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Fig. 1 Three-dimensional diagram of hydraulic layout of

Xiluodu hydropower station
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Fig. 2 Generation mechanism of acoustic emission

(microseismic) signals
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Fig. 3 Spatial distribution patterns of microseismic events
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Fig. 6 Relationship between dailymicroseismicity and storage level of Xiluodu hydropower station
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Fig. 7 Distribution of microseismic events on the right bank slope during low water level



FERE R TR0 RB R BINE AEHIAERER 717

3 (W R 610
o AL Rk B 1 600
25-1&-75@ - [ S e . TR LTS S —— -_590

Kb T 7KL I

550

540

*
% 5 Moment Magnitude
U E 74 0.0654
[ ——ea———
E N E 2 E
N 253 Events 0.124  Energy 63 5 L U 253 Event: .Energ.y 63.25

b
x P :o ® ';\./[ Magnitud Moment Magnitud
U 4 - =—1%74 et agn1()%106e54 U ® ex1.74 ¢ 0.0654
Eiﬁ 253 Events . 0 IWZS t\LE 253 Events 0.124 Ene 6325
! . L o . [

W 29 R — kAR, K A% . 555 m~600 m, BFF% . 2019. 9. 4—2019. 10. 16
B8 Kiz bt RARMEFE,SH B

Fig. 8 Distribution of microseismic events on the right bank slope with rising water level



718 WARAIR I AR 46 %

3 R 610
2 — JE KL A\%}ﬂi{iﬁ%?’i%ﬁ 1 600
- Il A . i

| A e = AR~ P
7 Kz B KA
<20 - 580 E
| g
§ 15 1 570 4
i
% 10 - 560

a Moment Magnitude

TU i —=1.59 .0182
E ¢ (%]

N 82 Events 0.131 .Energz/ 55.69

.Energz 5539

. Moment Ic/Iagnitude Moment Magnitude
U = —1.59 0.0182 U 0159 0.0182
RS © i, iy TR
82 Events 0.131 Energy 55’69 E 82 Events 0.131 .Energy 55.69

A5 1600 m~590 m, B F& :2019. 10, 17—2019. 11. 20, K 4%
9 FARARIAEN | R AR F S A

Fig. 9 Distribution of microseismic events on the right bank slope during the period of high water level regulation



FHER TR T RE G RSB A R R AR 719

5 mEw 1610
30 | Eﬂ(ﬁi %—7k’fﬁlﬁ§»ﬁﬁ 4 600
25 el o c bl NS N e e i B e e NI L B2 -4 590

R KL R 2

T
7 KA |
<< 20 580 E
1=
i) g
ﬁ ~
= 15 570 &
i
e
£ 10 560
5 550
0 540
\‘b
Q,Q@

Moment Magnitude
U —1.61 0.0662 N
to o
EN 79 Events 0.0554 .Energ); 39.73 E 79 Events 'Energzl 39.73

e Moment Magnitude .
U —1.61 0.0662 3 Moment Magnitude
., 1 N ﬁ —1.61 0.0662
Ei 3973 (T
79 Events 00554 Fnergg 3 E 79 Events 0.0554 , Energy 393

KA 1590 m~598 m, BB 2019, 11. 21—2019. 12. 13, k45 & #F LIt
10 Bzl &R ARBEFHSHA

Fig. 10 Distribution of microseismic events on the right bank slope during the high water level regulation period II



720 PR FH AR

46 %

ANSYS
VOLUMES 2019 R2
TYPE NUM
= ]
i — —
> X ;
XLD_GDY model

11 e 3 A
Fig. 11 Diagram of hyperbolic arch dam

Tl MBI ey FA LS
Tab. 1 Modeling parameters of hyperbolic arch dam

e 2R
W /m 278
HEE TR /m 14
HEE TR/ m 69
Hb i e RJZE /m 75.7
Tt /° 93. 54
RS/ 96. 21
Tk rp 2T /m 698. 07
R L 0. 248
I L 2.512
U 0. 217
REVRITESF X 10. 68
ANSYS
VOLUMES 2019 R2
TYPE NUM

