126 2019 4£ 12 H

Fi3sE  FE23 M gk TR 2 IR

Transactions of the Chinese Society of Agricultural Engineering

Vol.35 No.23
Dec. 2019

FTIE I /R FE BT IR X R R i TR =S (8] 53 AL A
AV AR, TR, GHFY HE s %Y

(1. BEELN KZKF S EARTREZEE, 2EASE 830052; 2. 35E/KSOKEIR LR AR 7T H O, 2EAF 830052;
3. HrsEh TR AR KOO TAE S ORBL, B 831100)

W E: T REE R R SEI T B X R AR AR IE KRR, 12 2 ISR BB S VR IR A A T R AR R BR
TSR BT K GRER<100 m) RGBT 8T, SEREY, PFRXah NKZEHEaammt, KuFSEa 0
HCO;S0,-Ca-Mg. SO,HCO;-Na-Ca. SO4Cl-Na:Ca (Mg) Fll C1-:SO,-Na BUNE . AL RECGHHE LR KW, B—g5EK
AR B R, AR R K X B K AL FE A B, R AR K B AL TR B B o T RIIR 2 AR /K Iy SO,7 . ik i [
fk (TDS) FAFRRHHTRI, S Habri0as AR 3 Wi FoK3 R, 87K Cly SO,> TDS stk BTt R,
R 2 7R 7K ) 2 IR PR AR A ) 3 A TR o TR A0 AT AN BR 2R AT 3, b R 7R 0 52 1 K1 2 ] 3 DA 7K S b ot 2% 11442 1)
(GWD). MR /KRBT (GW2) FIARIEEIRM (GW3) 3 25, GWI K TR EE, BTrRERER
HRREN VMGG GW2 28U FK A T 5, R ARSI R KB R AT R GW3 28t Rk 22
ST TR R A, MR AR SZ A RTE SIS R3E, KZ ROV HERE . A TE KR TS KR, K2

R K5 R FE R BRI

X4t BT o4 BES; Gt TR =t RETRK

doi: 10.11975/j.issn.1002-6819.2019.23.016
FESES: P6dl XHRFRERD: A

XEHS: 1002-6819(2019)-23-0126-09

i A BER, NEE, B, Rt 8O MEMHREARETERK AR TKBAEESmEMEJ]. K

A TF2FIR, 2019, 35(23): 126—134. doi: 10.11975/j.issn.1002-6819.2019.23.016

http://www.tcsae.org

Zhang Jie, Zhou Jinlong, Nai Weihua, Zeng Yanyan, Chen Yunfei, Wei Xing. Spatial distribution and cause of salinization of
shallow groundwater in the plain of the Yarkant River Basin, Xinjiang[J]. Transactions of the Chinese Society of Agricultural

Engineering (Transactions of the CSAE), 2019, 35(23):

10.11975/j.issn.1002-6819.2019.23.016

0 31 &

EWBET R T R HX, R K2 i E B A4k K
PR, REE R, s e RP, e REEE, H
RN T S IX O 2 BN KR R, N
WX &5 R BRRGIMERER. DEMRERHE, Lw_AH
SR FRIE 2 NRIE B2 T8 N KA . B YD
R 75N IR 2 o /K IR B AR FH & 2 A i 1 521 i X 3
NAKEA I EBHLHIP, AT K . AR R K AR Y
IKFINIBEE N TGS IR 2 S 80t R KA,
FT R X T KEBAL R, FETIRAN 7T RXHT
AOKFHW S SRR IR, &Mk, &
FHAF Hb T /K B2 R A L

AESR, ERG AT BRI AR
BRI e Gty A G i 7 iU R
F -3 R /KR BT 7R - Abu-Alnaeem 25546 Ny vy it e~
AR B R HEAT T o0 b, L GE it b 2 B i K N AR % it

Weks HiH: 2019-07-08 21T HHH: 2019-10-30

HEHH: HEKEARFAESTIINE (41662016).

M Tk A, WA, FENEH KBRS 5 T
Email: 7j4537@126.com

XIBEEH: R4y, Mt B, MELESm, EEAETRXHM K
PRSI LR BEER AL 225 7 T 4. Email: zjzhoujl@163.com

126 — 134. (in Chinese with English abstract) doi :
http://www.tcsae.org

KA B ECR, BRI B 4 SRR B HL T 7K R
PREFAERT 438 7 2514, Masoud 2844 K 173 M A2 VR 5
T SHGT E TGS S, /i 132 S Dakhla g
AR T R LA ) Ry, G SRR B 7R RN A
VEFI R R Rk i B &2, Hal, hgiit 2
St R A A AR SR R iR, N AR S R B4
TNABALRFAE, 68 5L (4 R bR KR 1) 2 R) 43 A R
P B a2l 2B e B AN SZELEMN—Fh
LRGN, R Ak B B AR e
R _E B R B AT 0 T iR, IR g A R
Ko AT al s N KB AT e M3, AN A R TR R
I R KR R R B A T AP R R RE ) R A
ARBOCREE LR BRI, HEg R 51T
KBACRFEZ N o3 A, ATk — 2B PR iR 2R 8 5 4
TAKBLHI R R -

ARG % Zagit ot KBRS AT
B, oM sE et R FE I AT I X R R KR A
(B 3 A RFAE S R, AR T 52 b X7 76 1R 7KK 5T
SR BEER IR AR, R B XH R X IR K 2 e B — €
HIENSE = S

1 FFREXER
MR G UL T i BRI P ML &, M



%23 1 H o ANEE: SBTEEI R IEITATIECT S DX 2 M R AR A 8 23 A B 127

AbWE A X ZR 3R, H R IET] L BN IAT A T ]
L& T 4 46 FERA KR!, b n] 2 NEg
XA F IR X 2 K¥ o, ARXELSEN 11.9 C,
BEKFR D, B, FRFKE 52.7 mm, FAEKE
2454 mmP, PR X UM A N R, S R R K
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Fig.1 Regional hydrogeological map of plain area of Yarkant
River Basin
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R K Z I 52 DK RlK #h 45  BONE K, KAZ B 2%
PEREF. R MR R, Al 2 SR SR 9 K - 7K
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2.1 HTKEHSMIK

