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Abstract: The Huize lead-zinc mine is located in the karst plateau of northeastern Yunnan. Long term mining has formed a
complex underground mining tunnel system below the local minimum erosion benchmark level of the Niulanjiang River. The
interaction between karst surface water and groundwater in the mining area is extremely complex under the influence of mining
activities. In this article it uses hydrochemical and isotopic techniques, tracer experiments, numerical simulations, and other
methods to deeply explore the interaction process between surface water and groundwater in mining areas. The following

conclusions are drawn. Under natural conditions, groundwater is mainly supplied by atmospheric precipitation and discharged along
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the watershed to the Niulanjiang River. Under the disturbance of mining (1950—2010), shallow mining had limited impact on the
regional groundwater flow system, only causing a local water level drop and changing the direction of local runoff. Under the
conditions of intensified interference (after 2010), the first period (2010—2025) presents the characteristics of “weak natural
circulation in the shallow part and strong artificial discharge in the deep part”. The shallow aquifer is weakly connected to the
Niulanjiang River, and the deep groundwater is discharged into the tunnel. The second period (after 2025) is characterized by a
continuously expanding descending funnel, and it is predicted that the water level will decrease by about 64 m, 103 m, and 120 m
in the Sth, 10th, and 20th years. In summary, the interaction between karst surface water and groundwater in mining areas is
controlled by the hydrogeological structure of karst and mining activities. The research results provide theoretical basis for the
development of scientific and effective waterproofing and drainage plans in the Huize lead-zinc mining area.

Key words: karst mining area; interactive between surface water and groundwater; hydrogeochemistry; deep mining;

hydrogeology.
0 HmiFH TCEA S Pt A

NG B T Vb X i 3K — M R K 2
AR BT 2 7K S 5 AR Y A o () i —
A H AN G AR TR 2o R A2 4 T A 2R 1 M A
T HTE R B RIE U R NE TR S
HA W25 0 M 55 TR RN . 22 PR A AT IX M Ak 3
RAvEE S, XNB WG LT kR ATz
AR EBANE - OA ARREER GRE
R INEHWE KRG, & K R G 8] 73 A1 3% 22 17 i 7K
JZ B BT H 34 5 K2 B WA A X B K 2 ALY
W DXUR B 0 HLR OK R S8, 3R ER R 5 i B K
RO H ARG B ST M R KR I R G2 R
T — 2R 2 4 ] 2 B ok ZAY A3 () S P L BT
K& ZFENIFR PR T EZ 20N HERS,
HIF R AR B AT fe AR f 3 vl 1 LUF 3R] A X B
5 DX 3 TR o T 2 R VT B 29 600 m, X — R
(14 3ty PR ASEEE S 2% ) M T AR 1R SR 2 N 26 Bl
(A5 DX T 7K 5 3 R KR I K T 1K A D T
IR SCH 5T 2% AR SN AZ 2%, B A A TR AN W A A
P J& L TR AR /K SC b BT T AR M S5 IR A A TR K L M
M T e R R A R [ A L PR R
BRI AR M JZE B A R R MR K, — BB EE A
{H 25 3 BRI AT T (5% /K, R a5t R T K
I 2 0 R A T Rl ) RS W T R e, — 7 THT Y
Iy 2 4 2R 7 B R AL BT [ I ™ E R e
il 2 7 TR TR AR AR TAR R BERE . AT, 8 X
K AMEHERFIE AT A7 A5 78 2 A B E TR, IR M T
KR G B0 R TR TR S TR AR A AR R OC R
ARG M T AR T 2045 0 DXl ok — MR K
A2 HL W) L BE 58 A SR 8 78 o T S K R s B L
AEEA S 5 S, I X R T K R TR

