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Intelligent inversion analysis of geological permeability coefficients in
hydraulic engineering based on RF - GWO
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(1. PowerChina Northwest Engineering Corporation Limited, Xi’ an 710065, China; 2. State Key Laboratory of
Eco-hydraulics in Northwest Arid Region of China, Xi’ an University of Technology, Xi’ an 710048, China)

Abstract: The geological permeability coefficients are the crucial parameters for accurately analyzing the
seepage in hydraulic engineering. To address the issues of low efficiency and accuracy of conventional in-
version approaches, this research utilized a combination of the finite element forward model and orthogonal
experimental design to construct a sample set for the permeability coefficient inversion. Then, a permeabili-
ty calculation surrogate model based on the random forest (RF) algorithm was developed. Subsequently,
the grey wolf optimization (GWO) algorithm was introduced to develop an intelligent inversion method
based on RF — GWO. Taking the Z pumped storage power station as the case study, it is found that the wa-
ter level prediction outcomes of the RF model are closely aligned with the actual measured values at each
borehole, with the performance surpassing CART and BP models. The optimal geological permeability coef-
ficient calculated by GWO performs excellently in the borehole water level inversion, with a maximum rela-
tive error of 0.42% , thereby satisfying the required accuracy for engineering applications. The calculated
natural seepage field distribution conforms to the general distribution patterns of mountainous seepage
fields. Therefore, the proposed inversion model can rapidly and precisely predict the geological permeabili-
ty coefficient in the project area, demonstrating significant engineering practicality and value.
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Gl by ks AR by TSR YZKOS  1721.89 1718.59  3.30 0.19
L 2.38 x 107 2.38 x 107 YZKI0  1768.52 1771.13 2.6l 0.15
sk AU 1.42 x 107 1.42 x 107 CZKOl  1666.26 1659.32  6.94 0.42
FRALZE 4.54 x 10°° 4.54 x 10°°
)2 1.67 x 107 1.67 x 107 Bt R R XY J7 (i) il rp Al 7 B (Y =
Wi 1.02 x 10°° 1.67 x 1077 872.840 m A1 X = 1 839.705 m) {E KB HITELE

YIS AT 2 12 0 AR R 5 B s AR
AA FROCIE SR T3 25 B ALK L (E, 5 8 fL
SEMK A FEAT XS L, X LS5 R WK 6, £ 6 i
XIRZE e IR ILAK(10)  AHXTIRE e, ML

I -

(a) Bk A

7K K(m)

1.827x10°
1.778x10°
1.737x10°
1.695%10°
1.653%10°
1.612x10°

1.594x10°

SIAT LR T ST AF A Y = 872,840 m I X =
1 839,705 m i £k Sk i E J1 Kk Sk 404 2 41 [
(9) ~ (10) FoAR o Horl, Xl A= A 053 510
BT A7 B/ P 5 300 T/ D00 7 0 43 5 A
T L3RR 3

JE 17K K (kPa)
4.215x10°
3.513x10°
2.810x10°
2.108x10°
1.405x10°
7.025%x10
0

(b) & J3 7Kk sk 5y A

9 Y =872.840 m B AL REAKKITEER

A 7K Sk(m)

1.699x10°
1.695x10°
1.691x10°
1.687x10°
1.683x10°
1.679x10°

1.675x10°

(2) BK kA

5.3 it it

SCAR[12] ~ [14] (17 ] Fn[ 19 ]S 2 358 15 1)
195 15 RECE R SEAT T 434, T k2D X4 3 AR
PERE B HIT , AR SOGF EE ST (1938 A AR Y PR RE 4T
BOUE, 7RAN T IR SCER A o AR PEAS R Eh FL K A7
I 25 S, RF BL A 0 P ge ¥F 44 38 o1 (MAE
MAPE .RMSE F1 R*) ¥J4:F CART 1 BP #7 , i&4iF
T RF BIAY R G093 Ae e s ke i, T AU A FR
JUR IR YLK (A T R ]

F5 17Kk (kPa)
2.698x10°
2.248x10°
1.799x10°
1.349x10°
8.993x10°

—_— |
0

(b) FE F37K 3k 43 A
10 X =1839.705 m BIEEKLRFEHKLITELER

M8 W LI i, B GWO . PSO il GA 3 Fiffi
BERIAS BT E AL, , LIS B 24 2%, e s
[ 3 N B, H GWO B33 i W Sl b 26 5 513, %)

LA R, I Bl s B s, 3k 6 1)
DL, T AL 10 5 T8 K A7 4 XoF 15 2 B Rl
46.94 m, KR 25 B KAE K 0. 42% , ARG SCHR
[6].[17].[33] ~[34 M5, 4 S i 45 R v 45
FLAKBI LN 1R 2% e <10 m AHXF IR 2E e, <5% BT,
PAFNB B R B A B B AR I — i TR
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AEAME LAY AER A . PRI, ST Pk SRS 7
FEC FUE” W SR AR A SRR X, AT S
ST HET RF - GWO By7K A TR b T2 i R A0S fig
SRS IR IfED T 7 oK E BRI HL TS 1 R AL
SR BRI, K45 T HIRSRB IR A FEE

