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Fig. 1 Piper ternary map of groundwater hydrochemistry types in Kunming basin
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Fig.2  Curve of ion change monitoring
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Fig. 3 Diagram of annual variation of pore water level and
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Table 1 Statistics of central water level of 5 main falling funnels in Kunming City
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JE AR 7K /m 1911.44 1 895.24 1 886.68 1 889.61 1883.21
20024F7K 37 1907.33 1859.46 1 886.29 1 880.69 1861.24
20214 K iz 1910.897 1.894.04 1 889.038 1887.24 1 880.852
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Fig. 5 M-K trend test of water level in the center of main falling funnel in Kunming City

b P T R AL S AL RS SN AL a1 JR it X
Mo R RAEATAL T T B

43 IEEFHEE

1T 2R TR TR S0 R K BRI ™ A 5,
Bt KA TR SRR T MR KGR A T
AR DU A A o LR ISR L e e SR A W D 91,

1972 48 LAY, Jule R Bk A7 | 5 32 N5
Ma 555, SR R RS, IR it B =15 AR 3l (1] 7)o
1973—1980 4F[8], Fifi & W T 94 sk AN T B934, =
W DX K SR B K, 5 — D, TR
I ABE TRFFIZ AT N THEK, RE L, AR B2
6 PG 22557 T 4 A HEZKIR . 1981—1987 45 [A] W I



668 rp A 2023 4
U RRITHE — ALHYRE K | A 26

B 1o SR

= B AV

ﬁg 1 890 4 5 & &

= 18851

A 850 2530 LS W 42 2002-2021 AF K S5 91 Mo R ok W

2 e SR S LT, TR T TR 7K IR 36 75725 A A 10

1ges bemrn-+—r— T AKASE S5 A A 0 Kz 5 S B i R 22 199 49 BT AT

PR Tk e ke %M\,d] %1 M$ ;A ThSE D
FFEEDI RS 5, B LA T 2.

BT
Eo6 BRIATIEEEKREKMETILIEEE

Fig. 6 Water level variation of main water-rich blocks in

Kunming City

) { HHEK i 3 000~5 000 m™-d ™, 558 T IU et SR B
14 R SRR B, OB A T Hi T A HE M S o v, <30
HEAK T B R AR TGk m T, S BRI L it
SRBFMTIR o D4R, BT IR A A P R R, Bt
HeK . s ISR | I o, BT — e R b
T HL R KGR R Z FLBK R 45 A 3 44, 5
R SR b DX KA, B b T UL, (2 ol R /KA S R
BB L. BEAb, T4 E B s . JFRIFEIE T 2R
GF A G, O R S K 2 ] ER G, T 5 | S 1

(1) 15 4E38%, B W 2 i R K i AR 2
R a3 FLBR K i DAV ZROK FTV 28Kk £, VS
K 37.5%, V2K N 30.2% 1T & 62.5%; %t
AR R T 26K e 56.8% FREZE 18.3%, IV
JKFNV 287K &5 He e el 11.1% F18.6% |7+ % 33.3%
H126.7%. KALFEIERIG Zedb, HR /K AR H A
W HLEY pH. Mn, NH;. COD, K Ji7 & BE 48 0 br,
JR R BE B 1, SO, As. Cd 2545 F54 F FIAT ML
YIHEFR;

(2)i# 1 20022021 4 11T KA 3l 245 s oy
B2 BH, L B 2 b R A4S AR £k 20 S A BH S 1 By
Bz, 2002—2008 4F: Ml T /KA 52 R E %, 2009 4 LA
Jei, HUR KA ER TR R, 5 AN H N KRRV T

A A
Fifm oo A /m
N S N
i o ot i 1
1950 )Lil‘i‘dﬁ Qe ﬁjza; 950
1900 - ‘ : 1900
1850 V7 =Rl | 850
1 800 - 1800
1750 1750
1700 - 1700
; IE==l I K6
71 2 3 4 [E==l5 T 6 q=11.67 7
¢ 1T I = — T 76.82
" C“-! -
e (8 |[-———- 9 |p: 110 11 | =] 12 == 113 | 6548 | 14

7 AUAit SRR ST it R (4R S ST [10] 124R)
1B LRSS K2 2-O TR AL SR 3-XRA RIS K 4-FI R SR ST AR KSR 6 KA AR SR

7- WAL AL EAE LI (m),q FEALMK R [L-(sm) "] 8- FFFREE 9 F/kfigk 10-HUZFLE 11-W02 NS

