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Groundwater age and renewability in the north of Muling—Xingkai plain
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Abstract: The age structure of aquifer is an important basis for understanding the sustainability of groundwater exploitation.
Increasing groundwater pumping with deteriorate groundwater environment in the Muling— Xingkai Plain (MXP) has restricted to
some extent the sustainable development of the region. 31 groups of CFCs and 60 groups of *H samples were collected to delineate
groundwater flow systems. Estimated groundwater age ranges from 21 years to more than 70 years in the northern part of the MXP.
Younger water occurs in northwest piedmont and hilly areas as well as Muling River, while older water occurs in the central part of
the plain and the Wusuli River. This reflects long flow paths associated with regional flow. Although groundwater is mainly
recharged by rain and surface water, ground water younger than 10 years was not found for the unsaturated zone consisting of silty
clay. The variations of *H and CFCs combined NO,~ with wells depth indicate that the aquifer sensitivity of groundwater system

above 60m is low and it is high below 100m. Wells for drinking water should exceed 100m.
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Fig.1 Distribution of groundwater sampling points in north of MXP
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Fig.3 The out cure of groundwater ages with CFCs (a) and tritium (b) in north of MXP
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Table 1 Analytical results for groundwater samples in the north of MXP

R 1 BAFRIEETRSTER

Gl 's IR/ m T/ TU

CFC-11

/(pmol/kg) /( pmol/kg) /( pmol/kg)

CFC-12

CFC-113

B

y CFC-11 CFC-12 CFC-113
a
S/ a R/ a R/ a /(mg/L)

NOy

J01701
XA001
XA002
XA004
XA006
XA010
XA019
XA021
XA024
XA028
XA032
XA037
XA039
XA040
XA041
XA044
XA047
XA049
XA050
XA054
XA056
XA058
XA059
XA061
XA063
XA064
XA067
XA069
XA072
XA073
XA075
XA076
XA078
XA079
XA080
XA081
XA084
XA086
XA087
XA088
XA090
XA093
XA096
XA100
XA102
XA103
XA104
XA105
XA106
XA107
XA108
XA109
XAI110
XC090
XC091
XC095
XC096
XC102
YBO005
YB009
YBO010

80
60
36
25
65
80
200
15
60
60
72
40
65
60
90
56
80
40
17
50
60
50
50
40
30
27
72
60
130
70
60
25
100
10
0
70
30
50
15
70
30
40
65
60
68
100
88
100
80
70
50
74
127
30
50
40
80
40
150
60
90

1.7
<1
<1
5.1
<l
7.3
1.6
11.8
<1

1.1
3.7
<1
11.1
4.2
1.3
3
1.7
4.2
<1
<1
4.1
6.8
12.4
11.8
<1
<1
23
<1
<1
2.5
1.5
<1
6.8
<1
<1
53
10.8
59
7.5

15
32
7.4
<1
<1
<1
<1
9.5
<l
<1
1.3
<1
8.2
33
<1

13
<l
<1
6.3

2.06
C
1.89

0.04

0.33

1.33

0.31
0.48

0.58

0.29
0.47
2.68
1.84
0.84

1.89

0.96
0.93
1.89
3.33

0.45
0.6

1.08
2.37
0.46

1.8
0.92

1.94
1.82

0.4
0.58

0.31
0.46

1.67
3.21

0.43
0.54
1.9
1.39
0.69

1.03

0.77
1.16
2.36

0.68

1.85
1.48
0.77
1.01
2.35

0.48
1.43

0.1
0.32
0.02

0.4
0.12

0.42
0.47

0.05
0.1

0.26
0.02

0.05
0.25

0.04
0.59
0.11
0.08

0.61
0.06
0.2

0.26

0.36
YGR
0.02
0.18
0.74

0.03
0.09

61
>65
>65

61
>65

22

61

27
>65

64
60
>65
57
60
61
60
61
60
>65
>65
60
21
31
57
>65
>65
60
>65
>65
60
61
>65
21
>65
>65
13
57
23
57
61
41
60
22
>65
>65
>65
>65
57
>65
>65
64
>65
23
60
>65
>65
30
>65
>65
23

47

48

54

58

50

58
56

58
56
45
48
53

48

52

54

44

52

52
52
48
43

56
54

47
37
54

42
48

41
42

55

52

57
54

43
31

54
53
42
45
51

47

50
46
37

44

51

4
44
50
48
37

53
45

40
35
55

33
42

33

32

49

44

37
55

49
37

50
30
43
45

40

30

47

39

37

34

55
39
28

52
45

1.85
434
4.16
3.52

1.76
2.34
1.78
1.77
74.27
70.94
1.94
1.75
2.44
1.79
1.75
1.75
2.59
1.75
10.88
50.44
14.04
3.01
1.82
1.97
1.75
6.42
3.19
1.88
3.82
2.64

3.95
5.34
1.79
1.83
222
147.70
5.74

1.78
2.43
5.43
4.06
2.04
3.13
2.61
2.02
1.77
1.75
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Fig.4 Distribution of groundwater ages (Well depth < 60 m)in
the north of MXP

