20 3 Vol.20 No.3
2006 9 GEOSCIENCE Sep. 2006

( , 100083 )

: P641.3 : A : 1000 - 8527(2006)03 - 0494 - 06

Hydrogeochemical Simulation for Ninghebei Ordovician Limestone
Wellfield in Tianjin

YAO Jin-mei, ZHOU Xun, ZHOU Hai-yan
(School of Water Resources and Environment, China University of Geosciences, Beijing 100083, China)

Abstract: The Ordovician limestone aquifer, which is tapped by the Ninghebei wellfield, occurs as a NE-tren-
ding syncline and is overlain by the Carboniferous-Permian sandstone and shale and the Neogene sediments.
Only in the northeastern part of the syncline does the limestone aquifer hydraulically connect with the overlying
Quaternary aquifer. Groundwater in the limestone aquifer receives recharge mainly through leakage from the
shallow Quaternary aquifer. With hydrogeochemical modeling methods, this paper examines water-rock reactions
occurring in the flow path from the Quaternary aquifer to the Ordovician aquifer, including dissolution or
precipitation of fluorite, calcite and dolomite. For CO,, it may dissolve or overflow, leading to a decrease in
hardness total dissolved solids of groundwater. The reason for this is that the dissolution ratio of minerals which
contain Ca>*, Mg’ *and HCOj; is less than the overflow ratio, reflecting that from the Quaternary aquifer to the
Ordivician aquifer, the concentrations of Ca’* and HCO; decrease in a great deal. Through simulation, water-
rock interactions and mass exchange along the groundwater path can be quantitatively determined, which is
helpful in describing the evolution mechanism of geochemical environment in groundwater.
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1 (pp/(mg - L7"))
Table 1 Chemical compositions of groundwater samples of Quaternary and Ordovician aquifer
o pp/ (mg - L") oH
K* Na® Ca®* Mg+ Cl- SO0;- HCO; NO, NO;y F- Co,  Si0,
14 0.7 9 122.2 41.4 24.8 24.0 225.8 30. 4 0.5 2.2 18 8 402.0
13 0.5 44 280.6 40.2 121.0 163.4 280.7 78.0 0.8 26.4 18 8 783.6
25 1.8 11 84.2 32.8 7.1 62.4 183.1 0.05 2.6 1.3 17.6 18 7 310.7
14 0.6 6 52.2 17.0 10.6 0 125.1 0.01 14.4 1.1 6.6 18 8 195.3
20 0.7 16 150.4 21.8 28.4 48.0 180.0 0 57.5 0.2 15.4 8 392.7
o mEX 2
o SNE&HT Table 2 Calculation of saturation index of minerals
° HRREH -
B mm s s P <
? z;ﬂt&iﬂﬁﬁ-ﬂ o KEE T e 0.943 0. 384 -0.031  0.711  0.027
1. 602 0.214 —-0.358 0.756 -0.014
-2.053 -1.680 -0.864 -1.026 -1.772
-2.305 -1.917 -3.095 -1.278 -1.9%4
e ¥
0.790 0.237 -0.183 0.558 -0.117
] —-1.345 -2.075 -0.896 -0.665 -0.746
ik (a) -0.731 - -0.710 -0.713 -0.808
0. 615 - 0. 633 0.637 0. 464
3.359 - -0.204 -0.502 -0.720
(SI<0),
4 :
> o
! , 3
Fig. 1  Location of groundwater samples of Quaternary ) 5
and Ordovician aquifer
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Table 3 Selected constraints, phases and parameters used in NETPATH modeling
(1) — N . €Oy ( )
(2) — €O, ( )
(3) — . €O, ( )
, ° 4 NETPATH2. 13
o Table 4 Modeling results with NETPATH2. 13 of ground
. . . water in the study area
, . ; +1.517 56( )
NS o . —-0. 806 58
. . ( ) i Cco, —0.459 54( )
. X -0.007 11
. . . 0, +1.23327
’ ' -0.758 64
N ’ ’ : —-1.004 26
N N N +0.015 27
, 3. (2) o o, +0.474 63
, , - -1.004 26
, Co, , 3 ? -0.758 64
. +0.015 27
2.4 +0.014 21
Co, +3. 666 31( )
’ ! -4.614 82
-0.305 40
o (3) -
+0.014 21
, NETPATH2. 1 co, 0,948 50
, 4. g ~0.305 40
2 4 —4.614 82( )
Ca-HCO, | Ca-HCO,-SO, °
. S0 , (1) .
Ca-HCO,  Ca-Mg-HCO, . €O, N o
, ’ CaCO, +H" = Ca’* + HCO;
i Ca’" + Mg’ +2HCO; =CaMg(CO,), +2H"
; , H* + HCO; =H,CO,
H,CO,(aq) =CO, +H,0
, , Ca’* +2F~ =CaF,
, GO, , ) H” ;
Co, N H*, CO, H*,
(1) — . pH 8 . H*
o HY H*
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o ) CoO, H* ,
, Ca’” , Mg’ H* , (3) pH
, p(HCO; ) 225.8 mg/L 180.0 H* HY, H*
mg/L, , , pH o
+1.517 56 mmol/L, -0.806 58 (Ca** , ,
mmol/L, —0.007 11 mmol/L( Ca®* , p(F7) 1.3 mg/L
) o 1.1 mg/L, , Mg+
(2) — , Ca’"
(2) : 1 Ca®" ’
. . . , Ca®” ,
2 . . 280. 6 mg/L 84.2 mg/L,
. CO, 5 1 . -0.305 40 mmol/L,
H* , CO, +0.014 21 mmol/L, ,
H* , H* +4.614 82 mmol/L,
» pH ; °
o 1 ’ 3
pH 8,
, , NETPATH2. 13
° ) 2 ’
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1 — )
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H,CO, (aq) =CO, + H,0

Ca’* +Mg’" +2HCO; =CaMg(CO,), +H"

2

o

-0.007 11 mmol/L,

o (4)

2

o (5)

-0.305 40 mmol/L,
+0.014 21 mmol/L,

+4.614 82 mmol/L,



499

(1]

(2]

[M]. : , 1998.

Plummer L N, Parkhurst D L, Thorstenson D C. Development
of models for groundwater system[ J ]. Geochimica et Cosmochimica
Acta, 1983, 47. 665 -686.

Lyons W B, Bird D A. Geochemistry of the Madeira River, Bra-
zil; comparison of seasonal weathering reactions using a mass bal-
ance approach [J]. Journal of South American Earth Sciences,
1995, 8(1): 97 -101.

Nkotagu H. The groundwater geochemistry in a semi-arid frac-
tured crystalline basement area of Dodoma, Tanzania [J]. Jour-

nal of African Earth Sciences, 1996, 23(4): 593 - 605.

[5] , , .. —
[J]. — ,
1998, 23(5): 519 -522.
(6] , , ,
— [J].
, 2002, 21(1): 32 -36.
[7] , , ,
[M]. . , 2000.

— . [J].
—_— , 2002, 27(2): 157 -162.
[9] , , ,
(1. . 2006, 25(1): 6-11.
[10] s s s . T T
[7]. , 2006,
33(2): 7-12.
[11] Plummer L N, Busby J F, Lee R W, et al. Geochemical mode-
ling of the Madison aquifer in parts of Montana, Wyoming and
South Dokota [ J]. Water Resource Research, 1990, 26 (9) :
1981 -2014.



