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Fig.3 Attention-LSTM neural network structure

3 EF Attention-LSTM 4 3 HI
a7 B o iU A 2

31 HEMESR
S5 45 it T TR 5 4 T R HE A 30U I5E R AR T
B L o B R BTRE 52 ) 5] A LSTM &3k,
VR e A TE = 1L Attention, #4) 8 i T30 VR 5%
T AR HE A ST TR Y Attention-LSTM T3 ]
B, AL BRI
W B MU RE R . AR i T
ST LA IR W ) R R 43 BT R it T A A Y
10 56 et i A SR I0L o 0 B T A G 0 5 ) B R 2
B AR E KR, SBUK LR RTINS
BRI, LN Z R o W B 5 Ak, 2 E F 0
TR R AR AR B A AR E ., T
Jite T3 1 22 R R K, L R R X 3 A AR 11 52
BN AN KA IR BE RS2 PR, DA 5
BRI BE 64 JBET 0p IR IR AR o, 55 B R AE
Ry LR PR, Ay e it T S 0L 35 e T A AR, SR
§=0y+p+0, (11)



. 148 KB g

BB

2025 4

3
JSH = Zaihd
i—1

: 12
617:2[71/)1‘ (12)
i=1

8y =c,0+c,In(@) 0=1/100
K, o RUTREIIG BUNAE ; o, R BT A0  REG
By 0 S DL b B B s b, SN BTN A i R
Bop, HWHHBERNIE: 0o BRI R
s R H EA KRB

BB 2 AEAR AL B B T AR A DT
MmN i E N X = (X, . X, X,,), M
IR R Y =Y, .Y, .Y, #f7H—1k
VLS = RN WS

X' =X —X,)/(X, . — X0 (13
AP X S IE RS AR — I X O W) )
AR — A 5 X A B WS DU 30 1) o /IME
X e N A W 51 v ) e KM

HT®I REIFM R, RATPY T IRE
(MSE) f A A5 R 1 53 0o B vp S S5 LA 2
8] () 22 5, 8% HofE o Attention-LSTM A5 AU (1) i
2R BREIC o 38 2ok AR AN DT 32 AT A 4 2R R BSUR /)
b, T A B AR N TR R 25 5L .

F]|A RS TFE RO AR A 3
AT e B 7 30 76 4006 00 K5 A0 4 O I
11 A — Ak A #1, fa H AR S B4 00 000 B oy —
(V1 syo sy, 75 500 (E 3E 47 X%F b 43 #7 . 44
2 Attention-LSTM T il A5 Y
3.2 #ELTM IR

Shy G B0 AR A g 400G T Ak 2R L ok FH PT P R B
(R®) I RR 2 (R quse) I A X2 22 (M yiar)
HEAT AL R IA

4 THENMH

41 TREEFR

T0] P i FEL 3 R I Sy T B - TR A A 1L, 3T
f AR 351,00 m, T0 58 10, 00 m, iz K 128. 20
m. FIEIE S o 1 2 1. 40, R UE 00k g o
1: 1,35, FRIIMIMTT L2 8K 1 238,04 m, H
Ui MCEHLA RN 1000 MW, SR TR R K &
VT B AL B 47 W I, VSA23-5 I A5 A T A
04003. 350 M4 0+ 000. 000EL. 266. 514 0 m,
VSA32-4 Il p5 47 T A7 0+ 122. 660 ML 0+
000. 000EL. 295. 509 0 m, ¥ T-Hlih<kab ., A
B B AR BOVE Sy MR R AT AR A AT

