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Numerical simulation of karst groundwater in Huixian wetland
REN Zhili' , LU Ming'? , SUN Xiaoshuang'
(1. School o f Water Conservancy and Hydroelectric Power , Hebei University of Engineering . Handan 056021, China;

2. Department o f Earth Sciences ,University of the Western Cape ,Cape Town 7535, South A frica)
Abstract: The core area of Huixian karst wetland is selected as the research object. Based on the geological and hydrogeological
conditions of the research area,the concept model of hydrogeology is generalized. Using Visual MODFLOW software, the distri-
bution characteristics of groundwater in the Huixian wetland are simulated. The model identification, and verification showed
that the simulated water level and the observed water level achieved a good fitting effect. Based on the simulation results, the dy-
namic change of groundwater in the research area is analyzed,and the water balance in each simulation period is calculated. The
results show that:the groundwater in the study area is generally decreasing from north to south, the groundwater level in the
northern recharge area is highest, the groundwater level in the southwest drainage area is the lowest, and the average difference
between the north and the south groundwater level is 7. 34 m, respectively; the dynamic change of water level is greatly affected
by rainfall intensity, showing obvious seasonal change rule;in the southern part of the pond. Mudong lake,and other drainage
zones, the water supply is sufficient,and the underground water is under control; the variation range of water level is not more
than 1 m,and the variation range of water level in the northern recharge area is more than 3 m, the total recharge amount of

groundwater in the simulation period is 442. 729 2 million m®/a,after water balance calculation, of which the rainfall infiltration
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recharge accounts for 76. 85% , the total discharge of groundwater is 427. 306 million m®/a,and the exploitation and evaporation

of groundwater account for 33. 86% and 36. 63% respectively;the study area is generally in a positive equilibrium state in the

simulation period,and the degradation of wetland directly affects flood control, storage capacity, water conservation, and water

storage capacity, which refelcts the phenomenon of "excessive drought in drought periods and excessive waterlogging during

floods".
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Fig. 1 Hydrogeological plane of the study area (modified according to Cai Desuo et al. [21])

b i A A iy Bl ] 1l B
AlHb- Ly L0 i
i = ¢'..,.1::.E:“~ N o o
1] o s R P L A
- S e _;I:I',_"_‘f s A
S 3 E - “EL T - e R
=3 i — - T
el e )
k= B = I
s e e A B A ok JR 2 O | CAfAWREE NN A kN R R
0 |Mo A e EhERA

B2 WREXAXHREE(EREME BK)

Fig. 2 Hydrogeological section of the study area (modified according to Cai Desuo et al. [217)

1.2 M T RANS R RN

FETAB RN IT X T 7K B FEEEAMA TR, & T
ST IX . TR VU AR 552 DO, B 3 2o A <y
HEABIMALBUK ST K . FEALTR R0 A Hb
T B RIS 25 5 T R X 2 o S AR i
K WEETE IR — FR I T[] A B FETAB B
AN AT K RAFRIE . 52 H0IE M3, 1,
T K AL EB WA AL H 5 B T 1) o 3 I i 7R

PUPANAAT AL . PR A T R X e i 24
AR P K PE R i R /K AR I 26 PR d ) 2 X 3
IO R . RIS SO A A S R
DX RN LR E TR B AR T . LR IXCA VT
BV KT8 — BN T 2060 S A L T
KA L Mg . S RTHE T X oK A HEE D X
SRR K ARHEME A8 % M N TR

WFE X AR R 15—l e A — 2k iE g ALk

KX b LAEmE o 159



F184& £ 5 M FALE G AFAE(FIEI) 2020 £ 10 A

[6] Pty YT P FE A2 PR R AN 203 i 3 20 B T 2 i
AL 2RI i T3S Ak 25 18]
A1 C TR SN R A SRS /N R e o
TR T AT T HRME AR . RARZEAF R B
T X AL R K R OKER S AL [ R 12 A% » AB 5
P KIE BET T — S0 B i 2R BE RN P BE 1] AP
PN B =TT AR R

