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Groundwater chemical characteristics and formation mechanism of Hanshuiquan region in Xinjiang
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Abstract: Study on the groundwater chemical characteristics in natural state is of great import ance for the investigation and anak
ysis of groundwater contamination. In this paper, the statistical analysis method of Shukarlev dassification, and softw are of
SPSS,MAPGIS, and Surfer were used to analyze the evolution characteristics of chemical components in the horizontal and ver
tical directions based on the 39 groundw ater samples collected from the H anshuiquan region in Xijiang and the hydrogeological
conditions in the area. T he results showed that (1) there are four hydrochemical types including SO+ Na* Ca,SO4 ¢ Ct Na* Ca,
Cl* SO+ Na* Ca, and CkNa; (2) TDS has significant correlation with K* + Na*, Ca’>* , and ClI- in unconfined groundw ater
while TDS has significant correlation with K+ * Na* and Cl~ in confined groundw ater; ( 3) spatial distribution of the main ion
concentrations is consistent with that of TDS; (4) The TDS, main ion concentrations, and groundw ater hydrochemical types
have apparent zonations; and ( 5) leaching, ion exchange, concentration, and mixing are the major processes to form the ground
water hydrochemical ty pe.
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Fig. 1 Geological structure and distribution of groundwater sampling sites in the Hanshuiquan region

2 ( )
Fig.2  Groundwater cycle in the Hanshuiquan region
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2.1 #H&BRESEN

2012 4F 5 H=- 12 H, fEDUKIR EEHB R ZEAR 95t 25 AR
FRCH AR TR 7 MR BOK S 18 HR ) JLRAE KA 39
A, Forh koK RE 18 41, AR JRKKFE 21 41, R AL E LK
Lo EHLT/KFERCRAEHT, XERFEHLIFHIK 20~ 30 min, ffi
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Fig.3 Water depth contour in the unconfined aquifer
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DU (KSR BR 235k 0 05 A1 001 mg/ L); Ca® Mg Fl
HCO;™ R & — e DU 2% — 0 8 1 I 8 (R I F B A
1 0 mg/ L); CI™ SR FHAH FRER 25 sy e (AU R BR 241 0 mg/ L)
SO,2~ KA BRI EL i U 5E (462 U PR 245 mg/ L) ; TDS fi
HI RSP MP& 158 (A2 £0 000 1g).
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K EFR B2 43 257510 Sy M b R KK Ak 288, 1R A
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KA ER
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UK IR b DX 7B 7K R 7R s 7K K Ak 25288 BUKCST 4 FE )
AEVBL PR 7Y A O S5, AT 1 X DX (b 45 X)) 3057 S 1K ( HE
[X) : FEAR K R 3 BRI K 22288, 43 50k
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KEFT SO, » CHNas Ca B 1 FlkAk 2228 A9 KR HE
KT 4 FPAS A (7K A2 2870, 4353 28 SO Na® Ca SOy ¢
CkNa* Cafll Cl* SO+ Na* Cafll C}Na B, /KE/K L H 3
AT I KA 2R, 435024 SO+ Nae CaSO4 ¢ CtNa® Ca
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Fig.4 Hydrochemical types and T DS isograph of unconfined groundwater
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Fig.5 Hydrochemical ty pes and T DS isograph of confined groundwater
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A% o FIEFIH SPSS #AEXT TDS HJ\ KB 45 17 4> A
B A R HEAT 3 HT
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(D) FEARTFEEHL ., 322 fdb AR B AR, e DN R
FRrE A 0 A X . TDS 4 1~ 2 o/ L (R F /K X2 BAE T
LA AR T SR X MR K AR X, 23 AT AR, 2 AR

