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Sensitivity and inversion analysis of permeability parameters
in main zones of a ship lock hub
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(1. College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing 210098, China; 2. State Key
Laboratory of Hydrology — Water Resources and Hydraulic Engineering, Hohai University, Nanjing 210098 , China)

Abstract: The determination of permeability parameters is the basis of seepage analysis in hydraulic engi-
neering, and the inversion of them is one of the effective means to obtain the material permeability coeffi-
cient of the project. In order to quantify the influence of permeability coefficient of the main zone of a
ship lock on the seepage field of the hub, a three-dimensional seepage finite element analysis model of
the large ship lock was established. The waterhead values of different measuring points were taken as in-
dicators, and the three-level orthogonal tests with the permeability coefficient of the concrete lock body,
bedrock, anti-seepage curtain and drainage hole as factors were designed to carry out the sensitivity anal-
ysis of permeability coefficient of each zone to the ship lock seepage field. Then, the material permeabili-
ty coefficient of the main zone was inversely determined by variable tolerance method. The results show
that the sensitivity of the permeability coefficient of each zone to the waterhead of the measuring points
was curtain, bedrock, hole curtain and concrete from high to low, among which the influence of curtain,
bedrock and hole curtain were more significant. So, the inversion should focus on the permeability coeffi-
cient of the zones of high influence such as the curtain and bedrock. The maximum error between the cal-
culated and measured values of inversion was 2.37% , and the permeability coefficients of the curtain and
bedrock were 3.04 x 10 °and 5.51 x 10° ecm/s, respectively. The inversion parameters can be used
for the seepage stability analysis of the ship lock, and the research results can provide some reference for
similar projects.

Key words: ship lock; permeability coefficient; inversion analysis; orthogonal test; sensitivity analysis

Wi B HA.2021-08-12; {&[a] HHA.2022-01-09

EEWH : HEARPIAREET H (51609073 ) s VL7534 A A FH# 5411 H (BK20201312)

EZ ' Ut AR (1997 =), 53 WL N WP AR, R RN T A2 Tl o 4807 T O IS
BIEE . H 7 (1987 - ), 05 TEPUR M 1 b, B30, 228N TR B o M 4 0 T e S RO T AR



150 KPR 5K TR

2022 4

1 sl s

B A SR KR TR R i P J Y
MR —, Kk TR W AR 2 7 i
SR K R AL P B F2 B A S, LRSS ] 1 ]
R T KA TR 3t T A8 A 387 b e itk 2 5ot
TR I 22500 W I B ot 3 B T AR M A e Ay 5
mi AN, R K Sk 25 B4 R S ] i %
YR E RS R B S K, T R IR
T, B I p kA e o RIS IS A R
A EEM TRRME MRS E X A4 X R
BESEI B s, Hir, BiES
BRI v 2 3 Bl s Hb Bt | X550 e 0
AT o AR, B A AT O ik R R B A A RS
BERART Bz,

B S E R A ) USR], W] 53 R A ik |
PRIfige v A B ) G B vk R R R
ZU A A AT RS A PR ITE TR T
BFLIE AR 6 0 BRI, 45 4 BP i 9 2% ik
MEWLTRE ST, $E il T B RS 05 oK 1 Y S T
SIMTITIE ;s Gan 261 B TAEROE LS A AR, 1
T — R R LB A R B B R BN T,
W B T A B 15 R B0 T H 48 LB K
X BT A5 4 3T ANSYS Bk 4T — ik
TR R B4 Rk AT B A RS 15 28, S
THHE TR B R .

