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Fig.4 Distribution of groundwater ages (Well depth < 60 m)in

the north of MXP
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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,
TR A BN R (Ph 55 ,2017) . I HAF
FEIX MR B T AFAERT R AT IR AE Z A IEB Bk 43
TEAL ST I8 7% 3 FE 23 BN 2212 (Fouli et al., 2013).
73— J7 T, WFFE XK FHAREE TRt T 7K HE T8 , 3 Tk
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 J5t 1L A X 8% E 52 (von Rohden et al., 20105
Kendy et al., 2016)
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Table 2 The statistical characteristics of calculated
groundwater age by different tracers

aU’/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
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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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(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

References

Chen Zhongyu, Qi Jixiang, Zhang Zhaoji. 2010. Application of Isotope
Hydrogeology Method in Typical Basins of North China[M].
Beijing: Science Press (in Chinese).

Clark I D, Fritz P. 1997.Environmental Isotopes in Hydrogeology[M].
Boca Raton: Springer—Verlag, .

Cui Xiaoshun, Zheng Zhaoxian, Cheng Zhongshuang, Su Chen, Li
Zhuang, Wu Yulong, Chen Zongyu. 2018. Hydrochemical
distribution characteristic and formation mechanism of shallow
groundwater in the north of Muling—Xingkai Plain [J]. South—to—
North Water Transfers and Water Science & Technology, 16(4):
146—153 (in Chinese with English abstract).

Doney S C, Glover D M, Jenkins W J. 1992. A model function of the
global bomb tritium distribution in precipitation, 1960— 1986[J].
Journal of Geophysical Research Oceans, 97(C4):5481—5492.

Fouli Y, Cade—Menun B J, Cutforth H W. 2013. Freeze—thaw cycles
and soil water content effects on infiltration rate of three
Saskatchewan soils[J]. Canadian Journal of Soil Science, 93(4):
485-496.

International Atomic Energy Agency (IAEA). 2006. Use of
Chlorofluorocarbons in Hydrology: A Guidebook [M]. Vienna:
International Atomic Energy Agency.

Klaus H. 2006.Environmental Tracers, Groundwater Age and
Vulnerability. Groundwater Resources in Buried Valleys[M]//
Reinhard Kirsch et al(ed.). Hannover: Leibniz Institute for Applied
Geosciences, 141—-148.

Kendy, Eloise, Yonggiang Zhang, Changming Liu, Jinxia Wang, and
Tammo Steenhuis. 2004. Groundwater Recharge from Irrigated
Cropland in the North China Plain: Case Study of Luancheng
County, Hebei Province, 1949— 2000[J]. Hydrological Processes,
18, (12): 2289-302.

Li Jing, Li Fadong, Song Shuai, Zhang, Yan, Cai Wenjing, Zhang

=

Fang. 2012. Worldwide application and prospective of CFCs
groundwater age— dating method[J]. Ecology & Environmental
Sciences, 21(8):1503—1508(in Chinese with Englishi abstract).

Liu Fangfang. Ecological Quality Evaluation of Xingkai Lake Wetland
Nature Reserve [D]. Haerbin: Northeast Forestry University (in
Chinese with English abstract).

Liu Futian, Su Xiaosi, Hou Guangcai, Lin Xueyu, Yi Shuping, Dong
Weihong. 2007. Application of CFCs methods in dating shallow
groundwater in the ordos cretaceous groundwater basin [J]. Journal
of Jilin University, 37(2):298—302 (in Chinese with English abstract).

Liu Jun, Chen Zongyu, Wei Wen, Zhang yilong, Li Zhenghong, Liu
Fuliang, Guo Hualiang. 2014. Using chlorofluorocarbons (CFCs)
and tritium (*H) to estimate groundwater age and flow velocity in
Hohhot Basin, China[J]. Hydrological Processes, 28(3):1372—1382.

Liu Jun. 2016. Study of Age Structure and Patterns of Groundwater
Recharge and Groundwater Flow in Hohhot Basin[D]. Bejing:
Chinese Academy of Geological Sciences (in Chinese with English
abstract).

Jeong S, Kim J, Lee K . 2008. Effect of clay content on well—graded
sands due to infiltration[J]. Engineering Geology, 102(1-2):74—81.

Oster H, Sonntag C, Miinnich K O. 1996. Groundwater age dating
with chlorofluorocarbons[J]. Water Resources Research, 32(32):
2989-3002.

Qin Dajun.2005. CFC dating method and its application in
groundwater[J]. Groundwater, 27(6):435—437(in Chinese).