2014 4 6-7 HAEM /R IETIRIBT B X R AR ZH T
AKOKEE 72 4 CREES LB 2) , FFIE<100 m. HAiEK
IKFE 39 4 CB—S5RIIB K 17 41, AREKIX K 22 41
HEA L KKFE 33 2. BIZIMER RKR pH. 7KiR.
A (DO  EMEJEHBAL (Eh) « S%E (EC) ,
pH. Eh Hi/44% (HANNA) HI98121 2= 5E Gl 5E .«
BURERT, FFTBUKBRREGEE 2068 RHI 3 Ik, F 0.45 um
(I TR 2 D B 98, BHES 43 BT BRI /KRE D A PR TR AL 22
pH<2, WHUF bR 2 EHRAT

P A LE r [l o o 272 B 7K ST o A6 455 b o AFF 5
FER SR KA I 0 58 o KR Na™ i F KM TR TR i 23
N E, Ca®t. Mg*'. HCOy. COy> MIEAEE (TH,
PL CaCOs i) KH 4 & DU .82 — 4l & vk, CITNANIR
RARVE, SOS NR R EL Myl i , AW R ER A
0.05 mg/L; NO;RH S5 BEE#HAT I e, AT
PR 0.02 mg/L; ¥ & 44 (total dissolved solids,
TDS) FH HF R MP8-1 5, 4 HFRA 0.10 mg/L.
AKORE TR 3 B CHh R K BR B MR DN R M )
(HJ/T164-2004) HHATRE. A7 M. Bl KFERIBH
B TPATR ZLMEAN T 5%, BT 987,
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Fig.2 Location map of groundwater sampling points
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FIHRAE 73S HE . bRH . B, K3, g
FHHAB A Hh 2L 6 PR,
2.3 HURAEFE

BT 15 R % (salinization coefficient, SC) i &
R KSR FE FES,  FLAE O TR T K R R B
&, AR

C.
SC=——¢ (1)
C +C

HCO; co¥

Rl SC A FARBILRE: € v Cpy v Copp AN

R AKKFEF ) CI. HCO5« COs™ K, mg/L.

PLCI' SO TDS & & yfibn, Bt (K
A S R B AT T AR R S TR REAIE o 2278 e R Y
HEEREAE & IES S AP, SHEFR T ES M K-S
(kolmogorov-smirnov) 5% 5, KH GS+9.0 435l v
IKANIREAFEIK CI\ SO, TDS 1748 R ik B M RS HL,
ST S FEAR A A G . B ArcGIS10.2 #iZeTHSE (1)
e, HL e A 58 S AR AR 1 TR A A B, SR A8 XSS AIE Y
T3 ER v B AR RS BE AT VR, DAORUEAS o1 B otk

1z SPSS BAF AT HAR it /b« R4 B F SR
M. BRIF MR, XK AR 2 A8 bR I AH S0 TR R AT
KMO (kaiser-meyer-olkin ) £ 36 il Bartlett K JE 6 5%
(bartlett test of sphericity) , K 357 Hrize PURHIE
8, EEFEE KT 1 MRFENERF. RARH
e (BoRMIRL N TR SR R AKRE & 0 T
555, SHRFE23H1T K-means R CEA M
SEERBERR A |, 45 G0 AR % B4 Hr i R K
JRA I S R 2

BT R # S, 12 PHREEQC #AFTH5A4)
HIFIFEEL (saturation index, SI) , HIWrH WUiiE A MRAE
Mo 2 SI<0 I, TRzl AL T AMALRE: SI>0, #

TN AL THIATIRZS s SI=0, FaR/KEW S50 W) 1E4F
A FFHRRASRTY . ST
IAP
SI= lgT 2
A SI AW W FFEE; TAP (ion activity product) AH”
WOV A S PR OGBS 1 RIS AR K O s i SRR T
1 4
BB EE (sodium adsorption ration,, SAR) HJ DA%
W Rk Na" 58 KABH Ca®'. Mg™ RAER 72 Hufk
F, AR, TUIBH B F A He AR o SAR 154 BB

+

c
SAR=—— N2
Cy +Co

A SAR NIHEL: C v C v Coo PHINIT

AOKEEF ) Na*y Ca*'. Mg ¥, mg/L.

K H Origin9.1 #BAF 2 B 1 LS, P Pyt
TRERE F LA TR F oM RIS 4 8, BT /R
FETAIRT IR X 7R 2 H R K sk A

3 HREN

3.1 TRk FASE

ORI S X I R KA FRHEANER 1. 317K pH
5N 6.91~8.07, Erhitokgatlit. #—E5MEK TDS Yl
4366.70~2 688.00 mg/L, ¥JME A 125242 mg/L; 7A&HIKIX
/K TDS Vi 633.40~6 384.00 mg/L, ¥J{E N 3 132.60 mg/L;
HRIZAEIK TDS JEH N 522.60~8 910.00 mg/L, ¥J{EA
3014.98 mg/L. ANEE/KEM FKILERRGAEER, B
— 453 7K L HCO5-S0,-Ca-Mg Al SO,-HCO;-Na-Ca %Ky
T AEKX KN LA SO, Cl-Na-Ca Al SO4Cl-Na-Mg %
NE: RIEAEKKAMF R EEAH CI'SO,Na,
SO,4-Cl-Na-Ca P\ }2 HCO;-SO,-Ca-Mg %4,

(3)