XLD_GDY model

B 12 A& F LA E
Fig. 12 Side view of slope on left and right banks

ABERL R T 3D 7N T A6 HEREA T R A ) 43

XA R ZBCR 4455340 5 400 53 WA . R
8 RS UK T BB IE BT 300 000 4B

JG,345 587 AN k. W E(E R A HEIL A2 A R
SRS [R) (8 2 () 5 25l 43 AT T S8R
AT TSR I 42 )Ry 1 T AR 8 A3 A B
AL ARYE I L PRI DU T W PR T . T 00
— IR A 600 m; T~ MFGZKAL 590 m,
4.2 B3 RINERI S T

T —: 2013 4F R il & K 24, B E KA
441. 25 m ¥{Ft. 2014 AE KA —IRE K E 600 m,
e Je B2 17 00 18] V2 1% U /K B 3 22 Ok IR B T
FIEH EKAL XHEIE KA 600 m #EATEUE 5 5T
BRALL, HASEADL S8 R A F7 43 A A R I 13 B .

T S BUE AR R ) R XOY L Z T 1)
(IR 143 A B0 (B 13) W] A . B R4 1)
(R0 T 53 A BRI RS04 . AE X Tl bl Tk
(B B EE R B0 % 5 3 TR 1w v (] 46 3R
P s BT H T8 (A5 R Jy 36 %) 10. 7 MPa,
BAEWIE T )7 X 5 L bR # A5 5. IF BN I 78
Y.\ Z Jit) EIRIFEAAAE X RE R LA . N Y D7 1) B g
FIRTLAE S, KR Y J5 [l S48 1) 37 09 5 1l iy LA
Y 7 [n] B ) B IR E XA Z T 1] /N — 2
X GRS A e Z 05 B B4y A
SEILZARAT AT 5 D2 2R 1T 380 PSR N T 3 KL I
BB 7 Fe K s BB Sy s e A SO (E AR R [ ) 52 31 B
)RR EAE R BT AR I 43 A0 2 AR S XA
BB, M XYL Z 5 AR 14 A B AT LR
s RN ) X FEASERAEAE T 47 e 3 BB I 2
355 5 = A UR A ) A3 A KL T AR 2 ) R
FAE AT A A K ALFE 555 m~600 m B, F i
OB S EE R A R R K Z T

T BT K AL 590 m AT B AL,
AR VU SR MR  ZE B KA 590 m~
600 m BRI b R L IORE SR 0 28 A AR ) b A
N T T HEARB N 15 5 68 434 i LAk
£ 590 m F/RO AT B AR, IR T L —
AT A B R ) i BB RS 4L 45 R an &) 14
Fi7R

Bl 14 JE7E 590 m E /KA I 3 2o £R (E AR 4075
MR RERIAE XY Z J5 ] L8 7 43 A B DA
AR W 28 = A7 18] b BRI R A A A S L
EABETRY v (R 457 Ak Ny ) BE R — 26, R R K B8 AR
FHAE AT TE AL 2 L AR B R — 2%, I HL W ) 43 A
R IEAS  WE AR 3100t )2
FIA ) T B W A5 L PR



FERLF R THMEESERINE R THBAEEL 721

ANSYS
2019 R2

NODAL SOLUTION
TEP=1

DMX=0.077947
SMN =—0.416E+0§
SMX=0.474E+07,

z
t»X
e
® NP\
\@*“ \a,e @f&“ &X \@'& s%e* \Qq@ 2
o!

XLD_GDY model

ANSYS
2019 R2

NODAL SOLUTION
TEP=1

DMX=0.077947
SMN =—0.416E+08
SMX=0.474E+07,

)

\) o o ok S
SRR &X \@X s%e Wx ‘VQ o
P AV

XLD_GDY model

(a) L FHEXTT R A

ANSYS

NODAL SOLUTION
STEP-1 2019 R2

SUB-13
DMX=0.077947

SMN =—0.293E+08,
SMX=0.270E+07,

PSR}
Q,ng(‘/ “fne fﬂe \‘b@e \s\e \\‘& o e/ w“% &

XLD_GDY model

ANSYS

NODAL SOLUTION
STEP-1 2019 R2

SUB =13
TIME=1

SX (AVG)
RSYS=0
DMX=0.077947

SMN =—0.293E+Q8
SMX=0.270E+(

q
@QXB/%‘Q rf\“@&

3 S S
093@ 15‘6 Aj& \#’e \5\9 \\‘& 195%
o

XLD_GDY model

(b) Ly Y ITI R 1K

ANSYS

NODAL SOLUTION
STEP=I 2019 R2

SUB =13
TIME=1

SX (AVG)
RSYS=0
DMX=0.077947

SMN =—0.513E+08
SMX=0.451E+07

o
\‘”OX Ag\?/ Q":Q‘X q?/x 5@

I\ o o I\
o \v m@X @"@ \%q?» o

XLDiGDY model

NODAL SOLUTION
STEP=1

SUB =13

TIME=1

SX (AVG)