Santoni S, Huneau F, Garel E, Vergnaud— Ayraud V, Labasque T,
Aquilina L. 2016. Residence time, mineralization processes and
groundwater origin within a carbonate coastal aquifer with a thick

unsaturated zone[J]. Journal of Hydrology, 540:50-63.

http://geochina.cgs.gov.cn H1E LT, 2019, 46(2)



336 i [

b, J 20194F

Su Chen, Cheng Zhongshuang, Wei Wen, Chen Zongyu. 2018.
Assessing groundwater availability and the response of the
groundwater system to intensive exploitation in the North China
Plain by analysis of long—term isotopic tracer data[J]. Hydrogeology
Journal, 26(5): 1401—-1415.

Sun Fanggiang, Yin Lihe, Wang Xiaoyong, Ma Hongyun, Zhang Jun,
Dong Jiagiu, He Shuaijun. 2017. Determination of vertical
infiltration recharge of groundwater in the thick unsaturated zone
of Sangong River Basin, Xinjiang[J]. Geology in China, 44 (5):
913-923(in Chinese with English abstract).

Tu Leyi. 2015. Analysis of Krypton Gas Dissolved in Groundwater for
Radiokrypton Dating[D]. Hefei: University of Science and
Technology of China (in Chinese with English abstract).

von Rohden, Christoph, Andreas Kreuzer, Chen Zongyu, Rolf Kipfer,
Werner Aeschbach— Hertig. 2010. Characterizing the Recharge
Regime of the Strongly Exploited Aquifers of the North China
Plain by Environmental Tracers[J]. Water Resources Research, 46
(5):1-14.

Wang, Fengsheng. 1998. The regional recovery model of tritium
concentration for meteoric water in jilin Province[J]. Jilin Geology,
3:75-81 (in Chinese with English abstract).

Wang Jiyang, Chen Jiansheng, Chen Baohong, Tong Haibin, Tan
Zhongcheng, Sun Yingying. 2015. Review and prospect of isotope
hydrology[J]. Journal of Hohai University, 43(5):406—413(in Chinese
with English abstract).

Wen Dongguang. 2002. Groundwater resources attribute based on
environmental isotopes[J]. Earth Science, 27(2): 141— 147(in Chinese
with English abstract).

Yurtsever Y, Mook W G. 2001. Environmental Isotopes in the
Hydrological Cycle. Principles and Applications[M]. Vienna, 27—
32.

Zhang Bing., Song Xianfang, Zhang, Yinghua, Han Dongmei, Yang,
Lihu, Tang, Changyuan. 2014. Estimation of groundwater renewal
rate by tritium and chlorofluorocarbons in Sanjiang plain[J].
Journal of Natural Resources, 29(11): 1859—1868(in Chinese with
English abstract).

Zuber A. 1986. Mathematical models for the interpretation of

environmental —radioisotopes in  groundwater  systems[C]/

Handbook of Environmental Isotope Geochemistry, 2:1—59.

Bt 32 222 STk

PRAETE, SEAREE B IR T 2010, 607 MLFRY 20 Hb ) 107 22K SCHR TR 27 ik
R, dbsREE AL

FE /NI I B R OB 5 SR, 2 R T RS T . 2018, B BRI
X 2 MR AR AR Ak 2 40 A AR K HTR LB (9. g A AL 3 5 7k
FIBHE, 16(4):146—153.
A5, A RIR AR, TRIF, FE3CHR, KI5 . 2012. CFCs b R /KR I 7R 5
HARA 38 N FH R SRR (D). AR AR AR, 21(8):1503—1508.
XTS5 . 2009. 24U HL F SR P4 X AL S TP [D]. WA REE: /R
Jekoll 2.

XUFE . 2016. WP I 45 Z3 i Hb T 7K AF 3% 25 19 15 % 4 T 30 55 X
FE[D]. Ab5T . TR B

MiE H, g5/, BOGA, MREEER, By RF, #E4EZT. 2007. CFCs I 4E
PR 22T 1 FR MR K VR 2 T K AR IS b N ],
FRKEZ R ERFLERR), 37(2):298-302.

ZE KA. 2005. T 7K CFC 24773k Jowi FH[I). i R K, 27(6):435-437.

FNIF IR, TSI, LI B, Eh Uk 25 B, SRR B 2017, i =T
T YA 2 T DX T 7K ) N 14 JE 0], v L G, 44
(5):913-923.

TRIR . 2015, b KU 54 T T M SR 437 20 47 (D).
AL P EREA R R

TESER, MR/l Rl 2, BOIE, UL AL, IVEE . 2015, [FIf KL
2 (0 25 T B30 5 v B (0], V)i R A 24 4 (SRR iR, 43(5):
406—413.

TR . 1998, bR TR K AR W2 14 X A AR T D], T b
i, 3:75-81.

LA, 2002, FHERMEE R Z2 38 DX S8t /K R I M 0], kAL,
27(2):141-147.

kL, ARk, TR A EEACHME, I IR R 2014, 3L TR AN CFCs
B =P 2 R K BT RE AN D], FHARBEIR A, 29(11):
1859-1868.

http://geochina.cgs.gov.cn H1E LT, 2019, 46(2)