F 1 MREMRETRERX T REFEREITR

Table 1 Statistical of hydrochemistry parameters of groundwater in plain area of Yarkant River Basin
B—ZEIEK (N=17) AR KX TEK (N=22) HEREK (N=33)
Ei=ton Single structure unconfined groundwater Unconfined groundwater in confined area Shallow confined groundwater
Parameters HfE Be/ME KA B e/ ME KA E /Ml [SONIEI
Mean Minimum Maximum Mean Minimum Maximum Mean Minimum Maximum
pH 7.67 7.05 8.07 7.40 6.91 7.99 7.54 7.01 7.84
K' 10.67 5.61 20.14 40.59 8.92 101.60 2041 6.48 85.60
Na' 160.52 28.60 389.10 508.30 73.02 1432.00 604.17 43.81 2 069.00
Ca> 163.25 60.83 437.00 282.54 69.20 565.50 234.73 63.78 589.20
Mg2+ 63.74 18.16 149.60 168.87 41.85 360.20 138.57 35.56 401.40
Cr 197.05 36.95 431.10 566.07 83.40 1 636.00 734.02 51.03 2595.00
S04~ 520.39 9791 1 666.00 1309.35 194.20 2 656.00 1 098.77 130.80 3353.00
HCOs3” 222.64 78.93 370.70 464.10 267.40 680.70 327.85 145.90 522.70
NOy 13.99 0.88 35.48 2.33 0.20 31.72 2.59 0.20 14.80
TDS 1252.42 366.70 2 688.00 3 132.60 633.40 6 384.00 3014.98 522.60 8910.00
TH 670.41 226.70 1671.00 1400.93 362.80 2 670.00 1 156.06 345.30 2 960.00
DO 4.46 1.40 7.19 1.81 0.57 4.65 2.90 0.80 551
EC 1 840.82 573.00 3030.00 4071.36 1 040.00 8 680.00 4264.33 827.00 12 030.00
Eh 178.94 103.00 262.00 74.64 -72.00 189.00 111.52 -58.00 240.00

FE: NOAWKPEE TDS. TH. DO. EC. Bh M BUNIEMRMES R (. B, wme. BS%. AWEEHBAL, pH AKES], EC A Eh A5 mS-om™

A mv, HRWFREAN mgL's

Note: N is groundwater sample number; TDS, TH, DO, EC, Eh, are total dissolved solids, total hardness, dissolved oxygen, electrical conductance, and the
electrochemical potential relative to the standard H electrode, respectively; pH is dimensionless; the units of EC and Eh are mS-cm™ and mv, respectively; units of other

parameter are mg~L'l.
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3.2 HT/KELIEE
HFKSCHREIA<1. >1~2. >2, HHERE
ALK OB K L RA K . R 2 R, A KR
KA K B B B T (45.83% ), Hk N R K
(29.17%) , TURK LB EK (25.00%) o H—4,
P K i R AR K LA 47.06%,  fUSTE K . Rk

IK A1 23 5 9 29.4 1% 23.53%, Jali Ak A 5 HH X 45 = o
AR 7K DX K A Bk K BB A R (50.00%) R
K EE Bl 36.36%, Jitb K ELBIA 13.64%, itk FE
FEAR T 8% v 2 AR KU AL K LR A 15.14%,
KR A K BB R 42.43%, Rtk K EL B IA 42.43%,
AL TR P B

x2 WTKEBILRE

Table 2  Stalinization coefficient of groundwater

B —EE R TEK

AR KX K

AL R HL 2K Single structure unconfined Unconfined groundwater in PR HOK
L All sample Shallow confined groundwater
Salinization groundwater confined area
coefficient FEAKL =8l HEAH =a ] AR =a] AR =a]
Sample number Ratio% Sample number Ratio% Sample number Ratio% Sample number Ratio%
<1 33 45.83 8 47.06 11 50.00 14 4243
>1~2 18 25.00 5 29.41 8 36.36 5 15.14
>2 21 29.17 4 23.53 3 13.64 14 42.43

3.3 HTIKELE B 9 FHFHE
3.3.1 MTF/AKCL. SO, TDS #9721 & Fd4

XTI K CNARAIEZS (B G (A IR S, 28 (R 23 T i
B — SE R KRN A K X K& FE A ) Rk 2 A K
ClI'. SO TDS HliE 7T IEAMERG G, FRIEK TDS 4h,
HARBEARBIAWMMIES A6, S, H P (K-S
5 (AR T2 7 R E KT 0.05, IR IERS A0,
FFE 2P BB R, R 3 AT, RIERIEK
B CIR BRI AL AL, HRTEPR R iy, 5%

SRR, TeR A R (g RED M RSS (i
INFRZESE ALY 43 IR 1 A0 0, 28 BB A U 250 5
L33 SaaR

Bep, MRS HSEAHEME, RUEER
A SCIERRE . RN <0.25 I, 43 [A] [ AR Sk 8
B >0.25~~0.75, ERESRE AL >0.75 B,
2 [ AH e M gL 31, WK AR AR R /K CT's SO,% . TDS
RGN/ T 0.25, K AERZAIEK CIL SO
TDS FL A H 5 I 2 A AH 1

£3 BKIMEEREKCl. SO TDS HETREMRE R IEXSH

Table 3 Semi-variation and related parameters of CI', SO,*, TDS of shallow unconfined and confined groundwater

heE

ESit| EELA i bty et

RO YR 57

. 2
Type Parameter Semivariogra model Nzxcgog)et ( CSO IJPC) Co/(Co+C) Range (49)/km R RSS
ok cr [ 0.019 0.169 0.112 40.704 0.741 0.009
12 7]
Unconfined SO TR 0.023 0.137 0.168 34.540 0.722 0.006
groundwater . "
TDS TR T 0.018 0.097 0.186 41.086 0.814 0.002
- cr BRI 0.042 0.304 0.138 62.003 0.855 0.013
RIZ A K
Shallow confined SO [ it 0.020 0.161 0.124 42.950 0.844 0.005
groundwater . "
TDS TR T 0.029 0.162 0.179 60.533 0.803 0.007

3.3.2

HFKCL. SO5

TDS %= 8] 5 A5 45 4E

KE Ko RIEKXEKZHFRKINEG IR, HFKZR

ArcGIS10.2 5 L& i 58 X3 1E S H 135 77 Mm%
(root mean square error, RMSE) #f&T 0, FreEX TR
%% (root mean square standardized error, RMSSE) 4%
T LI, SRS R KRR E KR K CTL SO
TDS A/ E IR Y25 RMSE 1 RMSSE 45l T
—0.073~-0.032 1 0.931~0.999, RMSE #J#%i/r 0, RMSSE
BT 1, RGNS B m, PR BUSR b (123 )
IR o

