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Abstract: High salinity and shallow level of shallow groundwater are the important causes of soil secondary salinization in Hetao
irrigation area. In this paper, it takes the western part of Hetao irrigation area as the research area. The hydrochemical analysis,
isotopic characteristics of hydrogen and oxygen and hydrogeochemical modeling were investigated to identify the recharge sources
of shallow groundwater and the main water-rock interaction processes, and estimate quantitatively the effect of evaporation on
shallow groundwater. The results show that shallow groundwater was weak alkaline salt water, the pH and total dissolved solids
(total dissolved solids, TDS) are 7.23—8.45 and 371—7 599 mg/L respectively in the research area. With the accumulation of
salt, the hydrochemical type of shallow groundwater changed from HCO;—Na-Mg-Ca to Cl-Na. The main recharge resources of
shallow groundwater are the irrigation by using Yellow River water and precipitation. The shallow groundwater was affected by
evaporation and transpiration during the runoff process. The hydrochemical compositions of shallow groundwater mainly came
from the dissolution of halite and silicate weathering, and experienced intense evaporation and the cation exchange. The results of
hydrogeochemical modeling and principal component analysis show that evaporation and halite dissolution contributed the most

part to the salinity of shallow groundwater; Na-Ca exchange, topography variations and dissolution of gypsum, dolomite and other
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minerals also contributed to the salinity of groundwater.

Key words: hydrochemistry; isotope; principal component analysis; interaction of waterrock; hydrogeochemical modeling.
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Fig.1 Location of the study area, distribution of sampling sites and TDS distribution of shallow groundwater in the study area
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Table 1 Statistics for the hydrochemical indexes of shallow groundwater from the study area
A4 B4l c4 D4
5 H 300 mg/L<<TDS<C 500 mg/L<<TDS<C 1000 mg/L<<TDS<C 2 000 mg/L<TDS(n—27)
500 mg/L(n=3) 1000 mg/1(n=13) 2 000 mg/L(n=31)
R/ME ROE P RAME RORME CFME RoME RBORE CEME RAME RORE FH{E
pH 7.40 7.93 7.75 7.75 8.45 7.88 7.23 8.37 7.81 7.36 8.08 7.67
EC(mS/cm) 0.69 0.72 0.70 0.92 1.60 1.26 1.66 2.98 2.14 3.07 10.32 5.03
TDS(mg/L) 371 434 404 503 953 766 1019 1817 1287 2061 7599 3356
K" (mg/L) 1.74 3.15 2.21 2.21 3.96 3.16 0.91 6.14 3.49 2.47 13.74 6.05
Na"(mg/L) 44.9 99.8 71.0 89.7 227.9 140.9 176.8 521.2 325.7 316.8 2308.1 959.7
Ca*"(mg/L) 16.3 67.1 44.9 24.3 123.6 81.2 6.9 182.5 74.8 17.5 205.5 104.6
Mg* (mg/L) 21.8 36.3 29.6 36.9 72.4 53.0 11.1 123.1 66.5 39.5 553.4 174.2
HCO;3 (mg/L) 357 455 395 269 519 411 283 1026 627 368 1407 875
SO (mg/1.) 15.6 29.3 20.9 80.9 224.9 159.6 109.9 451.9 255.6 162.9 2262.0 581.5
NO; (mg/L) 0.60 2.43 1.52 0.53 3.77 1.84 0.84 31.08 4.36 2.22 67.46 7.48
Cl (mg/L) 30.3 46.9 36.4 75.0 167.4 120.7 138.7 446.9 243.3 401.1 3 808.7 1180.4

