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Abstract: This paper is the result of the hydrogeological survey engineering.

[Objective] As the second largest tributary of the Yellow River, Fenhe River is the largest river in Shanxi Province. However, there is
contradiction between the supply and demand of water resources in the basin. The analysis of water resources utilization and eco—
environment problem is precondition of ecological remediation. [Methods] Based on the analysis of water resources characteristics of
the Fenhe River Basin and its utilization, this paper systematically summarizes the ecological and environmental problems of the
Fenhe River watershed, such as attenuation of runoff, drying up of karst spring and deterioration in water quality. [Results] Our result
shows that the average amount of water resources in the Fenhe River Basin for multi—year average is 3.359 billion m’, groundwater
resources are the main component of the total water resources, which is accounting for 72%. The structure of water supply of water
resources has changed greatly due to the impact of comprehensive treatment measures in the Fen River Basin since 2005, such as
cross—basin water transfer and groundwater pressure extraction. The water supply ratio of surface water has increased from 30% to
55%, and the water supply ratio of groundwater has been reduced from 62% to 37%. Overall, the utilization of water resources in the
Fenhe River Basin is as high as 80%. Excessive exploitation of water resources has caused serious eco—environmental problems such
as the cut—off of Fen River, the significant decline in the runoff of the Fen River into the Yellow River and the decline of karst spring
flow. The percentage of runoft for Fenhe River enter the Yellow River has attenuated by 63.5% from 1955 to 2018. The main reasons
for the attenuation are the decrease in precipitation and the flow attenuation of the karst spring. The total flow of the 8 large karst
springs in the Fenhe River Basin has decreased by 69% from 1956 to 2018, and 50% of the large karst springs had dried up in different
periods; The water quality of karst springs has been deteriorating seriously, for example, the TSD and SO.” of Jinci Spring and
Longzici Spring have been increasing year by year. Coal mining is the main reason for the rapid increase of SO, in karst
springs. [Conclusions] Although the inter—basin water transfer project construction has improve some of the eco—environment in the
Fenhe River, such as the recovery of Fenhe River to perennial river, and the stopped falling of groundwater level in the basin, and the
improvement of the quality of surface water environment, there is serious unbalance between supply and demand for water resources

in Fenhe River Basin, finally the trend of deterioration of the ecological environment is still severe.

Key words: karst spring; water resources; ecological environment problems; geological survey engineering; Fenhe River; Yellow
River Basin; Shanxi Province

Highlights : The characteristics of water resources and the change of water supply structure in Fen River basin in recent are analyzed
in the past 15 years; The eco—environment problem of Fenhe River is summarized and their causes are discussed.
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Fig.1 Map of water system and karst springs in Fenhe River Basin
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Fig.2 Altitude distribution along the main stream of the Fenhe River
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Tablel Water resources and supplying water in Fenhe
River Basin

. KT FOKEHML Fie Kk i

BACw K HRAK HAOKIE kAR /mm
2005 20.86 10.23  15.97 2.00 28.19 443.86
2006 23.23 8.15 16.97 1.98 27.11 485.46
2007 2791 9.71 15.95 2.03 27.68 582.21
2008 24.03 10.07  15.79 1.61 27.47 441.32
2009 26.48 11.60  14.35 1.6l 27.56 552.20
2010 23.88 12.77 1438 1.46 28.61 460.25
2011 34.83 13.47  14.89 1.14 29.51 627.35
2012 30.95 12.84  14.48 1.66 28.97 519.53
2013 36.19 13.48 14.10 1.43 29.00 599.66
2014 33.04 13.08 13.51 1.36 27.94 569.13
2015 26.56 14.83  13.06 1.52 29.41 460.58
2016 35.80 16.29  12.24 2.14 30.67 608.57
2017 38.02 16.27  12.02 2.17 30.45 614.34
2018 34.06 16.98 1145 2.17 30.60 493.08
2019 28.24 17.70  11.14 2.24 31.08 446.80
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m’;2005 4%, K B IR B b, 2978 20.86/4m’
4.2 FISEAKBIR
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Fig.3 Multi—year dynamic curve of total water resources and precipitation in Fenhe River Basin
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Fig.5 Changes of total water supply and water supply structure in Fenhe River Basin over the years
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[, 20 4] S 7K 9 T 900 8 2 32 [ K B0 TS
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Ko G ALK SR K 12825 45 R s, Hor A
TSR S R A) SR DB 1 e L R P (AR 4
2005; FRRHZE,2021),2008 4E LUK , 70 A H R /K
FESR S UM BRTR 58 e B S ] — 2 ()18
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SR PR AR TR RE (4, K 6) , HH 2008 4
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Table3 List of karst spring flow variation in Fenhe River

Basin
F2 AEEARTLAKES T SFKF /M s

Table 2 Water consumption statistics of different VAR 1960 1970 1980- 1990-  2000-  2010-
industries in Fenhe River Basin 1969 1979 1989 1999 2009 2018

AT K LA /% EHRE 174 119 052  0.14 -

I ] R MM i W BRSO AES ZRR 300 1.58 037 - -

W wmE O Tk AL R KM dhiliR 144 1.16 1.15 1.03 0.26

2005-2009 57.89 296  21.60 443 1137  L75 SR 8.93 7.53 7.10 497 2.42 2.14
2010-2014 54.18  3.14 1820 443 1403 579 ER 4.45 3.75 3.53 3.30 2.96 2.85
2015-2019 5415 3.2 1851 382 1551 488 TR 614 521 502 422 350 336
2005-2019 5541 3.0 1937 424 1357 431 A1 2580 2042 17.69 1366 9.14 835
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Table 4 Karst groundwater depth of dry karst spring in
Fenhe River Basin (after Yang Shirong et al., 2020)

X H R KK AL/ m

I [k] ; - :
AR AR HHER

1987 223
1988 4.33
1989 6.43
1990 6.98
1991 9.79
1992 123
1993 14.67
1994 17.01
1995 18.49 2.3
1996 19.54 4.18
1997 20.37 3.21
1998 20.59 4.39
1999 22.23 6.13
2000 23.48 9.48
2001 25.46 11.77
2002 27.09 16.02
2003 25.95 16.36
2004 30.28 18.24
2005 29.63 19.98
2006 30.26 19.26
2007 31.51 24.64 22.41
2008 30.13 27.76 25.56
2009 29.1 26.46 35.23
2010 28.43 23.89 4233
2011 25.94 21.33 50.45
2012 245 14.38 57.05
2013 23.57 10.65 56.58
2014 24.42 6.75 59.21
2015 22.88 7.95 70.32
2016 22.6 5.67 71.96
2017 24.7 4.42 72.32
2018 2691 222 74.84

25 S KR M ) R 3 i (B 22, 2011) , 5% FT A 7K Asr
M 1986 47 SR K Wit f &2 26 T Reka e, 2007 422 1
TR R B A 31.51 m, 1M1 i TR SR T 5] 8
IKHETK L5 B 38 I 5 v 3 R 7K S SR | D 3R AL 7K
KU b 11 2 P 2 TR, SV T KR AS T TRT T
2008—2018 4 1 [1] FHiH 444 0.42 m/a (18] 6) ; ARl
TR 2 5 b T K Y R 25 R e s HE /K 2 1
o SR WA Y B AL T L H M SRR 5

R SRR KA /m

{1 ——2%F}JR Lancun spring

—a— 4R Jinci spring
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—— 7 iR Gudui spring
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Fig.6 Dynamic curve of water level buried depth at the cut—

off karst spring in Fenhe River Basin
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Fig.7 Interannual variation curve of runoff at Hejin hydrological station
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