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Effects of Cave Filling on Seepage and Hydraulic Parameters of Aquifers
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Abstract: In the karst area of Southwest China, water and soil leakage is serious, and topsoil fills and plugs the aquifer storage
structure, changing the hydrodynamic parameters of the media field. In order to explore the influence of cavern plugging on aquifer
seepage, a three-dimensional physical model of karst fissure-cavern was designed, and experiments on water storage-release
seepage from karst fissures under different plugging rates and rainfall conditions were carried out. The results show that the karst
water flow shows a three-stage decline pattern during baseflow recession. The initial flow rate and recession coefficient are affected
by aquifer thickness, water level drop and permeability coefficient of media field. Clogging prolongs the storage time and
accelerates the rate of water level fallback at the end of rainfall; At a clogging rate of more than 50% , there is a large reduction in
the storage space, and the clogging medium retards the drainage significantly, slowing down the rate of water level fallback.
Clogging rate and permeability coefficient K and water storage coefficient S is an exponential function of the relationship between

the two parameters at the beginning of the plugging rapid decrease. Numerical simulation results show that the decrease of
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parameters K and S will cause the groundwater level to be elevated, leading to the instability of the groundwater level at the

beginning and the end of rainfall, and weakening the ability to regulate the groundwater in karst aquifers.

Key words: karst groundwater; cavern plugging; physical

environmental geology.
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Fig.1 Diagram of the experimental setup of karst seepage tank
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Fig.2 Schematic diagram of water levels at different stages
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Table 1 Design monthly rainfall in numerical models

A 1] (m) 1 2 3 4 5

6 7 8 9 10 11 12

Ré T 2t (m/d) 0.015 0.02 0.03 0.04 0.03

0.018 0.02

0.015 0.01 0.008 0.008 0.005

® 2 ARBAKELEENSHIBIEEKE

Table 2 Initial stabilized water level at experimental karst recession monitoring site
AHEHE)(cm) B(em) Clem) D(cm) E(cm) F(em) G(cm) H(cm) I(cm) J(R &) (em)
1 69.1 69.2 69.3 69.5 69.7 69.9 70.0 70.3 70.5 70.6
2 69.0 69.2 69.2 69.7 69.8 69.9 70.0 70.4 70.5 70.5
3 69.0 69.2 69.3 69.6 69.8 69.8 69.9 70.3 70.4 70.5
4 68.9 69.1 69.3 69.6 69.8 69.8 69.9 70.3 70.4 70.4
5 68.8 69.0 69.2 69.5 698 69.7 69.9 70.4 70.4 70.4
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Fig.4 Process curves of water level and discharge outlet flow at experimental monitoring points
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Table 3 The fitted values of Q, and « for different stages of water withdrawal tests
0 20 50 80
ZH
Q,(L/s) als™) Qy(L/s) a(s™) Qy(L/s) a(s™) Qy(L/s) a(s ")
B 1 0.037 31 0.001 269 0.028 14 0.001 318 0.027 25 0.001 309 0.035 53 0.001 518
[ Bt 2 0.037 43 0.001 179 0.031 84 0.001 239 0.041 07 0.001 573 0.023 98 0.001 417
BB 3 0.019 58 0.002 020 0.026 33 0.001 590 0.005 43 0.005 081 0.005 43 0.005 082
B Bt 4 0.015 68 0.002 463 0.028 40 0.002 264 0.011 11 0.000 791 0.018 07 0.002 440
Bt 5 0.01501 0.002 669 0.015 54 0.001 904 0.020 30 0.002 093 0.007 73 0.002 228
Bt 6 0.019 80 0.002 740 0.024 61 0.002 537 0.007 96 0.003 313 0.020 24 0.002 499
[ Bt 7 0.010 62 0.003 310 0.011 80 0.003 245 0.013 08 0.002 574 0.014 12 0.003 242

::0,20,50,80 3% FE R ().