SRR TP P R S A R W B
B | ERITE 4 S B A W I A 1 5 i L
A EEE L U TR — Pl R AT S &
SRR BE A 0T ¥, HAE TS maulgl) iz %
RO i F Rt LR b e o B
FRGEXI G, T T PR 3 5 PR R B 75 55 18 15 Z2 500
BB R , 45 B2 W AR 58 5595 15
ZBO LTS T BRI R e 5 R A A
T /K ORI T RR X IFe Rk B 55 2 O8R5
75 R BOHAT T R R R B, B T 4% F
BHE I 2B IS 7 1 5 i R B 5 SR e 25t )
et ok BT 4 2K P TR, T T 0B e T 7 2 2
IRSER RIS 2RO S0 BT, 45 5% 3¢ B hfie 452 1 1
FR A R85 22 5506 T IX 38 3 3 1 UM 35 v, 7
B S AR A TS S O . AR ST SRR
IR BRS04, T ST A ) = 498 A BR G
TR A I TR P B B 98 M S AR
AR B R BT B IE AR 5 i, F 9 45 43 X A

BB B 2O A 5 73 (10 5 i AR B 8 3 — 45
TR F I 243 X b B2 35 22 B0 T A #T, LA
A TR TR I SR %
2 BRAHRIFEAR A
2.1 BRItE

AR =48 A B IC i A R
it B RFF 2 A B 0 10 38 e S UE AT A0, B LA
FRITH 50 I FEan T

oy, oh, . .
axi[kijkr(hc)aixj"'kﬁkr(hc)] Q

h.
= [C(h, +p5)] % (1)

AP ew, o WABRFRMEG = 1,2,35 = 1,2,3)5 by 4
WANBE K, m/s; b, AN E KR, WADRES T
WOL; b, SRS ms ki o 3 ARbREi 2% 5
Boom/s; Q A KINIRICI , m’/s; C R HE
KB, m™ HA AR C = 96/0h,,25 C = 0 FH
R B AERRE A AR T L S, SRy
IR B HH,m™ 5 o R s,

A3 T RR R S S5 PT 3 Ry A

(1) WG 21

h.(%:,0) = h.(x;,t)

(2) A

h, (x;,t) |r, = h,(x;,1) (3)

. oh, . _
- [kk, (h) a—%wﬁk,(hc)]nilrz =q, (4)

(i =1,2,3) (2)

h .
= [hk, (h) 2 b kg () |l 20 HLB Ly, =0
0x

(5)

K et HWIIRIFZ], 55 hy HERIKS ,m; n, Hyhh
R Ty HE UK KIS Ty e RN
T g, MERITEE, m/s; b, (1) IR 1 2]
BRIk m; Ty i g,
2.2 SHHBRESHT

A TSR RAHT W2 A 7 1 K Sk A, 19 5145
TRITRKAL H o th T 3T AKOKAAL o A e — E 72
JE BTS2 AR I8 PR A, ALKy HAE Ry 1B bR AT
A 98 0 0 ) AU 0B o

ASCRIC E A g 5 W r ik AT I R A
AT PRI Jr % T i = A5 BROCIB IR
AT TSR 4G R B 28 R T 22 23 B, B 12
X S ) it T KK BB RS R 1 43 OB R
BN i S B B A B R R, DA w8 S AR



3

GUEA, T TR T R 5 X508 S RO E B R o B

151

(D BT R 22 R/ RGBSR AR X

@zfguw?> (6)
R, = maX{Klj,sz,-“,Knj} - min{KU,sz,-“,Kw.% (7)
Ao K, FHE 1§ AE TR R0 n
RIS VR Y, N b UGRIB M Y NPT IR 4
A R R

(2) F 240 F7 224007 3 32 FH R BT 5 [H 22 Aids
BRI AR , JUT R J2 75 53 F (8 7 254
B P BT G i (3 5 e F A, AT
B4 N Z XTSRRI RO A/ s 2530 F A 3622, AT
W %R ZE XS FRA IR 75 10 2 LA A SR T

2 ni(;;i - 9}>/df,1

i=1

IDNCEBTY
Sl 3, KT T AR A s ¥ WA
SRS ¢ AR HG n, KPR A

Bs d fyod 4SSk r I RIZE A ph
3 RS
3.1 TIiEHER

SRR A BT AR ZE M SE R B TR e L i
LA AR o TRV B 55 i D i [
e 03 SRR 55 R A 5 B B e, 9 L
VRE I, I LD K R S T e
IK I K i 75 e e A 9 %6, 2019 4 10 ) 28 [ %
2019 4F 12 J1 31 AW, JE K B8 A e W R,
PRI H 174,35 m S KAS IR H 115 m, e
1L P BB 28 2 R K 300 5 2 A D A A 7 0
B S S5 G 2 A 0 1 v 1) e B, A AT
AW DT T, DT 032 SR FL 58 2 ], 3t A
1T SR, ST I K 1L kT A Aoz
f S
3.2 BRTER