+ L AR X =R 15 m, i IFE X R EH
KBGO, R 2K A7 IR /N T 55 7K )2 5 TR
FE o % MR/ NV BRI RN T m, SNl R AKAR
154 10 a, A BK P TEWE 9T X R B0 h g i 3
410 mm/a, f§ % F 5 Jeong et al.(2008) {4t 5,
T TR ABR & (PN TR ,2017) . IfHuf
F XIS L AFAERT R4 22 A BEBY Bk 43
TEAL ST I8 7% 3 FE 23 BN 2212 (Fouli et al., 2013).
75— 7 T, B 5T XK B AR SE TR 4R K HE R , E T
AN B A 1R KA 25 B — A EE AN R R
N R BT AKIR A, R K AR RS HE K 10N S 7 ]
A6 JE 1L A b DX 8 IE 5 (von Rohden et al., 2010;
Kendy etal., 2016)

F2 FEIRERFIH K EREE S TIE
Table 2 The statistical characteristics of calculated
groundwater age by different tracers

“F¥%/a °H  CFC-11 CFC-12 CFC-113

10~20  0.03

20~30 0.26 0.10

30~40 0.03 0.13 0.45

40~50  0.03 0.38 0.55 0.31

50~60 0.40 0.63 0.32 0.14
>60  0.26

4.4 BRKERERBINRE

TELPLE AL R K RGN, R K °H
HICFCs 43 A TR ERE R, 1T 35 100 m 247 (& 5, 3%
2). 60 m DLy B Rt TR EEAS LA BE, 60 m
DL 2 90 e 3 it o VR o i sl i 34, 9 L
60 m L FA4E 5w H FiT CFCs ¥ 3 B i KT 60 m LA
RE S o R R SO A B R R DX PN AR
ZHOK IR IEARAN T o I, 24807 5L
HRHE T 7K R G0 L FTE 2 5 BT AR X, BAOKAE
RURBETT 2 100 mo IR DL EFR B AN
THTPESR U B DL N RO AR B R 25 47, TR M
B2 TR TR L B R 2K 58 RE % AR I H
NO;™, A M F /K LA NOs

HT 7K T RE 1 SO T R KSR B T R
PELL R AT FEAERE ST, ST KGR S A 6. R
TRV 247 i B B ] 38 5 8 08 s L kb T 7K B 58T BE

*H(TU) CFCs(pmol/kg) CFC-113(pmol/kg)
0 4 8 12 16 0 1 2 3 0 0.2 0.4 0.6 0.8 1
0 4 7 <
T 1Tt 1T T 11 T 7 T 7 T ] T R N N B
| PO ) + o+ i o ° /@\
o0 & ° ° oy pes 7t sF NG 3P o O B@o \
40180 e @ e o i X 00 o
Y ) . A A4 + o o o.ﬁo l
= h. G oo Gom o @ %ﬁ- e otews Ceee oo owm &0— -— e o) L
s ' Ey N 3 ° ¢ i?
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Eﬁ 80 e @ @ [ ] [ ] /A | / 8
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Fig.5 Variations of *H, NO; (a) and CFC-11, CFC-12 (b) and CFC-113(c) with well depth in the north of MXP
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IR P LR T K AR B S 335

(3C&,2002) , 24ELIAIL S, PaAb s DL e
T ATV 50 0 b DX Ml R K AR /N T 30 a, B TR
KT 3%/a, 1% X B RN 545 5B E 1 4ok, /KA
IR, AR R S . PRI LA R 5
VLU M DX, bR ZKAE I R T 60 a, BB A /N T
1.5%/a, J&= H T 7K A2 AHEME X, bR 7K i 2218
AR e, g2, PTIRA HE e 2%

H R 7K EEHTRE S5 M X, 5 K 2 AR BT A
IR, WK G TS P Y AR 5 i N K2
(X7 ,2016) o A T 7K H & A 0w, U Wb T 7K 52
2T 1952 4ELUG KRR, N3G Bl AR 15 Y
Y5 o WE K ABHNA AR Z R G, BiT5
PEBE S T A & A B R 7K o & 35 Klaus Hinsby
(2006) FIHT A 1) *H ., CFCs F1 NO; & Bl & 18748
A (1 5) AT 1, B2 240 R J5 b T 7K R G2 7E 60 m L)
B PER 22,100 m LA R BTG PERERS &, AR T AK IR
FHRTE RLARUELE 100 m LA T .

5 45 1B

(1) HF 7K 4T R CFCs Ve BEARAE X 354345 T-F-
JRHR S R YT R, At /K AR R X

(2) PR A PRECS 520 R AN [R] AU B b R 7K
AERA K 12 a B KT 65 a, CFCs A1 27 a $| 58 a,
RENSAH E AN TT , S i R /KA A S AR

(3) A 7 Mo 7K AR % A 21~70 a, B PG L L1 i A
PR AT ] - i N B % 95 BLV LB AR 2 F8 /L
TR TT ] o

(4) #KH "H . CFCs F1 NO;™ ¥ B bifi 75 - T 19 A2
b, W 5E X H R 7K R SR B 15 1 RELL 60 m AT 100 m
JFGy R 3G
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