2 RS R

AR 23 I 3 9 7K S 5 4% R FRb A2 HE 4%
1 XIS DX 2B K SCH BT HEA T BE A & 1 S AR TR
B HAR &K ZE R KZ D L EFR 2 B4
KPR A Ve R AT B R T ICE LA S 33
A T S DU R HCA RS K U BB 60~
400 m, PRIBIRSE XA T [ S0 2 el DX Jsl s e 2 12
B R BGFLEE  TE A RO BORLR AT 22 R
IRz A S DY 2R LB K DL R e 4 R A
B Z B P IR S R KA AR B IR R TR AR
SESL R ZE R L K 5 K2 AL o 3 B A% 1 S
TR K 5 K2 R K = 4EE R E T
2.1 ZFFH

Rl OIS DX PG JE P TRT PR L AR 3R s 34 L
A SIS R LT K R G, HoK SCHl Bt S
NHAE . TR K PR B RO AR R
o L B AR L B T 1 0 DA T B R A
200~500 m, }4 J 303 55 M T 73 7K e, S Y v A
A ER “RF R 1 B AR HR I ] o T 1 2 A
MITREE AR AR R ARIRIRER 2 2 8 B R (S AT 2L A
HRN ARG TR DI R SRR K R E S T LA
AL 7K I 5 5 R ol LAt s i DAy it 5 DR
TEPATE ™ H L ] KA XA E - MEAL T 45 e K Sk A
Tt K AR M 0 B 7KL i I a4 R DL 3
Lo AEaf(a] b, B 2 Oy R g B B, o A il
DEM R Bl i 72 - o B 7Kl i 130 B4 2 B A
BANA AT AR s R A o S KRR R
B AL Dor B Z AL R K 5t .
2.2 RILA

WFFEC A3 T KRN 25 R IR R 2R FEFTA S . A
B R BIR T WEFE DO L A TR . 25 CRAR X
SRR S T A 4 ) B i A BSR4 8 W
{E - ALTRRR R A 7 X AR R £ 15 7K A 5 KA
23 [ K HAB R 0. 5, 1 KB 43 AT i X
SRR IR ER KA A PR )2 I i PR R
PRI K HEE - AB R EURE N 0. 3. KU

o 160 « KXt b5 LAk

LB A e e AN BB R S S K S 2 A
BRBIEER 0. 3,
x1 BEEHKA

Tab. 1 Lake water level in each period P . m
WA
Ay

I3 7K I Ml R IR 0
7 147.13 148. 34 148. 60
8 147. 26 148. 56 148. 67
9 148. 56 148. 78 149. 10
10 148.70 148. 89 149. 16
11 148. 71 148. 91 149. 04
12 148. 77 149. 02 149. 24
1 148. 86 149. 07 149. 26
2 149. 17 149. 41 149. 36
3 149. 02 149. 24 149. 30
4 148. 82 149. 04 149. 21
5 149. 19 149. 56 149. 34
6 149. 80 150. 65 149. 81

R PS04 B K Rk L 2%
BRI Sb . HAE A4 X B T K
SRR MR R I3 m. RS 2016
SRR K R 1173 J5 m® ETE A 32 7 m
S 1205 7 m® B R DK IR
2.3 #amie

BIFE X 14 E8 5 0 25 910 L % K 7 780
JU RIS BIF Iy A TSk F0 5 e
SRR O R S 2 0 R KB R T T
KRS F WG 5 H T KRR HEER LML 18
TR SRR IR/ 45 3 Hedh T AT R AR RS
kB, 7K Sk T 1L R 5 8 K 2 A i 3Rk
PR AR b Lk Sk e 3 XL B
BT ALY 0. 84 ke® A0 K BRI BN 0. 36 k'
ST BN 0. 22 kR 1), 5 7K Sk R4 311
WEERK A 7 . O TR R Bk
i 3 1 P A L2400 X — B 1 K AR R
LA 1 K 3 s 5 28 0 06 250 B K i B A
TR, AR A RN A T D T 3 1 2
TEIUHE —ANE 9515 R B R T 45— 1
T A VB AL

