#3945 %14 L ARBEXFFROEZHAF R Vol.39  No.1
2020 2 A Journal of Shandong University of Science and Technology(Natural Science) Feb.2020

SIABRK & E XIAE 2R 5 PB4 H XL B b 7K K Ak 22 R AR SR SCHbER A 22 BRI LT L I AR B 3 K224 (8
SRR 2020,39(1) : 1-10.
GAO Zongjun, LIU Jiutan, LI Yingzhi,et al. Hydrochemical characteristics and hydrogeochemical simulation of pore groundwa-

ter in Lhasa valley area[ J].Journal of Shandong University of Science and Technology(Natural Science) ,2020,39(1):1-10.

PLB I 28 ML X ALER I B IK K AL F AR
Je R SO ER AL 27 B AU

EREXIXE ,,FHYE,LINng' , £ &',E %', EFus . XEH
AL AHRBKRF A3 E T 2F%,..0A F5 266590;
2P BN AER KLWFTARFERTAE F O, 7 4£7F 0710515
AR IR T KT ERAF A - A # 8093)

#i%i B AR AT A3 R M F R KA AR AR BE AL LA L 4% 435 A #0372 %3t \Piper = £ B . Gibbs B & #t 47 K
% 547 .5FiE ) PHREEQC St /7 K LR L Z R A, R AW . BEFTLRRB T REIEMES T2
‘a”>Mg”>Na >SK'#£A,M&F AL HCO, >SO,2 >Cl >NO;, ¥ XA :;BEFETSMRE 5L LM T
LR T RRMZA S LA — 6 £ 7K, B3 TFRARALF LA HCO; « SO,-Cas Mg 4 £, K BHERZH
TARKMCFZFLES G EZHEHBA L, LU ENRBERZAEATH R RPN CHELEMR . R EHELELR; B8
RRRIGEM BT REME IR BRARERE AL R B ;CO R d . X EM. EFTRBERET %
RBELERE B RETBALERB  GRAETEMR RS 2 F . 2ERFHNBRLET LEMERE,CO, N A
AT hREMERE, MEARRHRAATHEE FTRBMER T ROELZT WAGEBITEARMNSE TR
49 L B % m
KA KA F ;K LR F A K BER T K ZFETEARR

FEDES P641.1 XHERIRER:A XEHE.1672-3767(2020)01-0001-10
DOI: 10.16452/j.cnki.sdkjzk.2020.01.001

Hydrochemical characteristics and hydrogeochemical simulation
of pore groundwater in Lhasa valley area
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Abstract: In order to study the hydrochemical characteristics and evolutionary nature of groundwater in the Lhasa
valley plain, statistical analysis, Piper trilinear diagram and Gibbs plots were used to make the hydrochemical analy-

sis of the groundwater. The PHREEQC software was utilized to carry out the hydrogeochemical reverse simulation.
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The results show that the main cations and ions of the groundwater in the Lhasa valley area show the relationship of
Ca*" >Mg"" >Na" >K"and HCO; >S0O,* >Cl" >NO; , respectively. Although the hydrochemical composi-
tion of groundwater in the Lhasa valley area and Duilongqu valley area has some differences, the main hydrochemical
types of groundwater are both HCO; + SO,-Ca « Mg and water-rock interaction is the major controlling factor of
groundwater chemical composition. In the Duilongqu river path simulation, plagioclase and illite dissolve continuous-
ly and chlorite precipitates continuously; halite precipitates initially and dissolves afterwards; gypsum dissolves ini-
tially and precipitates afterwards; quartz precipitates initially and then does not participate in the reaction; CO, es-
capes first and then dissolves. In the Lhasa river path simulation, chlorite precipitates continuously; plagioclase does
not take part in the reaction and dissolves afterwards; halite, gypsum, quartz and illite dissolve initially and precipi-
tate afterwards; and CO, dissolves initially and then escapes. Cation exchange occurs on both paths, and the evolu-
tion of groundwater is influenced by the dissolution and precipitation of mineral phases and cation exchange.
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Fig. 1 Location map of the study area and groundwater sampling point
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Tab. 1 Chemical compositions of groundwater samples in the study area