Hb 3 K 5 M KR K SCAE R R ] 4y A A
BT, A NS A R AR R B AL H
KA K AN KB AT A ()RR R K,
KFEA ()R o, 2 HE X s 4 8 S HE
AR — AR — HE A s B R B NS
XoF 5% i) iy 26 K — MR K 38 B R &R SR AT T ST (BR
Bl AN B AL, 2011 8 i 3L, 2022) . — 2L 50 R
iy S5 AL 5 4 ) 2 DX S TR (S0 ) AR 2, 5 e 25 ML R
KA AF S AL R K A8 28 (90N & = 55, 2022) , 4n b
PRV B 5 ) BT DX S R AR RO R A A i — 2P
SR 25 MR K G PR FHE L AN M K — R K
2 H AL NI TR sl s g (O 81 4%, 2025) , 4 k%
A B T AR — A8 s K T, AR T
D25 B 35 25 HE A bR KL S T REJEE DL Y
H R KA BRI S L 2025) s R TR T2 B HE
K, b LA Hi 26 7K — HiU TR 7K A8 H A b S R Bk T B
S B (PR IL, 2019) . BAFLL(2024) A R HE-
TERAT R 5% b 7K IR 5% 114 52 i HLAA 26 B0+ 8 30 b
K A (R S50 LB R K AR BB A4S R K —
H R ZKAH ELAE IR 2052 e 4 R K &R g8 AH HAE
X 5 B AN B, DR JREVE O 28 BB X
HAETE L (RE%,2023).

H 2 K — Hb R 7K 32 HOBF 5E W SR K SCHE R 4%
PR 53 B KA 2% 2 BT (TR 3R 7R B L K SCHR T S 56
CAN K 5250 ) Fos BRS040 55 F Bk A7 R o8 (I,
2009 ; M I7 58 , 2010 DU, 2013) . b2 R Al Ao
REARC ) Tz N BAE K SCR GV R T, LU
AH M 7K A B AR 2R K SC b BT RRAIE | [R) B SR A B 2
K RGEAMEHER AR RV A K A R R AR T
IR 4 (Bakalowicz, 20155 Liu et al., 2019) . %5 5
JEREIK AR AR R AL E SR N 1R K B R



% 6 M

FE/NRAE SR N A

X ROk — R K 22 B

2117

FTIE N T M K — T K 58 H R BE 5
(Peng ez al.,2016). JE KRBT 55 (2024) 45 & iz 1 & K
JR A5 TR AL 2 AR R oK A — B ) — IR 5
B, Za T 8 SR SR SR VR R A VR R K T R
G ik E MG AR (2024) BT 4 R OK I KA R
Al 7 2 F B, X -3 R K R G b A AR
A KR Ak B BEAT A BT . 22 8 45 (2019) 38
KA 2 R TR A 28 IE A 0 1 b VS L A K 34
AR X, HAS [R] R 2 IXR A Sy Y A% I i TE
IR TR Al A 0 R B 5T A VR K R SRR R T IX
EWK RGN E T B O [ 45, 2007) R B 5L 5
S 46 7 B ) I DA R X T X8OG R X R i
IR FEHEA TR A — OB B A

ek Xt S AT ORS00 X 2 AR RS L
O A A B 7 X K 2 (B K 2 B 43 A, % R
KB AN G A T RHE T AR L R A T — s A
W KA K v R R K AN AR L E R
DX VR 3t 7K Kb 2 1 SR R TR R A AR TR AR 1Y
R o 28, LA SR R A HE M O X, BA B F 5
JR A AE W] AN AR SO B8 S PR VR X M 3R
K — bR K A2 AR SR TF R 5T A5 Bh K Ak 2 B T A

ROHr R BRI BUERSE Z R EOR T B, RA
RITH TR A 5 R K A 3R e . F 58 R A
TR T3 0 W AT X M 320K — MR 7K 22 B AR Y
IR Ty 2 R A DA S B 2 AT R0 By K
T5 R HIS A

