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An OLHS-TAOO-KELM-Based Inversion Model for Permeability

Coefficient of Tailings Dams and Its Application
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Abstract: Tailings dams are formed through long-term accumulation of tailings, featuring complex stratification and
non-uniform permeability coefficients. To obtain representative permeability coefficients that reflect their overall permea-
bility characteristics, a novel inversion method was proposed. Optimal Latin Hypercube Sampling (OLHS) was used to
obtain uniformly distributed samples of permeability coefficient combinations for tailings dams. These samples were then
input into a finite element model for forward analysis to obtain corresponding samples of water heads at monitoring
points. The two sets of samples were combined to form a dataset. A nonlinear mapping relationship from the permeabili-
ty coefficients to the water heads at monitoring points was established using the Kernel Extreme Learning Machine
(KELM). The hyperparameters of the KELM were optimized using an Improved Animated Oat Optimization (IAOO)
algorithm, which integrated Latin Hypercube Sampling for population initialization, centroid opposition-based learning,
and an adaptive optimal-seeking boundary mechanism. An inversion model for the permeability coefficient of tailings dams
based on OLHS-TAOO-KELM was thus established and subsequently applied to a practical engineering case. The perme-
ability coefficient values obtained through the inversion model were reasonable. The relative errors between the calculated
water heads from forward seepage analysis and the measured water heads at the seven monitoring points did not exceed
2.08% , meeting the engineering accuracy requirements. Furthermore, the potential distribution of the seepage field in a
typical cross-section of the tailings dam conformed to general patterns. Compared with other models, the inversion result
of the proposed model exhibited the smallest errors. The proposed model demonstrates high accuracy and robustness, and
possesses practical value for the inversion of permeability coefficients in tailings dams.
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Tab.1 Performance comparison of different

algorithms on test functions

N _1A00 AOO DBO PSO GWO
B ABhs

Fy 3 5.55X100 7.33X100 2.74X10° 6.41x10° 2.50%10°
PR 2.33X100 2.80X10" 1.89x10° 1.06X10° 1.64X10°
Fy F8E 3.89%10° 2.31X10° 9.15X10* 6.96X10*  6.08X10*
FRUEZE 1.54X10° 9.19X10° 2.23x10" 3.17X10" 1.36%10"
F, FHME 5.00x10% 5.13X10% 6.53X10° 5.97X10° 6.32X10°
PR 2.18X100 3.00X10" 1.58X10* 1.80X10° 9.67x10'
Fo F8MH 6.08X10° 6.27X10° 7.51X10% 6.29X10° 6.26X10*
FRifEZ 2.56X100 3.12X10" 5.51x10" 3.73X10' 3.32x10"
F, FHME 8.47X10° 8.69X10° 1.01X10° 8.85X10° 9.00X10*
FRifE2 3.67X100 4.15X10" 7.68X10" 5.35X10' 3.94%10"
Fo F8IMH 2.38X10° 3.59X10° 6.89X10° 3.84X10° 2.77X10°
PRifEZE 1.01}10° 1.58X10% 2.05X10° 2.60X10° 1.17X10°
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Tab.2 Mean fitness values of ablation experiments

ik F, F, F, F; F, F,

IAOO-A 6.57x 10" 4.31x10% 5.01x10% 6.21X10% 8.52X10% 2.68%10°
TAOO-B  6.69x10* 1.89%10* 5.08X10% 6.24X10% 8.77X10° 2.96Xx10°
1AOO-C 6,62x10" 4.67x10° 5.02X10% 6,07X10° 8.47X10° 2.57X10°
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Fig. 1 Flow chart of OLHS-IAOO-KELM inversion model
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Fig.2 Typical section of a tailings dam
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Tab.3 Permeability coefficient of materials

_— I H B E R VST 3 F3¢

B SERE L ] , :
y/Cemes ) ky/Cemes )

o VORI 500107 ¢ 500107 ¢
WIEgEA R R 3.00x10 1 3.00X10 1
LIRS FORIRE 1.00X10~ 8 1.00X10~ 8
HeB At GORIUE 1.20X10 2 1.20X10 2

EBAY  RESH 1.00X10 3~5.00X10"° 1.10X10 *~1.15%10" 2

BBE  RESH  5.00x10 " ~1.00¢10"° 5.50x10 " ~2.30x10°
E¥Et  RESHE 1.00x10 ' ~5.00<10" " 1.10x10 f~1.15%10"°
REFEEL RESH 1.00x10" ~1.00x10"" 1.10x10 6 ~2.30x10" "