RSYS=0
DMX=0.077947

SMN =—0.513E+08,
SMX=0.451E+07

U A $ S S
Q‘f’& m@% «,(o g@ ,;\‘5" 1\\% Q.\&\% g«a %9(’X 5%
P

XLD_GDY model

(c) v NiEZIT LA B

& 13

I KL (600 m) Ay B

Fig. 13 Stress diagram of normal storage level (600 m)

MIE 14 Ca) b RUFAE X 5 1) L i 17 g AT LA
B BEAE T A rp LA B R K B
T 3 B0M 23 18 r R] A AW SR AT - DA
1455 HE T T8 o DR b 5 B H S Pl s 8 10 3 23 A R
5 13 75 600 m Z/KA: T RUERE AL X J7 18 7
VIR EE A8 P AR H DR g DX 3 DA 8 b
PRT —L8, X7 N 22 A £ P26 5 i =
BB KA Z B N R/ T — 5

51 E‘Jﬁ/]\%/]\—@’i‘.z’%ﬁ%ﬁkfﬁﬂ’ﬂ“ﬁ
E’FQMHXWEH%/J\T e, 33 55 55 U 5 5 2o R W

(X SE 113,7J<1¢FI35‘I3"&(7M¢})\ 599 m 5 FEFE
§59o m =) | GO F R LRI N (AR Bt
BRI & AR A SEPR AL, R 14(b) R
WY J7 R BT DU B E AR AR TE Y
] L BT 32 0 1 e 3 AN AS T Tl e/ — 28 UM TE Y
I3 1] b 7K R 7P o) %o B A A 1 4 AR AT 8 /0 AF



722 MIEAIE T EFH K 46 %

PR I 14 (o) bR Z I R IR 5 b BUE R [ A2 K B E AT A B
uﬁtﬂ,ﬂjjjazﬂl%'ﬂkﬁ?ﬁ,ﬁﬂyxﬁé}%%éﬁrﬂ%%ﬁ AR B LS B 0 T B R /4 B 97 9 A
BN AESEFR A RSB B TR UOATE Z 0 FEIE.

NODAL SOLUTION ANSYS NODAL SOLUTION ANSYS
S

2019 R2 2019 R2

SUB =15

S=0 =
DMX=0.069486 DMX=0.06486
SMN =—0.345E+08 SMN =—0.345E+08
SMX=0.442E+07, SMX=0.442E+07

X<-+ X<-+ o

—:— [ — ]

A Ao Ao W S A o S

o @”& as‘* »,\‘fv oY \m‘f” 005(’?) wf’ o W Y o o /B_@“Q 0¥ N ¥

XLD GDY model XLD GDY model
(a). b FIEXTTIAIN A

NODAL SOLUTION ANSYS NODAL SOLUTION ANSYS
SUB 15 2019 R2 St 2019 R2

RSYS=0
DMX—O 069486
SMN =—0.318E+08,

SMX=0.231E+07 SMX=0.231E+07

V4 V4
X‘j—:— XJ—:——
/@\@ @a mﬂ@ m“ ?jx \6,\@ @9?’ qQ o ‘ﬁﬁ?’ q& @g’\ 3\%@ ﬂ%“ Xm‘b 1?}@6 (Oxe‘b \99 \qqex gQ g emlﬁ\@m
XLD_GDY model XLD_GDY model
(b).fn FUYITIRIRL
NODAL SOLUTION ANSYS NODAL SOLUTION ANSYS
r-l 2019 R2 SiEp-l 2019 R2