IR FE T R X K Cy SO,7 . TDS 28 (8] 43 Aii
BONARL (B 32) , Ak EBEALE RS, BT
RNAKBEFITIE, CI. SO TDS BN, w2 |
/K CI'v SO, TDS 43 5%1/F 100+ 500, 1000 mg/L, [
o T B — A KA K DX e 3 L S DU A G B v, X AT g
A5 VAR Xt A R PR P JR ) X ¥R e LB S b T K R A

Rugy, ZRIRGENE IS SE CI. SO, TDS X R & #
— SRR s A, WA IX R A L g A
A E PR T K CIy SO, TDS AHX i, W AE S
52 B A HE WL N B2

HIEAEK CIy SO, TDS 5 3 v A% A AH 7] 43
MEEAE (B 3b) o HRIZKE/K CI'. SO TDS %
s BRI K XK R, TR R KA T — AN B
PIFREE R, ACEER BRI, & KA B I 4 %
{15 7K 3 5 TR T o A R K X B EB ) CILSO4% s
TDS MM HAK, X550 — 45 E KT KA H L B
REFEMWHEAE 1 AR, X 0] B8 2 IR JZ A& %K (%
H 4 X R 2 7K S 7K TDS<1 000 mg/LU) 7 #4535
BRI ML SRENM I EEX, XhE
NE SR
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-—++ 7R JE /K #Confined water boundary T MFSEIX Research area 050 10hkm
78°0I'0”E 80°0:0”E 78°0'0"E 80°0'0"E 78°0'0"E 80°0'0"E
1 1 1 1
z z Z
o o o
(=l (=0 (=0
) ) )
< <t <
. TDS/(mg-L™")
Cl‘/(mg-L‘ ) Sog./(mg.L-l) <1000
<100 <500 s >1 000~2 000
% >100~300 (€ >500~1 000 g 2 000~3 000
o1 B >300~500 oA 1 000~1 500 =3 I >3 000~4 000
& B >500~1000 | &3 =1 500~2 000 E I >4 000~5 000
-1 000 -2 000 -5 000
a. WK
a. Unconfined groundwater
78°(?'0"E 80°0]'0' E 78°9'0"E 80°q'0”E 78°(l)'0"E 80°0|'0' E
z S0z Sz X
R gutCa S S e
=N =N o
) ) )
< < <t
TDS/(mg-L")
CH(mg-L") SO/(mg-L") <1000
<100 <500 >1 000~2 000
z 100300 | £ [ >500~1 000 z 2 000~3 000
o7 B >300~500 o7 '\. [ >1 000~1 500 = >3 000~4 000
= ‘ m.-500~1000 |2 Sl B-1500~2000 | 2| N ) >4 000~ 5 000
. | 000 - 000 .5 000
b. HRZKIEK
b. Shallow confined groundwater
B3 Bk EAREKCE. SOF. TDS % 4% B

Fig.3 Distribution of CI', SO,*, TDS of unconfined and shallow confined groundwater

3.4 HTIKEL R E 5
3.4.1 BFoHr

WRFFEIX 72 LHIKEERT 14 TUKAL S AEAR BT I
H KMO 565N 0.594, Bartlett BRFEAS 56 5 25 1 7K -/
T 0.01, FIAEHEEA — & AR, 7T LUK T P
I T7 22 B R e B 3 v B 1 4 R O 1) e 6 TR A 380
[, SERE 4. ERT Fl. F2 A F3 5TERE0 518
49.38%. 19.53% A1 13.52%, H BT HEN TR N
82.43%. T[T 5 PIFHRYETRTS, LABAT 1 4 XHE
For, BT LiRHE>0.30~0.50. >0.50~0.75 F1>0.75 435
Fonf g, . kel

K7 F1 EEFRAH Na™s Ca®. Mg*". CI'. SO,
TDS. TH & EC, FRBHL R /KB 3 2252 K SO 2644
i, R KIS IS R A AV R S I R R K R
FAER, ks (Na's CID) .« FfEf (Ca*'s HCO3) .
FE (Ca¥y SO Mg (KD . ZEEER (Mg™)
S TR0,

K7 F2 1, HCOy Ak, KAH MR R (3
iR 0.686) , e HIHE N 7K 52 B IR 5 AN 5 B 7 SR I il o
BE RIR TR KNG o Bh4h, pH B BRI Sk St (3
i N—0.739) , F B /K PR B BRAEE 5 db T 7K R Ak B ma 35K

KT F3 5 NOy A5, Eh f1 DO FAH M
B0 BT 904 0.700 AT 0.628) o« NO5 IR e it T
AKIER 2 B NS B US), Eh BRI IE R B

FUAEX RIS FERE, DO R R/K A B 1% RE 7 1 EH AR
B, F3 Rom AJ9is Gt R /K s 5 .

R4 HTKKUFIERAINER: B F R ETER
Table 4 Rotation factor loading matrix of groundwater
hydrochemical parameters

Fakr [Xl ¥ 34 Factor loadings
Parameters F1 P F3
K 0.443 0.686 -0.070
Na' 0.937 0.025 -0.211
Ca*" 0.825 0.397 -0.077
Mg?" 0.838 0.440 0.187
cr 0.933 -0.011 -0.196
SO~ 0.903 0.323 -0.143
HCOy 0.012 0.814 -0.305
NOy -0.182 -0.048 0.812
pH -0.325 -0.739 0.132
TDS 0.956 0.218 -0.186
TH 0.858 0.432 -0.137
EC 0.956 0.153 -0.189
Eh -0.248 -0.246 0.700
DO -0.079 -0.525 0.628
Percenty;\'fﬁ\j/‘aiance/% 49.383 19.528 13.520
Rt TURE
Cumulative percent of 49.383 68.911 82.431

variance/%
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3.4.2 FRESH

o bR 7K KRR 2 R 15 0 #E AT R 2R
FORIK SO 26075 (GWD) o MU R /KAb 23R8
(GW2) FINATES#M (GW3) 3 2K,

g

GW1 i R /KE 42 4 CR— 25 Rk . A R K X 8

VLTI N

A

KA Z AR R K3 A 8 41 14 41R1 20 41) , 5 s Kk
1) 58.33%. GW1 M0 /KAE %2 R F SR Y h 35 43
fi (B 4a) , HEHEET K. Ca®'s Mg™. CI'. SO~
Je TDS ¥IMEALT GW2 Al GW3 (J& 4b) , F WL K
W2 IR E A BRI FE R, R FR BE AR X UK