&9tk TDS 2~ 3 g/ L (MR ZKAE W mi vk BRI 1 Jit
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7K AR PR R I i rg SR B o X (Bl 4 FIE 1) » TDS
5 K*+ Na' .Ca® .CI” il SO, = 2 B FHHM &k, ¢ R
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S, Wb R KGR TDS B K, KT + Nat \Ca™ .Cl” Al
SO, B IRFE B K HCOs~ 15 TDS (AR ik
7%, RWIKEFE T DS BN, HCOs~ 2Bl AR, 7
FEARIEERL, KT + Na . Ca* Al CI 46518 25K, K
T BB BH O T, A Y W K B AR T AR
Mg Fl HCO;~ & T8 %5 M iy 45t f b, 2 1R AR L
FERLN

1 T DS
Tab. 1 Statistics of groundwater T DS zonation area in the H anshuiquan region
Hh X R KRR Ziit 1~ 2 ¢/L 2~ 3g/L 3~ 5g/L 5~ 10 g/ L > 10g/L ait
. R km?2 113. 44 34.20 52.61 6.09 0 206. 34
e A IR K o7 B AL (%) 54.98 16.57 25.50 2.95 0 100. 00
i i B/ km? 223.52 59.91 48.97 0 0 332.40
7&K .
T AR L (%) 67.24 18.03 14.73 0 0 100. 00
. MR km?2 293.35 196. 12 178. 27 69. 29 1.72 738.75
PR K o7 B AL (%) 39.71 26.55 24.13 9.38 0.23 100. 00
it TR km? 392. 45 163. 00 455. 49 77.43 0 1088. 37
I T AR L (%) 36. 06 14.98 41. 85 7.11 0 100. 00

(2) WK EE ML, TDS 76 1~ 2 o/ L MR 7K 3 B0 A
TER P& FT B 50 Ll b AR P s b R s 1 4k Ll o s A e
AR - CUAR ML X, ) A T AU ) TDS 7F 2~ 3 ¢/ L iR K
PR 7K S 3 T Js X AL 77 1) B R b 2 AR LA 5, &
SR A TDS 6 3~ 5 of L ML N /K 20 A A8 DUK R
IR X ;1 TDS K+ 5~ 10 g/ L (s /K 2B AT

Nat \Ca® I CI %5 F 28 TR E K 2 4F AP AE R f 1 5
TDS 3T+ 5, #iH /K% ) TDS Z#i 8 K, K+ + Na
Ca’ Fl Cl- BFIREEMZ #il4 K, H K* + Na* \Ca¥* Fl CI-
it B, VK IR A BB L B B T, Ak e i K L
VERIHY 32 B4R i M g™ M HCOs™ &7 [7 T DS f) A6 p 8
B, RWIBEA T DS 80, Mg™ A HCOs™ B 1A 4 & &

T MHE (B 4 F1E 1) . TDS [/ K + Na® Ca® F1CI 24 EEWEMRNRES, Mg B 7FIRE oy 23 43~
FR I, I REHBLE 0. 9 LA (3R 2), REHBAK P K + 73 49 mg/ L,HCO;~ B TIKE—f# 36 61~ 150 11 mg/ L.
2
Tab.2 Correlation of chemical components in the unconfined groun dwater
(ALY K+ + Na* Ca2+ M g2+ Cl- SO,* HCO;~ TDS
K+ + Nat* 1 0. 981 0. 621 0.998 0.970 0. 882 0. 99
Ca? 1 0.742 0.982 0.915 0. 786 0.976
Mg 1 0. 639 0. 456 0.331 0. 602
JFER I Cl- 1 0. 960 0. 879 0. 97
S0 42~ 1 0.919 0.977
HCO3- 1 0. 836
TDS 1
K* + Na* 1 0. 833 0.226 0.967 0.420 0.035 0.982
Ca?* 1 0.305 0.818 0.626 0.010 0.907
Mg* 1 0.302 0.057 0.043 0.261
POK IR EEHY Cl- 1 0.294 0.063 0.958
S0,* 1 0.246 0.485
HCO; 1 0.009
TDS 1