B, B 3 R RK h TR KL B W A, i BO IR K LB, & K 2 8 P R I JE IR L K
ST IEMAERRKTZAEEERMIGE R, B B R T B R 24, s KJ& ¢ T 81 iR K 7
TEA B AR DX, 34 28 T /A0 A I KOG T BRI, P HOX A 5 QoA 5C 28 Bt SR i i 399
I 28 AR Uh K AL B BREC . TR SE RS W (5~T By BEBABR HO< A R BEAR LASE , th T35 28 R BUS 3 R AL
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Table 4 Various stages of karst fissure-cavern media recession experiments H , A,
2 0 20 50 80
H(dm) h(dm) H(dm) h,(dm) H(dm) hy(dm) H(dm) h(dm)

B Bt 1 6.12 0.62 6.35 0.40 6.12 0.61 6.08 0.70
B B 2 5.61 0.51 5.70 0.65 5.43 0.69 5.67 0.37
BBt 3 5.08 0.53 5.13 0.57 4.88 0.55 5.14 0.53
i Bt 4 4.68 0.40 4.50 0.63 4.28 0.60 4.57 0.60
Fi Bt 5 4.24 0.44 4.05 0.45 3.80 0.48 4.18 0.40
i Bz 6 3.70 0.54 3.48 0.57 3.40 0.40 3.56 0.62
BB 7 3.27 0.43 3.06 0.42 2.93 0.47 3.10 0.46

11:0,20,50,80 MIFFER(Y).
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Fig.5 Relationship between clogging rate and initial flow rate Q,,recession coefficient a in recession experiments
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Table 5 Q, and a for experimental flow recession fitting of water storage-release under different rainfall conditions
0 20 50 80
I 1 -1 -1 -1 -1
Q,(L/s) a(s™) Q,(L/s) als™) Q,(L/s) als™) Q, (L/s) a(s™)
1.5 mm/min 0.040 02 0.002 399 0.029 82 0.002 754 0.015 88 0.002 513 0.019 72 0.003 014
3.0 mm/min — — 0.066 77 0.002 284 0.035 29 0.002 448 0.025 58 0.002 213
4.5 mm/min 0.094 58 0.001 991 0.080 19 0.002 095 0.064 90 0.002 198 0.049 97 0.002 147
11::0,20,50,80 K3 24 (%0).
0.10 - 0.0035
® [.5mm/min
0.09 ® 3.0mm/min yi==2.41273X 10 X*+2.755 84X 10 °X+0.002 4
® 4.5mm/min R=0.972
0.08 — Wy, 0.0030 F
0.07 — LA Ky,
— WALy,

Z 0.06[y,=-6.8650%10"
) R*=0.915
S 0.05
0.04
0.03
0.02 y,=-3.2612 %10 ‘X+0.03
R*=0.893
001 1 1 1 1 L
: 0 10 20 30 40 50 60 70 80
2 (%)
& 6

a(s ")

,=-2.277 78X 10 "X°+2.161 11X 10 °X+0.001 9

0.002 5 R*=1.000

V,=-6.8373x 10 *X*+7.5524X 10 “X+0.002 0
R’=0.993

0.0020

100 0 10 20 30 40 50 60 70 80 90
1 9E (%)

AT ZE R SR QIR R« KR

Fig.6 Relationship between different clogging rates and initial flow rate Q,, recession coefficient a

KALAL K B b2 5 AW — o R
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KA A & A 2 A ARIE RN 5 A5 2R, L%
FEVRTAUAT R A3 A F KO LAR @ #%k —3.26 X
L1O*. FEAS [] 5 W9 52 36 v v 48 9 it 32 S 30 2 L 35K 2
JEE B AR, R QP ) i {1 A /N 52 I W i 42 o) (X
2) TERAE BT A5, QM 5 35 FE R R i R
FAE T EXT B E R BK W, B R 5%
ZE AR IR R AH 2 5 AN RN 4.5 mm/min A1 3.0 mm/
min 9 41 SCEG A LL, BRI R B T ZE A AL T
TR, 5 8O0 i S5 R08 3 R BRI

HIR A« SHERW X RE L (E6), =k
LI G FERIR T 50 % I g SER 5 iR AR IE
KR 8T 50%0 i, 3 283 15 5 iR R AR FUH ¢
KFR A I 3 TE A NI A I R T B K A )
AR /0N, T8 5 K 2 18 K A7 [l 9 S e, 214 3 9
KB 50 %0 B 3 A TR B TAE 2% 5 K R Ak
KA THEAK AR T, 5 7K )2 B KA [0 % 0 32 el 2

3 TRIRE ZEXT S KRB MR R A

BEBEENSKEEKNE T
FE R T 251N 1At K — IR 7K S5 v, AR SOX
Tk A e A R I DU B BSH R T 22 30 X5 R A 40
G AR A SR Y R SO
i (Chu ez al.,2021) AR I7 2% 900 A 245 19 5 2
RE 08 Fc KRR B T 400G S 90 B4, AT LA 47 b 4R 5 B
FERXT T K )ZE KB AR SO 2 0 G 7
o Ui 1 A AR AL R TR R B AR E Y B
B (&1 7).