42 HEEWESHILE

HEGIF Attention-LSTM #1914 5E , ¥ H
5 BP.SVR.LSTM #& 8 £ 47 X Lt , 9 48 — 4% 5
Bopy Ul gk &Lk . & #E BP. LSTM,
Attention-LSTM BRI 22 3] 3 %5 0. 001, fie K% AL
WHCH 1000 IZRAE KN 10 %, 8 SVR B
I R ARSI C R o 400l &l 20.0. 3,
B A JZ 0 f A 2 BT 4L feature Dimension
BAEEMRA LSTM M 4% 2, 453 #r , i B4
TSR i B RN L B0 K IUE g i A 45 IX R AR Ol i
AMZIERL, LSTM, Attention-LSTM #5 Kl )
YRt BB, TR ML % T ROR, 5 D
MR, R Adam DEAL 28 #E 47 OR 4k HE T oR 2K
Shuffle & | every-epoch, [&] B}, S ikE o A5 AU 75
Y it 72 bt Bt & B4 FE R R 5] A 5
# Droput J2#5 8 3l 1 78 I 2k 72 v e Bl — o 1R
R E B A 25 X 2% PR T D 28 25 RS 5, DT 22
Y 2 AR RE 7 . 1 B % 57 Dropout A 0. 2,
4.3  HUR T BE T T

Ry 9 R AR AL 1 AT AT R 5 A RO TR [ A
Y 2 8] (8 400G TIOIORG B2 A M Bt AR ik
KA R UTREAL VSA23-5 Tl 55 2022 4F 4 H & 2024
£ 1 H By U BE L VSA32-4 I 55 2022 4E 7 A
22024 4F 1 A WU R B 8 BOE SR AT 4 )
75 % IR (25 % A 4, BT VSA23-5 ]
2022 & 4 H~2023 F 7 ABHE I ZrkEA,2023
A8 H~2024 4 1 A ¥ MM A, VSA32-4
M5 2022 4F 4 H ~2023 4F 9 H B R Il gk
A,2023 4E 10 H ~2024 4E 1 A B R eeAS
GiR DN i D IR - O G = 75 ) [ =3 N s g
TR SMAEAE R A AR TR A TR 40 A T
D25 AR i i, JF ¥ 5 BPLSVR,LSTM #%
AUHEATXF o #r

A AR IPEMN AR WL AR 1, S5 T X
Lo UL AL BRZEAR R A WL 5. B Ak 4.5 RISk

F1 SHEELEHN ML
Tab.1 Comparison of fitting prediction performance
of each model

Ryuse Mg B

LIPS R R’
/mm /mm /s
VSA23-5 BP 0.953 6 42.6979 20.2719 68
SVR 0.9809 39.944 6 14.848 7 87
LSTM 0.988 7 37.3121 9.0793 72
Attention-LSTM  0.994 2 36.456 7  6.059 0 51
VSA32-4 BP 0.904 2 46.457 7 19.8393 65
SVR 0.9388 43.2907 15.4655 82
LSTM 0.9758 40.0318 9.9717 69
Attention-LSTM  0.996 5 37.6054  4.3625 47




5543 A 9 M

JEF EEE T Attention-LSTM Jiff T 3 véi A 3 A7 00300 {A 35T [ F9U00 A5 29 1F 5

+ 149 -

O
£ -80
e
08t -160F
ot
= -2401
3201
-400 2022-06 2023-04 2024-01
F-A
(a) VSA23-5illI53
80~
ok — STE
L —— BP
£ .80 —— SVR
E 80, ——— LSTM
ﬂ]\ﬁﬂ-mo» ——— Attention-LSTM
o L
1R-240F
23201
-400 ! . L
2022-09 2023-06 2024-03
F-8

(b) VSA32-4Jll53
B4 ZEBTFEUESHNESSSMNE
Fig. 4 The settlement fitting predicted value and measured

value of each model

mm BP
$0b @I LST™

L TR

[ SVR
I Attention-LSTM

-80F
120 . . . —
BP SVR LST™M Attention-LSTM
kit
(a) VSA23-5)lls=
2r pmm we —
80F <« [ LSTM I Attention-LSTM
g 40F ‘: :’ b'd
g
5 oof 3 i% = &=
ook % P #
40k 3 3
80F
120 : : : —
BP SVR LSTM Attention-LSTM
kit
(b) VSA32-4)ll53
Es5s JHEMUPNEMUNERERESR
Fig. 5 The box-shaped distribution of the fitting

