37 3 Vol.37 No.3

2017 6 JOURNAL OF CHINA HYDROLOGY Jun., 2017
1,2 3 1 1 1
b 9 b b
(1. s 250013; 2. s 250061 ;
3, , 250013)
, 2015 . . ,
TDS 400~700 mg/L s R ;
2015 HCO;—Ca , )
: ; DS ™s
TDS , o
:P641.134 ‘A :1000-0852(2017)03-0063-07
[8]
12]
; [9]
[10]
[3] R N
C. Federico ,
. ()
Antonio J. ! Beti , o
Piper , :
;Linda Daniele [ , o
1
, SO/»/Cl-  Br/Cl- ,
, (7] , 3 ,
:2016-07-01
: 7(KY201515); “ BN
”(201502020)

(1986-), s , ) o E-mail : Liyanghfu@163.com



64 37

P e R g o e

. : | fopmaE BECCT gy

| ity 7 5 e, KHRE |

’ ’ | LSO IR ) T ]
=

il i = H =i

i

E3 0%

—_ ) 1) | = i '%';% 3 I
Sy G e DUPN ek

i , ) | FPLE R JA ™ ™ ) o
| o ax =S

, : THI 2o

, | . o Al

, , | e " omme s
| / i i ¥

. 140C , - | . T CT) i f { Wi
(IR S e S | R
624.95 mm, ) o RPN g e
6~9 1138.4 mm / R ar ,.
’ ’ N f1 1k At : s &= A JaIE T -
« ” s ORI G RAR Y

L \

a” F T~ £ swmum

xan A
3 7 e . RREEN.
2 e 2 =% smkAmEsn
i 200 v wesxmmean |

sy e o 1. ‘Bﬁl‘!

Fig.1 Hydrogeology map for the Dong—e karst water system

’ ’ N ’

) 30~200 m, : , 1~6m,
5 000~8 000 m/d.,

1 8 000 ms/do HCO3—Ca
HCO~Ca-Mg | 05¢L ,

) 2009
2014

—— B#EE —=—TDS ——K+Na B T —=Ca & F——Mg BT
700 120
100
80
60

Ji
2
He & /mg - 17!

® 200 40
100 20
0 < o = = =3 =1 =3 = O = = =
A EEEEEEE L 1§335%83%87%3¢%8
@ o - = & o = o T o= Q & & = = & & o o T =
S §8 8888883888 S 3 FEBE&EFEEEFE&
L BT = B — R R
180
_ 160 500
L 140 oy
o 120 T 350
£ 100 £ 300
% = 200
40 = 150

(357

S
2
3

Oc S & © &b © ¥ o v o L - R~ s o )
3335833 7% % 123958335 %%
& S © = = a & @ @ < =« 2 = © = = o o @ = T =
& 9 2 © &5 =2 2 2 & & 8 2 o © 8 28 & 8 @ 2 & =
& 8 &8 8 8 8 8 &8 8 8 8 &S 8 8 8 &8 8 8 &8 8 8 8

Fig.2 The main chemical indicators at the Xiamatou groundwater station during 2009-2014



3 65
2 , TDS ) ,
2009 647.46 mg/l., 2010 2013 o
500 mg/L ,2014 R "" — - o === :
300~400mg/L. 5 ; - |
JK*+Na* ,Ca* ‘
90 mg/L ,Mg™ :
20-70mgl. |
5 sHCO.{ )
270~450 mg/L ,S0.~ 66.32~ 153.7 mg/L. s | |
,CI 35~80 mg/L , 1
TDS ,NOs~ s p [
2010 0.5-0.7 mg/L. ,2014 s A 5 s
n ([~ — mME
4mgl., i -
10 mg/L,2011 29.31 mg/L, e o
500 4
4501 Fig.4 The monitoring sectional view of the Dong—e karst water system
400
E 3501 4.1
= 300
2 250 1 ,
¥ 200
150 ’
100 HCO;
go SO» )
S8>-3g3538838c 8= .
A AT S S = = T a5 o I F
E 882383 =3 23z 3 3 3 = 1
o o (C\l (o} (o] o o g o Ftl o™ o™ o™ [} g
3 Tablel The chemical types of the water inthe north shore of
Fig.3 The rainfall distribution in the Dong—e county the Yellow River during flood period
.TDS
’ ’ 2010 TCP S0,-Cl-Na-Mg S0,-Cl-Na-Mg
2013 ( 3), LY  HCO,Na-Ca-Mg  HCO,~Na-Ca-Mg
Ca* HCOy ( 2), LJ  HCOs=Na-Ca-Mg  HCOs;-Na-Ca-Mg
s JL HCO;—Na-Ca-Mg HCO;—Na-Ca-Mg
, , C02 CJ HCO;—Ca-Mg HCO;-Ca-Mg
DE HCOs—Na-Ca-Mg HCO;-Ca-Mg
NO. NJD HCOs—Na-Ca-Mg HCO;-SO,~Ca-Mg
’ ’ ’ DZ  HCO;-SO~Na-Mg  HCOs-SO,~Na-Mg
2 ,
4
HCO;-S0,-Ca HCO;-
. R , Ca-Mg , HCOs;-Ca-Mg
2 HCO;-Ca Cl-Na-Ca-Mg
,2 , HCO;-S0,-Cl-Na-Ca-Mg
4, , HCO5-Ca HCO;-Ca-Mg
15 2015 ( ) 2015 10 ( HCO;-Ca-Mg HCO;-SO,~Ca-Mg