H P 7 AT, A B SF- 4 4 0 I (] BE o B E R
B TR AR FE RN O B TR & 2000 W, R
1.5 mm/min.4.5 mm/min 3 48 41 43 5l 38 K 214.04 %
F132.8% , i W3 FEWI I, 5% FE X6F 55 7K 2 14 5 ) 5y
3 T ARG N R AR K2 B AL R R A
OB B R, S B N K B A8 R E K Y
WD M AE SR FE 3 5090 1 T+ 2 8094 B, ik EI| 1 11y
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JIT 5 B ] 9 /0, K R R TR B B 2R i A K R Y
K A A A R D il A K P T R A
B 5 T KK A B PIAE G CFF 3 T 45, 2022)
Uk B 5 7K 2 Xt A T Y 9T BE 7 s, T RE B K 3R
B (B PRAe 5, 2019).
32 AREABEXSKEKIASHMZME

K 3h 1S BUE R R R K s B B R AR AR
P 0L 25 B v TR B R M B OK 2R E B E R
B fEKAZBARERE (K 8). i R ML hiE
KR BOE X MW S OK 2B 8 R B K Mg K &
BYS Bifi 5 B 2 R 3G R PO ) | I 38 e 2% 3
2 1 2 B A B E R ) B RE In Z5 AR LR L R 6
LA AT B &SI S HOT B AR

W3R 6 P, 320 R TR 9 B, 3% JE SR B I ik, B T
4.5 mm/min 5 K B S50 4 S H0E LR i/ R
Rk T A% 2 25 3 3R B ) s A K AT o B R B K R TR
ok TR 5 B85 R A, K R B R R, K2 i K A o

3000
E 1.5 mm/min
3.0 mm/min
2500F 51079 185 22692317 [14.5mm/min
2000F 18061 8271
_ 1645 1699 ] 1685
2 1500F
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Fig.7 Relationship between time to equilibrium rainfall peri-

od and clogging rate
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FEAE 7K S5 K 5 & 0 5 K 2 v Vs TR B FE 0 5% I B )

BAERF AR SR Z T, R AR LA &5
Vb A FEA M A2 R (AR 45, 2011) , 1 3E
S HR G B — VAT DRI T T XK R e R S
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33 AEEERMEBRKSREEZREMN

K R ARG IR R 45 RE T R w2 K 2
K B R G A T R K B R Y T Rk AR L IR AR e
RN T K 2 I SR B AL R B R B 3 1 S 2 A
PRI 2%, TR0 o Vs s 1) 34 2 1T 5 350 /K B 8 IR IR 1Y
7S AR SR B T 25V K R 06T K B IR A R 4 g

A 2 B4 i 2 () R FE R 0,10% .
30% .50% .80% .100% T 4405 5 R K 5 i K
R SHS I ABMERA, S50 3R 7. B AR
B SE SRR W I A5 A 0 B ) A A B (TR 9)
ST A R 2581 361748 — )2

BRI EE R 9 s , B 9a i S PR F5 A AR (S=
3.07%) , K B3 ZE R AL SRR, W I A 1) 7K A7 A%
1k 5 B 9b Ry K A4 45 A 48 (K=48.29 m/d) , S Fifi 3 %€
BT W SR AL AR Ak 5 8] 9¢ Ry K .S [A] i
Bl 3 2E ARV AT, W R i KA AR Ak

Pl 9a v 4% il 2 B AR JL - — B, 3 1A K 7 Bl 1 98
SR T A, B AR 5 B KA e R I B A
R, 3 2E R 00010006 R 120 d UK 47 23 i 3 K
0.190 m 1 0.192 m, Ui W K B 98 /N 23k 55 75 7K 2 1Y