A AL I B A 0.91~12.78 mg/L, -4 {8 Jy 4.07 mg/
L /K EEBAE 7 ClL SO MTHCO, 17381k
5 Rl 43 51 R 30.3~2 106.5 mg/1. . 15.6~2 262.0 mg/
L #1269~1 407 mg/L, F¥ {8 4> 51 4 4 49.8 mg/L .
331.2 mg/L M1659.0 mg/L.
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Table 2 Hydrogen and oxygen isotope data of shallow groundwater in the study area
N TDS = . i TDS = -
R dD (%) 0"0(%0) i 2 (m) R (m) R dD(%0)  8"°0(%0) =i FE (m) JF R (m)
(mg/L) (mg/L)
LH-2 —50.7 —5.6 1035.1 1030.8 13.5 H-47 —70.6 —8.5 1293.2 1039.9 —
H-15 —78.9 —10.4 2662.3 1027.4 11.4 H-48 —756 —94 41154 1030.7 —
H-17 —774 —10.5 1426.6 1031.9 2.6 H-53 —77.9 —9.7 6406.1 1030.8 -
H-18 —82.4 —11.2 2 863.7 1033.1 2.5 H-54 —76.7 —9.0 7 598.6 1026.4 2.4
H-19 —383.4 —10.6 4 083.6 1036.1 1.7 LH-56 —78.2 —10.1 1136.7 1037.4 -
H-20 —78.9 —10.0 7029.4 1025.6 2.5 LH-57 —75.3 —10.0 1019.4 1033.9 5.1
H-21 —72.7 —8.9 3999.5 1027.9 - LH-60 —67.9 —8.0 794.1 1036.1 -
H-22 —79.9 —9.8 4 601.6 1031.2 - LH-61 —76.8 —10.1 1278.2 1031.0 2.2
H-25 —65.9 —7.8 3680.5 1028.3 8.0 H-63 —74.2 —10.0 1261.2 1027.8 -
H-26 —71.7 —98 1035.4 1029.1 2.1 LH-65 —78.6 —10.3 2 266.5 1031.8 -
H-28 —78.0 —10.5 1330.2 1030.9 — LLH-66 —73.8 —10.1 1170.3 1034.7 —
LH-34 —785 —99 2 358.4 1033.1 2.9 LH-69 —79.7 —11.0 1179.8 1030.1 2.2
H-40 —65.6 —7.6 1143.3 1034.3 1.1 LH-70 —78.9 —11.1 872.9 1026.5 2.7
H-41 —71.8 —8.8 1221.7 1031.2 2.2 LH-71 —81.3 —11.0 665.5 1034.3 3.0
H-42 —66.2 —7.5 1553.1 1030.4 — LH-72 —71.0 —9.7 1089.7 1034.1 —
H-46 —68.2 —8.2 2193.8 1031.8 1.2 LH-73 —70.9 —94 22258 1030.6 —
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FEAS TR0 04 1 AT 4G (ST (448155, 20105 Su
etal.,2015). &5 R BoR B TDS K, A ALA B W
Fh 78 R AR W IR 2 b T R AR RS B i ST
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2 + + Table 3 Rotated component matrix
Ao o o?® o F1 F2 F3
0 ' 5 Na* 0.947 0.057  —0.086
= g o2 K 0.772 0.356 —0.126
<z, % ®O (g o) ;
= -2t é% 2% o o ° Ca*' 0.190 0.865 —0.033
= o © 24
= o o° Mg 0.795 0.528 —0.002
g ,L h & cl 0.918 0.129 —0.025
2 A
g@ & SO2 0.504 0.596 —0.113
+ Axh -
L ﬁ& o FRE HCO, 0.734 0.032 0.021
o 1 Si —0.010 0.732 0.032
& A B - .
A SR K FH H T 5 —0.495 0.167 0.645
._8 1 1 1 1 1 -~ .
0 2000 4000 6000 8000 e /K IR AL 0.128 —0.128 0.912
TDS(mg/L) T 22 TR (%) 47.332 15.159 12.033

K7 IR EZE T K TDS 5 SIER
Fig.7 Relationship between TDS and SI of shallow ground-

water in the study area

FEX B R BOG A (B 7) s I KRR TT A F A = 5
P40 T 3o A0 AR S A6 A5 B T DS 3 0K 5 Gl s 1
R IS R PG =5 N O o = A R S s N )
Na'>Mg* >Ca* , F L& F % 5e J1 - Cl >
SO, >HCO; >CO* AUNK—FMERNMAEER . &
RV A X TR 2 R K AR B TR O R A IR
Z . H A U il 0 i X 2 T K s AR T
5

Xf B9 DX 2 b T KRR B K A FE A K A5
T o CF 1 R B0 b TR | b 550 R0 7K Ao 3910 45 [i) 422 [
F T2 R KA 2= 1 52 ) 5 7K Ak 2 41 R ¢
) 38 b5 2E AT 7 a0 p L SR IO 3 MU R A T
(F1.F2.F3), Rt TTmk 4 74.500 (£ 3) , AT S e ix
L6 B 2 AT B 48 R R K K Al 2E il A
(Chapagain et al., 2010; 2= & 8 5% , 2010; Nosrati
and Eeckhaut, 2012).

BN FLRY 7 22 STHR A 47.33204 , Hirp
Na Cl W F#EMmER, HSFI2EMIEKR,
F B R LR A B AR X KA 22 4 52,
F F1oa ik R fie i, Ui B X 2 R K K A2 4 o
ROW d K5 AT F2 M 22 Tk R R
15.159% , o Ca*" | Sif1 SO/ B IN T4k, &
BRI N AT U IR RE TR Eh A W Y IR A S R
SO W ARV T2 N AUE T 5 = A T F3 5t
k28 2y 12.033 %0 , o 7K o 1 b 1D 5 2 DAL 19 28
BER W X R Al 345730, ) 0 2 1 T B g
R A T R bR B s, e K A7 1Y 28 Ak U L

Bt E k(%) 47.332 62.529 74.562

FE 5% WA 78 A R 2 L K AR FH R B i I 1
AR 3% JR T R B X T IR )2 MR KK Ak A 5 )