S5 T ) TR FR 7K SCHI TR 4 A W 153 7
W0, S = 48 A BT R Y U 3
USRI + F 3 I 5 R b A T 1 T
it 60 m; T U SRR 5 I 2 B AL s 22 AT MG

F (8)

i DA 25 AMIN 4y, 3 5300 o) A B Aoft 3 £ i) =5 5
BP100 m, HERURFHE-RRA PR R, Bk CanF
x FUOPAT T RN ZR , R 22 R AR 1A Ry BB O
], 4 1] T 0% , BOMS ] 5 7K PR 38 A Sy y b o515 2 il
S R e L T AT N M (7 = et O

S AT DX 35 PR e T e 550 Rl SR 235 4 45
FEAE , HEST Y IR K b3 = A BROCIB AT A v
RETY y Bl 7 1) BEICT 11 /42 o i 1T, 6 % ) L Bl
B FHE K AL ZS A R A . BAUZE S S
21 644 A~ BT EHCH 19 875 4~ iRl AL FRIT
AR R A& B o an 18 1.2 B
- R
[ S
T B R
KL

(a)y=8.705 misE Wi T (b) x=28.00 m#, 7 TH
E2 ME=4FRTERE JHEMNENSRER

3.3 RESHRAREH

SE B K ST I B I K A ISR, WA
A A R 50 X (TR BE 1= L LA L BT B IR L HEAK AL
W) BB Rk WBUE R, AR 1, &E
e AT R KoK A7 43324 200. 00,220. 00 m, 2
TR R 174,35 m, 2K A7 Br A st 8] BE 7K 3 7K A
ARARHE FE /N TS i 3 R AR, I T8 45 SR T
B o DB UM DU AT T 8 B 6 A BRI o5 7 5 7
NP E DR b/ Ay AT S S e U W o i e
NI 17 % K 16 AN R A Il BE , 45 D0 A War il
PEFSAE TERE . 6 ALV oy A S G R e B
JEAE KA BanE 3 sk 2 fis .

] i
] I
:
I
T

x1 MEAREZSRHHBERMNEREEE em/s
XK TREE L HA i % fl HEAK AL
BIEFREk (0.5~5.0) x1077 (5.0~9.0) x10°° (1.0~4.0) x10°° (1.0~5.0) x107*




152 KIS K TR 2022 4
— K FAER D 5
B3 WJ%E iﬁ: ; lﬁ%i k53
| ﬁg . 4 HURESHr
HOSCZ H08CZ ? H09CZ lecz e
*Hoscz . © X HI0CZ 4.1 kit
PEHC iR 6 BRI 5 K SABAE R i+ B BT )

HOSCZ: (-72.00,8.75) HO6CZ: (-49.00,8.75) HOSCZ: (-28.00, 8.75)
HO9CZ: (28.00,8.75)  H10CZ: (46.00,8.75)  HI2CZ: (72.00, 8.75)

3 6 EmMEN AN SN REE (BALm)
F2 FEKALA 174.35 m B 6 4 ELEV T 2 A E B 7k Sk
A5 R 7K Sk/m AL
HO5CZ 130. 01 dedein i

HO6CZ 128.58 &2 8->
HO8CZ 124. 84 b4 A p
H09CZ 124. 64 T 48 )3 e
H10CZ 125.03 IS T

H12CZ 126. 16 e 3uba

ZELARR, rwlbnich Hy Ho Hy (Hy H,, F1 H,, ; L)
TREE T B MR AALAE: 4 Fh o X8 RECH B
R, BWOTIERC TR . 456 Ml & S oC TRRZ 5,
B 1AM EEE R BIEMEE R 1.05 x 1077,
6.75x107°.2.92 x 10 °F12.49 x 10 * em/s, 7EIL
FEAd |45 538 A D 20% B E K 3
ZOKP R e A% R R 2 I 52 A 9 S 5 4%
L2025 R B G o AR R 5250 P 3 ROK P28, i
P Ly (3") IESIRE 26, 852 1 TR B /K ik I 36 3,
IEASIRE 7 R M AR LK 4,
=3 MREERZEEESTHNERSKTE