1 BFSE BB AT i

1.1 HREHER
SHEMBETT XM TaEESFRERIERY
46 km, SR J8 = w44 M i 2 80T 0B Hh 3y B
M 2R 45 103°41'57"~103°43'57", At 4 26°37'15" ~26°
38'45" (P 1) . W 5% X i Ab JE AR b = 5t R R R L s
I JITE NI SR N S L 5 A=
AR VT ST,V AR BT X N I AR — RAE
2 000 m LA b, fe s s 67 T @ BTG K E BRI L
Ti, 14K 2 830.6 m, e Al G0 T8 X AR A6 e F i 4
REVELIT R — 4 ¥4 29 1 550 m, & 2235 1 270 m. BF
¥ DX PG LAWK ] — 38 3 — KA 3k il A b 3% 43 7K
WS B, AR DL AR R B b s DA RUK T — 2
= B AR AR S A DR A Sk i — 5
IEEF — AL 45 Ll b 3R 43 7K 08 S R (7 57, 2025).

N 122°
- 16607 . 71660
[ | PRV i —
sTNPE
| 1560 /\ - 1560
| & A /I
“ Pp \\ o 1 46001 L|J ! ‘\ B ; \ o , z 1460
T Tk : L g A V\v% \ - o
9 NeAt >z 7 TTKR) 136051331 > VN N\ Pgtm 1360
- // /wn 1261941 B\ \k e «\' .
‘/,,,,,7,{7 \ ==h €,g+D,h 1260 oy i Y P 1260
= \\ = g T 1160 gLl IHHE Z 1160 &
\ R D‘zgl?FC‘bJrCiz(JrCJw H B = Moig A\ et
N K023e | == A 52 1060/ 100 ebB © N\ 1060 2
g | DRI Skos MRS
m/ cmibl 7L ® g 9008 54 960
T SK10 2
7 w( J < i 860 860
/ i 5 1
%5/ -~ 6 *
\ /e 5 760 < 760
| =3 8OZEH/K @ 1002
\ ES Vj(/kﬂﬁf.gzsl( & 660 660
————_GZKI031-138-|, %o
& L KO8
Iy — 560 560
PN PN o) \‘ m—— / 460 460
= i | N /’
0 #km N/ gau 360 360
= /
= 260 260

ol R Teg Gz, BR[| EEE R
[T mew ks [ 38 5% WAL LRAE
| [ ] WERE || ks
=] mnr—wasueriig = |maguTius—] w2

1
Fig.1

EMERESE HURE £

[ Jemeowans [ |me

WFFE DX X Sl 7 8 M 7K S b o
Location and hydrogeology of the study area



2118 HERFL hitp:/

/www .earth-science.net %51 %

ARV TR B B4 bR, /N R & T
VL, 44K 423 kL GZ W i H FE A 2 AL TS0 XY
AR, 212 b X T AR R R )RR TR Y — K 3, 1)
4+ 58 200~300 m, YI.1 %& 30~150 m, fii &0 X K &
29 4 km, f i JE KA BR M 1 561.79 m.

SEEEYVERT R TR R B AR R
BEW R 0 IR EE TR Aok AR B
=AM JE T UUR — B S PO ek v & om
B2 K 1k 2017 4F 12 A, 7 IR A 8 B n™
AERTTAT GIRAS RS EE 2150 (L EAR
584 t, A4 5% 282 t, Fy Bk S 7 25% LA I

BIE 2019 4 0 ,BEE) © A 1571 m,
1511 m.1451m.1391 m.1331 m.1261 m,
1211m.1151m.1091 m.1031 m.961 m%Z L4 rh
B, A 1167 mAKFELL N IS B, 1031 mg
TR ) e K KO 5961 m A GE U SRR K S
BRI A E A M R R (I 2) (F755,2025).