prediction residuals for each model

1 AJ 41, Attention-LSTM £ 51 & PE4r 45 b 2 10 T
HABAR R 7E 0. 99 LA L, il L W & 2 B f #2300
SR L FULA TR SR A L AR 25 A R AR E
it TIA DR AR B ML A 2% 2 3R AR %, 3
RUTRE AR I 5 52 e IR Z Al AF AR B AR & M 5 A
W Pk, Bl IR ST, 30U T % {8 Wi 3 484
W, 5 TR A g2 1) BPLSVR Ml 2% >
MY, 78 TR AR A0 5 KBt B, 40 R R L R 22
BRI LSTM 5% 7 65 i L 5 AT 3505 11 3F 26 PR 4L
i b S RE 7 o SO TR R AR T R o b
BHEIAL BRI 2 R MSE, - 35 4 %t % 2%
My 70 BIBEAR 2 10. 25% .45. 95% . Attention-
LSTM AR H g A Attention HLHI, BE W% &= %% .

YA B EBURE W) 00 7 T A B A B O D O
FUTE 22550 T g 47 40 3 A 30040044 T & 78 T 5 5T 401
o B BT L AR AR R R 2 ) U TR B R L
LS N T O S A R R e - B e 2 e T
R guse “Muiae 73 BIFEAK LY 4.20% .44, 76 %,

5 #Hit

a. it A Attention ML ) LSTM # 5 §g
G425 0 M A SOUSILA I Ko 7 T 5 0300 B R
0565 78 28 5 ) PR - 22 1) B T A IR AR A RO B A
e P AR R M RRAE R T RAR

b. Attention-LSTM # M # BP., SVR,
LSTM 5 BUFE L5 F0I0OKG BE 1 4 7t 35, i 478
Wi & FLSAH L Bk 22 BN ASE L BE B G Ml A 34 e T A
HE A7 AR AR T HLHE 5 R

SE Wk

(1] oz, 258, X%, 5. 81T BRANY 1k
Hi A7 SV T R O ST 1) s LU A BT e [T ). B
PR S TR AR, 2023, 31(4): 876-893.

[2] Em¥y, BPS, EER, 5 MEEE IR X
WASIE et LSTM 330 8 77 5 B A &L ) ], R e
ReEFEAR CHARBEA 5 TR RO - 2023, 56(7):
702-712.

(3] M, #EEME, Kz, & ETH G MRS
e AR HE AT IS A B[ ] K ki e
2023, 42(10) . 139-152.

(4] FEEME, MR, REM, 55 ANFE LG5 A
X ¥R B A 3L RS T P B Y 2w [T . K el R IR R
2, 2022, 40(1): 107-111.

[5] WMRZ, BRER, BWRT, % BET/DEEBRMNS
30 3k i [ 1 A 2 A T AR M A 30T R T i 1 ] F
FELI]. KRB K TR, 2023, 34(3): 144-150.

(6] #MFv, mat, R, % Wbk 7 B IR 2
B U FE T A 3 5 9132 A7 399 99T e Tt e py 1oz LT .
K ELREVRAL 2, 2021, 39(10): 110-113.

(7] FEWhp, MR, JRIE. TR AT 41 5
T /INVRUBE 7K i AU 38 A SO0 3 o0 A 78 % L Tt )
KRS BTLI ], KA REIRRL2:, 2022, 40(2): 110-113,

[8] LIU W J, PANJ W, REN Y S, et al. Coupling
prediction model for long-term displacements of
arch dams based on long short-term memory net-
work[ J]. Structuralcontrol and health monitoring,
2020, 27(7): 2548,

[9] RS, i O B 3 A S 10300 T g M 4 A8 700 7 5
(D). ME: A TR¥E. 2019.

(T 4% 155 70



5543 B 9 ThE S o A M DX K R R T KRR 1 0T R LA « 155 -

tions: A case study in Anhui Province, Chinal]]. [9] ®XE, oKk, VPR, &, RTFRMEKNE N EE
Hydrogeology journal, 2021, 29(5): 1831-1855. FEX BRI, mKILESKFRE: . 2016, 14

(6] SR, BRICHE. DT B MEAK R AR AL ShE & (3): 150-155.

