Sustainable Development TJ#F4ER /8, 2025, 15(4), 269-283 Hans X
Published Online April 2025 in Hans. https://www.hanspub.org/journal/sd
https://doi.org/10.12677/sd.2025.154111

HigRE T KRBERMAME. KUEEHIES
*HAFUNERR

x| 4£ m
REIMVER IR, mF B

h

Weks HiH: 2025483 H7H; FAHHBEM: 2025447 17H; KAHB: 20254F4729H

wm B

GRS TR ST T =I5 KIE T, R KFMEEAGERE 2 . TRAEERIEH T KT E
FIALER S KA ERHE S HMA AR X i T K BIRTT R A BEA AR EER L. AT 20234587
HEERIBEDUETE AR XB) 120 VERAH. VLR - BNAH. RPZMMAEE - = EA X
BRI T K RGGEATRAE, FERESSH I T /KR M TR FAL R KL ESE, PAKRS7THAMRKRIZ3AHRME
KBAE, HEERAREST. SRS Piper=£&. Gibbs& K57 H &% 7T 7 BT 5 X S T 7K i
A, EREH. O FRRBIEE TTDSHECHSHFEEN: HK > Rk, FHTKRGH
T/KTDSEI: 447 - ZBHEEH > XB)I|#2H > LR - BNRH > EIREM > WA > ROFRH,

BB HCO, MPHES 79 Ca* i EEMH, KAWL TR SR AR DICNEE LREBE L7 fda
MASAFRBLAD VB FE. @ FIRXH T AKMEREILL HCO,Ca BAE, THR/KH Na* KF
BB KA 8GR, KH HCO,Ca- Na B 5 HL BER N, RO RKZIRE A RMMERER. 1o, BR
PR T/KRLHCO;Ca- Na B E, HK{ANMT KRS HCO,Ca- Mg B/E, HEHAEAE65%L
E. @ BFARXH T AKACFRHME F B E A BN IR E R, b K ZERIRBIEREEE;
HHTKRGH, BRI TKREFKETDSBERIK, HTFABMEA FRREREEE. BMEBRRERE
Kl RKZRERELET V) RBRBRE ST W AL B2,  HoK AR R Vi AL SRR

RBE, @ FRXH TR Na® 5507 MHERT1, HBXEHTAK Na® 5505 FEREAN
TR RAAEF s BF 70 X b R KRR SR ISV AE N (cr +S0% ) / N (Hco;) =1RREM L7, ViHIBRERELE Vs
FRAE ¥R T BRI T KB FUZES RE. © HARIKIZRERIEATR, FHTKRGEHET
KEREEZI: WHRH > ROPEH > IR - EWEH > BRI > 547 - =5 ERH > XB)1| 2.
KA

K, EHERE, SERERME, KUERE

SCEG| e RN, AR T KRR FIALER . KRR AE S AR AT TE D). W SRR, 2025, 15(4): 269-
283. DOI: 10.12677/5d.2025.154111


https://www.hanspub.org/journal/sd
https://doi.org/10.12677/sd.2025.154111
https://doi.org/10.12677/sd.2025.154111
https://www.hanspub.org/

KIEENE

Research on Stable Isotopes, Hydrochemical
Characteristics, and Recharge and
Transformation Laws of Groundwater

in the Erhai Lake Basin

Jiali Liu
Faculty of Geography, Yunnan Normal University, Kunming Yunnan

Received: Mar. 7, 2025; accepted: Apr. 17t, 2025; published: Apr. 29t", 2025

Abstract

The Erhai Lake Basin is located in the watershed of the Lancang River, Jinsha River, and Yuanjiang
River, where the groundwater recharge and transformation laws are complex. Exploring the stable
isotopes, water chemistry characteristics, and recharge and transformation laws of groundwater in
the Erhai Lake Basin is of great significance for the development and rational utilization of regional
groundwater resources. This study sampled six typical groundwater systems in the Erhai Lake Ba-
sin, namely the Haixi Basin, Dengchuan Basin, Eryuan Basin, Jiangwei-Xizhou Basin, Fengyu Basin,
and Niujie-Sanyingjie Basin, in August 2023, collecting a total of 58 sets of stable isotope and water
chemistry data of groundwater, 57 sets of surface water and 33 sets of precipitation data. Descrip-
tive statistics, spatial analysis, Piper trilinear diagram, Gibbs diagram, and ion ratio end-member
diagram methods were comprehensively used to study the recharge and transformation laws of re-
gional groundwater. The results show that: (1) The statistical characteristics of the main ions TDS
and EC of groundwater in the Erhai Lake Basin are: well water > spring water. The TDS of ground-
water in each groundwater system is: Niujie-Sanyingjie Basin > Dengchuan Basin > Jiangwei-Xizhou