3 HEFER

BT AR S AR RY, AR 735 1 R 7K A]
R L GE AL B A 5t b 3t T K AE =425 (8] 138 3 7
PR . AEEIR S KIZ K 145 5 R BAL D 555K
537 FR0 AR 3 0 MR A TR A S R O ) R A



EEW. % 2B EH T ARBEE

T HLAR O I BRI SR 1 T R
Qg Oy D e O D pe O
ax(KH 81')_'_83; (Ku 8y>+az(KZ azH—

oh

W:Sy g (-T?yvz) 609t>0
h(x»y,z,l‘) ‘170 =hy (Ivy72’> (I,y,z) (S0)
h(x»y,z,l‘) ‘Sl :hl (l'ayvzvt) (f,va)eSl
Taj ‘SZ :(J(l'7y929[):O (1‘sy,z)esz

on
Ko AT IE £ 5
1Ko 45t I 15 75 2%

K h R B KR KRR »ms by R B KRR
KA v Ky Ky 43 32675 £ 7K J2 K F T 177
098 E R m/ds W3R 3K 2 19 B0 I00, B B
{7 e i) BABEL 32 L3 K 2 0 A B L 1/
S, FIRTCHE A KR M2 KT 5 by 387 A ) B 20 frg
KA 3 FRBFST XK G S, FI R4 5 Kk
N BTH—IGN TS, TR BN,

4 HERHY

4.1 BRI H 5 EE

AR SR A 50 m>X 50 m A A% R 4735
43 HIRFE X ARSI 174 17,235 81, T 1) oA 2
SCATORS AL 16 543 A B X ALl 41. 36 k'
Rl S 2] 170 b K A Bk« A A A HRLI R 2018
S HFE20194EH 7 A.LL 201848 A& 11 AE
AR TR B B L B BEAR T 1 AN IK SCAR IS K
1 BLRLIX P 5 K2 K AR AN B 1 A A R 1A
AR IR SN A i o B R 1 L2125 iSO P B L O 8
AL B B/, TGk B R4 il T 91X A 7K A7 2
HZR A, PR 5 2 7 I 2 DX A e A 7Y L AR I 0T 44
ARSI AS RN R K 1 A AR R E i
R bR 7Kk

IKSCHB T S HUR R AL 25 R 2R A
YRR B A2 10 2 80 S K2 0808 R BN 45K
JiE K R ARV KB R 1R AR AR AT 5Y
DX K SCH A& 0T 25 B 7K 2 00l 3 AN X RS
BICA 2855 5 K X AN AR BRER 759 5 /K X AR R R
FORE KX . 5 XS E R R T
FAIF 5T DX 114 5 880 8 A A5 7 e DX A 56 Sk o 1)
IKICHL T S 4000 e BB R BNME TG R
10~200 m/d. 28 7K BE (835 LRy 0. 01~0. 25, H.
FIK R85 Z RO S K BE B BB R SO ks 4
AT St i) 000 e S S B AR N A B . PR A R
BIPVIERTSCE 44t 5 & /K2 S50 R

7o MRAERGE NS AR, DL B B i 8 i
IKBEAE NG B R T il Al 4 E A PEST A
SIS X R BUE TR L E k5
BAF LA S50 A 25 K S B IA 3,
4, FELL 2018 4F 12 A AR 7 AAE B i 55 E
B B » 12 B B ) A RIS B A 00 465 2 » WD AR
Yy O 55 K SCH T 24004 55 1O I IR AELAH [F]
R P31 5 56 UF X5 LU S R K A A 4 H
i » 05 53 WL 400 25 SR UL IAL 5

{144

1 pan

3 BREABRHSK

Fig. 3 Division of rainfall infiltration coefficient
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Fig. 5 Water level fitting curves of typical observation wells