1972 57 A BCBOR B WA M T K P i AR E 2 B

gy T/ ME/Nat/ o KS/HCOS/ SO/ NOs/ o Ths) EC/  TH/
(mg+L D(mg+L Hlmg+L Hlmg+L H(mg+L H(mg+L Hmg+L HD(mg+L HDlmg-L1H (pS/cm) (mg « L™H

Lo1 49.12 12.23 13.45 1.87 145.83 50.45 16.77 1.00 313.01 7.44 314.00 173.02
ﬁ 102 31.58 13.18 15.67 2.27 102.51 51.32 19.21 2.70 260.19 6.87 388.00 133.13
i L03 31.58 11.17 12.13 1.89 111.66 54.66 3.84 3.50 253.47 7.59 259.00 124.85
104 33.33 10.64 10.57 2.04 109.22 52.56 8.73 2.80 247.32 7.30 223.00 127.04
LO05 37.72 12.23 6.18 1.23 115.32 58.86 4.19 0.20 248.81 7.26 265.00 144.55
1L06 57.01 7.45 9.59 1.53 133.63 63.38 9.08 16.70 318.93 7.76 457.00 173.03
Lo7 57.01 17.02 12.75 4.33 128.81 73.58 11.53 3.90 395.24 7.08 413.00 212.44
DA L08 31.58 12.77 5.01 1.31 100.68 52.56 4.54 2.50 224.92 7.59 297.00 131.44
B 109 38.59 20.75 15.99 2.37 123.25 79.89 16.77 3.00 330.70 7.06 257.00 181.81
el L10 74.56 13.30 6.41 1.07 235.53 48.35 9.78 7.00 426.34 7.45 370.00 240.95
L11 32.45 12.77 8.28 1.47 102.51 52.56 10.83 3.00 243.13 6.90 206.50 133.61
L12 48.24 16.49 10.99 3.22 147.66 67.27 10.83 4.45 333.67 7.58 315.00 188.36
L13 32.45 13.83 6.07 1.35 115.93 44,15 4.89 2.90 237.97 7.79 208.30 137.98
Max 74.56 20.75 15.99 4.33 235.53 79.89 19.21 16.70 426.34 7.79 457.00 240.95
Min 31.58 7.45 5.01 1.07 100.68 44.15 3.84 0.20 224.92 6.87 206.50 124.85
Mean 42.71 13.37 10.24 2.00 128.66 57.66 10.08 4.13 294.90 7.36 305.60 161.71
SD 13.56 3.27 3.69 0.91 35.69 10.50 5.08 4.11 64.01 0.31 80.58 36.70
CV/% 31.75 24.47 36.06 45.77 27.74 18.21 50.46 99.56 21.70 4.20 26.37 22.70
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Mean value histogram of the hydrochemical components of groundwater in the study area
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Fig. 4 Piper trilinear diagram of groundwater in the study area
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Fig. 5 Hydrochemical Gibbs plots of the study area
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Tab. 2 Possible mineral phase and its reaction equation

/B VA B Jy AR X

AH CaS0, :2H; O=Ca?" +80,2~ +2H,0

g Mgs Al Siz O10 (OHD s +16HT =2A13" +6H, O+ 3H,SiO; +5Mg?

aiipa Ko.6 Mgo.25 Al2.3Siz5 O10 (OH) > +11.2H, 0=0.6 K" +0.25Mg?* +2.3AICOH), ~ +3.5H,SiO, +1.2H"
B A Nao.g2 Cao s Al135 Siz.52 Os +5.52H +2.48H, O=1.38 A3 +0.38Ca?" +2.62H,SiO, +0.62Na™
ik NaCl=Cl~ +Na™"

Pag Si0; +2H,0=H, SiO,

CO: CO»+H,0=H,CO,°

FH 5 A8 2NaX-+Ca?" =2Nat +CaX,, 2NaX+Mg?t =2Nat +MgX,

3.4.3 K CHBBR AL AR 45
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Tab. 3 Mineral saturation index

%' A LRt Pl ;A AR A1 9% CO; HL - 7 AR /10
Lo1 —1.99 —7.37 —2.77 —8.20 7.89 0.49 —2.20 —3.473
L03 —2.10 —3.58 —0.14 —8.88 9.38 0.28 —2.46 —4.508
L04 —2.10 —7.13 —0.77 —8.58 8.79 0.35 —2.18 —4.723
.06 —1.82 —4.47 —1.62 —8.61 8.71 0.30 —2.56 —3.316
L09 —1.91 —7.51 —0.11 —8.13 9.12 0.44 —1.89 —2.100
L11 —2.11 —9.08 0.64 —8.59 9.37 0.46 —1.81 —3.800