77°0'0"E 78°0'0"E 79°0'0"E 80°0'0"E 10 000 i ;
! : «
7R « GW1 :
. *
Z N Z i
< e .,.r‘; N #* GW2 L L ¥ i x ¥
31 S S8 , : '
g A gler il  Z 1o xOW3 L% #
< .- < g H yhd
g g Wl ox e ¥ %, 3
z o Z 5 AT x ¥ *
o Y 2 < GWI1 =) Q |
= Se.0 © LS 2 #ri
=3 7 4 = - i
g 4 f%%c . GW2 s 3 100 v :
qgfg. o GW3 g
o8O . 15} o
Goeh e i Cultivated land s »
Z 5 e z o
g /E"/“} :%\ b Forest < 3 1ok ¥
51 © 5o HithGrassland S iz e e v
x = | I /K 5 Watland X gm ot
500 40 80 km M VS HiBuilt-up land Wy %
Ho At F HhOther land 1 ; ;
77°00E 78°0'0"E  79°00"E  80°0'0"E pH K Na© Ca* K» CF S0% HCO; NO; DO TDS
a. b kA ) 4y A b. M R KAK AL AR bR
a. Map of spatial distribution of groundwater b. Mean value of groundwater hydrochemical parameters
F: GW1. GW2 M1 GW3 N FACGKFER MM, pH AR, HAIRIFALN mg L.

Note: GW1

, GW2 and GW3 are clustering types of groundwater samples; the pH is dimensionless; units of other parameters are mg-L™.

B4 ZBEBTREESAEASTHER

Fig.4 Map of spatial distribution of groundwater and mean value of groundwater parameters

Kl 5a o, REHG T KFERBRIR s i H =
i EAHREEL (Slpsomies Sleaie) K T%, WHHZ
A TR ISR, U YEMRSs, BT IR EOT
e HaAbiiE. X, RS mARE T §E
Je T RERR B ML I FE b Ca®t s Mg i N\ i it Bl
A AEMBAEE Shies Sloypam) DTE, HBH

TDS Nt A8 R Ha 4 BT+ (18 5b), RHIK K+ TDS

3G AT B2 52 3hoa MR B S5 28 a0 i 2 i o
1.51 2r
5 o ¥ g
< 1.0f X% =t
R= « - = O B R R T TR NS
g osl :w% ?X . 45 ﬁ&%y&f * *
B A EE e . ox 0 Eof
] S « o =4
R e—
%! £ ?
= £« -4 x
w05 g -8l = L5
\% M Dolomite Calcite H‘:é 6 . %%&55‘& *
® -LOpT ~ # fx ) XSII—lam ﬁSIGypsum
¥
-1’50 2000 4 000 6 000 8000 10 000 -80 2000 4 000 6 000 8 000 10000

peed S RSN
Total dissolved solids/(mg-L™)
a. A=A MJT A s 4

a. Saturation indices of
Dolomite and Calcite

H5 TR YaFFa4E TDS X £

Fig.5 Relationship between saturation indices and TDS in

peed S RSN
Total dissolved solids/(mg-L™)
b. AR E WA

b. Saturation indices of
Halite and Gypsum

groundwater

GW2 I F/KA 11 4, (5EIKFER 15.28%. Na'.
Ca’™*. Mg*". CI'. SO,~. TDS faFrIgME7E 3 25: Rk
i, EESA TR, R GW2 M N KBALFEE 5
1, S NFIESNEZ AR E N . GW2 F11 82.82% 117K FE
BTREAEK GRIEAEKE 9 4H, H—g5fiE KA
RIEEKSA 14D, FARK T XS AR RE,

=7

TZIREE LR KRR AL R R AR R . MR 1
TRR, ATULABIEKERRAEREZREESE. B
6a fn, KEFUKFAL T ARMLLL L, Wl Nak
T A EMAE AN, BRSSP B m ™,
K 6b {7k, SAR 5 TDS MIEA KK R (R*=0.773) ,
B, TDS 3 SAR fEER A, 55738 e AR H & . GW2
MR /K SAR T GW1 1 GW3, [l GW2 H45 k36
IIKEEE T AR K, HH R KBREIEZE, KR
K, TR, LERTIAR K, 343 Na™5 Ca™'.
Mg™" 22 I (58 5 W B A6 FE S o CARD 45 P O B
P Na™ & A B 72 B E T, Ca i B 4 - BT Bt
B—3#4r Na*, SoKd Na'Tha, i T AKGE T sdk.

100 .
“GW1 y=1.168x+1.485 . ;g1
| cGW2 ~ R=0.9675 . sl G
30T .Gws A - GW3
O R K8 121
2 o =5 1=0.002x+0 814
g e =S ol )
= o N R2=0.770
3 4of (R £% :
s LR = :
“ R 5 6 ¥,
0f 2 T g,
2 5l
0 L L L L J 0
2040 60 80 100 0 2000 4000 6000 8000 10000
Cl/(meq L") HERRPE 24 16

Total dissolved solids/(mg-L")

b. Htt F/KSAR-TDS X R A
b. Relationship of SAR-TDS in
groundwater

a. Hh R /KNa-CIk R K
a. Relationship of Na™-Cl- in
groundwater

B 6 HTFHKF Na-Cl'F= SAR-TDS % % B
Fig.6 Relationship of Na'-Cl" and SAR-TDS in groundwater

