F35% H2i
20124F 06 H

o 5 & 5 BT
GEOLOGICAL SURVEY AND RESEARCH

Vol.35 No.2
Jun. 2012

RIERBZOK IR K A RS Bk SOhEk 1
18 F 50 i e e SR AL

B, A, B E5R AL

K% ML HRRR

(R R P25 Br , K3 300170)

W OB AEABRRAKBEALTIELF AN EEZFHR  HFR, T RAT S IR R T A B ER
FERTFENBANR, RAXUKBFARHEANE AT R, EILKE AR FOR &R A F &N
R, H3t T ANGEH R A h &4, B4 % Piper B ACT A RAREATE T AR T RAKKEA
Bl ERRERELRE QI K CFARBFEIMET BN TZE BB S KEEBRNRIEBF IR £
FEACHRLEER FAXERTTEEEN ATEARTEAERETHEANRYE, AREREN AR
X R AT R AKSE T R T AR AT K E B RET R FARSACERLFERNET TEHEESEEAE
FARUFREMGTEXIHRMERSH T BE RRETEFNERER FRENLEEAUR G- N BT K
PR AMECONBER. FENAMARIRIZHEMER,

KEH: K A K EANR AR F IR FHE N

MESHES: P641.3 CERARIRED: A

1515

KA Z Rk EY, — B R ERSHE
H R KT AR T RS R Y i T RO
IKEBUEAL, WOK RS, I B S S BB RH AN
BB, X FRERBGOK MG K AR
5L EIAFEE S TEKARYLER AR T
BAVE TR RIBER ", FHBUS T R, X T
TR AR AR K SO BRI 2R T B T AE R H AL
W5, WK ARIRER 7K S5RKMERR G,
WA RER AV 2 HAIK SCHBR ALV E AR . TR
KRBT FE S, B S AR 7 Y SR T K
AL 22 G I E R, 0 A 5 R A VR BT
NS Pae =1 A T S Par =t AV A e L (S IR
SO R B L T IROK B B A AR R #E T 5 |
X KA 2R, B A R R B AR . TR
WA RAESIEE . B BEXHEK AR K
SCHIRALZEAE FIFATAR R . ASCEIRA TR ER
AR IR 7K SCHb BT 5% 1 F T 7K 3 WL T i
b FRKACERRAE 430 T W) B8 R A B 7K SCH IR AL
FAER , TR A R ey HbIRA2EARR  v , E EARHL T
R X R AR SO IR E

AR 2012-03-29

XERS: 1672 -4135(2012)02 ~0154-07

2 5T X AR L

RiERBFHX LT RET MR PEILE, BB
£ PN 10 km, BTN, T ATZY 100 ko' (B 1), EEH
B KR A B SR A IE R D K DA R B DU A D
2, BRTA S LM BILER S K EE EAGH T

EH1 AREREER

Fig.1 Location of the Daweijia water source area
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Table 1 The test results of water samples

KR | KEE | REE | EC T |§°C | Ca& | Mg™
5 | KA | BffE |(us/om) PH (C) | (%o) | (mg/l) | (mg/l)
DW21| ¥k [2010.8| 821 |6.96| 6.96 |-13.53|118.30|21.59
DW22| sk |2010.8| 912 | 7.47 | 7.47 |-14.51| 99.14 | 39.97
DW42| ¥k |2010.8) 749 | 7.57 | 7.57 |-12.80] 94.53 |31.92
DW24 | {0s7K |2010.8] 1015 | 7.23 | 7.23 | -9.19 [ 119.60 | 38.53
DW23 | a7k 2010.8] 986 | 7.31 1 7.31 |-8.99 |115.80|37.76
DWDN| #a7K [2010.8{ 1370 | 6.95 | 6.95 | -9.33 | 149.10{38.26
DW34 | fUaik {2010.8] 1289 | 7.29 | 7.29 |-10.21|151.40|49.06
DW36 | #Uaok [2010.8] 1586 | 7.35 | 7.35 [-11.59(207.70| 42.38
DW26 | ## &7k |2010.8] 1903 | 7.01 | 7.01 |-10.97|208.40|44.74
DW17 |k |2010.8 2050 | 6.49 | 6.49 | -9.69 | 187.70|48.51
DW28 | #aliK [2010.8] 1633 | 7.44 | 7.44 | -8.55 | 154.60|47.48
DW31| J&zk |2010.8| 1761 | 6.56 | 6.56 {-11.97|198.50|51.09
DW38| sk [2010.8| 2210 | 7.16 | 7.16 |-10.59|128.20|51.01
DWO07| JEsK |2010.8| 2280 | 7.15 | 7.15 (-10.59(212.50| 72.33
DW33| sk [2010.8| 2780 | 7.44 | 7.44 | -5.94 |205.80|74.77
DW29| # 7K |2010.8| 43800 | 7.65 | 7.65 | -3.32 |324.50(978.80
BER | kBt | REE | Na* | K |HCOs| SO& | CI' | NOy
'S | KA | WE | (mg/]) (mg/)| (mg/l) | (mg/l) | (mg/l) | (mg/1)
DW21| #k/K [2010.8| 28.62 | 4.05 |190.50{121.00] 92.35 | 66.72
DW22| 7K |2010.8| 42.45 |13.11]241.10| 98.08 [ 137.30 | 54.20
DW42| 7k 12010.8| 24.51 | 0.98 1238.10| 56.82 | 92.28 | 60.32
DW24 | #3/K |2010.8] 50.51 | 1.17 {247.10| 79.30 | 188.60 | 44.00
DW23 | ik [2010.8] 47.16 | 1.52 |282.80| 70.70 | 157.90 | 45.44
DWDN| ##Uai7k 12010.8) 82.87 | 1.52 [163.70} 95.82 245.30[199.20
DW34 | K |2010.8| 67.84 | 7.63 |241.10]162.20{ 224.60 |100.10
DW36 | 837K | 2010.8| 61.99 {26.43|205.40(120.00| 360.90 |115.60
DW26 | #8037k [2010.8|146.00| 0.49 |199.40{245.70{271.80(325.90
DW17|#37K | 2010.8 106.00| 2.27 |199.40(179.50 273.70 |250.40
DW28 | ##U37K | 2010.8] 134.50| 2.70 |220.30(236.20{222.90212.20
DW31| Bk (20108 97.83 | 1.02 |145.90(113.50{421.50|158.00
DW38| Jsk 2010.8|286.10(12.82{309.60(162.50( 492.40 | 120.0
DWO07| Bk |2010.8)184.00| 3.49 |282.80(172.20| 479.70 |241.70
DW33| Jf7k (2010.8/295.50|11.05]291.70]344.90| 469.40 |259.50
DW29| ¥ 7K |2010.8/7626.00289.10|163.70(3262.0(13220.3(865.60