5 6 ,
® 1.5mm/min
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Fig.8 Relationship between clogging rate and aquifer permeability coefficient K and water storage coefficient S
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Table 6 Average rate of change of fitted infiltration coefficients versus storage coefficients for different rainfall and clogging rate

conditions

e 1.5 mm/min 3.0 mm/min 4.5 mm/min
R AK(%) AS(%) AK(%) AS(%) AK(%) AS(%)

20/0 0.94 5639 1.603 662 — — 0.760 129 0.956 991

50/20 1.55 439 1.474 463 1.261 566 1.484 123 0.486 103 0.628 664

80/50 —0.807 010 0.097 727 0.764 206 0.798 358 0.455 930 0.696 088

7 :1.5 mm/min, 3.0 mm/min, 4.5 mm/min & [ 5 55 2

68.90 68.70 68.85
68.85 2 ~ 68.80
68.80 - 7N\ 68.65 ot
68.75 - //\ 4 5 BE.TD
= 2222 i N R 68.65 |-+ »
& % N Ry 68.55 ¢
% 68.60 /,/ i, W 68.60
68.55 "/ D | 68.50 68.55
68.50 Foo”" Shog? g 68.50
6845 L Il L 1 1 1 1 L 6845 [ 1 1 1 1 1 1 1 6845 C | L 1 1 1 1 1
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 330 0 50 100 150 200 250 300 350
7(d) 7(d) 7(d)
$ 9 (%) —o— e °
0 10 50 80 100
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Fig.9 Numerical simulation of water levels at monitoring points under different clogging rates
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Table 7 Parameters for media with different clogging rates

WHER(%) 0 10 30 50 80 100
BEZRBKm/d) 48.29 44.60 38.1 34.64 30.47 28.64

K R ES(%) 3.07 278 232 198 162 145

i K BE 1, ¥ & K2 KA, R B K2 KA R E PR
S /N L Ob Hh K A 2 A R I 3 SE R G R (S
Wl /1N ) 32 38 K, B T A A 5 B K A 4 I i R 1
KA G, 35 FEH 0% .100% Fi 120 d 7K A3 43 ) 34 K
0.190 m 1 0.235 m, # K 23.68 % , )i I 3% 28 K 14 K
2 S BUE KR KA AR E PR AR, 7E B W AR L
IKASE i 3 W

ez G K5 ST K AL Y52 0w, 2 1]
Vo IR X SE 25 AR B K 2 S I TR B R R, R
PRAE T KA AR TH LA K oK A %o [ R 2t 28 Ak B4 o 1, 5
S 25 AR AT AE K B SR B K, K2 b T
fitt K B B, 3 98 2 T BOK AL P b Bk, e K 91
K Z KB BE, IR K A7 R R R 4 A R e M
X FEEREBRKRGE S, GKZSZ R MR E
FY 52 W), 7K AL 46 TH 23 3G R B 7K )2 ) 4l 3R K ) HE
B R 78 S 0k D B e [ T AN 4G R, FLIE SE R

R 2 FECS WU, KR BRI K B
/I, S BT 6 T IRE AL b R I 5 1k R R
JKASE (1] 7 S JRE b, K A7 AR S PR AR
4 i

ALV T AR S 4F R AR R GRS BEK
Yy RS E WA [ 3 2 R S KR K 8 1 28
ARG 5 K R W BE D B A AR B AT

(D 7E A ¥ K i & B # h, 0 46 i 1 Q, Al
IR R a5 HEWE XK AL H KA AR A AE by 52 TE AH
KR F (A I 32 A T 39 5 K08 A 1 2 0 5 7 3% T 3
AT, QAR L W F A UM K 50 553K
FERL R MATT o — W 2T, S FE R LT 500
W, a 53 AR IEA 5, @ T 5000 I, B A 5¢

(2) A B LU T & K2 193 E TR REA
TLERZE A, R BOE 1 R BONAE K R B 18 BN T RE
VAT 3 SE T I, OK R R K 18 B R DR 2
b FE A I 5006 I, KR By R K A L D,
o 5 7K T2 09 35 7K I [ A0S A0 5 7K B8 0 D 55, {EL Ik
4 JE A AT W Sk 1) A 2 A R S5 R HE AR B9 AR L K AL
(0] i 3o 1, i = K U] e 1 R A 2R b S 7 O
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