19 ZH/KFEJR T GW3 2R3 R /K (F—Z5 )38 K 8 4.
FRIETEK 7 4. BEREK 4 4, HEKEER 26.39%.
NO;HME & 3 8t Pk s, FEE T Na'y Ca’'s



132 Ll THE2AH (http:/www.tcsae.org)

2019 &

Mg®'\ CI'. SO J% TDS ¥{E%: GW1 %, 8T GW2.
F B TR A, 2 NSk,
W7 X Hh R 7K NO;VE A 0.20~35.48 mg/L, R4
(M RKFEAME) (GB /T14848-2017) 4035, 1 3%
(<2.00 mg/L, 39 4) . 112% (>2.00~5.00 mg/L, 14 41) .
2% (>5.00~20.00 mg/L, 14 #H) . IV (>20.00~
30.00mg/L, 341) . V& (>30.00 mg/L, 2 41) HiF/K
I3 AE BOKEER) 54.17% . 19.44% . 19.44% . 4.17%F0
2.78%; IVFEAIV K FKHN 6.95%, BiEHHL TK3ZE]A
FKIEANFM . HE 1 TR, EKH NOy R K E
BORIE RS, R KZ N TG R ERGRZ AR K
Ko FIE/KGHRBEREY], B2 NGB,
At FH AL AEBEERE K R iB 5t R /KI5 4, AR5 7K
5 TR K AL A HE N R K@ N385 e
T, SEG AR TR TR AR, R K
JEK 2 NG YRR, AH— 2 il T2 A 25
FEHEH, fERREKZEBIBIR, Zi5 3R Emn L T

IKISHEET B, SBEER R E K15 Y2,
4 2 it

1) M/RIEFRIECF R X R K pH JEFEA 6.91~
8.07, EHPEELFIHME . KL BL HCO5-SO,4-Ca- Mg,
SO,HCO;-Na-Ca. SO,Cl-Na-Ca (Mg) Al Cl-SO,-Na %!
NE. BRI R B K L 47.06%, AL
K ALK ELI1 43 3R 29.41%F1 23.53%, AL AR B AH 6T
Bems AEKXIE KRB K FOsK . BifbK b
1153514 50.00%- 36.36%H1 13.64%, FALFEEARRT U
RZRE K AR K A 42.42%, BUSAEK. Btk
IKECB 3 9 15.15%K01 42.42%, AR B s .

2) KRR ZAEKIB R K CIy SO~ TDS *%
e, IRANIESSAM. 2R R 0 E 2 RE WS I8
A e MERC TR . K CIL SO4% . TDS 23 ) 43 A N
FAL, Ak R E R AL R R 3 HRIZ AR K CTL SO.” .
TDS 2 EARAEA A AR RREAE, BT AR R KA SR e A,
KEVER T, 87 P AR R K X B 7K

3) BT R B R 7K R 52K SCHL T SR A 7K AK
SRR TG R = . BRI R GWI1 OK
SCHUBR S KRN 58.33%, BRI S
RUYA o A, 7K S B o R 6 Bl 7K Ak 52 i A K
15.28% 7K FEJE T GW2 (Hb F/RKAL2E g om) , 5
I3AE TR, R IK AL 2 KA S IR BRI R s 26.39%
KRR T GW3 RIS, 404 THEHRI %
R, 52 N A& BRI .

(& £ x #

[1] Lin Jingjing, Ma Rui, Hu Yalu, et al. Groundwater
sustainability and groundwater/surface-water interaction in
arid Dunhuang Basin, northwest China[J]. Hydrogeology
Journal, 2018, 26(5): 1559—1572.

[2] Huang Tianming, Pang Zhonghe. The role of deuterium
excess in determining the water salinizationmechanism: A
case study of the arid Tarim River Basin, NW China[J].

(3]

[5]

[6]

(9]

[10]

[11]

[12]

Applied Geochemistry, 2012, 27(12): 2382—2388.

RUE, SR, e, B EORRHP IR IXIR AR K
R AT, ANREEW, 2017, 39(5): 72—75.

Lin Li, Zeng Yanyan, Zhou lJinlong. Cause analysis of
salinization of deep confined groundwater in Tarim Basin
Plain[J]. Yellow River, 2017, 39(5): 72—75. (in Chinese
with English abstract)

Li Qiao, Zhou Jinlong, Zhou Yinzhu, et al. Salinization of
deep groundwater in plain areas of Xinjiang: Causes and
countermeasures[J]. Desalination and Water Treatment, 2014,
52(13/14/15): 2724—2733.

Jia Yongfeng, Guo Huaming, Xi Beidou, et al. Sources of
groundwater salinity and potential impact on arsenic mobility
in the western Hetao Basin, Inner Mongolia[J]. Science of the
Total Environment, 2017(601/602): 691—702.

i, ZE, #EE, &R R KRR
BRI [T). KOs TAEHbAR, 2019, 46(4): 10—17,
57.

Wang Yushan, Li Shu, Li Haixue, et al. Groundwater
salinization characteristics and controlling factors in the
Haiyuan Basin[J]. Hydrogeology & Engineering Geology,
2019, 46(4): 10—17, 57. (in Chinese with English abstract)
Pulido-Bosch A, Rigol-Sanchez J P, Vallejos A, et al
Impacts of agricultural irrigation on groundwater
salinity[J/OL]. Environmental Earth Sciences, 2018, 77(5):
197.

Li Qinghua, Zhang Yanpeng, Chen Wen, et al. The integrated
impacts of natural processes and human activities on
groundwater salinization in the coastal aquifers of Beihai,
southern China[J]. Hydrogeology Journal, 2018, 26(5): 1513 —
1526.

Zhang Xuedi, Qian Hui, Wu Hao, et al. Multivariate analysis
of confined groundwater hydrochemistry of a long-exploited
sedimentary basin in Northwest China[J/OL]. Journal of
Chemistry, 2016, 2016:3812125.

Mohammed B, Driss O, Salah O. Characterization of
mechanisms and processes controlling groundwater
salinization in coastal semi-arid area using hydrochemical
and isotopic investigations (Essaouira basin, Morocco)[J].
Environmental Science and Pollution Research, 2018, 25(25):
24992 —25004.

X, Stk DiE, % SEMNVEEE RERE N KR
REAE B Ho om0 0], /KB, 2019(5): 71—76.