VE < AT ALy o ER A o R 5 M BR A BB ST T B
H R /KB BE AR A 2 481 ~ 1 890 mg/L, ¥ /KH™
L BE 51k 26 648. 1 mg/L, KAL R RI R L&
P, ME 3 AIE K HBUKEEAREIE K 53T kK
ISR A LRMEE , X RHBKAR FERIRAKH
KRB VER . FRa /KRR BB 22 K A K
MNZIRERE TIRGVER, B &4 T HAk - A1EH.
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Fig.3 Piper diagram for the various water samples
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Table 2 Mix proportion of the groundwater and
seawater of different components

oy KPR ROTIRRS HE
gﬁ"]j (HARARAK B %)

7 I cer | ca® [Mge | Na | K [ HCO; | SOF
DW42 0 0 0 0 0 0 0

Dw24 | 0.73 | 1090 | 0.70 | 0.34 | 0.07 | -12.10 | 0.70
DW23 | 050 | 9.25 | 0.62 | 030 | 0.19 | -60.08 | 0.43

DWDN | 1.17 | 23.73 | 0.67 | 0.77 | 0.19 | 100.00 | 1.22
DW34 | 1.01 | 2473 | 1.81 | 057 | 092 -4.03 3.29

DW31 | 2.51 | 4520 | 2.02 | 096 | 0.01 | 12392 | 1.77
DWI17 | 1.38 | 4051 1.75 | 1.07 | 045 | 52.02 | 3.83
DW26 | 137 | 4951 | 135 | 1.60 | -0.17 | 52.02 | 5.89
DWO07 | 295 | 5129 | 427 | 2.10 | 0.87 | -60.08 | 3.60
DW33 | 2.87 | 48.38 | 4.52 | 3.56 | 3.50 | -72.04 | 8.99
DW38 | 3.05 | 1464 | 2.02 | 344 | 4.11 | -96.10 | 3.30
DW29 | 100 100 100 100 100 100 100
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Fig.5 Mixing proportion of the groundwater and
seawater of different components
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Table 3 Theory concentration of the different components

S SRR BT mg/L

5 | CI | Ca® | Mg®¥ | Na* | K° |HCO,| SO*

DW24 | 188.60 | 96.22 | 38.87 | 80.29 | 3.09 |237.55| 80.34

DW23 | 15790 | 95.68 | 36.65 | 62.51 | 242 |237.73| 72.84
DWDN|245.30 | 97.21 | 42.96 | 113.12 | 4.34 ]237.23| 94.18

DW34 | 224.60 | 96.85 | 41.47 | 101.13 | 3.88 |237.35]| 89.12

DW31 | 421.501100.30 | 55.67 |215.15| 820 }236.23|137.19
DW17 (273,70 97.71 | 45.01 {12956 4.96 [237.07101.11
DW26 [ 271.80| 97.68 | 44.87 | 128.46| 4.92 |237.08 | 100.65
DWO07 {479.70 | 101.32 | 59.87 |248.85| 9.48 |235.90|151.40
DW33 | 469.40 1101.14 | 59.12 |242.89| 9.25 |235.96 | 148.89
DW38 1492.40 | 101.54 | 60.78 | 256.21| 9.76 |235.83|154.50