3.2.2 AJEK
(1) FEARIpyEM . TDS 224k 5 00 R K A — 2. TDS

* 956 * KIS TFEHR
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B R, K + Nat .S042 fl Cl- 27 th 2 3 388K 1
HoMg™ [A TDS HIAIE PERR 2, TR I 7E X P 460 0 5 1 2D,
TR AR A, L FIR AN AE 6 85~ 35 86 mg/L.
X1 K* + Na* L Cl- F1 SO,> £ %2 ek, b A& KA i)
FEEPBHE T, 2 Y R KRR ) R A

(2) BUK SR, TDS 76 1~ 2 g/L BT K AifE i
e r RPN R X K Ve b AR ARG HU X TDS 7 2~ 3
of L B 7K = ZE A A UK SR AL 3640 157 B IX, B4R

PUI AR 0 AT TDS 7E 3~ 5 of L 19 HbF 7K £ 40 A1 27K
SR P R X LAAG BAPE LR = AN 5 1 T DS K15 ¢/ L [
Hb R 7K 93 A 76 DO IR 3 T A 7 S DI 1 S R 1) .
TDS 5 K*+ Na" &5 CI'" R FH L, X REAE0 9 72
Fi( % 3), BYIAJRAK T K+ + Nat f1 Q- B 14845 ) _E AR
AR T DS — 5, BEAS TDS MM X [ HEMH X 32 W 19K,
K* + Na* fIl CI & Ft 2 ZEHH KA M > ATHCO;-
5 TDS (MR 22, et m/b, 81 IR A e R i
N Mg BRI 0 11~ 62 6 mg/ L,HCO;~ B TR
—fh 12 2~ 157 42 mg/Lo PUKIRHEH KT + Na* . Cl™ f
SO, ™ Zutd i, AR AK R E B HE 7, R
R IR ERALAE F ) 2 AR

3
Tab.3 Correlation of chemical components in the confined groundwater

fr K* + Na* Ca?* Mg cr S0,T HCO;5" TDS
K* + Na 1 0.750 0. 191 0. 892 0. 960 0. 652 0. 982
Ca? 1 0. 684 0. 935 0. 688 0.939 0. 856
M g2 1 0. 457 0. 155 0. 674 0. 305
PEAR I3 4 Cl- 1 0.793 0. 899 0. 953
S042- 1 0.571 0. %35
HCO5 1 0. 768

TDS 1
K+ + Na* 1 0. 744 0.014 0. 880 0. 657 0.079 0. 932
Ca? 1 0. 131 0. 627 0. 534 0. 163 0. 634
M g2 1 0. 007 0. 007 0. 101 0. 001
PR SR cr 1 0. 492 0. 037 0. 933
S042- 1 0. 416 0. 741
HCO; 1 0. 125

TDS 1

3.3 T KK 5T AR, P, AN G D TR KK TR B o UK SR E MR V8 R A

UK SR Db R 7K K A2 (9 T8 B 22 2 305 K 2 1
JRC Hb J5E 445 K R MR KA FR 4% 25 i 22 TR 32 414, ALSLK Ak
37 K T P 2 B2 0 DG A T S B 5 A M B AR P e 4 1
FAAMIRA VR R mat s o O A 3B K R AR H K RRRL Bk Ak 2
VA 53 3R IX P 1R K AR A2 (R TR o
3.3.1 #BAKMFER BT

(1) FEAR IR . F 2B B A 2 J6 8 0K va B $g v 1l
HERRBR BT~ i 32 2= 7 M b oK R 1) 4% 0 0 AR 5, v DB AR
RS- w2l g 2 K By Jy 4 AU, JE L TDS 8 1~ 2 g/L 1)
SO+ Nae Ca 7K. 442U )93 BR A 7 I, KR (4T Bk
D, IR I EENR /N, K B 0 VR I8 i 55 - BT Vg A R
95 PHAEE L R K AR TR AL R S KR TS AR AL MR KR
BrE S5, B 0l SO, « CENa« Ca UK. fE2HE
AR 5 B 4l =1 SR X, R KR vk (] 3), B AEK
WAAEHE, B8 TDS K+ 3 o/ L i1 Cle SOr Na® Ca#d
Ko HEA T RE R B T BB 7 A8 e W B A U BHES 1 i
Ca* Mg ¥y Na* o