3.4.3.2 FYAI AL

AH PHREEQC {4 BEAT it - #5400, 7 B B A B e it . b R K RGUA TR e 9yt &2
A& ZREI AU EE R W 2 i 5 SEAE O T XK SO R 2% 1R R Al b 45 A T B 0 R 45 ORI 52 B 1 D R
SESS o TR BT 0 BRI R s /N T 0L R R AR TURE . K SCHBR 2 S 1) A L A £ 45 R
WNEE 4 R o AR A AL S g A O JRURSE DL A (LO1—> 102> L.04) I §% 0] 0] 23 - JEUBE 400 42 (L6 —
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Tab. 4 Results of reverse hydrogeochemical simulation

TR R/ (mol « L1)

7Py AR
LO1—>L03—>L04 LO6—>L09—L11

FHA 1.281 X104 3.836X 10 ° — 1.591x10 ¢
PN —3.648X10 ¢ 1.256 X104 2.170x10* —1.756 X10*
Vg 2.454X107° —2.482X10 5 2.049X 1073 —2.967X10" 1
e —8.926 X107 ° —7.297X10°6 —3.047X10°5 —6.545X 105
BRI 8.476X10 7 4.028X10 6 2.649X10 5 —3.838X10 5
VeE —1.894Xx10* — 7.959X107° —7.451X10 %
CO; —7.789 X104 6.405X 1073 1.534 X101 —3.185X10
NaX 2,279 X101 —1.844 X101 5.126 X103 —2.521X10" 1
CaX, —5.093Xx10 7.653X107° —7.032X10* 1.074X 10
MgX, 3.395X 107 ¢ 1.567X1075 6.776 X 10" 1.865X 1075

HE T ] 2 7 SR AL i A2 (LO1—>L03—> L0 R A R R A7 & A T 3 S i, i e A W) & 2 T i 2k
UUVE s 3 A JeULE e Vi i - A B eI i S DOUE s A e e Ak TU0UE G RS 5 i s COL e ik iy Ja s g . 7
LU A R R BV IR ULTE SR B E I T Mg® " & i i B2 IR (12, 23—>11.17—>10. 64 mg « L ") fHK
A1V il R B B - 38 e i SR [ 2 ) L Ca® ' BB AIR S 1T (49. 12—>31. 58—>33.33 mg « L") s £h 4 19 e i
R CUSERR RS BT (16. 77—>3.84—>8. 73 mg « L) A B M S5 ¥ it 5 DUTE 45 SO BT m JE
N FEAK (50, 45—54. 66—>52.56 mg » L. 1),



R 7% ZEAE LT A b DXL B TR AR A 2 AR AE B oK SC b BR A 2 AR <9 .

R A - S B A% (LO6—~1.09—~>L1D &r e A1 KB TIESETUHE - R AT RS 5 ROV Je K2R T
fiff s Fh AT AE A SRR R AR T SR RIS DUVE  COL MR AR T el i Ja i s . S e A1 1 3% 285 0V A
AV RRULIE AT Mg® JoTh i a A $h A Yot i e DL (453 CL (9. 08—>16.77—>10. 83 mg « L ") 7+
Ja BEAR A F B SV A Jo DLTE RS SO & e T Ja AR (63. 68—>79.89—>52.56 mg « L ). FHEf T
SV R A AT R LA R Ca® 3B SRR (57. 01>38. 59>32.45 mg « L™ 1),

L % ] A V- DU U S A A S s ot T 4 ST AU AR R A T R A I T R A R SV R S TOVE LA K
Zrie A W ESETUNE . HLARPEREE BB 758 e . #hoa A e mn CO MIRBLBI A Al . 3R /K 76 A [A) 1 7K
AR b A AR R R SCHBER A 2 S I B AT WA 22 5 30 5 KU A T L 35 L K S SR B G LA i g B
e AW B A AR I EE 2R

