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Fig. 3 Seepage model of Liyuan concrete—faced rockfill dam
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Fig. 4 The material division of the B-B cross—section and the distribution of the pore water pressure observer
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PR TT R g T AR ME A7 I = 4R B A . BT AR AR R MRS 1B RO 2, @ O &
AL R R BB RIS 18 2B AT IO, AR w8 . AR O TR RO R, HagiE
JePEHNE IR 0 OCHE . WU M ORI I Tl S KA R, EER S AR S 0 4y, i
SIEEOK T R B aRAe, KB @R ZERRE THRB RN HiL, Rexrmb ., EHE
At WHEA R HEOKHEA A SRIXALIE L SRR . BORE R 98 E R RCRIT R R, AR kg
7 R RPIEEAE . A5 00 1X 38 8 28 BRI 1R 5 e (a0 28 1 s
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Table 1  The values of the permeability coefficients for materials WA em/s
T S 3B R BB R BEE(H HEME S
T 2 1.0x1078 ~ 1.0x10™ 1.0x107 R 2.3x107
FHEA A 1.0x10™" ~ 1.0x10° 3.2x10™" i X 3.0x10™"
S RERLS 1.0x107 ~ 1.0x10° 9.2x107 A Al 5 1.0x107°
HEoK A7 1.0x107% ~ 1.0x10° 4.2x107! X 1.0x107
EE AR A= 2.0x107 ~ 1.0x107° 6.0x10™ [F5] 225 9 3K 5.0x107°
55 WAL )2 5.0x107 ~ 3.0x107* 2.4x107* W 2 9 3.0x10°°
WO 2 1.0X107° ~ 5.0x107° 5.0x107° UKL R 4 (X 2.9%107"
) 6.7x1072

5.1 SSA-XGBoost R IBRAEE T LT 15 S MRS 3 R EOW B G B, R FH LT 88 57 7 BlRE O i
BEMLA: B 300 18 % R AL G o WA S ER A B I — 447 BR TR AT B A, AR BRURE R 19 7K Sk
B S B I 5E . IR BB 8 R -5 S B PR AR SR 4 . RS, DA DR BOHE S R A, BAIL
VeI 240 L FEAR YN ZE XCBoost BE AL, H'E 60 4L FEAS X A5 R M B R A7 3K, 87 LA RLB B R B A
ARt BN K KA 58 ) Sy da e R Y £ AR Y

XF SSA-XGBoost 18 LA 7 FF 2 Il 5 . 1 56 552 XGBoost LRI = i S 8. Rk EH
(num_trees) . P& 58 A 1) fie K JE (max_depth) T2 2 3 (eta) 1) F- P B 53 50 4[5, 500] . [3, 300
[0.001, 0.3]. BfiJi KA SSAB L, L XGBoost 58 7E I 5 4 1 4 Fil il (4 5 #3245 BROTASHUE = 8] (1 2
Jr iR 22 (RMSE) B/ Biw, 78 ERSHCS BN #E1T S0, SSAB RSB E N WUEHEK N 0.7,
RIH BIE R 0.4, HIRBIER FRKE LER R 0.2, R RERKEN 50,

PR BN 2552 iSRRI 3 4R AR A G 36 XGBoost 155 55 (i T P BE , DLk sE RBU(RY) . BT IR
W22 (RMSE) . V-4 %% 22 (MAE) . V- Y4855 & 43 iR 25 (MAPE) 20 48 B3 PF A AR FRAST R (%) 15000 14 BE o
i L SSA AL B 1k 1 5 B9 XGBoost Fe i S EU S MEREFS bR N K 2 7R, & W AT 1K Sk 58 w2 005 5k

%2 SSA-XGBoost AL AL 2 45 P BE R b
Table 2 Optimal parameters and performance metrics of the SSA-XGBoost Model

RIS o v 5
num_trees  max_depth eta R? RMSE MAE MAPE
DB-P-2 381 10 0.145 0.943 0.614 m 4.856 m 0.34%
DB-P-4 45 25 0.300 0.967 0.991 m 7.215m 0.82%
JE 19K 3k DB-P-8 285 19 0.070 0.962 0.443 m 3.079 m 0.85%
DB-P-9 72 14 0.240 0.959 0.462 m 3221m 0.89%
DB-P-10 328 10 0.083 0.964 0.425 m 3.078 m 0.94%
B 93 11 0.121 0.921 2.812 L/s 22.284 L/s 9.09%
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Fig. 5 Predictive performance comparison of the SSA-XGBoost Model
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Table 3 Preset range and inversion results of the material permeability coefficients HL: cm/s
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Fig. 7 Comparison of measured values and calculated values at monitoring points
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Fig. 8 The seepage calculation results of the Liyuan Dam(Unit: m)
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Fig. 9  Performance comparison of surrogate models
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Multi-objective inversion of permeability coefficient of earth—rockfill dams based on

Pareto—hierarchical hybrid optimization algorithm

TANG Xiaosongl'z, SUN Zihan'?, LI Dianqingl‘z, ZANG Hanghangl'z, KE Qinl'2

(1. State Key Laboratory of Water Resources Engineering and Management, Wuhan University, Wuhan 430072, China;
2. Institute of Hydraulic Engineering Risk and Disaster Prevention, School of Water Resources and Hydropower

Engineering, Wuhan University, Wuhan 430072, China)

Abstract: In the inversion of permeability coefficients for earth-rockfill dams, conventional multi-objective optimiza-
tion algorithms often suffer from insufficient convergence, poor diversity of Pareto solution sets, and low computa-
tional efficiency due to their difficulty in balancing global exploration and local search. To overcome these limita-
tions, this study proposes a hybrid framework integrating the strengths of NSGA- Il and MOPSO algorithms through a
Pareto-dominance based hierarchical search strategy, enabling efficient multi-objective inversion of permeability
coefficients. By utilizing monitoring data of both pressure head and seepage rate, a surrogate model based on SSA-
XGBoost was developed to characterize the relationship between permeability parameters and seepage responses. A
hybrid NSGA-MOPSO algorithm, guided by Pareto-dominance hierarchy, was subsequently employed to identify the
optimal permeability coefficient set, thereby reconstructing the current seepage state of the dam. Case study results
demonstrate that the proposed SSA-XGBoost surrogate model significantly outperforms RBF, ELM, and RF models
in predictive accuracy, achieving superior performance across four evaluation metrics: R*, RMSE, MAE, and
MAPE. By employing this surrogate model, the inversion process not only maintains solution diversity but also
reduces computational time by approximately 39%. Compared to standalone NSGA- Il and MOPSO algorithms, the
hybrid algorithm shows performance improvements of 19.5% and 17.7% for the pressure head objective (f,) , and
72.3% and 62.8% for the seepage discharge objective (f,), respectively. These results validate the enhanced predic-
tive accuracy and the reliability of the inversion outcomes achieved by the proposed NSGA-MOPSO hybrid optimiza-
tion algorithm.

Keywords: permeability coefficient; multi-objective inversion; hybrid NSGA-MOPSO optimization algorithm; SSA-

XGBoost surrogate model ; seepage behavior analysis
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