TR T K B AE 7 200 mP/d 2 A, K (B
B E B8 #E R 0 R K ) B K & oK T ik
11 000 m*/d, FZ K Sk 86 5 ZF Pk —F H 4
B IK BRI T K B 2 640~3 360 m*/d, o5 BBk
J7RHE K i 30.5%~36.7% , H A4 W A R ALV koA
Vel A ) S 1) N R TV T G = v |
1584~1571 m B, & HKE AW 21T A, HE
T AR .1 584~1 571 m 7K LA R 4838 6 /K, B

BET AP F 103l m P BKE, SR 5 = 1 584~
1571 m P B HEZ AR50 H R, BB ) SR 9 HE
K R R T S R A 77 % 4, 1 584~1571 m
B B T H TR

WX A AT B M 2 A el R R (Z) AR
FERFR(e) WAERD) AKRRKRC) . Z&EFRP),H
ER=ZEFZRZ(T) KPR EHERFENRQ).
WX DR R K B K R G 38 K2 KA
MWK ZHBR, SKEHN _SHEME - F 4
(Pygtm) A HBRK S KE Ak RECT 4 2Rk
H KIEH — R R FARA(Cow+C o+ Cid+Dazg)
HWHRBRKGKE BBERITEA Bl
(Z.dn+72,d) G HBOKEGKIZ K2R & RE
W — 5 R (P Com) B2 56 4 & 1
2 —FERREATSFAH(DA+€ ) FRKIZ .

Z 2 A E M R R TR A 2 R R R
W, 2 A S KZ N E KA ERRZER g, &K
25 WK )2 R A, 3 E IR B S K2 Z 1A
R BT A A DX B N R 2B  OK )2 5 4
AT 2R S KB A K TR R W SR R R L
WA 5% W A S K 2 AR TR R R K F K &R
G(E1).

1.2 MRFZE

H AT, B AN E T b Rk — bR K AR Y

WFIE 7 1 BB K SCHF T KA (R Rk

RIRFAT

1950—20104F

%f

H, ERPE

| D

S hE
=
il
&
&

&I 4N
| NI

BT ER

2
FEDE
-
iy
&

L OE

il

KIS

=
o

o

i

>

[ s mknes

201020255 [ %, Wk

[Pam] 2 4t

—E e

(=}

11091 m 200 m

11031 m

\

. 96lm 2025%F—

K2 W5

X TT 2R 36 3 A

Fig.2 Distribution of mining tunnels in the study area
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ChwotCyb+Cd +Dzg 0.65 0.325 0.065 0.000 65
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P.p 0.4 0.2 0.04 0.000 4
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The interaction mode between surface water and groundwater under natural conditions



2122 HERFF=  http://www .earth-science.net %51 &
KA S
o 2 = s —
ol L 7 L e

26000 T , T Fax 2 ookt 2600
2500 B g0 = v 3 2500
2400 | 2400
2300 2300

7 2200 2200 o

& 2100 2100 3

E 2000 2000 4E
1900 1900
1800 1800
1700 1700
1600 ) 1 600
1500 £ DOESe 1500

[ ]rs

TR

[ ]Patm[ | zd+Zdn [ | Cow+Cb+CdDzg [ Je+em[ ] eq+Dn

KR Hh N3N T
A ]

K6 AT HHT ok — R ks B AR AL

Fig.6 The interaction mode between surface water and groundwater under artificial interference conditions

+ 4 B KI(Z 8 45)

X BT K200 E i)

CISK13%i 4L

<>SKI168 4L
DZK1031-102-1
1031-86% fik
DZK1031-48-1
SK10% 4L

@ SKO9H fl.
SK19%5 4L
SK17844L

+ 4 RILKI(E )
X 4RI K2 (0 E i)
CISK13%4 7L
<>SK16Hi 7L
DZK1031-102-1
1031-86% ik
DZK1031-48-1
SK 108 7L
@ SKO09% 1L
SK 194 4L
SK174 4L,

B 7 W X KAk piper = £k A
Fig.7 Piper diagrams of water chemistry in the study area

a Al ZKT; b, A=K BB AR %

(2) % W (2025 4F Z )5 ) < W6 B T R I8 JE iE
— B HEN MR K B R G 5E e 4E T I HEK
AR M T KU Sl kS = W 10 i HE X — R e
e 1A LI IR X MR K 3l AR S8 B 0 3 AR R R
Wi 3% A K e by 2 itk el A (151 6)
231 FHEUFHTE —FBHMBRK - Tk
TEERERX il XK AR S bR
BRI A5 R TR G BT I 0 1 b 3R K — R K 52
AR R W 5T DA K 38 B = oK 3 iR Kok A
FRIE LI 7.