DMX=0.06486
MN =—0.383E+0§

. MN E-
SMX=0.138E+08, SMX=0.138E+08

XJ_:—

S\ P R S N\ A oy AP\ R
T ue c,e S o ¢ B e I I
PN SO o QSbQ S P R N N L TP o o

XLD_GDY model XLD_GDY model
(o) b TFiEZIT IR R P

14 EARA£(590 m) & A7 B
Fig. 14  Stress diagram of water level (590 m)

I PR T O BRI E R M il AR L e AORIEARSRAY R AR . T — AT 00 —BUE B
Al — AL T A ] b B R B AE R AR HEAR I 00— 3 T80 — BARE K7 R
I DU PO B 57 B T R s BT g iy, AR (R 00— X U5 1) B Y.
TEANTR)EE AL BEI A AR [R] 2 2 L 35 5 BT 52 197 ) BOR NSy l:ﬁﬂﬁtl:f&j:b“ﬂéjtT#%,ﬂﬁI
PRI B R AOBGR 1 G TSRO B 5 E K BB BRI T — 28, I HLR I I 7E P26



6 TR F AT R 6 R E RN B R

N

SRR 723

HILE B P IKCE TR I3 A s I 32203 A 78 BB
IR TE A SR AT A Z5 IS AW 5 B fL R %
BrEBOKAZ 599 m @R ZE 590 m @A)  MURF
PERFSIEIN (RS S P 1 5 H U= R 1
RO 2 H O BB B BUR S F LR P26
HILE B PR Z A A AR R HRBOR e
RIS A R RE T2 20 A AE BB ICa T2 v 1
BB KBS RAER Z 004 T BT KA )2
T T P M M 2 2R 5 SR DL 235 2R BE AT X 23
MU T R A F 7™ A S e R I dhy g I )™
HSER T T,

1) 38 33 TR0 WA ) 2R 98 %o VR 145 U /K L s 1 A 7 S s
AW o I 25 SR e A e 0 3 KO 28t A Stk 7K
R R IR T B2 5 PR K o7 5 B S F A 6
Pk BUREEARAL FARK AL SR = R Y D
Bl 2 7K A7 b T iR S e 3 2 L
HOIRAE R /KL 9 s 7K A, TR 5 R T Bl 1 g A G
PRSI

2) BN A A Bk K s B AR v SR A
Y B4 AAE L Ui R 2T Ui B I ) A 43
T K AR, LR EHZE T gD,
T TR AT DX I8 AE B K 1 25 ) 01 & AR B S S 3
G FNBTIR VWK HL 3l UL A 35 7K ok A% v o R
SR BB AR J) AR TR RN IR IR

3) XPIR I K L sl A T BB AR 1A 4
RFH AR R —F /KA N HEM AR & B L, g3
IR ARG [ U 2% v O (8 A5 B 17 ) e R, LT B
WIS 5 57 22 B Ry A6 I U0 1T %) v 6 S B
K26, B 3005 3 1 RAIG (A B sk /N
FEAN RV E KA T HE 300 %) A () v B2 iz 7 DU 22 30
Bt KA ) s HEIUFE A ] 5 B R 52 0 ) 5
IKALERIE LG R HAE U B8 B K, H )
BT IR A7 B A FHE I 3 2%, EBEIN I 2847
B Z N BN X5 SR TR ARG . 5K
EABEADL A AR 2 R 5 e T 45 SR A s, R L
A — 30 RN A R 3 T2 N RS 5 E K
PR IEAHIC I E R L I HAE 5 K A7 B AH G M 2 A5
FEAE AR K A7 s B

B AU AR B [ =g B A S R 22
e (XLD/2170) ,

S 3k

(1] Rhiffite. FEKBHF R SRR Kk,
2005, 31(2): 1—4.

LU Y M. Hydropower exploitation and sustainable de-
velopment in China[ J]. Water Power, 2005, 31(2): 1
—4. (In Chinese)

(2] ATHide, VETW, BRikzs. 120 I 7K i sl 300 X 0 46 b

NGB (1) A A %S TR,
2006, 25(11): 2305—2312.
FU C H, WANG W M, CHEN S H. Back analysis
study on initial geostress field of dam site for xiluodu
hydropower project[ J]. Chinese Journal of Rock Me-
chanics and Engineering, 2006, 25(11): 2305—2312.
(In Chinese)