66

37

2
Table2 The chemical types of water in the south shore of the
Yellow River during high flow and low flow periods

DQ  HCO,-SO,~Ca
LGX  HCO:Ca-Mg HCOs—Ca
MGZ HCO;-S0,~Ca-Mg HCO,-S0,~Ca
DSP  HCO;-Cl-Ca-Mg HCO;-Cl-Ca-Mg
DQZ  Cl-Na-Ca-Mg  HCO,-SO,-Cl-Na-Ca-Mg
XMT HCOs—Ca HCO:~Ca-Mg

FZ  HCO+Ca-Mg HCO,-S0,~Ca- Mg
DZ HCOy-80,-Na-Mg  HCO,-SO,~Na-Mg

HCO;-Ca-Mg

,C

C a2+

7.47%~ 271.28%
, “M ”

( DB

’

Ca*+CaMg(CO;),—Mg*+2CaCO; |

a2+

SO,~Na-Mg

SO~

—A— 4 K 0 - K

) SO2

ot |z | wm | ws

i 1K

—A— ik W - R

] i
1 1%

4.2
5
,HCO;~ 5.57% ~
38.72% , 5.07% ~
41.39% ,
b
o SO~ 4.01%~22.3%
b b
5.07%~ 22.42% ,
. CI”
o Na'+K*
, 2
s Na*+K*
, Ca? 2.52%~ 29.31%
K - .
s 45 g
= 40 = 20
& 35 &
S i
- .2(5) = 15
T 20 @ 10
2 15 8
® 0 S5
S S 7 G
£ 0
] 2 [ | 2 [ [w frme am o | 2
i i K W&
e K - K 357
€ 35 & 304
X 30 & 257
= 25 2 204
50 15
2 15 = yod
# 10 &
R S
Z 0 : "
o] 2 [ [ 26 e oo [ ] o -
el i it K
5

£ | 04 ‘ . | 9 fif IMZI

@ X

4 Mk | (8K 1

ittt 1<

, Mg2+
CaZ+
[12-13]
Na 80427 N
, Na*
SOZ ’
’ SO4Z_
,ClI-
i TDS
5(2)
) 5 (4)

&
]
&R

M™% 5

—ef K 1) K

R Mg2+

(1)

|

#hE X 1 it X

01 .
most [ 2 2 [0 [ 2 o [ e e [ [
i I

—achh K ) -

_-_— = N
TR =TT I — T3

[

’

i | 22 o e

Fig.5 The Ion behavoir in the north shore of the Yellow River

1

# o]

HE it (X

Wl F i x| H 4 ‘

(1)

Cl-



3

67
ClI 11 s s Cl-Na-Ca-Mg ,
, NO;~ Na* , Cl ,
18.74 mg/L.,8"N 11.3%o, 3PN ,
T%0~25%0 (1718 s , o
Cl- ,
SO4-Cl-Na-Mg s
; s ( 30~300m) 16~36 m
Ca® Mg* HCO5;,S0*> Na'+K* ,
, Na* Ca> ,
, SO~ HCO; , .
° HC03—C3 )
) ) HC03.SO4_ ) )
Na.l\/[g s Mg2+ ,5042- R
) o 4.3 TDS
HCO;y 6 , TDS
12.99%~ 39.25% ( ), N )
16.42%~ 40.73% s s , )
o SO42_ )
5.06%~ 19.71% , , 582.21 mg/L
2.30%~ 18.34% . CI 689.92 mg/L., 18.09% ,
, , 424.93 mg/L 435.53 mg/L,
10% <Na*+K* 2.49%
. Ca* TDS N
’ ’ 8
o Mg 2 , ,
o 445.69 mg/L 537.48 mg/L, 20.60% ,
,  455.64 mg/L.
HCO;-Ca , 460.23 mg/L., 1.01%,
S e —a 7K ] ==k
1400 1400
1200 . 1200-
= 1000 7, 1000+
£ 800 £ 8001
Z 600 L 600+
=400 T 4001
200 200
0 04
mmen| 2 | g | 2w | mw | wo [ ne T | = [ovslusbora o] g | an
Fheh X i X HE T X HhAK B HEE X
a. HO AL 1 b, T
6 TDS

