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Prediction of valley shrinkage deformation in Xiluodu Hydropower Plant

based on the hydraulic responses of a confined aquifer

ZHUANG Chao, ZHOU Zhi-fang, LI Ming-wei, WANG Jin-guo
(School of Earth Science and Engineering, Hohai University, Nanjing 211100, China)
Abstract: The Xiluodu high-arch dam is situated in a synclinal basin, and one of the typical hydrogeologic features is that there

exists an intact and regionally extended confined aquifer consisting of Yangxin limestone buried beneath the riverbed.
Remarkable valley shrinkage deformation has been detected on both the upstream and downstream of the dam since the

impoundment. The valley shrinkage deformation is speculated to be due to the expansion, which is associated with the decrease
in the effective stress of the Yangxin limestone formation and the increase in the hydraulic uplift pressure imposed on the
bottom plane of the relatively impervious formation, which result from the increase in pore water pressure when responding to
the change of the reservoir stage. Based on the patterns of hydrualic responses of the Yangxin confined aquifer, an analytical

model is established to calibrate and predict the valley shrinkage deformation of each measuring line. Furthermore, the

convergence time and values of each line are predicted under two prescribed convergence principles with the respect of
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deformation rate, i.e., less than 0.01 mm/d and 0.001 mm/d. Overall, the proposed analytical model yields fairly good
calibration performance, revealing that the valley shrinkage deformation is highly correlated with the change of the reservoir
approaching the convergence condition.

stage. The prediction results demonstrate that the valley shrinkage deformation of the Xiluodu Hydropower Plant is

P A KR TR a8 3 P o AR T IR A, AR T
PER UVAR I TTREAE T, 0T S b .

I

VA A PIRIA A S 25 et 8 e YK /K 2 K B G i
R TSI REAT T HLE D M MBUE BT 5T, I
K PEE K 51T 7 AR 5 7K R KGR 3G K S 20
AT ABR N . Skl A, K

Zh

B AR /K L B 7K m AR A B R TR T
SRR UL X R K Sk BT 3 30 o % o A
gt

ST E WANSCER G N, KEERRA X 30T 1
IR S5 235 R A X U XA AR AT m) T W B8 52 1R 2K
EETH: ExARRFELSTH (91747204); 1 E =N R ZEHIH
s EHHA: 2018 - 08 - 01
*EINfE#E (E-mail: zhouzf@hhu.edu.cn)



%8 FEE, AR BT RS KR K Wi R R BRI K R DX A R AL A2 T TR AT 1473

EEKE.

IKPEB K GE n] e tH LA RIS AR R TR IS, RO
SR A AU o AR 22 ORI B K 3
A0 ) 25 IR/ (R 5, 407 KA ) Vajont HEIMEAN
N KA Oldman A7 31, rb [ fr) £ 2= 5 gk U7,
BB BT R v g O

BN m UK B AL TS R B s
KEEIEN SR . H 2012 4 12 AHIHEE K
DLk, HUHEXRIH 4 DA TERRE: O LR
L X e A m AR B R ida; @IS it
TR FE KRy L6 @M B 1142 [ A8 47 8 7]
s @IX BRI R AR A IR gE .
W, BRI GRS RS e K TR AR b 2 I AT &
K EFEREA—. BIS s A A M .

G [ VOSSR RY, AT TR
WERTRR IR S KA AR A AE A 710 AH
Keth, M NBE 4G T 5 e KA R SR A 2
PEBE/IN . W A St YR U R 40 X 8- 250 0 2% 1 A0
Bk A Te BORBOEAT THA S RTINS iEIScAE
AT R a3 UL S RNy 2 4k

HAT, 8 RSGER I 40 X 2 M S 4 28 T L v A
BRI FRRAIT T . AR HE A8 T e B B A L
F2 0 i R E T 7K P B /K 80T A 98 XK SCH I 2548 K
A TR AR . ARSI T AR R B K E R K AL AR AL
(7K v SRR, ) F RS U A R AL A8 T S i % T
AT, ARSI AR T W Bkl R e i 4, IRt
— BTN WU A AR T K e e

1 BEREARERUGETRANES

BRIK P T 5 P — K B E R s, %
T R E A NIRRT FEX L ) kb
B 580 1) ot R R R R 2, FERA TR R
B (B Do A gz thm b4, HhJbpusdh
EV2E, fif 10° ~15° , BIARILEBE, Wiff 20° ~
35° , ZhHAEZR K 35 km, JEVETE 25 km, [HIARZ) 750
km®, AN B IR ZE B G L A X 5E
B R A, TR R RN AR R
FEXT R K 2 AL B3R, RINIRES T AR EIE R
BIKIG » B NR— oK SCHT BT 2 [ TG 18 A2 BB ER K
R R A TEE B K R, R, X MR KR
FRY TR BT AR ) R b ) 7K ST 25 A

BRI RI RN 3 Z BN L AR R K =i
3 ZBEKZMIEEA, HARKES &R LEER
MW TR E(Px)s RTUAEPB)ME R RIETUE E
(S, 3 ZFEKEAHENRECHERZQ) —& R

GURJE L X IE E PR B R N4 LB D4l
WA EPry), SR Z BB & il B &
AFE BB BHERY AR S T Lk a2 b B 1
e P— P I T2 0T IS A i T 0 1B 2 BT

B R —kEERAM
Fig. 1 Leibo-Yongshan rhombic basin
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Fig. 2 Vertical cross-section of Yongsheng synclinal basin
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Fig. 4 Dynamics of Jinsha River stage and groundwater level of

Yangxin limestone formation
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Fig. 5 Layout of valley deformation monitoring system for

Xiluodu arch dam project
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Fig. 6 Transient variations of valley deformation and reservoir water level for Xiluodu dam project
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Fig. 7 Schematic diagram of hydraulic responses of one-

dimensional confined aquifer
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Fig. 9 Transient increments in hydraulic head of confined aquifer

consisting of Yangxin limestone
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Table 2 Predicted convergence time and values of valley shrinkage deformation
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SRV R N N
IFAl/d H WS fE/mm IFAl/d H WS fE/mm
VDOl 2380 2019-06-27 -77.24 5040 2026-10-08 -90.92
VD02 2210 2019-01-08 -69.66 4890 2026-05-11 -78.82
VD03 3090 2021-06-06 -102.56 7570 2033-09-11 -118.51
VD04 1975 2018-05-18 -66.21 4295 2024-09-23 =75.44
VD05 1990 2018-06-02 —74.86 4180 2024-05-31 -82.67
VD06 2030 2018-07-12 =76.13 4260 2024-08-19 -84.98
VD07 1900 2018-03-04 =75.45 3900 2023-08-25 -80.67
VD08 1937 2018-04-10 -37.62 2023-06-13 -41.88
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Fig.11 Simulated versus observed valley shrinkage deformation
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