I B B T R AR T A S W AR, T
X% 7K FE ARG K ) B 32K 0D 870 X Rl 4k A,
aE R K 8.

AR 418 7K ST Hb 3K Ak 27 43 B i I SR BRI A5 R
Sy M2 I 1 b K — M K SS L AR A R (81 9).

(1) #M B HRFAE O RAREAKH EEANR W 0 IX
%2 K2 pHAE N 7.02~7.80, 24 J& f Bl L 3% 7K , Pip-
er —ZR I BoR BB T UK HCO, (Ca?' Al Mg?
TLIX R AE B R AR KRR 45 T 48 DT K A A B
TER L2 89 Rk i R KRR K AN B 5, 8 56 W



EVEDT X F K — R K 58 BB

56 1) FE/NSRAE SR BN T R 2123
W2 i A (CO.+H.0+CaCO;—~>Ca’" +2HCO; ), —5.41%,) B AT [/ PR, UE 52K I LK S KA B

TE WL LA HCOs=Ca B0 32 59 R K 5 [R] s 3 ok 2 7 28
e (g 4o Na ™ 5K o H 32 e ) fin g % 3 26 (n
NaCl,CaSO.) i i, fii K i Na™ [ Cl™ SO %5
TR EERG I, U FLAE oK R S B

MR 95 [F] 457 2R AE AT 45, H R 7K 8D (—100.4%,~
—74.5%,) .80 ( —13.57%,~—10.87%) ¥ fii T B
W RS K 28 (8D=6.565'0—2.96) &£ F 77, H 5

Q&K ZE RGNS ME —FH S5
FOKMR R E — 5 04 7K 8D (—85.5%,~

—74.5%0) .80 ( —11.57%,~ —10.87%) ¥ 4% it 4
R # F K (8D=—78.7%~ —76.4%,, §'* O=
—10.88%,~—10.41) H SK16 i fL (4RI U R ) K
& HCO,+SO,~NasCasMg B , 51k 5 SO,

S

KA KK F LR E (OD=—24.7%, §°0= 27 Na' B FHHIE , R R & K2 5 48 BT AR A 59
-20 -20 1
[ ]
=30 7 -30 -
40 1 -40
z £ 50 ]
2 s 7301 2
S = 2
Z 60 A e :
= 3D=6.565""0-2.96 2 %01  5p=6.565"0-2.96 &
7 =70 1 R=0.9070_ e & R*=0.9070 __ 4
: bl as g T B
S -80 1 % i ERE a e x
b3 R o g% -80 e
o 1y X 55 i
o RAF =90 7 A
SRR s i bl Ly
T T T T T T T -100 T T T T T T T T T
-14 -13 -12 -11 -10 -9 -8 -7 -14 -13 -12 -11 -10 -9 -8 -7 -6 -5

3" 0(V%-SMOW%o)

8" 0(V%-SMOW %)

K8 WX HbFAK M T K 8D 580 K&K

Fig.8 The relationship between 8D and 8"O of surface water and groundwater in the study area

N [, @kt 2
% i i
F . dn L Ixa. Azs, dktEps—g5 b
F12 4, 3K 4 — e 5
nxe A " B
197D, T -
- ZAE, BK M5
S ] ! 600
cwrCircd M Sk [, wkts 50
+Dzg | s 13 o
(O] ot e X 1
P Gt
F/L e F —
/J\ﬁ[i]%‘ [ v X st
o 867 iffi 7ke (@] %o A &
(@] #ilirE
(2] i 2
0 4 km
I 100
50 i
g
@
1
1 1 | |
0 500 1000 1500 2000 2500 3000 3500
[ (m)
B9 7 B i s 7 (a) B W 285 2R (b)

10 20 30 40 50 60 70
KH(d)

SK19 — 86% /K — SK13

—— {LiID64R—A— T /K —&SK12

Fig.9 Tracer test points(a) and monitoring results (b)

a. 7 BRI

I A R B 5 b o B U I A L S R A £

80 90

100

SK15



2124 HERFF=  http://www .earth-science.net

51 %

KB A .