(1) #1%2F CART F1 BP %1, RF #AI X} 4%
FLAEAE A T B8 230 A PR e i3, PERE AN R
PRE /), LR B Az AL e ) s, vl
PR ITIE B RGEA TR H B2 i S s , 7 TR
X BiE S B H HA R AT 5

(2)GWO Bt PSO il GA Bk & R &
AE 158, FULRCRTE i, T DA 5 % - 5] o e
BB R ALK RO S R A B, o R4 xR 22
FARXF R 223 514 6. 94 m 1 0. 42% , Js2 380K i
JE— i TR RS R KRR B IR A AL S
WAFE— LA T 5 53 A KR, 57 19 S TS
Al DLk TR X AR B WA B 3 B BE A R 4 A

SE Ak

(1] ZEB8 AR 7L B, 45, 2R 240G R 2 T R
ARTE S IR S FOM 44T [T ]. KR4 ,2019,50(6)
687-698.

(2] #4220k, thdeh, 45, SRk Z Re B uh LK % Bh
BRI T [ )], K IR 5 K T AR A4, 2021,
32(2) :209-216.

[3] R, FHEE, 7 £+, 45 WEA 552 LR A IE
HURMEHTT]. P ERAKFIZKE ,2023(3) :191-198.

(4] RELLF, TR, T AL, 5. DUHHITHESL R RINE R S 8
Bl A ARB R RS2 [ ] KA 24412, 2022,53 (3 )
306-315 +324.

[S] B W, Emers, S, 5. HT0- 5 80 DU g i 24
FCEIHIISELT]. 7K I R AL~ ,2019,38(4) :108-118.

[6] VPMEL, B AL, ZERRR, 5. FEAh /K 35 RE L Bl b /K 28 =) ¥
BB B o A [T By 27 241, 2018, 35 (2) : 417-
422 +459.

(7] BRUER. B3 S [ M. b0 KA L ) AR
#1,1990.

[8] HKACT5. B WA AT ) — PR B A ik L) ] KR
12,1994 (9) .42-46.

[9] B& B, E, 340 =48 RIRE Wi S 43 i X T
BRI HIT]. A0 5e 5 TR ,2003,22(2) :203-207.

[10] Bt t, 7k bk, fariik, 4. 22 U AR KB i S 18
GITLI]. KSR HL2AR,2012,31(3) 188193 +198.

(11 ] (Vb AR AT He TR TR S ] ML B e O S HE A 300
Bl FBIGE[J]. A L TR A, 2017,39(4) .727-734.

[12] JE e, B8 B, T3 /e, 55 56T GA - BP (I RINE B
R HbR R M5k [T ] b AR A KRR,
2020(9) :213-216.

[13] Y745, ek b, AR, &5 5 T U e gt b Rk Ak
BP W22 2% 598 B S BUEMT S]] KRB IR R,
2020,38(2) :102-105 +121.

[14] % W, dirh. 5T ELM - GA (95 4% + A1 1835 R 8L
SRR K N [T ] K RE IR RE,2021,39(9)
86-90.

[15] TAN Jiacheng, XU Liqun, ZHANG Kailai, et al. A bio-
logical immune mechanism-based quantum PSO algorithm
and its application in back analysis for seepage parameters
[J]. Mathematical Problems in Engineering, 2020, 8.
2191079. DOI:10. 1155/2020/2191079.

[16] YU Hongling, WANG Xiaoling, REN Bingyu, et al. An
efficient Bayesian inversion method for seepage parameters
using a data-driven error model and an ensemble of surro-
gates considering the interactions between prediction per-
formance indicators [ J]. Journal of Hydrology, 2022,
604 . 127235.

[17] 2Ry, #7872 3k, 55, 56T RVM-CS /9 TR X2
BiE Z RO Hr [ ] VR 22 B B 41z, 2020, 37
(11):121-127 +135.

[18] SHU Yongkang, SHEN Zhenzhong, XU Liqun, et al. In-
version analysis of impervious curtain permeability coeffi-
cient using calcium leaching model, extreme learning ma-
chine, and optimization algorithms [ J]. Applied Sci-
ences, 2022, 12(7) . 3272.

[19] ZEhf3iE, Lok, 5k SC T, 22T PSO — GRNN YR #E +
TR HE AT 3008 385 AR B D5 vR KOS LT ] AL RE IR



148 KI5 K TR

2024 4f:

24,2023 ,41(5) :67-70 + 80.

[20] BREIMAN L. Random forests [ ] ].
2001, 45 5-32.

[21] MIRJALILL S, MIRJALILI S M, LEWIS A. Grey wolf op-
timizer [ J]. Advances in Engineering Software, 2014,
69: 46-61.

[22] DAI Bo, GU Chongshi, ZHAO Erfeng, et al. Statistical

Machine Learning,

model optimized random forest regression model for con-
crete dam deformation monitoring[ J]. Structural Control
and Health Monitoring, 2018, 25(6) : €2170.