Basin > Eryuan Basin > Haixi Basin > Fengyu Basin. Anions HCO, and cations Ca® are dominant,

indicating that the overall flow direction of groundwater in the basin is from the periphery to Erhai
Lake and that calcite dolomite and other carbonate rock minerals are widely distributed along the

flow path. (2) The water chemistry type of groundwater in the study area is mainly HCO,Ca type,

while the average concentration of Na® in spring water is relatively higher than that in well water,
and the proportion of HCO,Ca-Na type in water significantly increases, indicating that spring wa-
ter is more affected by the weathering of carbonate rocks. In addition, except for the Fengyu Basin,
where the groundwater is mainly HCO,Ca-Na type, the other five groundwater systems are

mainly HCO,Ca-Mg type, with a proportion of more than 65% in most cases. (3) The chemical

characteristics of groundwater in the study area are mainly controlled by water-rock interaction
and evaporation concentration. Among them, well water is more significantly affected by evapora-
tion concentration. In each groundwater system, the TDS of groundwater in the Haixi Basin is gen-
erally lower. Groundwater is generally located at the center of carbonate, silicate, and evaporite
classes. Spring water is significantly affected by the weathering and dissolution of silicate rock min-
erals and carbonate minerals, while well water is significantly affected by the weathering and dis-

solution of evaporite minerals. (4) Most of the Na*/ SO;  ratios of groundwater samples in the study

area are higher than 1, indicating that the main source of Na* and SO? in most groundwater are
the weathering of mirabilite. All groundwater samples in the study area are located above the
N(CI’ +S02" ) / N( HCO;) =1 relationship line, indicating that the dissolution of carbonate rocks
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controls the source of ionic chemical components of groundwater in the Erhai Lake Basin. (5) Well
water in the study area is more affected by evaporation. The evaporation intensity of groundwater in
each groundwater system is: Haixi Basin > Fengyu Basin > Jiangwei-Xizhou Basin > Eryuan Basin > Niu-
jie-Sanyingjie Basin > Dengchuan Basin.
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Figure 1. Map of the research area and sampling points
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3.1.1. MITFIKKUEFEGIHFHIE

WEFC XM K TN L, A TR A AU, BF 5T DXCH R 7K 2 ZERH B IR K
/N HCO; >S0;>NO;>Cl™, FHE - FikEK/NN Cat>Na">Mg* >K* , 7EAN AR R /K FIAS [ e R
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Table 1. Statistical results of the analysis of groundwater chemical parameters in different groundwater systems of the study area
# 1. AREXFREM FKRGH TRKUFESR ST GITEE

K HCO, NO, SOf cI" K* Na' Ca’ Mg” T EC  TDS PH

Min 48.02 106 012 000 033 045 123 001 1280 3040 19.80 6.29
Max 261.09 53.71 1445 11.73 6.00 6.85 43.79 17.09 3050 447.70 291.00 8.16
7?27J2(5 Mean 11512 8.01 414 172 116 312 1391 279 1783 15155 98.18 7.24
" Std. 55.75 1194 344 262 111 171 1047 376 360 9951 64.87 0.58