x4 B FRBASEASTRRESEERELSEEHE
Table 4 Equivalent difference between the theory and
testing concentration

e TRk E SIS E N B B mmoli

%2 | o Tcam [Mg | Na | K [HCO/| 50>
DW24 | 0 | 1.17 | 003 | -129 | -0.05 | 0.16 | -0.02
DW23 | 0 | 1.01 | 009 | -067 | 0.02 | 0.74 | -0.04
DWDN| 0 | 259 | -0.39 | -1.32 | -0.07 | -1.21 | 0.03
DW34 | 0 | 273 | 063 | -145 | 0.10 | 006 | 1.52
DW31 | 0 | 491 | -038 | -5.10 | 0.18 | -1.48 | -0.49
DWI7 | 0 | 450 | 029 | -1.02 | -007 | -0.62 | 163
DW26 | 0 | 554 | -001 | 076 | -0.11 | -0.62 | 3.02
DWO7 | 0 | 556 | 1.04 | 282 | 0.15 | 0.77 | 043
DWwW33 0 5.23 1.30 2.29 0.05 0.91 4.08
DW38 | 0 | 133 | -081 | 130 | 0.08 | 121 | 0.17
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Table 5 Modeling results with NETPATH

o 1 eaia | s [ERBRA] &°C T5°C [ oI
S (%) |SLIME [ ERUE A A RO S TR E ARG A8 |CO: GAS
DW29 | DW42 | DW24 1.57 -9.19 -9.80 - 0.66 0.38 1.13 -3.67 | -0.03 -0.70
DW29 | DW42 | DW23 1.05 -8.99 -9.35 0.14 1.09 0.36 -1.67 | -2.22 | -0.05 -0.46
DW29 | DW42 | DWDN 2.88 -9.33 | -10.57 -0.12 0.60 8.24 -7.96 0.03 -1.27
fi DW29 | DW42 | DW34 2.24 -10.21 | -10.65 043 0.87 3.38 -4.25 0.88 -0.55
Jif | DW29 | DW42 | DW31 6.10 -11.97 | -11.82 - -0.65 1.23 21.44 | -15.26 | -0.29 -1.10
E}% DW29 | DW42 | DW17 3.54 -9.69 | -10.96 | 0.03 0.27 1.13 6.61 -8.81 1.06 -0.83
1 DW29 | DW42 | DW26 3.30 -10.97 | -11.59 -0.02 1.66 10.31 | -8.24 1.85 -0.70
DwW29 | DW42 | DW07 6.49 -10.59 | -10.68 0.63 1.77 17.80 | -12.58 | 0.21 -0.12
DW29 [.DW42 | DW33 5.60 -5.94 -7.32 1.39 2.10 6.71 -8.74 2.01 -1.18
DW29 | DW42 | DW38 4.84 -10.59 | -10.99 0.27 0.97 11.12 | -9.10 0.05 -0.51

IR o E R BT S s ER Y BT ST BT SR

I RPN EERRZASHEAM T KF, UERRHESEITH T KF, B8 mmol/L; “—" R ZAMAR BRI ;
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Hydrogeochemical Reactions and Hydrogeological Model for Sea Water
Intrusion Processes in the Daweijia Water Source Area,Dalian City

ZHAO Chang-rong, YANG Ji-long, XIAO Guo-qiang, PAN Tong, ZHANG Su-feng
(Tianjin Institute of Geology and Mineral Resources, Tianjin 300170, China)

Abstract: The Daweijia wellhead field is located at the coastal Karst area in north China. Unsustainable groundwa-
ter exploitation in recent decades has found severe seawater intrusion in this area. Employing hydrogeological inves-
tigations,hydrodynamic monitoring and hydrogeochemical texting, An attempt toidentify the geochemical processes
of seawater intrusion in the coastal aquifer wascarried out using methods of ionic deltas accounting to the mix pro-
portion of seawater and groundwater by Cltracer. The contrasts of effection concentration and theory concentration
and hydrogeological simulation, and delineated the mechanism of seawater intrusion in this area.The research re-
sults suggest that brackish and saline groundwater is not a simple mixture between seawater and fresh groundwater.
Inverse hydrogeochemical model can be used to reveal the main hydrogeochemical reactions controlling the hydro-
chemical evolution of coastal karst aquifers in the study area, including the dissolution of calcite, montmorillonite
and gypsum, the precipitation of illite and Ca-Na cation exchange with CO, extrication and there is no dolomitiza-
tion in this zone.

Keywords: Dalian; coastal karst area; seawaterintrusion; hydrogeochemistry; hydrogeochemical modeling