HHRS AR FR : W H D (—93.6%~
—85.2%0) .80 ( —12.67%,~ —11.75%, ) & = & 4%
I, HK AL 2528 B35 5 HCO,~CasMg #9403 350
MR 7KGE AR S R VR R R A R 1 Rk AR
LA 4

(2) B FFRAE O FRIG I . 32 Y 5 44 3 ¥ 1
KR R ES W EE — 5 114 & /K 2 (K288 . SK17,
SK19.1031-86) 1 4k K 7K fk 2% 25 A L HCO5-Ca
RN, KW Na® SO, #4242 4 HCO,-Cas
Mg*Na | 2 e K FE A B 5 5 1 1 8 A K fk
FEMIR A R B S b, SK12 LAY NaCl 7w i
M2t 65 KAE T UiF SK13 FL (4= RV a2 ) Wi 31 i
SR MONIE B (N 154.98 pus/em FF & 171 ps/cm) ,
WL FEZEBREE, B LHEEER. T
SK19 K H A W 85 — 3 1 41 K & 3t F /K 2 K I 5+
LRI 031 m B K S5 MR OK TE H K T
BCR MR KWW EE — 2 A BR8] 2R R VT 0 ) 8
T, K IR Z% B K R R AR AN —

QUG R . IR R 8h 48 i 5 1), $5 1) 4% 18 HE
Mo A R e A & (DZK1031-102-1, SK10,
DZK1031-48-1) 5% H & (SK13.SK16) %7K )2, jit
B 50 <<2TU (CE W] 12.434F ), 15 R K 4F 1
>40.84F, J& KT IR IR I s KAk AR 2R A AR E
i HCO,~Ca-Mg # | 5 b K 1k 25 57 0 3 (4 R40T
A HCO,SO,~CasMg & ) i W 12 i LT A =
5 RAFIR

AR TR AR T 4 R VT HE T3 o T, 4T R
F 8K 42 00 75, MR K 72 K Sk 25 0B F T ) A I
BLIERLL 1274 R BE 1031 R BEEE PO By 12
.

(3) HEMEFEAE O TR HB T K LA A 38 HEM ol 3=
AR I 2K (40 1031-86 28 ik ) /K it K A S HCO3—Ca
R 5 R A e 75 R (HCO,~CaMg Bl ) 7 H &
(HCO,~Ca-Mg) fFfE 2 5 H 5% M —F 04
FEARL, 2% BH HE M K 35 B2 Sy v 30 428 U 5 TR B U TR
K5 AR A VT M 3 K R ARG I B R A K 2 R AE B T
(hnves Mg?" ) E S T8 M R /K R B 1) 2R A2 VT HE M

AR KA 2.79TU (4FE S 34.87 4F) & T IR
WE KR (<2TU) ,HIE TR EZXR A R K
(3.53TU), Jx M HAR A 7 A W46 BF I8 B2 A b R K
1B 3= 3k 5 R RIS AR I

QB H R ML AR R E — 0
LB 5T KAEAE ST R R (RS 7K 3 0 503 /K it
(1274 H B 1031 H B ) i DX sl s HE itk 2 1) 6596 LA
L HRBRHEME S R 3550, A T HEE R
E

2010—2025 4F J (8], 5 1L FF R A5 T 55 A0 HE 1 56
WETH 2 T, BE B 32 0 1 SR 5% M, 3% A5 2k KRR
IK AR 25 £ B K 2 ARG 2 — 50 1 4 o LB
5 AR BT 5G M, TR ER K 2 4 M o B 2 18
BB R BIERN, A I RBIE N R
Hedtt 7 =X, B B TR AR 55 B ARG P — TR AT SR N T HE
T i A= (18 10).