FI I Phreeqe 8R4 33 [ #5248 T LLAK 5542 UL 1% 42
AN TR 0 DU O R M gE R R (2 L%
25,2002 25 % B, 20185 B M ik 4F L, 2018) . BEER —
HE+ % # LH-5>LH-35 74 5t H-14—>H-38 B 1>
R s AU TR (1) iy LH-5>1LH-35 %1%,
Hiu A H 1) B ARE , MR K AR I R AR KA
TEBK, TDS B A% . H-14—>H-38 % 4% 1 3431
Hb R KA U R 28, KA HR IR B, TDSfE ALK .
P AN B% A2 43 A 1.9 km F1 4.2 km, [7] — 7K 37 B 42
IKBE I K b 24 R A AT, ¥ R 2 b TR K, LAk AR
D5 1) 5 AR 5 X 4l /K AR G 5 1o AR (6], AT T 48 s iF
FE XA ] DSl K Y Ak o 7 A AU R A

KT X R)ZE LR FEERERIRT YR E,
T 1) B A0 T B LA R A R s A P ORR L ) L
J R RN 2R 28 R HAE S RN A JF 5 IR
A8 4 ok B R COL M, K FE B Hls UL 3R 4, 400 25 2R
L3 5.

R0 25 3 8 7%, LH-5—LH-35 48 i IX 8 & 2
MR K IR A2 R RAE R . TR E
FIK TDS{EEAR 1% X 5 AKX 8 49 1) % fidk 6
B BRI AR A FERBESN, COM
VNGB0 A D i A KR X HL R K 8 Ak
Az —E TUBK . DI T K B 5 RO R, B 5 R
# Il Na-Ca 5% Na-Mg 5 T 22 #t . H-14—>H-38 &2 it
X3 2 M N KBRS v, TDS i 1 L 32 5 21 78 &
YR 52, B4R I 1 km 28 & 451 R 7K &2 20 g/L(4
Hi R K Y 290) . X SR b R K O Bh o B 2 18, S5
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Table 4 Sample data used in inverse simulation

KEEGYS  pH Cl SO? K Na Ca*' Mg? HCO; KAk e 2 (m) 7K A (m)
LH-5 8.02 78 113 3.05 103 41.8 39.2 280 HCO;—Na-Mg 1037.2 5.3
LH-35 7.83 111 150 3.24 109 81.2 36.9 382 HCO;—Na-Ca*Mg 1035.9 4.8
H-14 8.06 196 198 2.9 400 27.9 37.3 611 HCO;3-Cl—Na 1029.9 3.7
H-38 7.78 447 234 5.4 521 63.5 66.6 911 HCO;-Cl—Na 1030.0 3.5

TE . BRARWIAL, B0 mg /L.

®5 FEENER

Table5 The results of inverse simulation

45y LH-5—>1LH-35 H-14—>H-38
H,O(mol-1. ™ 1) — —4.67
NaCl(mol-L. ™) 0.000 701 0 0.006 119 0
CaSOy(mol-L." 1) 0.000 377 7 -
CO,(g) 0.001 048 0 0.001 887 0
CaCO4(mol-L.7 1) 0.000 592 9 -
CaMg(CO3),(mol-L. 1) — 0.000 106 2
NaX(mol-L.™1) — 0.000 484 3
CaXy(mol-LL™1) — —0.000 242 1

MgX,(mol-L. ™) — _
NE R — 1.084

TE o R R R R, RUERR ULE " — " Rm RS 5 R

{ﬁ

T v a $h R I A KR e Ah , COLPER

’Tﬁéllbﬁ
Fl 5 D i W A, A0 B 0 ik A0 TG fife i e U 175 1
DX 35k P4 b R K Na® & B 488, #7176 Na-Ca 8 7 58
e 3

R B AE FH AT 1 2 1T K R Ak L R 5 W A2 R
IR 45 ] . HE DX A A 5 2 b T KSR e KAE R B
A3 A B9 T R B 3 m (MR 424, 2010) . 4R 4
K H-14—H-38 B A2 B4 45 1 ml A, #E XK 40
Hiy DX P 2 Ml T 7K R R R S5 R I 8 S 2 32 3 OK [W]
T B2 1) 25 R AR 52 ), 28 A 2 W X b R 7K R Ak
B F RNz — .

4 énlb

(1) BFFE XN ¥ 2 H R 7K 2 1A D Ja O 6l , 5% Ife
W JE S A A, HET AR L T K TDS 258 1~
2 g/L BSOS K 5 BLPE £ 2 TDS™>2g/L [ Jdi K .
i TDS 3 K, % 2 T K K fk 2= 2588 i HCO,—
Na-Mg-Ca 8 ] C1-Na % 52 J f 34.

(2) BT 7K AN 45 HE W AR 25 DA S KRR K 2 v
2 bR K 32 AR 2R R IR DX P b R K AR i AR
USRI 28 A TR Y 25 1 AR T 52 [ o7

ESt IR

(3) BF5E DX ML T 7K b2 i D9 32 2252 2 A XUk i
KRN, R0 BT R BRI T 28 & A in
FIRE R £ 2 KA K VR . 28 Kk 2 i 1 2 1R )2
b KR AR Y B IR R R R 0 A A 4 A IR i
FOAIF 2 X Jrd 50 1 b 550 A8 £ A 2 b R /K R Ak 1 22
R 2% . 28 K A 32 MR K K o7 B3R 45 1 7 o7 311 %
BV M IX 2% & AR R 2, K Ay B T2 MR KR
W7 s AL .
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