Liu Hongwei, Hu Yunzhuang, Ma Zhen, et al. Characteristics
of shallow groundwater salinization and its indication in
southern Laizhou Bay Area[J]. Water Saving Irrigation,
2019(5): 71—76. (in Chinese with English abstract)

Masoud A A, El-Horiny M M, Atwia M G, et al. Assessment
of groundwater and soil quality degradation using
multivariate and geostatistical analyses, Dakhla Oasis,
Egypt[J]. Journal of African Earth Sciences, 2018, 142: 64—
81.

Kazakis N, Mattas C, Pavlou A, et al. Multivariate statistical
analysis for the assessment of groundwater quality under
different hydrogeological regimes[J/OL].
Earth Sciences, 2017, 76(9): 349.

Environmental



23 8

H o ANEE: SBTEEI R IEITATIECT S DX 2 M R AR A 8 23 A B

133

[14]

[15]

[16]

[18]

[19]

[21]

[22]

Abu-Alnacem M F, Yusoff I, Ng T F, et al. Assessment of
groundwater salinity and quality in Gaza coastal aquifer,
Gaza Strip, Palestine: An integrated statistical, geostatistical
and hydrogeochemical approaches study[J]. Science of the
Total Environment, 2018, 615: 972—989.

Arslan H. Spatial and temporal mapping of groundwater
salinity using ordinary kriging and indicator kriging: The

case of Bafra Plain, Turkey[J]. Agricultural Water
Management, 2012, 113: 57—63.
WA, ERER, BE, & ETERSIES T TREXA

T2 N XA K R I 2 0 SRR AL (0] ARk T ARE 2 4R
2019, 35(2): 80—289.

Xu Cundong, Wang Rongrong, Cheng Hui, et al.
Spatial-temporal distribution of water and salt in artificial
oasis irrigation area in arid area based on remote sensing
analysis[J]. of the
Agricultural Engineering (Transactions of the CSAE), 2019,
35(2): 80—89. (in Chinese with English abstract)

EaJ, B, KA. RO LI XA K A
FEPE S (AR SRAFAELT). RV TFESAR, 2018, 34(18): 138—
145.

Wang Quanjiu, Bi Lei, Zhang Jihong. Spatial variability

Transactions Chinese Society of

analysis of large-scale soil water, salt and heat characteristics
in Baotou lake irrigation area of Xinjiang[J]. Transactions of
the Chinese Society of Agricultural Engineering
(Transactions of the CSAE), 2018, 34(18): 138—145. (in
Chinese with English abstract)

K5, FBALTT, REJG, & mEF AR AR
AL RIS AT FRERY:, 2019, 40(6): 2686—
2695.

Zhang Yong, Guo Chunqing, Zhu Yanguang, et al. Chemical
characteristics of groundwater and material sources analysis
in Buckwheat field, Yunnan Province[J]. Environmental
Science, 2019, 40(6): 2686—2695. (in Chinese with English
abstract)

Chang Jianxia, KanYanbin, Wang Yimin, et al. Conjunctive
operation of reservoirs and ponds using a simulation-
optimization model of irrigation systems[J]. Water Resources
Management, 2017, 31(3): 995—1012.

Tang Hong, Yang Degang, Zhang Yufang. Food security and
agricultural structural adjustment in Yarkant River Basin,
northwest China[J]. Journal of Food Agriculture and
Environment, 2013, 11(1): 324—328.

M, Fede, CPTYE S5 HTER A X R K
TR AR S L B SRR R A 0], e, 2016,
35(6): 1203—1211.

Luan Fengjiao, Zhou Jinlong, Zeng Yanyan,
Distribution characteristics and enrichment factors of fluorine
in groundwater in typical areas of southern Xinjiang[J].
Environmental Chemistry, 2016, 35(6): 1203 —1211. (in
Chinese with English abstract)

BB, AR, VERL BB RSSOk R AR
FHIE R FAMAFRIE T[], S EHE, 2008, 35(2): 331—
336.

Wu Qiangian, Ren Jiaguo, Xu Mo. Isotope features and

et al

supply sources of groundwater in the Yarkant River drainage

[24]

[25]

[26]

[27]

[29]

[30]

[31]

area, Xinjiang[J]. Geology in China, 2008, 35(2): 331 —336.
(in Chinese with English abstract)

Xgdat, ESCE, R, & 20 A0 80 EAURLIRPE
M P AR A B R AR AE 5 S AR R (D], M EE R
2014, 69(1): 3—14.

Liu Jiyuan, Kuang Wenhui, Zhang Zengxiang, et al.
Spatiotemporal characteristics, patterns and causes of land use
changes in China since the late 1980s[J]. Acta Geographica
Sinica, 2014, 69(1): 3—14. (in Chinese with English abstract)
B, b, BEY, & ONLEHR R KR
Oy AL B SR R 2K A [T]. SR B R, 2016, 37(5):
1699 —1706.

Wang He, Gu Hongbiao, Chi Baoming, et al. Distribution
characteristics and influencing factors of nitrate pollution in
shallow groundwater of Liujiang Basin[J]. Environmental
Science, 2016, 37(5): 1699—1706. (in Chinese with English
abstract)

Mz &, Goter, Fede, 55 s T HE SN IX 15
G A A G AR AE S R R 2R ). AU F AR, 2019,
50(4): 263—273.

Chen Yunfei, Zeng Yanyan, Zhou Jinlong, et al. Spatial
distribution and influence factors of soil heavy metal contents
in oasis area of Yutian County, Xinjiang [J].Transactions of
the Chinese Society for Agricultural Machinery, 2019, 50(4):
263 —273. (in Chinese with English abstract)

Cao Yingjie, Tang Changyuan, Song Xianfang, et al.
Identifying the hydrochemical characteristics of rivers and
groundwater by multivariate statistical analysis in the
Sanjiang Plain, China[J]. Applied Water Science, 2016, 6(2):
169—178.

Luo Wenting, Gao Xubo, Zhang Xin. Geochemical processes
controlling  the chemistry
contamination in the Yuncheng Basin, China: An area with

groundwater and fluoride
complex hydrogeochemical conditions[J]. Plos One, 2018,
13(7): 1—=25.

B, MOEER, #EEAR, A SFFFRRR B AR AL
M), AKFIZAR, 2014, 45(7): 815—827.