PRI 5 204 3 B, 2l o B RIK R 4
FAEKBAMIBBBS . BARREINT . 2R
S R IR BERE KL A A5 R 3R KK LR Ay
ZE KSR S AL P IHT | I 5 N S I SR v
IKFLAE Th 5 195 100 57 32 2O R A R HEZK R 18 5 A

B IBERE (em - s7")

kliﬁ kﬂ*ﬁ."{; k?LZ

H#E
K
1 0.84x1077 5.40x10°° 2.34x10°° 1.99 x10*
2 1.05x1077 6.75x107% 2.92x107% 2.49x107*
3 1.26x1077 8.10x107°° 3.50x10°° 2.99 x10*

k‘(ﬁi%%i

x4 HBEABRBHBESH LCHESRB AR
ﬁ% /. /. /. /.
e by KV ke KV kg KV kg K Hy/m Hy/m Hy/m Hy/m H,,/m H, /m
i
1 1 1 1 1 127. 80 127.38 127.22 127.20 127.34 127.52
2 1 2 2 2 127.79 127.36 127.20 127.19 127.32 127.51
3 1 3 3 3 127.78 127.35 127.19 127.18 127.31 127.52
4 2 1 2 3 128.02 127.49 127.29 127.28 127.45 127.74
5 2 2 3 1 128.17 127.74 127.57 127.55 127.69 127.90
6 2 3 1 2 127.27 126.94 126. 83 126. 81 126.91 126.98
7 3 1 3 2 128.37 127.82 127.61 127.59 127.78 128.08
8 3 2 1 3 127.43 127.04 126.90 126. 88 127.01 127.16
9 3 3 2 1 127.67 127.34 127.21 127.20 127.30 127.39
4.2 WESH 12 I Fun: B Fay Fnx ey
. ~ 10}
A5 BURNIN SRSk AR bR H, BB 22 3 Bl R an (&l 4 - |
Fiioso e 4 AT TR EE £ A R AL A 4 A Hosf
O3 XI55 B0 6 A~ BRI 55 K Sk AR A0 SRR 04
RHER AR TR, 474 kmﬁ§ > k%z; > k{rL;‘z‘; > kg 01 i

FIWriz 4 FRPRE RS 5 2B A X R 2 i
DR R, Lo g 3 AL AR BE 12

HO05CZ H06CZ HO08CZ HO09CZ HIOCZ HI2CZ
WaEmS
B4 mMEsRgmEERELE



3

GUEA, T TR T R 5 X508 S RO E B R o B 153

oy PRI A R0 A R b 7K KA 5
M AN EE (4 AR A , A SOX A 26 115 45 R A7 IH —
TRAL SR, G5 R ULAR S, HIe 5 FTA, &0 e AR
15t - B35 155 2R SO A ] 3t T K KA B 52 M A R AL
W LN, ALF A48 125 2 MG WA A 0 37 5 )
R HAS AR 235 g W X, % 3 e il 2k B a0 S 10