232 FTHEAZFGTE_BHMRAK—# Tk
TEEBERTN  20254E 2 )5, 5 145 2E 10 0
FEoR MR OK BN R G 8 A2 T ILHEK
W22 B AE R R FE Ry R K B AR AN 4, S
ABING A K Z 45 & K2 2 8] 430 i 4 i 24 B
ol B A ELAN S MR K 1) A O I AR L 0 1L I
SR R R b K ) e O =, E R R T )
23 4 I SR 1 B () 5 22 B AR (1 11).

24 FTUWARMSITHTKk-hRAKZTEEAY
EEPER

241 TFTHEUFHETE—REBEHRAK Tk
L EMRAFME T I AT K Sh A B fE
U rh iz F e TR 56 T AR B T S A AR O S
YRR 1T DX A0 1l K R0 i KA, B 5 DX T A 4L
FAF TS — B ML R K2 i DL 12, 0 B R K
JKAEAE 1 240~1 906 m, Hb T 7K 255 £ i o0 A £
32 3 IV b 3 A5 A ) 25 R Y B Ml K OK A6 AR A T
TN Z, 7K g Hefs J3E B R 5 i 43 K A B LT K AR 2k
AR AR 5% R A X B i KAV 1 906 m, Ay F ALK T —
NS LA R BT 5 B AR K A2 1 240 m, 7 T A JF
FEAL 12 AT B O SR RN AR T L TR A
) h AR, o T RLEE ) TR T AN ]
B IR K R G, B X 2 (B K 7B R 55

ST B HEE R, ] UL R K8 52 KA AR
2 HE UK — /NS B 43 7K 08 T A A% 3, 2358 4 3E
b A= RE VAR K A3 ok o 1l HEKCHE Y 5 T
Gy HT—E .

242 FTHEWEZGETE _REMERAK - TK
ZEMBMEFE e — BB R A SR L
F AR RS E FALLUR K 20 AE A LT R0 B



% 6 ] e/ 4 SR BB T AT K K — M K A8 1A 2125
KA
KA BER
5
5 = — —ww — — —
itz 96°

2600 P W2 Kokt 2600

2500 ¥ ! 2 500

2400 N 2400

2300 2300

2200 2200

2 100 2100

2000 W 2000
1900 1900
= g
g 1800 1800 il
2 1700 1700 iE

1 600 1 600

1 500 1500

1400 1400

1300 1300

1200 1200

1 100 1100

1 000 1000

C,w+C,b+C d+ *%mm$
Pg+ Z,d+Z.dh WO 1
pe ] n ] D.g DPHC’” gDt LE s P
N JET T427] SEl. HENE mmn:%W HEWA R — S HEMIA R —
[Slmm w2 [Olsr B Tcim B pan ki 2 Fri ik

P 10

TIRASMT

55— I 40 b Fe K — Hb R K 32 AR AR X

Fig.10 The interaction mode between surface water and groundwater under enhanced interference conditions in the first period

S 21‘
KA o
—_ —
91° ity T oer U
2600 S i)z KA 2600
2500 i - 2500
2400 2400
2300 2300
2200 fIN 2200
2100 2100
2000 W H 2000
2 1900 = 1900 Z
SE 1 800 1 800 ‘%E
iz 1700 1700 fE
1 600 1600
1500 fFremg 1500
1 400 ——
1 400
1300 (12748 |\ S -
1200 1200
1100 1100
1000 1000
900 900
800 || — 800
700 S 700
600 600
[retm  [zaza  [Jowcocads[ Jrsen  [Jeens  []rs
ur [Ta27) S, #7300 Sl HENLOR—TR S, A S —
] wiz [O]#i FHFKGS P i Tk C1 AR
2010—20154FH FRI20354E R FRI20404F R T20454F 4
IIHAMW] [:]/Mﬁﬂ [:]mmﬁ Eﬂimmm

BT TR AL 25 1F T 48 I I3 2 K — R Kk 22 A T A 5

Fig.11 The interaction mode between surface water and groundwater under enhanced interference conditions in the second period
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