Li Xiao, Lin Xueyu, Du lJizhong, et al. Analysis of
hydrochemical evolution of phreatic water in Qiqihar City[J].
Journal of Hydraulic Engineering, 2014, 45(7): 815—827. (in
Chinese with English abstract)

Ferchichi H, Farhat B, Ben-Hamouda M F, et al.
Understanding groundwater chemistry in Mediterranean
semi-arid system using multivariate statistics techniques and
GIS methods: Case of Manouba aquifer (Northeastern
Tunisia)[J]. Arabian Journal of Geosciences, 2017, 10(23):
530.

Kaur L, Rishi M S. Integrated geospatial, geostatistical, and
remote-sensing approach to estimate groundwater level in
North-western India[J/OL]. Environmental Earth Sciences,
2018, 77(23): 786.

WU, B, EI8, 55 EETHRR Kriging VAR 3HEER B
b5 3R KR S RBF7C[T]. AR TR, 2019, 35(1):
123—130.

Xu Ying, Ge Zhou, Wang Juan, et al. Study on relationship
between soil salinization and groundwater table depth based



134 Lk TREZH (http://www.tcsae.org) 2019 &

on indicator Kriging[J]. Transactions of the Chinese Society 907—913.

of Agricultural Engineering (Transactions of the CSAE), [33] Argamasilla M, Barberd J A, Andreo B. Factors controlling

2019, 35(1): 123—130. (in Chinese with English abstract) groundwater salinization and hydrogeochemical processes in
[32] Jalali M. Nitrate pollution of groundwater in Toyserkan, coastal aquifers from southern Spain[J]. Science of the Total

western Iran[J]. Environmental Earth Sciences, 2011, 62(5): Environment, 2017, 580: 50 —68.

Spatial distribution and cause of salinization of shallow groundwater in
plain terrain of the Yarkant River Basin, Xinjiang

L2% 'Nai Weihua®, Zeng Yanyan'?, Chen Yunfei'?, Wei Xing'*

s 12 .

Zhang Jie™*, Zhou Jinlong

(1. College of Water Conservancy and Civil Engineering, Xinjiang Agricultural University, Urumgqi 830052, China; 2. Xinjiang Hydrology
and Water Resources Engineering Research Center, Urumqi 830052, China; 3. No.2 Hydrogeology and Engineering Geology Party of

Xinjiang Bureau of Geology and Mineral Resources Exploration and Development, Changji 831100, China)

Abstract: In order to understand the characteristics and causes of groundwater salinization in the plain area of Yarkant River
Basin, the water quality evolution of the shallow groundwater (buried depth <100 m) was analyzed by means of multivariate
statistics, geostatistics, remote sensing technology and geochemical methods. The groundwater pH value ranged from 6.91 to
8.07, which mainly occurred under neutral to alkaline environment in the study area. Groundwater types in single structure
unconfined groundwater were mainly HCO;-SO4-Ca-Mg, SO,-HCO;-Na-Ca, and unconfined groundwater in unconfined area
were SO4Cl-Na-Ca and SO, Cl-Na-Mg, while Cl:SO4-Na, SO, Cl-Na-Ca and HCO;3-SO4-Ca-Mgweredominant in shallow
confined groundwater. The calculation results of salinization coefficient(SC) showed that the proportion of SC<: 1, between >1
and 2, >2 in the water samples with single structure unconfined groundwater (17 groups of groundwater samples) were 47.06%,
29.41% and 23.53%, respectively, and the degree of salinization was high. The proportion of SC<1 in unconfined
groundwater of unconfined area (22 groups of groundwater samples) was 50.00%. The proportion of Sc between >1 and 2 was
36.36%, the proportion of SC>2 was 13.64%, and the degree of salinization was low. The SC<:1, >1-2 and > 2 of shallow
confined groundwater (33 groups groundwater samples) was 42.42%, 15.15% and 42.42% respectively, which the salinization
degree was the highest. Kolmogorov-Smirnov tests were carried out on CI, SO42', TDS of unconfined and shallow confined
groundwater, and the results obeyed normal distribution. To examine the degree of spatial correlation, the ratio of nugget to sill
was advised generally. The nugget/sill<<0.25, > 0.25~0.75, and > 0.75 were the conditions in which spatial structures were
supposed to be strong, moderate, and weak, respectively. In this study, the ratio of nugget to sill for all parameters of CI', SO,*,
TDS of unconfined and shallow confined groundwater were < 0.25, suggested the strong spatial correlation for the studied
regionalized variable. The trend of CI, SO,*, TDS in unconfined groundwater was generally low in the South and high in the
North, while that of shallow confined groundwater was characterized by the distribution of high and low values. Factor
analysis was carried out on 14 hydrochemical indices of 72 groups of groundwater samples. The results showed that the
contribution rates of main factors F1, F2 and F3 were 49.38%, 19.53% and 13.52% respectively, and the contribution rate of
cumulative variance was 82.43%.Cluster analysis showed that GW1 (controlled by hydrogeological conditions) groundwater
accounted for 58.33% of the all groundwater samples, which was widely distributed and mainly affected by natural processes.
The saturation indices (SI) of carbonate minerals tended to be saturated, while the SI of evaporite minerals was unsaturated.
The ion concentration was mainly controlled by the dissolution of evaporite minerals. GW2 (affected by groundwater chemical
environment) groundwater accounted for 15.28%, mainly distributed in grassland, and hydrochemical environment had a
relatively large impact on groundwater salinization. Sodium adsorption ratio (SAR) was positively correlated with total
dissolved solids (TDS) (R*=0.773), which showed that Na" in groundwater had obvious ion exchange with Ca’" and Mg2+ in
aquifer medium. 26.39% of the all groundwater samples belong to GW3 (affected by human activities), mainly distributed in
cultivated land and construction land, and groundwater salinization was significantly affected by human activities. Unconfined
groundwater was greatly affected by agricultural irrigation, domestic sewage and industrial sewage, however, the pollution
degree of shallow confined groundwater was relatively low.

Keywords: factor analysis; cluster analysis; geostatistics; groundwater salinization; Yarkant River basin