R S A7 2 IR — SR A R, DA BRI 9%
SR BTSSR £ B , U745 TR 2 6 H B O B IR 75
WE. HAMHERLEG,

35 6 T, 4 2% 6 5 4R 0 1 251K 7
IARBUHEARIR. 2 A% F, (UG, ot H, %
W KT RN R by > s >

NI AT ks > kypper » P by T kg 08 H, B9S2 .25 0
4.3 FESW TR 5 s kg X T H, BYSE MR 2, BUSNE — i)
I B 22 O BTN A LR WU R FEEAT THE Ry, T H, BOSZIRA 25, UM ARG
x5 HRBNSIERH RENE—ULITER
B X B8 BB /%
E=g BSES U
R 1 kg K kv
H; R 3.19 37.72 47.96 11.13 ks > Faen > k> b
H, Ry 3.35 32.22 46.97 17. 46 ks > b > kg > bgser
Hy Ry 3.47 29.11 46.92 20. 50 T
H, Ry, 3.48 29. 35 46.97 20.20 s > Eagw > kg > ke
H, Ry 3.57 32.26 46. 94 17.23 s > Fow > gy > gy
H, Ry 2.08 38.54 49. 00 10. 38 By > Fsey > kpy > Fyger
®6 FABNSIEIRH FENER
B BEREF,E
£ FES B FE KT
kiﬁéﬁff k%ﬁ kmm k?L%’%
H, Fy; 1.43 221.28 357. 48 19.26 by > kg > kg > kyg
H, Fy; 5.84 530. 61 1126. 94 155.76 s > Eaw > kg > Fyser
Hy Fy; 7.09 515.30 1340. 46 254. 90 s > Fyw > Epy > by,
H, Fy, 6. 98 485. 52 1241.92 230. 55 by > by > gy > kgt
H, Fy 7.17 585. 46 1232. 89 165. 88 kg > kyw > kay > kyser
H,, Fp, 2.79 939.92 1521. 57 68. 58 s > e > kps > ke

TR 2E T MTT 250 W AR A 9 4% DR S AU
T ZAE I ATRLEARED, 0 gy > Ry > kg >
ey - o 85 PRI T R AL 4 ] AR AT I e i B 5
6 SIS 15K Sk AR AU E R AR R] ELAS 73 X2 i
FECE A A I 507 B A R R4, e kg
T gy BRISZRVAS T G 07 20 P ) W 2 AR 2 1 B
W IF A TS 1 2R B i, B 5C E fE
B FEE LR 8 2R TR EE L B3 R BT AR
PEAR NS I T AR

5 ZEURBIBIA

SEF AR AL 4% 3 DX BPRRE I R S U 43
BT RIS 20k LA FAR I 1 R R S
o BB (1) 5 R, 5

I3 XA BN 7 224000 RO e Wl aa 5 (2) 115
W B K Sk A SR B S K S AE, i 5
S =2 () A 15 22 02 A5 0l 30K 5 (3) ARl b —4
WE,BIEBBESH, AWEE LiREAE, iR
T A ZR, BRI A5 2 S5

Ko XM RHE I R BT AR Z5 R IR 756
A BRI 50 1l AR A SEIME 5 S SR A A
SRS S s,

A LS ], 45 HRLI o5 R K KA S i 5
{B-5 S ) AH X 1R 22 38 /N T 3% , T YA 1R 25
F0.97% , e RAAXT R 2E R 2. 37% il /2 TR0 H
RO SR R A R I A 20145 IX
MRS 2R A SEPRFEAARAT , T T A 17 = 4k
BT



154 KBRSk LR ER

2022 4

KT BEHRTHSERBEREBEITELER /s
SAXAERE TREE A Pisifss  HoKFLE
BIBEZREE 1.21x1077 5.51x107° 3.04x10°° 2.28 x10™*

—=—SPiE  -e-3EE I AENREENE

132 14
g 128 &S O P - * | 3 ;j
§124 - %3_'
¥ 12 #
= 120 | 1§
il Il |2

112 0

HO5CZ H06CZ HO8CZ HO09CZ HIOCZ HI2CZ

P 6 S TR BLmith T AKOR AL S E L AR I8
Pl 6 AT, S I 1P 2 o AR e I S K A7 1 S
D7 T T W, W 2 50, W A5 4k R A K 37 A
EL M A R AL AL R 2N, 8 B R M
LA IR A R KK AL 20 125 m, IR T4
FUKOIE. Sdt— 2 o B In B A, 2 1 )%
KA 17435 m B 7K 3L 75 1] 3 250 ) i 7 Sk 26 2k
pa P I S T N N 3 T S g Ly s
TRBE LA AL AT E I T K, A
MRS TARESEPR . 2 Lnl Jn, A Il T 7K 7K A5z 3
A HUHEG PR SR S 38 A 2 A TH 5 S BOT R A IR =