Cv 0.48 149 083 153 09 055 075 135 0.20 0.66 0.66 0.08
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Min  105.03 0.01 0287 001 042 322 860 044 17.80 133.7 5880 6.73
Max  654.21 40.19 62.84 53.78 39.21 44.48 10850 44.82 24.80 937 609.00 8.32
nj?f; Mean  308.46 11.67 1579 11.10 6.97 1410 41.99 964 20.87 546.93 341.23 7.24
Std. 13343 1147 1271 11.14 1023 9.67 2090 8.03 1.49 21891 147.77 0.38
Cv 043 098 080 100 146 068 049 083 007 040 043 0.05
Min 4802 093 012 001 033 045 123 001 1530 3040 19.80 6.29
Max  654.22 40.19 28.94 4151 39.22 42.97 82.06 11.99 23.30 937.00 609.00 8.04
ﬁnﬁ:%()ﬂﬂ Mean  168.46 9.87 9.00 6.7 411 7.99 2627 345 1859 309.42 18513 7.05
Std. 13254 1074 883 895 7.65 9.09 2215 3.27 268 280.17 173.00 0.45
Cv 079 1.09 098 145 18 114 084 095 014 091 093 0.06
Min  219.07 000 575 418 054 446 3252 833 1890 471.70 306.60 6.99
Max 61220 53.71 3413 11.73 297 2362 4379 17.09 2480 870.00 566.00 7.67
A Br}]”:%ﬂ Mean 33251 19.62 15.04 7.57 124 1098 37.38 11.55 21.50 57554 374.18 7.30
Std. 16057 21.89 11.15 2.89 1.04 746 468 329 225 16555 107.84 0.24
Cv 048 112 074 038 084 068 013 029 010 029 029 003
Min  126.04 296 250 060 1.00 273 422 130 2150 188.20 12230 7.16
Max  408.14 343 1573 355 272 861 59.13 13.08 30.50 508.00 330.10 7.89
YHﬁ%ﬂ Mean 24008 321 739 169 196 530 2723 6.76 2537 300.90 19553 7.65
Std. 14860 024 7.26 1.61 0.88 3.01 2851 593 463 17959 116.69 0.42
Cv 062 008 098 095 045 057 1.05 088 018 060 0.60 0.06
Min  108.04 108 174 000 044 071 993 321 1650 14040 91.20 6.88
N Max  564.19 36.90 29.98 17.66 37.29 2533 60.34 19.40 22.30 900.00 585.00 8.32
M Mean  297.33 10.53 11.23 878 6.87 1126 3475 1022 19.87 451.88 293.74 7.36
n=13 Std. 13414 1108 7.44 6.62 1038 7.2 1607 6.00 1.47 219.65 142.81 0.45
Cv 045 1.05 066 075 151 063 046 059 007 049 049 0.6
Min 10504 000 029 0.00 042 382 794 041 1280 13370 86.90 7.15
Max  261.09 19.62 6.07 525 152 1623 2503 6.77 22.70 35230 229.00 8.17
R?ﬁgﬂ Mean 19266 547 278 158 0.85 7.20 1466 2.88 18.76 253.48 164.78 7.72
Std. 6559 821 278 223 055 509 832 296 377 10627 69.06 0.48
Cv 034 150 100 141 065 071 057 103 020 042 042 0.06
Min 39613 110 3484 561 048 6.07 4313 1459 2160 583.00 378.90 6.81
P Max  396.16 16.28 62.84 53.79 29.65 44.48 10851 44.82 22.30 934.00 607.00 7.33
EHH Mean  396.14 8.69 48.84 29.70 15.06 25.28 75.82 29.70 21.95 75850 492.95 7.07
n=2 Std. 0.02 1073 19.80 34.06 20.63 27.16 46.23 21.38 0.49 248.19 161.29 0.37
Cv 000 124 041 115 137 107 061 072 002 033 033 005

VE: pH LEN, THANC, EC AN msiem, 857 REAAIN%, HAFFR AN mg/L.
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PR T 7K KA 2 2H 2 (A A 45 R (1] 2), WFFCIXHLR7KH EC. TDS. HCO; . NO; . K'. Na' &
Ca* (7= [H /3 ATARA — B0, RBURAR RN RN DR AGES, fOR BN, RE X B AT
RPN RS, (LR - B A N K RGTH A A TR RS, 12X FK EERER K
AR FEARBUKANS, MR KRUEER, RIUHAK TDS MIFRHE. SOT  CIT & Mg fE4- 4 - =&
A TK R G R E A E, S E DR IR, WTRE S AR, AL A iSO [18]