Fig.6 The TDS characteristics of the groundwater in the Dong—e karst water system



68

37

Ca2+ \Mgh

Na*,

,TDS

. TDS

TDS ,

CO,

8042_ )

(1)
400~700 mg/L

(2)
HCO;—Ca-Mg

(3)

;  TDS

C aZ+[ 19-20]

, TDS , HCO5~
, CI" Na' ; TDS
SO42_ )

o

SO4-Cl-Na-Mg , Na*.SO,/ .Cl-
865.43 mg/L., TDS

TDS
,TDS

’

TDS

TDS ,
582.21 mg/L., TDS ;
, DS
1500 mg/L.,

HCO;-Ca ,

HCO;-Ca ,

’

’

TDS

TDS

TDS

, Ca®™ Mg HCO;,
Ca2+

, Mg2+
[21-22] ; (3 )

TDS
500 mg/L,

HCO;-Ca

,TDS , TDS

[1] , , . .

, 2010, 22(3): 38-42 . (XU Yuyu, FAN Hua,

XIANG Jianfei, et al . Present situation of shallow ground water quality

in urban area of Hangzhou [J] . The Administration and Technique of
Environmental Monitoring, 2010, 22(3): 38-42 . (in Chinese ) )

[2] Navarro A, Carbonell M . Evaluation of groundwater contamination be-
neath an urban environment: the Beso’s River basin (Barcelona, Spain)
[J].Journal of Environmental Management, 2007, 85(2) : 259-269 .

(3] ) , AN l. )
2015, 35(6):12-18+36. (GUO Yongli, JIANG Guanghui, GUO Fang,
et al. Research overview of early warning of groundwater pollution[J ] .
Journal of China Hydrology, 2015, 35(6) : 12-18+36. (in Chinese))

[4] C. Federico, L. Pizzino, D. Cinti, et al . Inverse and forward modeling

of groundwater circulation in a seismically active area (Monferrato,
Piedmont, NW ltaly ) : insights into stress—induced variations in water
chemistry[J ] . Chemical Geology, 2008 ,248:14-39 .

[5] Antonio J. Prado—Perez, Luis Perez del Villar. Dedolomitization as an
analogue process for assessing the long—term behaviour of a C02 deep
geological storage: the Alicun de las Torres thermal system (Betic
Cordillera, Spain)[J] . Chemical Geology, 2011,289:98-113 .

[6] Linda Daniele, Angela Vallejos, Fernando Sola, et al . Hydrogeo-
chemical processes in the vicinity of a desalination plant (Cabo de
Gata, SE Spain)[J] . Desalination, 2011, 277 : 338-347 .

(7] . . .

, 2002, 21(2): 114-119(WANG Yu. Classfication features
of Karst water system and key point for the evaluation to karst water ex-
ploration in southwest China Karst area[J] . Carsologica Sinica, 2002,
21(2): 114-119. (in Chinese) )

(8] ) ; )

[J7. , 2015, 35(5): 41-45 . (WANG Taoliang, ZHAO
Chunhong, LIANG Yongping, et al . Influence of surface water seep-
age on water quality in Niangziguan spring area[]J ] . Journal of China
Hydrology, 2015, 35(5): 41-45 . (in Chinese))

(9] , . ,

[J]. ,2014,29(3):412-419. (ZHAO
Chunhong, LI Qiang, LIANG Yongping, et al. Karst water system
boundaries and hydrogeological properties of Heilongguan springshed
in Xishan region, Beijing[J] . Advances in Earth Science, 2014 ,29
(3):412-419. (in Chinese) )

[10] . , . .