160

LB HEB U R, LR 45 S ] G R WA TR TR 5t
5 FZHAG ST KKAREITEESSSMUERTEE G L R T R R B L
70
60 |
50
40| o]
g 30 F— \45/
a0k 150—_|
10F
0 L
10}
20
-160
E6 ApmEMt TKKMEELZS (B m)
i R E TT RGN 2553 X4 kL2 i3 2 B i 43 A B
17435 B 17435

(a)x=-72.00 m (b) y=46.00 m

B7 AR RAEREREALAEZES T (BEML:m)

6 & W

AR SR X S TR AX 1 TR E A L L BB
MK LR B S BOT R T US4 SB35
FREE AT, EEARAT

(1) 273 XA NS 25 22 B0 7 1R 2K KA 1Y
R HEF A by > by > byp > kg I
e LR B 7 F BT R 3 1 5 1 45

INENEPSES ALY L2 PN §
(2) R AR 75 28 vk RO T3 4% 0 XA BHIY 5
75 ZBRONS I R SO M R 2 i R BT I
T, BT A5 B B 0B R AT )R 3. 04 x 1070 FN
5.51 x 107 em/s, 4% J AU 3 b R 7K KA 52
A5 SR ) B KAR XS R 25 0 2. 37% , [ i 45
BB, AR R AR A A 2 i A i TS A
(3) X i o] F= 2800 XA R 8 088 2R B0 AT B
IR, 0745 5 SRR 20 B i e 75 A R A 201X, P AR
R SO RAOR . AR SCHIRIFSE R T2 T AR
RS
SE
[1] JANG Xianggang, ZHU Zhangyuan, CHEN Huayong, et
al. Natural dam failure in slope failure mode triggered by
seepage| J]. Geomatics Natural Hazards and Risk, 2020,
11(1) . 698 —723.
(2] BRaEAE, 2 e, WoeTt, 45 F MR I =482 i 4 0 K
HBEHCRVEM (1] R K2 i (A AR 2 M),
2021,61(7) :705 =713 +723.



3

GUEA, T ARG TR 5 X5 8 S RO E B R o B 155

[3] fa] A&, TSRS, SR AU, 45, iy ] ] 2 8 1t /K 2o A AR AR
TEBUAFPELT ] TR A2 (AR RR) L2018 ,46
(3):246 -252.

(4] o] RAE, SRR, TRIR, 5. 5 I ] ] 28 5 32 52 il Y
B2 i L ) R Bk [ D] g R 27 i ( A AR B
i) ,2018,46(2) . 146 —152.

[S] fREre, ix 75, s . S L A b A n B it
L] BB E 4 (T2ARR) ,2012,45(5) <584 —589.

[6] BUKENYA P, MOYO P, BEUSHAUSEN H, et al. Health
monitoring of concrete dams; A literature review[ J ]. Jour-
nal of Civil Structural Health Monitoring, 2014, 4 (4) .
235 -244.

(7] A7 35,8k 5 BRIER. 2BUa RS B Rt RO A [T
FAA 1S TRE2AH,2009,28 (S1) 22730 - 2735.

[8] GAN Lei, CHEN Guanyun, SHEN Zhenzhong. A new ap-
proach to permeability inversion of fractured rock masses and
its engineering application[ J]. Water, 2020, 12(3); 734.

[9] B 4, ki, EALE, 4. WHRARE B A B U
WML ] FHESGE R 41, 2016,50(3) 1443 —447.

[10] LI Changzheng, YANG Yong, WANG Rui, et al. Inver-
sion of river-bottom sediment parameters using mechani-
cally sampled specimens and subbottom profiling data[ J].
Applied Geophysics, 2017, 14(2) . 225 -235.

(1] F2l, 3T, 8 0,5 WIRERE SR Leta
FllE = 4E 5 E R @ e M [T ] KR 27 41, 2010, 41
(9):1074 - 1078 + 1086

[12] J& 3, EBAR, RAE. W5 KR P 75 O 02 i 73
Mrg el [J]. & 417 ,2015,36(S2) :469 - 477

(13 ] JEARMG , 54550, B Ha. M 4 Bk FEIIX = B 230

NEPF SRR S BRI T [T ] KSR 5K TR
#2,2020,31(1) :207 -215.

