE T UMk B35 R 7 AR 2 A R B ) 3t T KB S EOAR I E P 0T [ 0] S MROR 2727 4 (M Bk
Bl22AR) ,2022,52(4) :1234-1243. ( Li Xiaolan,Zeng Xiankui, Wang Dong, et al. Uncertainty analysis of groundwater simulation
parameters based on optimized-adaptive sparse grid surrogate model [ J ]. Journal of Jilin University ( Earth Science Edition)
2022,52(4) :1234-1243. (in Chinese) )

[15] Zhao Ying,Lu Wenxi, Xiao Chuanning. A Kriging surrogate model coupled in simulation-optimization approach for identifying
release history of groundwater sources[ J]. Journal of Contaminant Hydrology,2016,185-186:51-60.

[16] skfr. BT PR SEALBOTR & 22 R REOCAL R [ D] 3D s, 2020.

[17] yibfd, ¥ sisk MR KB 25 0 R E R ()], #T 7K, 2022,44(6) :49-52. ( Lu Hongjian, Wang Zhuoran.
Research progress in groundwater simulation methods and application softwares [ J ]. Ground Water, 2022, 44 (6) ;49-52. (in
Chinese) )

[ 18] Leaf A T,Fienen M N. Flopy:the python interface for MODFLOW [ J ]. Groundwater,2022,60(6) :710-712.

[ 19] Bakker M,Post V, Langevin C D, et al. Scripting MODFLOW model development using python and FloPy[ J]. Groundwater,
2016,54(5) :733-739.

[20] Glover F. Future paths for integer programming and links to artificial intelligence[ J]. Computers & Operations Research,1986,13
(5) :533-549.

(WeHs B #7.2024 - 11 -25 4% . X))
S U L S S S U U U G
(E#&% 35 W)

(197 TKET SRATE, BB, 55, S B 22 10 -Hb e b T BN 98 35 43 A 3K SCREARL [ 9] K BEAR 471, 2021, 37 (5) : 94-101.
(Zhang Ke, Zhang Qinuo, Chen Xinyu, et al. Gridded Xin’ anjiang-dual anthropogenic aboveground and undergroundregulation
distributed hydrological model[ J]. Water Resources Protection,2021,37(5) :94-101. (in Chinese) )

[20] Clark M P,Kavetski D, Fenicia F. Pursuing the method of multiple working hypotheses for hydrological modeling[ J]. Water
Resources Research,2011,47(9) : W09301.

[21] W =R RS ZR1T]. KRR ERE,2013,33(1) :1-6. (Rui Xiaofang. The discovery and development of
runoff formation models[ J]. Advances in Science and Technology of Water Resources,2013,33(1) :1-6. (in Chinese) )

[22] FEB WEE XUEPR A5 B T2 B I 25 28 G I IRORT 2 AT T . N R4 ( FHAARIERR) ,2022,50(6) :25-32.
(Du Ruoyu, Yao Cheng,Liu Yuhuan,et al. Grid-Xin’ anjiang model based on spatio-temporal dynamic combination of saturation-excess
and infiltration-excess runoff[ J ]. Journal of Hohai University ( Natural Sciences),2022,50(6) :25-32. (in Chinese) )

(237 Wt e TS 04 50 A OB 2 VIR R A A 5 3BT [ D). e ot < T K5, 2007.

(USRS 9. 2024 -12-20 Skl X IHeHa )