4 HiR

1) P T AT 25 3 DXl 1 7K b 32 B v B B KL TDS i T 224, 92~240. 95 mg « L1 J& HP A K 5
pH ¥I{E Ky 7. 26, & R 2 550, KAk 2# 2R L HCO, » SO, -Ca » Mg A F . PHE FIREEA Ca™ >Mg*"
>Na' >K'" 4 s I E 72 HCO; >S0,% >Cl >NO; MK &R H EEH I & | A FE L NO; -
F 8 S R BBOR

2) ZAREAE R DL T 25 S D5 H S HE g il T A S DR R KOK AR S O AP A 22 S . AR
HE e T 4 S Bl T K Na® JK R CL P i B A v, FL At 3 7 Wk B2 A IR

3) FH PHREEQC B4 . % 47 %] 45 b it HE T it o) 45 19 30 0 3t /K B AT 1B, P 2% B AR AL 4L 45
SRE 7R 1R K AL 52 07 WA A T A DOTE AN BE B T A e A R g SRR R e o ME e i BB A B OR R TR
F AT A7 1) 3 S it S VR AT M SR UUUE » $hE e UUVE Jo VA i 0 B e TR RS ULIE M B TIE IR R 2 5 R
I CO P53 4 J5 V5 A 5 T 5% ] B AR U A 1 e Ay 1 3% S 0UE » 365 A8 A JE RV A A0 SE s i J5 DO
RHATE RS 5 ROV G R AR CO, WIS 5 i .

S 30k

(13T F B0 A . BH L. F B LTI EHITRACFEAEMT] P B .2016,36(3):798-804.

WEI Yaping.FAN Jinglong, XU Xinwen,et al. Hydrogeochemical modelling of groundwater chemical evolution from south-
ern margin to hinterland of the Taklamakan desert[ J].Journal of Desert Research,2016,36(3):798-804.

(2] 42, BHA,E 4 . F %7 R A3 T ARKRAFERT ] E IR AL $HK,.2016,44(6) :101-105.

GUO Yuying, LU Zhichao, WANG Guangcai, et al. Hydrogeochemical simulation of groundwater in eastern Fengfeng mining
area [ J].Coal Geology & Exploration,2016,44(6):101-105.

[3]8r A& T3t AL F HBPATESATRACFHELLYRAERL]FFEFRERIE,2017,31(4):99-105.

SHAO Jie,LI Ying, HOU Guangcai,et al.Chemical characteristics of groundwater in Yili river valley of Xinjiang[J].Journal
of Arid Land Resources and Environment,2017,31(4):99-105.

[4]k % R zm  FHE S RAFTABKRCEHIEALEHN A FLLHREHAF,2017(11) :4537-4545,

ZHANG Tao,CAI Wutian, LI Yingzhi,et al.Major ionic features and their possible controls in the water of the Niyang river
basin[ J |.Environmental Science,2017(11) :4537-4545.

(It 2E.TE .57, 5. K2 00308 204 o i) R b TR KL 24 A R4 A L) ] kN % £,2015,37(3) :793-802.
DANG Huihui, DONG Jun, YUE Ning,et al.Study of the evolution of hydrochemical properties of groundwater in Ulan Buh
desert in the north of the Helan mountains[ ] ].Journal of Glaciology and Geocryology,2015,37(3):793-802.

(61RIZHF ALEL.ZN . X #HBELZARTFRERLTREAKLFLFZEM]]. FER KR YL HKE,2017,31(10) :65-70.
ZHAQO Jiangtao,ZHOU Jinlong, LIANG Chuan,et al.Reverse hydrogeochemical simulation of groundwater in the plain area
of Yanqi basin.Xinjiang[J].Journal of Arid Land Resources and Environment,2017,31(10):65-70.

[7JSOUMYA B S,SEKHAR M,RIOTTE J,et al.Inverse models to analyze the spatio temporal variations of chemical weathe-
ring fluxes in a granito-gneissic watershed: Mule Hole,South India[]J].Geoderma,2011,165(1) :12-24.