[14] ZHANG Wenbing, SHEN Zhenzhong, CHEN Guanyun,
et al. Optimization design and assessment of the effect of
seepage control at reservoir sites under karst conditions: A
case study in Anhui Province, China[]J]. Hydrogeology
Journal, 2021, 29 1831 - 1855.

[1S] M, B8 2200, DEIR P, 2. Fagifok 28 RE vl vl LK By
BWERIREEICERTFE[ ] KBRS K TR 241, 2021,
32(2):209 -216.

[16] Wi, V0 Ui, VEARAS. S5 e IR 5 U 10 0 1
= ARt NS A BROTEIL [T ] K] 2# 4, 2009 , 40
(9):1091 - 1095.

[17] sR3CEE AR A 4 A8, 55 Jk T 1E A0 4 A A - 3
RS BERY Z RO BUBE T [T ] PHALRARBL R 7
W CERPBIFR) ,2019,47(1) 147 - 154.

[18] B, skAtE , sk B, 2. BE T 1E A2 ik A vy A6k
X E - B BR S HUR A B [T ] KR K B4
J%,2019,39(1) :34 - 38 +45.

[19] M. =ZeRG s a8 v 8% S o pr i al AR A 22k [T ]
JK 244 ,1997,28(9) .66 —70.

[20] 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]. Interna-
tional Journal of Geomechanics, 2019, 19 (3 ).
05019001.

[21] VP, B A, R, 4. Atk 2 RE b ol b /K 2 e
BB o3 M (1. B J1 27241, 2018,35(2) : 417 -
422 +459.

R e e e e e e e e e ) ) )

(L% 148 W)

[17] WANG Ge, WANG Ni, XIU Yuan. Reasonable determi-
nation of the utilizable capacity of water conservancy pro-
ject based on prediction[ C]// The 5th International Con-
ference on Water Resource and Environment, Macao. 10P
Conference Series; Earth and Environmental Science,
2019, 344. 012128.

(18] ZMUHT, At . ShAHLRI — L7 BEF AR K AL AL
by iz A (1], 5 HL L 2010,30 (6) - 1550 ~
1551 +1580.

[19] SHI Yuhui, EBERHART R. A modified particle swarm
optimizer[ C]/ EGAN W, ALASKA A. The 1998 IEEE
International Conference on Evolutionary Computation Pro-
ceedings. Piscataway, NJ: IEEE Service Center, 1998.

[20] 5K %7, 255500 3070, 55 R T RFERETERB UK LI
FERIIOIGE (1. K J1%:H,2010,36(12) :60 —64.

[21] TENNANT D L. Instream flow regimens for fish, wildlife,
recreation and related environmental resources| J]. Fish-

eries, 1976, 1(4). 6 - 10.

[22] BU/MR. BT Tennant V4 Y5 BTN IE R A2 355 K 5
T [T] KFIRA ST TR, 2021,4(3) 49 - 53.

[23] THARME R E. A global perspective on environmental
flow assessment: Emerging trends in the development and
application of environmental flow methodologies for rivers
[J]. River Research and Applications, 2003, 19 (5 -
6): 397 —441.

[24] Jalfests, g (B, 2. BT A AL RO TR
IKPEREBC A LA BE [T ], K L BE BB 2%, 2018, 36
(10) :84 - 87 +38.

[25] TR, BOC5. bk RESE K RO AR BE P G 1
A [T]. BEkAbES KRR ,2014,12(1) : 118 - 121.

[26] X1 . K PEARACIH BER I i 5E [ D], P22 P2 BT
K2#,2006.

[27] 5K, T bestie, KRR, 45 . ok AR 5 RS VR TR K
DAL EE R[] of EOKFDK B REA BT B 2 4,
2017,15(5) :338 —345.

(28] S&3CHL. SVTRE 9K v S & I8 B2 K v 2804 25 PP AN
WE5E [D]. dbat: i EKFDK B RHE R BE , 2016.