(3] aiBk, ARIG, BREEEL, S 5 e 30 Bl B4 R

MHTRMRMIET]. TREME%H . 2001, 9(3).
227—232.
HUANG R Q, LIN F, CHEN D J, et al. Formation
mechanism of unloading fracture zone of high slopes
and its engineering behaviors[ J]. Journal of Engineer-
ing Geology, 2001, 9(3): 227—232. (In Chinese)

(4] k&R T, &0, % KREEIE RS A%

M5 LT] EA S TR, 2009, 28
(9): 1819—1827.
ZHANGJ L, XUWY, JINHY, etal Safety moni-
toring and stability analysis of large—scale and compli-
cated high rock slope[ J]. Chinese Journal of Rock Me-
chanics and Engineering, 2009, 28(9).: 1819 —1827.
(In Chinese)

(5] EJuk, 2t ke @ im0 i s ok Je g

Ll A h2e 5 TR SR, 2002, 21(7): 1087 —
1091.
XIAY Y, LI M. Research and development trend of
slope stability evaluation method[ J]. Chinese Journal
of Rock Mechanics and Engineering, 2002, 21 (7).
1087—1091. (In Chinese)

[6] WV, THmW, 20, . IRIE WKL XA

IR R PR, A 1%, 2003, 24T 1.
220—222.
XU P, DING X L, QUAN H, et al. Experimental
study on creep characteristics of rock mass in dam site
area of Xiluodu Hydropower Station[ ] ]. Rock and Soil
Mechanics, 2003, 24 (Suppl 1): 220 — 222. (In Chi-
nese)

[7] 24 BB WIERTER - 2 e 0w i iz
[J]. A TR, 2002, 24(2): 147—149.

JIANG F X. Application of microseismic monitoring



724

IR FH A

46 %

(8]

technology of strata fracturing in underground coal
mine[ J ]. Chinese Journal of Geotechnical Engineer-
ing, 2002, 24(2): 147—149. (In Chinese)

W HER, Wik, & 85— JOKa 2R
WA G R TERN AL a0 hE51R
A%, 2010, 29(5): 915—925,

XU N W, TANG C A, SHA C, et al. Microseismic
monitoring system establishment and its engineering

applications to left bank slope of Jinping i hydropower

(9]

station[ ] ]. Chinese Journal of Rock Mechanics and
Engineering, 2010, 29(5): 915—925. (In Chinese)
AR RYUET. BTG, BHA A R LI RN
W I ] ARIER A4 CE AR RO - 1994,
15(3): 248—252.

LI ZD, SONG N X, QIN S Q. Determination of in si-
tu stress by Kaiser effect of rock acoustic emission[ ] ].
Journal of Northeastern University (Natural Science) ,

1994, 15(3):248—252. (In Chinese)

Study on deformation law of right bank of Xiluodu arch dam based on

microseismic and numerical simulation

HUANG Hailong' ,ZHANG Shaocheng® ,SHA Chun’, HE Gang’

(1. China Three Gorges Construction Engineering Corporation, Chengdu 610041, China;

2. Chengdu Engineering Corporation Limited, Chengdu 610072, China;

3. Sichuan Hydropower Engineering Geophysical Exploration CO, LLTD, Chengdu

610072, China)

Abstract: With the vigorous development of water resources in China, a large number of hydropower stations are under

construction or have been put into use. These hydropower stations are accompanied by high and steep rock slopes, making

slope stability particularly prominent. Therefore, analyzing and studying the deformation and failure characteristics and stabili-

ty of high rock slopes during impoundment is crucial. In this paper, the microseismic monitoring and numerical simulation of

the right bank slope of Xiluodu Hydropower Station during the impoundment period are carried out. The rock strata where the

microseismic events of the deep rock mass of the right bank slope are located are revealed. The relationship between the stress

and displacement of the right bank slope and the water storage level is analyzed and studied. In water storage loading and dis-

charge unloading, the microseismic events are mainly distributed in the deep Yangxin limestone strata below the right bank

dam foundation between the upstream cofferdam and the downstream second dam, and the basalt strata are less distributed. It

is judged that local rock mass stress concentration and stress migration occur in the dam foundation of Xiluodu Hydropower

Station during impoundment.

Keywords: high and steep rock slope; slope stability;

microseismic monitoring;

numerical simulation