[J7. , 2002,21(2):114-119. (CAO Jin-
liang, HAN Ying, YUAN Xinhua, et al . Analysis on the characteris-

tics of hydrochemical field and hydrochemical field of Karst ground-



69

[12]

[13]

[15]

water system in Tianqiao spring basin[J] . Carsologica Sinica, 2005,
24(4): 312-317 . (in Chinese))

[J]. ( ), 2015,45(3):
899-907 . (JIANG Guanghui, GUO Fang, YU Shi. Chemographs of
karst water system and its new application in hydrogeological sur-
vey [J].Journal of Jilin University (Earth Scicnee), 2015, 45(3):
899-907 . (in Chinese))

[J]. , 2007,34(3):15-19 . (XU Huizhen,
DUAN Xiuming, GAO Zandong, et al . Hydrochemical study of karst
groundwater in the Jinan spring catchment [J] . Hydrogeology & En-
gineering Geology, 2007,34(3):15-19 . (in Chinese))

- [J]. , 2000,
25(2): 205-208 . (LI Xudong, CAO Yuqing, HU Kuanrong. Some
mechanisms for hydrochemical reaction model within hydrogeology
unit: an example of Lu’an mine, Xin‘an springs[J] . Earth Science,
2000, 25(2): 205-208 . (in Chinese ) )

[JI. , 2006, 6(1): 136-138 . (SONG Xi-
aoyan, YIN Guoxun, TAN Limin, et al. Study on mechanism of
groundwater pollution study due to applying condition sewage water
for irrigation [J]. Journal of Safety and Environment, 2006,6 (1) :
136-138 . (in Chinese))

l. (

(WANG Yuqiang. Study on the temporal and spatial evolution charac-

), 2015, 46(6): 892-897 .

teristics of chloride ion content in the groundwater environment of
Shanghai city [J] . Journal of Shandong Agricultural University (Nat-
ural Science), 2015, 46(6): 892-897 . (in Chinese))

B B

[17]

[21]

[22]

[Jl. , 2014, 28(2):181-183 . (WANG

Tieshan, ZHOU Meng, CHEN Boheng . Analysis on increasing chemical
components content of groundwater Huangshi city [J ] . Resources
Environment & Engineering, 2014, 28(2):181-183 . (in Chinese))
Spalding, R. E., U, Z. K., Hyun, S. W., et al. Source identification
of nitrate on Cheju island , South Korea[J] . Nutrient Cycling in
Agroecosystems, 2001, 61: 237-246 .
Choi, W.J., Han, C. H., Lee, S. M., et al. Impact of land-use types on
nitrate concentration and 815N in unconfined groundwater in rural
areas of Korea[J] . Agric Ecosyst. Environ, 2007, 120(2—4) : 259-268.

P

TANG Zhejun. Isotopic and geochemical evolution characteristics of

,2013,33(6):1748-1755 . (WANG Lishu,

groundwater circulation in the Shiyang River basin[J] . Acta Scientiae
Circumstantiae, 2013,33(6):1748-1755 . (in Chinese))

[J]. , 2009,23(1):9-14 . (CHEN
Li, ZHANG Fawang, CHENG Yanpei, et al . Hydrogeo—chemical
characteristics and evolution laws of groundwater in Haiyuan Basin
Ningxia [J] . Geoscience, 2009,23(1):9-14. (in Chinese))

B . .
2015,35(2):70-76 . (ZHAO Qingling, LI Qingcai, BU Hua,
et al. Hydrochemical characteristics and cause analysis of karst
water in middle and south Shandong Ppovince : case of Shuangcui
karst water system [J] . Journal of China Hydrology, 2015,35(2):
70-76 . (in Chinese))

, . .
, 2004, (6): 69-73 . (XU Junxiang, XING Liting, TONG
Guangyu, et al . Groundwater environment evolution and its conserva-
tion in Jinan spring catchment[J] . Hydrogeology & Engineering
Geology, 2004, (6) :69-73 . (in Chinese) )

Research on Hydrochemical Characteristics of Dong’ e Karst Water System in Liaocheng City
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2. Shandong University, School of Civil Engineering, Jinnan

250061, China;

3. Shandong Bureau of Geology & Mineral Resources , Jinan 250013, China)

Abstract: In view of the groundwater quality deterioration, this paper analyzed the data of annual water quality changes at the representative

monitoring sites of the Dong—e karst water system, and made contrastive analysis of the water chemistry indicators distribution between in dry

season and wet season. The results show that TDS is between 400mg/L. and 700 mg/L., change oif total hardness is not obvious, and rainfall

recharge is the main factor of leading to the changes of ion content. In 2015, the main type of water is HCO;—-Ca in the Dong’e karst water system,

the ions movement rule is basically same in dry season and wet season, and there is water pollution at some monitoring sites , which lead to the

change of ion content. TDS concentration in wet season is higher than that in dry season, and TDS concentration in discharge areas, which im-

pactes on the safety of dringking water.

Key words: Karst water; ions movementrule; TDS; hydrochemical characteristics environment