HeB A GORE 1.00X10 2 1.00X10 2
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Tab.4 Inversion results of permeability coefficient
Rk ky/(cm s s ky/(cm+s 1)
Ry 1.86x10° 3.84x10°
Rk 5.38x10 " 1.14x10°
B#L 4.98x10 " 9.51x107"

B M T E 2.13X10° 3.94X107°

W S 25 AR A =4 B TR A HE T8 0 IE
AT TR 5 K Sk I 5 SEE XS B A BT 5 SR DL
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Tab.5 Comparison of monitored and calculated water heads

MWAHS S/ m FEME/m xR/ m AHXRZE E/ %
P4 4 006.61 4 007. 95 1. 34 0. 98
P5 4 013.28 4 016.13 2.85 2.08
P6 4 021.56 4 023.69 2.13 1.55
P7 4 030,78 4 031.62 0. 84 0.61
P8 4 039. 65 4 039. 14 —0.51 —0. 37
P9 4 047,04 4 046. 38 —0. 66 —0.48
P10 4 054. 04 4 054,17 0.13 0.09
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Fig. 5 Comparison of inversion results
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Tab. 6 Inversion results of different models
- RZERK e K4 fe KA
o MUA RRZE/m MR%E/ Y
OLHS-TAOO-KELM P5 2.85 2.08
DBO-KELM P5 4.70 3.43
GWO-KELM P5 4.51 3.29
PSO-KELM P6 5.65 4.12
AOO-KELM P5 3.93 2.87
A\
5 #ig

a. BFX AOO Wi S B2 48 (1 n) 21, 81 ] LHS
IR A ARE 51 O S ) 2 ) FE S N i
FREATE . MK R R YT TAOO 1 F0 K
FFGE VES TH AT 30 %0, Wig S J32 o bR, il i 2R
B,

b, TR SE N 25 R R WL OLHS-
TIAOO-KELM BEAY i {51 45 3 195 15 7 Bl & 2,
B K Sk 5 SR e KAH X 1% 224 2. 08%,
B B A AR MR S R AR s S R TR
Fi e — b B 1 52 43 A O
SELW:

(1] BRgess, BALAE, IME, 55, 5T A R EUH
W R =4 mi et am )] A e,
2024(18): 201-206. (CHEN T L, MU C W, SUN
J X, et al. 3D seepage stability analysis of tailings
pond based on finite element numerical simulation
[JJ. Automation application, 2024 (18): 201-206.
(in Chinese))

[2] EmJe. R EBREM L BHRLI] T
K, 2025, 47(4): 78-81. (WANG S N. Study on
seepage simulation and seepage control of a tailings
pond[J7. Ground water, 2025, 47 (4); 78-81. (in
Chinese))

(F 4% 197 )



BB 1 EE

RS BT SR BRI I IR T WL O 5E T ek R 5 .

197 -

REAE 5RO A — 05 80, 0BT A 50 25 R iR 22
¥J<{1.00 mm, B UE 7 A% SCH A 138 A1

ARSI 25 R A R R R B 0 22 7 A iR
25 1 B R R R A B AR R R R L R AE
SUPR IR IR BB PR UE BT A RRAE A5 35 2 1E A DT B
AN AR 1R DG 2% 5% ) 9 4 AR L ok DL R Ol AR S
IR AL B T4 £0. 007 mm K75 (1R 2,
PR 2 /N T 5 R 25, T Z g R, A3
DN 55 235 AT EL A 3 s 0 G 3 RO R L i R TR
WA P T 2

4 Zig

a. AR R T 2 A R 19 K OR SO AR
u AR ML AR D AR TR L G SR A bR R
TIE RN B RE X AL 8% T A B A SR T TORE . B
0 fi Xk B 47 PR 58 MO B AR A A A, I HOE T
MELUAT EAR R 5

b. R T — M TR A B AR T Y R R B
TEBAR 38 o HE S I 1 15 A T A e g e TR
GE B B R P R T Y . A
WAL 32 T RER 0 /N B 55 VR O A8 E B 7% X0, X
KRG EAT I IE A R T T IS RS Z

. BRI A SCIN S O 70 m, ) R
JE<£1.00 mm, HAEANR BT A EL 09 E

PR AT T bR TR
Sk

(1] w6, BEAAR. BT AV 00454 67 58 1
SRR RSB AR, 2019, 32(11): 21-39.
(YE X W, DONG C Z. Review of computer vision-