(23] 2%, T 5, Jrdhl. 25T GWO - RF (BER A B2
W T5vEL ] 3 ) TR 41,2023 ,43(4) :436-442.

(241 WAIKBC. AR A 33125 0 3k vl 5 7K Tl A2 1 v g 17
[J]. AR ,2023,45(2) :97-100 + 126.

[25] 0 0E, Eoude, FAA L, 45 S T RORI AL S L MR <
BALH BT S S ECE e T (V] $aesh ) T/,
2023,38(4) :1-6.

[26] XIFF%, £ 52, BUERZE, 45 BT IRORE LRI 2
JEAR ) B 22 W 28 B R A5 IR RLK 2y BN [T ] vk
B R HARBREIR) ,2023,54(2) :754-764.

[27] ¥F 9L, 752530, e BRI 98 3 S o A AE SR L T AR v
BRI T ] BRBUR A4 (L2 ,2011,44(1) :37-
39 +43.

[28] LI Yanlong, YIN Qiaogang, ZHANG Ye, et al. Predic-
tion of long-term maximum settlement deformation of con-
crete face rockfill dams using hybrid support vector regres-
sion optimized with HHO algorithm[ J]. Journal of Civil
Structural Health Monitoring, 2023, 13(2-3) . 371-386.

[29] 3 %, W1 M F TR i W ERUE AL B
MRMERICEE ST [T ], 5 4 TR 54k, 2005,27 (10) :
1203-1206.

[30] =B, 455y SC, T o W, 5. T IE S 1 00 12 A X 4 -
5K E - B AR S BB E S AT F S [T ] KA 2 4R
2013,44(7) :873-879.

[31] HAUPT R L, HAUPT S E. Practical genetic algorithms
[M]. Hoboken; John Wiley & Sons, 2003.

[32] MIRJALILI S, DONG Jinsong, LEWIS A, et al. Nature-
inspired optimizers [ M ]. Berlin/Heidelberg: Springer,
2020.

[33] e, S %Fm, VIEOL, 5. &K AL s T T 5 248
FLA BN FUER I S0 [J]. A+ TR %R,
2016,38(5) :786-797.

[34] XU Zengguang, LIU Yang, HUANG Jian, et al. Perform-
ance assessment of the complex seepage control system at
the Lu Dila Hydropower Station in China[ J]. Internation-
al Journal of Geomechanics, 2019, 19(3) . 05019001.

R e e A e e e = e e e = A A N LU U

(E#E% 138 1)

[31] PAERL H W, HUISMAN J. Climate change: a catalyst for
global expansion of harmful cyanobacterial blooms[ J]. En-
vironmental Microbiology Reports, 2009, 1(1): 27-37.

[32] Z&rss e 2e, Chds , 45 K B R i shas
FAIESCALHI [ ]. Bz ,2016,61(7) :759-770.

[33] Zhdkad, FF2E, B8 W — Pl I 2 /K 22 T W ok 4
%% 202020335394, 7[ P]. 2021-01-05.

[34] #5855 BRI 5, L0, 2. A BRI & [l i e v e
mR A S5 AR AE 3 B [T ] b [ BRI RL A, 2021, 41
(6) :2862-2870.

[35] ZEATER, BOAEAK, SRR , 55 K UR/K A 32 ) BE R 94 18
BRHESOK BT[] PR R ,2020,41(5) :2158-
2165.

[36] ZHANG Yuyang, YU Shuangen, WANG Wenlei, et al.
Temperature sensitivity of marine macroalgae for aquacul-
ture in China[J]. Aquaculture, 2023, 567 739262.

[37] VRdesn , RTENE. AN [R] 5 R o] 309008 5 4 ol 20 ot ¢ (0 14
BERER A [ T]. WAFE,2004(3) :285-288.

[38] X &, T M, THT57, %5 &I LU i sk R 3
RN AR R B2 [T ] BB Rk 00T 5T, 2021,

34(5) :1196-1204.

[39] YANG Yuangen, HE Zhenli, LIN Youjian, et al. Tempo-
ral and spatial variations of nutrients in the Ten Mile
Creek of South Florida, USA and effects on phytoplankton
biomass[J]. Journal of Environmental Monitoring, 2008,
10(4) . 508-516.

[40 ] XIFE, Gl #h 58, 55, pH EXIRAK B A K AR
AL [ ]. A PR 74,2005 (2) :294-298.

[41] E3CH, IR0 AREIE, 55 KR Eh 0 s i g A K
FIREE PERISENR [ ]. ZE5BR27,2019,43(6) :448-453.

[42] SONG Yang, ZHANG Linglei, LI Jia, et al. Mechanism
of the influence of hydrodynamics on Microcystis
aeruginosa, a dominant bloom species in reservoirs[ J].
Science of the Total Environment, 2018, 636. 230-239.

(43 ] THLVE, tRaim, a5, FRAKANK W SO A
PR KA BE AR E (] KBRS K TR
2#41,2021,32(6) :102-108.

[44] ISR, TR, BT & 25, SR RIZE IS 3l i
BRI A AT R [T ] KR IR S K TR
4 ,2023,34(4) :23-34 +44.