(8147 %, W 5,35 3T, F m iUF R B b F KA ST RAL 2 2 R AF T[T ] A K KT ,2018,49(5) :6-10.

HE Jun,XIAO Pan,XU Ke,et al. Hydro-geochemical process of groundwater in western margin of Jianghan plain[ J]. Yan-



. 10 - b AHE KR FFIROE RHAF RO 2020 5% 1 2

gtze River,2018,49(5) :6-10.
(9] HFAF LN F 5EFREEERTRASKERIRFAFEMT]. CHME T RXFFHROAFIKR).2017.37(6).27-
33.
CHEN Luwang, XU Dongqing, LIU Yanxian,et al.Study on hydrogeochemical simulation of main inrush aquifers in the Sux-
ian mining area[ J|.Journal of Anhui University of Science and Technology(Natural Science),2017,37(6) :27-33.
(10l E. 2eie, TR F FE BT F R T KA A FBEMAT T[] 485 3 7.2017(6) : 346-355.
LIN Xiaobin.LLIU Hongxu., WANG Zhinming.et al. Hydrogeochemical modelling study on mengqgigure uranium deposit in
Yili basin[J].Uranium Geology,2017(6) :346-355.
CLLIR R SE - i W) 8 38 A5 17 3T R 3 I 3 K R 2 A 5 3R [0 . 38 R kA 5. 2014(9) - 249-252.
ZHOU Chenni,PAN Gang.Analysis and evaluation of water quality of plateau wetlands in Lhasa river basin[ ] ].Guizhou
Agricultural Sciences,2014(9) :249-252.
(121 % Fa vt B 3. 25 57 0 2R 3 0 &5 TR R B7 3% 4 8 & [T ] v9 0 36 R 4 4R . 2017.37(3) : 449-453,
XIAO Yang, YE Tangjin. Prediction and control of geohazards in the suburban district of Lhasa[J]. Acta Geologica Si-
chuan,2017,37(3) :449-453.
(1B A B IFEFTTLSTFRERTAFRFNESZFLAAD]FE L AAALKF,2017.
LIU Jiutan. The assessment and reasonable development of groundwater resources in river valley plain of Lhsas city[ D].
Qingdao: Shandong University of Science and Technology,2017.
[14]PIPER A M.A graphic procedure in the geochemical interpretation of water-analyses[ J].EOS Transactions American Geo-
physical Union.1944,25(6) :27-39.
[15]GIBBS R J.Mechanisms controlling world water chemistry[ ] ].Science,1970,170(3985) :870.
[16]JZHAO X Y.Impacts of human activity on environment in the high-cold pasturing area: A case of Gannan pasturing area[ ] ].
Acta EcologicaSinica,2010,30(3) ;:141-149.
(17X AR . &G FE . ZEE . FIELTTLTFR Tk T RKRZFEL]] K & 4R A S ,2018,36(8):39-42.
LIU Jiutan, GAO Zongjun, MA Yuanyuan. et al. Characteristics of groundwater quality change in the lower reaches of
Duilongriver valley plain[J].Water Resources and Power,2018,36(8) :39-42.
(1814 AL B & » B4R 5 AR AP 30 X B8y K SRR AL S BE [T ] P B A 45 & 2018 (3% 1) :103-105.
YANG Qiyue,DUAN Lei, KANG Hua, et al. Reverse hydrogeochemical simulation of Yushen area[ J].China Science and
Technology Information.2018(s1) :103-105.
[19JHAN Y, WANG G C, CRAVOTTA C A, et al. Hydrogeochemical evolution of Ordovician limestone groundwater in
Yanzhou, North China[ J]. Hydrological Processes,2013,27(16) :2247-2257.
[20JACHEAMPONG S Y,HESS ] W.Hydrogeologic and hydrochemical framework of the shallow groundwater system in the
southern Voltaian sedimentary basin, Ghana[ J ]. Hydrogeology Journal,1998,6(4) :527-537.
(21042 L. & 7 F 3 F AR b sk L A M []]. % kK & ,2016(1) :18-22.
CHENG Fan.Hydrogeochemical simulation of ground water of Shihezi city[ J].Northwest Hydropower,2016(1):18-22.

(AR 41 W 4)