KRR R TR AT, PR, 1994, 13 [1o] mse, i, TRB RN S LERIMIL
(2): 141-152. JEnT: R ERRIK L R . 2018,

[7] YANG] M, ZHAO L H, SHEN Z Z, etal. Anel- [11] 22, B, kb, 4. /KA B K FI A AL i 1k
ficient procedure for optimization design of anti- NBFEMEE b B s (1], /K B BB VR Bl 2%,
seepage curtains: A case study[J]. Bulletin of engi- 2005, 23(1): 36-39, 91.
neering geology and the environment, 2021, 80(3) . [12] wkeded, B, Bk, % TEBROMSE
2671-2685. HICMI. dest: Bhf i . 2020.

(8] E%&mI, B&EHI, Fh/DXL. Sl b 5 % b T K $(E [13] Em, JedRr, #h B, & K E R B T K
BT, B KA 5 KRR (R 30, 2020, 18 PEIR BE L AR 2 R ek e WF R (1], oK L AR IR
(5): 157-164. BlE, 2023, 41(2): 90-94.

Optimization of Seepage Control Scheme of Lower Reservoir of

Pumped Storage Power Station in Karst Area
MA Ze-kai'"*, SHEN Zhen-zhong'**”*, LI Dong-ze'"*, LIU Yue-chi', ZHANG Hong-wei'"'"*"

(la. College of Water Conservancy and Hydropower Engineering; 1b. College of Civil and Transportation Engineering,
Hohai University, Nanjing 210098, China; 2. State Key Laboratory of Hydrology-Water Resources and Hydraulic
Engineering, Hohai University, Nanjing 210000, China; 3. Key Laboratory of Transport Industry of Comprehensive
Transportation Theory (Nanjing Modern Multimodal Transportation Laboratory) , Ministry of Transport, Nanjing
211100, China; 4. School of Electrical and Power Engineering, Hohai University, Nanjing 211100, China)

Abstract: Aiming at the complex karst environment of the lower reservoir of a pumped storage power station, a
three-dimensional finite element model for seepage analysis was established to simulate the main buildings and karst pas-
sageways in the reservoir area. "The depth of seepage control curtain at the base of the dam is 0.5 times of the pre-dam
head. the depth of seepage control curtain on both sides of the dam is 3 m below the 3 Lu line, the length of seepage con-
trol curtain on the right side of the dam is 200 m, and a single-row curtain is set up" is used as the preliminary seepage
control scheme. The seepage field, infiltration slope and infiltration volume of the reservoir area were calculated. The
preliminary seepage control scheme met the specification requirements. But the seepage rate and infiltration slope were
close to the critical value. The four indexes of curtain depth on both sides of the bank, curtain depth at the base of the
dam, length of curtain on the right bank, and double-row curtain were changed to optimize seepage control scheme. The
impact of the changes of the indexes on the infiltration volume of the reservoir area was investigated so that the optimiza-
tion of the seepage control scheme was put forward. The analysis results show that on the basis of the preliminary
scheme, the double-row curtain is set up at the dam base, the infiltration flow at the dam base is reduced by 267. 3 m’/d,
and the effect of seepage control in the reservoir area is remarkable.

Key words: karst area; pumped storage power station; gravity dam; seepage control system; anti-seepage curtain;

permeation gradient
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Research on Settlement Prediction Model of Face Rockfill Dam During

Construction Period Based on Attention-LSTM

ZHOU Zi-yu, XIAO Ya-zi, WU Yu-kun, XU Ai-ping
(PowerChina Zhongnan Engineering Corporation Limited, Changsha 410014, China)

Abstract: Constructing a high-precision dam settlement prediction model is of great significance for ensuring the safe-
ty and risk control of dam during the construction period. Taking dam height, rainfall and aging as the influencing factors
of dam settlement deformation during construction period, the long-term and short-term memory neural network LSTM
algorithm is introduced, and the attention mechanism is embedded. Thus, a prediction model suitable for dam settlement
of concrete face rockfill dam during construction period is proposed. The engineering application shows that the attention-
LSTM model makes up for the defect that the LSTM cannot dynamically adjust the weight coefficient at the network lay-
er, improves the computational efficiency and accuracy of the model, and has better nonlinear data processing ability,
which can more accurately reflect the change trend of monitoring data in the time dimension during the construction
period. The relevant experience can be used as a reference for similar projects.

Key words: face rockfill dam; construction period; dam settlement prediction; long short-term memory neural net-

work; attention mechanism