(2) DUKRHEERL . W AKAZE I S ER J5 i i
AOK A IR AR L B R A . B /KRB TR — 71, Hs
TUKEB EF N SO- Nae Ca T K, 4345 T AR P i b

Cl* SOs Nae CaZllyK, J2 KA T /K S5 e 1 1) m 30 3k AR AR
PR R AKIE R I B, KAk i v AR A bRl 3 X 59,
HEM T Cle SOsNa® Ca BJK., SO, ¢ CENa* CaZiK
FEDLK S5 P9 ANV 1) R KTHRR 20 A1, F0 08 B R IR 3= 22 2 b
A G AR R D I IR E L 3 B S T A
WA T SO, ¢ CtNa* CaZl¥/K. CkNa T /KEToH A T
BT — 15, g UK S M YK o 24 T KB 2,
KR R A U D O, BN 4, R T R K
(75, T D0 b 1 2 ke 2E K AH ot 7 %, A (1) 28 1 b A
TROKI 46, TDS 8 5, AKRAR 22, Hh R KAE TSRS — A it 2%
RIRATVE R KA R R A0k CENa L,
3.3.2 AEAAKFER Ko AT

(1) FEAR TR o 7 7KK A 2 28 TR A g B — ) T R
TR A 1l 7K B2 A ) AR AR 45, W BT KT Tl L 22 A AP
H P R X, e 10 25, e B TDS b 1~ 2 ¢/ L
) Cl* SOrNa< Ca UK, 2585 45 1F T4 0, e & T8 1K
TDS KT 3 ¢/ L fSO,* CtNa* CaZi/K, A KN ZIHE
T B A eV E TSR 0, A4S B B8 T Ca™ Mg #5dfh Na™ .

(2) DUK SR o b A B v ERBR I T JR R R K
FBEZ M W AT ANG, KB ) 45 L, R AR AR Y, 15k T8
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. TDS 2y 1~ 2 ¢/ L[] SO Na* Ca ZlHI SO, * Ct Na* Ca %Y.
B ¥ 4 7K 1] 3E 8 0 /K R e G S L X, R K
I G AN BB AL, W IEAE F U859, JL T K AR 5 2R A6
R 7K IR A AF F 3G 5, TDS JH, B TDS 76 2~ 3 ¢/L 1)
S04 CkNa® Ca B M7EE LD ANTEAEH ™ JE I 7K ot it
Kz R4 AE H, TDS it — 2, JE TDS KT 5 ¢/L ¥
Cl* SOs Na* Ca 7K. BEHEA AR LT HRR 57 J o R
i, KB ) A 7S, HRIEIE S, B AETE TDS 1~ 2 ¢/ L
HJ Cl* SO+ Na* Ca /K, Z JadiHh /KA 7 0 /K3 )y it —
AR TE S H B R A A RIIR A AF U2 B TDS 1R
2~ 3¢/ LI Cl* SOy Na* Ca B¢, Jfdpr 03N T2AHH I KX
W TDS KT 5 g/ LI Cl SOr Na* Ca %7K,

4

(1) BRI KRR T 7K Ko iy B e . 18
BRI A AR AE A B 5 TDS I F— 8. AN
FEHL I R K BT N BT IR E R T DS B B il K (T
i) R K (L AR ER BT X)) T K (L i AR
SPIR DX A S SR ) 0 00 23 5 R T K SR P T
WRZAITDS 5 HLH i ¥ /K (U5 i)~ AR K (AU 5T
JELDK) ™ AR R /K (4R ST 5K ) 3484 £ 2045 A

(2) KRN A K KA 28R T DS 46T 1) b 3 230
BT (RARABLYE, R D] 2 7 AR B K 2 )7k Ik R T, 77
TEAH L I

(3) R M HADK M T 7K A 2% 2193354 [ 32 DK SCH Bk
A AR S DA FH R A P BHSS F28 # FAVR & AR -
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