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Abstract: To address the challenges of strong nonlinearity, large parameter span, and difficulties in training
with small samples in seepage parameter inversion for core-wall rockfill dams, a novel parameter inversion
method is proposed, integrating logarithmic space Latin hypercube sampling (LHS) with an improved sparrow
search algorithm to optimize support vector regression (SVR). The LHS technique is used to generate an initial
sample set with high spatial filling and scale balance in logarithmic space. To address the weakness of the
standard sparrow search algorithm (SSA) in getting trapped in local optima, a novel Tent chaotic mapping is
introduced to enhance the initial ergodicity of the population. Furthermore, a Cauchy mutation strategy is
employed to enable individuals to dynamically escape local optima, achieving adaptive optimization of key
hyperparameters for SVR. A model is constructed based on the core-wall rockfill dam project of the Shiziping
Hydropower Station to perform seepage parameter inversion. Results show that this method has higher
prediction accuracy under small sample conditions; the inverted permeability coefficients satisfy the gradient law
of the seepage prevention and drainage system; the RMSE between the calculated and measured head values at
monitoring points is 1.36 m, with a maximum relative error of 0.120 4% and an average relative error of
0.039%, significantly outperforming machine learning models such as backpropagation (BP) neural networks
and random forests.

Keywords: rockfill dam; seepage; parameter inversion; support vector regression; enhanced sparrow search
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Table 1 Range of values for the permeability coefficient

to be inverted

¥ Mk B /(m/s)
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5 KA 1X10 "~1x10 ¢
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Table 2 Permeability values for other materials

1553 Ak HUE/(m/s)
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Table 3 Inversion results of permeability coefficients
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Table 4 Errors between the calculated and observed head

values at each monitoring point

PURIITESS PURIIEIEN A o %58 2 AR X 2
G /m /m /m /%
P1 2527.84 2527.85 0.009 5 0.000 3
P2 2527.83 2527.84 0.016 8 0. 000 6
P3 2527.79 2527.83 0.0489 0.0019
P4 2 516. 20 2514.84 1.3549 0.053 8
P5 2448.12 2 448. 40 0.288 4 0.0117
P6 2419.94 2417.02 2.914 3 0.120 4
P7 2418.41 2416.99 1.4204 0.058 7
P8 2415.41 2 416. 96 1.5550 0.064 3
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Fig.4 Comparison of calculated head values and observed

values at each monitoring point
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Fig.5 Equivalent water head distribution diagram
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Fig.6 Prediction results of each model
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Table 5 Comparison of errors among models
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Table 6 Comparison of errors among models

TR 4 RMSE iR Km MxiRE/%
Standard SSA 2.12 P5 0.2457
PSO-SVR 2.31 P5 0.177 2
DE-SVR 5.91 P8 0.6899
Levy-SSA-SVR 1.74 P6 0.1377
ISSA-SVR 1.36 P6 0.1204

LI 4 B RMSE  BRZEmAx MXIRE/ %
BP Neural Net 1.99 P7 1.860 1
Random Forest 1.94 P6 0.166 8

SVR 1.36 P6 0.1204

3.3.2 ARACH EMAE AT

T B8 IE 42 H Y Tent-Cauchy ISSA 572 7£ i
PR 2 AT A% B ) R ) S o S A o R A
R SSA R FERE (PSO) & Ak 530 3k 20 47
[F] AL XF b . 45 SRR 6 FT R o

i 2 6 7] UL, 7E A S SVR AL AL B Ay A4,
Fr#fE SSA 1) RMSE 4 2. 12 m, PSO 8 32 W 80K i
A B, RMSE & 2.31 m, 1R 3 - ff 78 2 1 #L 61 19
ISSA U AR A RMSE(1. 36 m) . X &M Tent iR
T e Bt A ] P A S S T X SVR HE S B0H A U
b o TRl A, Ay it A0 TF A ek ML) (9 BTk, XF LE 3

4k K 47 (Levy flight) 5 W% ot JE A9 bk 28 #8 R 5
(Levy-SSA-SVR) . 13 6 fif 75 , Levy-SSA-SVR
() RMSE fli F #5 # SSA, {8 45 & {5 1% T ISSA-
SVR. X W], 2R H Tent TR il w5 14 558 4] 463 a8 Py P
It U3 ] = e M 3 25 5 el ] 74 A2 S i LR, LR — 1
e AT K EBER R A A E R EMN 2T Y
B 455 i BE T o

4 Hit

BT 0 B HE A 908 0 SRR T RN S
G A NINE | 5% A N = o N2 9 S D e A R T
H T — P o B s TR R T ST Al RE S ek R
AR EIL (ISSA) AL L H; 1) 5 715 (SVR) 19 2
BB WOR 7 o LA T B K R sl 0 8% 3 A 300 R X6
GHESE YRS AT BR UG IE AR R S BB B R R
M, EEEBNT

DFEH T 3T Tent iR 1G5 A & N AT PE AR 519
ISSA-SVR Btk 5 W o &1 X SSA 5y B3l 84 K [
NS B M 0 Gl B AR R Ok R ISSA L B e T
A Tent i8 1l B 55 77 46 Ak R0 RE |, 38 558 %) 4R i 1Y 3 )
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S S5k A I 4 JR T 4 2R B S 0 )R
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PR 5 B RS B

2)RFEI BP0 b M A 00 T AR S8 1 OGS 43
X35 % 2 5000 = R B U . RO S8R A Y B
LW AR K Sk 5 SEIE & VA, BT R R 2
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