(2]

[3]

[4]

[6]

[7]

based structural displacement monitoring[J]. China
journal of highway and transport, 2019, 32(11):
21-39. (in Chinese))

222 XU, XA AR, AF. BT AL L0 i R 3
LA BE MW Tk sT ). KRB IR Bl
2023, 41(12): 93-96. (LIY, LIUCD, LIUJ S, et
al. Dam surface displacement monitoring system
based on machine vision[]J]. Water resources and
power, 2023, 41(12): 93-96. (in Chinese))
VR, B, 20, 5. PLas o R 7 KM
U AR WO P Al PR T ], K BRI R,
2024, 42(9): 125-129. (XU X C, XUE L L., L1IF,
et al. Application of machine vision technology in
dam surface deformation monitoring[ J]. Water re-
sources and power, 2024, 42(9): 125-129. (in Chi-
nese) )

ZEM, FRAETE, AR TR, BT 05 5 AR B E AR AL B
S RECT BB SCI  Jr ik [T]. Jess ik, 2021,
41(9): 0912002. (LI M, SU Z L., ZHANG D S.
Methods for digital image correlation measurement
with camera shake correction based on affine trans-
formation[ J]. Acta optica sinica, 2021, 41 (9);:
0912002. (in Chinese))

SHANTAL M, OTHMAN Z. ABU BAKAR A. A
novel approach for data feature weighting using cor-
relation coefficients and Min-max normalization[ J |.
Symmetry, 2023, 15(12) . 2185.

PIROPO M, MORAES F, SANTOS F A N. Surf-
ing on curved surfaces-the maple package surf[J].
Computer physics communications, 2020, 249;
107002.

KUO CY, LU Y R, YANG S M. On the image
sensor processing for lane detection and control in
vehicle lane keeping systems[J]. Sensors, 2019, 19
(7). 1665.

HCOACALALALALALALA LA LA LALALA LA LA LA LALAL A LA LA AL AL A LA LA LA L AL AL A LA LA LA LA LA A LA LA LA LA AL AL A LA LA AL

(L% 142 )

(3] 4p#de, i, k. 3T LHS-CPO-BP M4
59 25 8 SR 3% i R B Ay M ik LT, M (E AR
2025, 44 (4): 96-100. (ZOU C Y, ZENG H ],
JIANG Z Q. Inversion analysis method of dam per-
meability coefficient based on LHS-CPO-BP neural
network[J ]. Value engineering, 2025, 44(4): 96-
100. (in Chinese))

(4] ZFoc#, Wik, RIE, % KT LHSISSA-
SVR 1.0 5% HE 71 3038 i S 800 3 7 v e i HT LT .
K HL BE VR BL 2, 2024, 42(7): 109-113. (LT Y C,
SHEN Z Z, XIONG H Y, et al. Inversion method
of seepage parameters of core rockfill dam based on
LHS-ISSA-SVR and its application[ ]J]. Water re-
sources and power, 2024, 42(7): 109-113. (in Chinese))

(5] MW, L, fIME, 5. 5T LHS-WOA-ELM
MIREIE [l A S8BT ] o R 5 &
2025, 45(3): 91-100. (XIAO S H, WANG F, HE

BY, et al. Inversion analysis on surrounding rock

(6]

L7]

(8]

parameters of tunnel based on LHS-WOA-ELM[]].
Mining research and development, 2025, 45(3): 91-
100. (in Chinese))

SRR, WG, ml. —FRP AR Ak BT 5 7 IR
et kL] mdE Tk R 24k, 2019, 37(4):
714-723. (YE P C, PAN G, GAO S. Sampling de-
sign method of fast optimal Latin hypercube[ J ].
Journal of Northwestern Polytechnical University,
2019, 37(4): 714-723. (in Chinese))

WANG R B, HU R B, GENG F D, et al. The Ani-
mated Oat Optimization Algorithm: A nature-in-
spired metaheuristic for engineering optimization and
a case study on Wireless Sensor Networks [ J].
Knowledge-based systems, 2025, 318. 113589.
HUANG G B, ZHOU H M, DING X J, et al. Ex-
treme learning machine for regression and multiclass
classification [ J]. IEEE transactions on systems,
man, and cybernetics, part B (cybernetics), 2012,

42(2): 513-529.