12-3R B FEIFG IR

13-HF KU 14-HZ =4k

Fig. 7 Hydrogeological cross section in the Jiulongchi spring group (Revised according to reference [10])

1. Clay pore with weak aquifer; 2. Sandy gravel soil pore with relatively weak aquifer; 3. Basalt fissure with weak aquifer; 4. Dolomite karst with relatively strong

aquifer; 5. Clastic rock with weak aquifer; 6. Limestone karst with strong aquifer; 7. Monitoring hole, and the hole bottom data is hole depth (m);

q is unit inflow[L-(s'm)']; 8. Ascending spring group; 9. Phreatic line; 10. Stratigraphic boundary; 11. Fault and numbering;

12. Karst caves and filling caves; 13. Groundwater flow direction; 14. Attitude of stratum
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Characteristics of long series data of groundwater quality
and level in Kunming basin

KANG Xiaoli"**, ZHOU Junrong"*’, GAO Yu'*’, ZHANG Hua"*’
(1. Yunnan Key Laboratory of Geohazard Forecast and Geoecological Restoration in Plateau Mountainous Area, Kunming, Yunnan 650216, China;
2. Key Laboratory of Geohazard Forecast and Geoecological Restoration in Plateau Mountainous Area, MNR, Kunming, Yunnan 650216,

China; 3. Yunnan Institute of Geo-Environment Monitoring, Kunming, Yunnan 650216, China )

Abstract Kunming basin is a representative of karst faulted basin, with a basin bottom area of 846.19 km’and a
fluctuation of 1-82 m averaging at 19 m. With the city development, Kunming has gradually become one of the
megacities in China. However, as the center of intensive human settlements and activities, the contradiction between
human and land is prominent, and the problems of resources and environment are serious. Since the 1960s, the
dynamic monitoring of groundwater in the urban and suburban areas of Kunming has been carried out in a
comprehensive and systematic manner. In this study, hydrogeology method, data statistics method, Piper and Matlab
software were used to establish models to analyze the dynamic characteristics and change of water quality and water
level, based on the comparative analysis of monitoring data of water quality and level in Kunming basin, especially in
the main urban area. The main underground chemical types of Kunming basin are HCO;-Ca and HCO;-Ca-Mg. In
recent years, with the gradual increase of Na'+ K" and SO;” +Cl, the hydrochemical types have also gradually been
increasing and become more complex. According to the water quality evaluation, the groundwater quality in Kunming
basin has generally shown a downward trend in recent 15 years. The pore water quality is mainly of Class IV and Class
V, and the proportion of Class V water has increased rapidly, from 30.2% to 62.5%. The bedrock water quality is
mainly of Class III and Class IV. The proportion of Class IV water and Class V water has risen rapidly from 11.1%
and 8.6% to 33.3% and 26.7%, respectively. Mn, NH}, NO; and COD are the main items exceeding permitted levels in
pore water. Mn, NH? and F are the main items exceeding permitted levels in karst water. In recent years, I, SO;", As,
Cd and other toxic, harmful and organic substances have exceeded permitted levels, showing a compex tendency. The
reason for the change of water quality is the intensification of industrial and domestic pollution. The results show that
the interannual variation of groundwater level in Kunming basin is mainly affected by industrial and agricultural
production, mining amount and engineering activities, and pore water decreased from 2002 to 2009, but increased after
2009. Karst water showed a downward trend from 2002 to 2012, and an upward one after 2012. The groundwater
levels of Puji-Liangjiahe, Beijiaochang, the urban area of Kunming, Jinmasi-Guanshang and other water-rich blocks
have risen significantly. The rising trend of groundwater levels in Cuihu, Heilongtan, Beijiaochang, Majie, Heilinpu
and other five falling funnel areas is significant, which is closely related to the measures of restricting groundwater
exploitation and sealing groundwater exploitation wells in Kunming City. Based on the dynamic analysis of water
quality and water level, countermeasures and strategies to protect groundwater should be proposed through enhancing
administrative management, strengthening the investigation, evaluation and monitoring of basic groundwater

environment, and furthering the research on technology of preventing groundwater pollution.

Key words groundwater monitoring, water quality, water level, trend analysis, Kunming basin
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