A A "
JKI/(°C) EC/(ms/cs) /Z TDSIKE/(mg/L)
30.49 936.58 608.68

30.48 b 19.84

N

A A A A
HCO, K /(mg/L) NO; ¥R J2/(mg/L) SO+ HeJE/(mg/L) Cl ¥ /(mg/L)
653.65 41.32 62.82 / 53.76
48.03 0.01 0.12 0.01

K+ KB /(mg/L) Na* ¥ J%/(mg/L) Ca?* ¥ £ /(mg/L) Mg?* ¥ /(mg/L)
39.18 44.46 108.47 44.80
0.33 0.45 1.23 0.01

Figure 2. Spatial distribution of the concentration of chemical parameters in shallow groundwater in the study area
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HCO;Ca- Na-Mg %(40.00%) > HCO,Ca-Na 7(6.67%) > HCO,Ca-Na-Mg %4(3.33%); #HELFH/K, JRIK
H1 HCO,Ca - Na % (5 LU & 3 160, 1X 57K 7 Na* (P89 FE AR B i A 5%, R W IR /K 2B R 7 1 A
FE 5.
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Figure 3. Piper trilinear diagram of shallow groundwater in the research area
3. ARXZEHTIK Piper =2k

MAFEM R K RGEE, ElEARHI N KRS ) T KRS, HIREZML KRS, TR
- ENEE L R K R G A - S EAE M R K R GR, L HCO,Ca- Mg BUH /K & 35, BT i E g
53914 83.33%. 80.00%. 66.66%. 38.46%#1 100.00%; 7R FIZHM F/K RGir, LA HCO;Ca-Na &Y
HRAK EFE S, BN 60.00%. X5 RCHEHAEECNRE, £ SDQ HIBEKE, SRR E KB
Ca'. Mg? BB 22 B s Na* 3R R /K A s DA 5 [19]

3.3. #TKKUWFERE

Gibbs EIT] DL /K AT AL FUAR AT RS IRALEE , FH DLor A4 il R /KK A2 1 2 22 AR ML, s 28 KR
Wedii . KA VE AR % KA FH[20]

1 1 4(a)FH ] 4(b) el %0, HuF/K TDS Hi4em, /K TDS B & TIRK, HHKZHE KL ANITE
BN KA I H KRR K B KB s 0 T KE M AR A N . T %0, AR 5E X R 7K 4k
SPRHIE B2 KA M EAE R ZE RO AR VR A, oK 2 28 R k4 e e s 3, X 2 K
SR B A T 28 R i B A e B SR K SRS R B D A ) e A [ 2]

B 4(c) M 4(d)mT AT, fE&HURK RS, MR A F/K RGEFKFE TDS SRR, HAthth
TKRGHKEE TDS MR R, W Ta i T /K2 KA BEK R B 5%, 1% 5 74 2 it R /K BT b 2
(A7 B E B L, R K352 B K R 3R /K AN A T ARG, bR K AE 5 7K R Gt rb i B I TR e
FLAH 2 [22]
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Figure 4. Gibbs diagram of groundwater in the research area
4. FFRXMTIK Gibbs

3.4. HITKKWEFLA DRI HT
AL AN [ 5 P i ) PR B AT DUE PR 78 DX PN AS [R5 A P A AT X 3t K9 o R s i [23]-
[25]. LA 5 AR, BEFCXCHL N KRR R EE T2 ACA SO IR Eh R 2 ], BB B 28 b R AL

T, SIS T KRS T ORIR BN R R IR ER SR, DRI &R SR PR M /1N [26] -

H1l%l 6(a) &1 6(b)f5, BFFCIXH T /KRN FERIREE I IR ERR KA K Iy, RUIFTFL XN
IRRIEE 2%, SEIRELIS . WEMR R AR R ERRER G RO JRIKRE m [ R R 5. 2880w 70 A B R £ A o 7 v

¥, BHURIKSZEERR LA ) MR R ER R I ALV MR B 2, S2 28 R S RAT W (X KA T fd s i
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Figure 6. The main ion ratio relationship of well water and spring water in the Erhai Lake basin
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Table 2. 8D, 880 and d-excess values of different water bodies in the Erhai Lake basin during the rainy season
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