K2 SHMENEAKEE

Tab. 2 Variation of water level corresponding to

different parameters BT :m
SR
—15% —10% —5% 0 5% 10% 15%
BB A 0.189 0.162 0.144 0 0.135 0.270 0.369
K 0.008 0.007 0.006 0 0.006 0.011 0.017
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Fig. 6 Variation of water level with different parameters
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Fig. 7 Simulation results of groundwater level in typical months
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Tab. 3 Water resource balance in the simulation period Bf7. f md/a
b HE: gl
WAKN S AN R A B A WA HE b i 2 R AKFFR KR w2
7 392.97 2 .856. 37 34 024. 58 4 675.55 7 933.99 14 465. 39 15 648. 13 1 549. 86
x4 ERHARRERKSESR
Tab. 4 Water resource balance of each period A7) md/a
R /d XN ] fher HE fg ARl || BRI /A XA (] Fhas Helk it i1k
31 2018. 8 2 942.05 4 035.72 —1093.67 243 2019. 3 4 075. 56 3 132.02 943. 54
61 2018.9 2 645.12 3 733.87 —1088.75 273 2019. 4 5 131. 05 3 791.58 1 339. 47
92 2018. 1 3 293. 81 3 787. 60 —493. 78 304 2019. 5 3 196. 63 3 557.48 —360. 85
122 2018. 11 2 860. 48 3 094. 77 —234. 28 334 2019. 6 6 879.91 4517.17 2 362. 74
153 2018. 12 2 029. 95 2 636. 15 —606. 20 365 2019. 7 6 610. 68 5238.74 1371.94
184 2019.1 2 042.78 2 452. 15 —409. 37
212 2019. 2 2 564. 89 2 745. 82 —180. 93 T — 44 272. 92 42 723. 06 1 549. 86

PRI R AE IR TR] 231 AN 24 T L2 Al 3t 1 1R
BB LR 7 AR OK B K BE 0 - HLl R 7K

TR EAE N BC AN 2] AR 8 H BIKAF 2
o BT I T 5 R 4 2 F A A K 2R
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S LA IR K A R AR 0 b ™ Y
FRAKILG , FCAF 35 2 3 iy R 3 YT BT O e
WK KR REAR o KA, FRES] 3 m AR, R4
AR ) 52 3 ) T oAt DX A B PR PR BOK L W 22
FEAE, H M B — A 300 mm Db H A
RE TRk K SCH TR 254 S B K KRR B A
R T AR IRAEAE . 0K 7 78 T 2 23k, A
B R A b A7 75 20 4 TR R A S T 2 X R K TR
DA AR P R TP Y b A 25 (B 0 2 4K
T M K BRI 25 T M b 2 K L 3k i 55 e e
G2 7 TR Y 10 A SRR L ] TR AR A

5 &

=A

(D) BT SEROE S TR RS 22 1l M ) 3t
Ji RSB AR AL 1 2 Al S X M T 7k =4
FRRRE AR L A5 BT X PN KK M I S Bk 1
BT A T S KSR

OB RBIFTE X3 T /K EAR B AT B sl » i
I 15 SE PR AR DL AR — B0 F AL R KA 2 25 (6
7. 34 my KA BN A 32 K T 3R BE R AR S B
AR S A AR P RURE 5 T T DXy R K7 A W
AHEE 1 m, UM IX ) i KK AE R R 3 m.

(3) Mt T 7Kk 35 18 04 £ BE SR AT T 2l 4 1
P EERPLE, 7ERUY 1 KU,
SRR T FE A A T IE S AR - (H IR Tk
IKBUGW N A0 T S MR S A K A 3 o 21 2/3.,
TRy 4 467. 8377 m® AR I i 5
I I BRGNS 3 S AR EDIE 1 S Al st K T
FRZEG5 I HCH 28 D RE R DAy sl 3 » X T 574 87 9 3 114
XHRES AR IC T

S 3k
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