B ol
2023 4F 12 A

#
CARSOLOGICA SINICA

5 B Vol.42 No.6

Dec. 2023

LN, R eta, A A, 45, IV 2 e B T ) R G A /K 4 AT S5 TUNTA [J]. A A, 2023, 42(6): 1183-1192.

DOI: 10.11932/karst20230604

WL R e TN R R R /K & 43 i S Ful v E

RN, st Y, A Y, 3 seE T
(1. BRTRIAZ[ R LT R ERARAELS ASMS A EELEE, =8 L 650216; 2. =& 4 & /R Lk
FREFBIALELEAXMEETLERT, =@ LW 650216; 3. =@ 4 ARBE RN, =& LW 650216 )

& E W VE A6 I VR R R IR S R 8D | TRl W R AR R, B R b &R S R TR
L 29 B F o AR I UL A DX K S T A R B R TR L N K RS A A R Lk L, RS
LT R R T AN T RS S R, RLAE 70 4F B9 B0 R LAl SRR ik B B i RO R T
K F G 0 Bl A AR Ak B I R 2, A5 HH A TR] R B T O VR T O A S B TR PR, O AR AR O A 2 Ol TR T
T PR M R 2R R AR Ak A, T SR ke BE IR R B Y AR 5, 2021—2030 4, B R K R 2T
SRIK, 2030 42 5, SRR R BRI AL T TR A o AT Sy R TR A MR K Bl 2 K A RN YT

Il DX M K K B RO e B A 85 R A i PR B

REBRIA ML T K R G AR Hrs B TR 5 WL

FE 4SS P64l.134 T EAFRIRAD: A
XEHS:1001—4810 (2023) 06—1183—10

0 35l

T

HIR KRG Z MM TR AR R B R
PEAA, BEE AT . NI Sh 451 22 N R AL (ki
AWHE AL S ARG, SRR SIS R AR KR
Gris e B A R, e R B R R | IS
AR AHEL R Wi 3 S AT A AN [R) i S B A e, i)
S NRIG S N BB AE A i 50K 8 1 2 —, S
[F1) DAY 325 S P TR 1 3R it J3E e — e 4 ) R T
B, L7 A 1 B RAONE K 35 T 7K S T 1) A, Mk B

A V23 0 - e AR AR L Fe s B4R TH X, R
HIMBIRER ERICATROK RS, 228 1T R IEE
P S IR A5 A T RO R ), 2 88 SR K Bk 2 i V1 T B
TR AR R KR, R VLR SE RRUIRIE S . A
2000 4FEJT 4, B e BT R AW & Az, A H OB

TR R (R ERS) 724G (0OSID): =

IS A HORK TR, AR 22 E AN TR £
JETT 8 T AR BT ST, 5 ik DA A o 7K o i 2 J PR e
Wi 4 22 S PR, TN I Bl X A T K R G B
T A AT TR o DR, BF5E NS s d
R ARIA A B L BT IRER S5 A (4 UK S AL BE K i) 17
ARAL, A BRI A 2N, JF TN A E
AR TR A AR PRI TT A A K SR B IE A M
SIS SR IR I A B

1 WTARFERBFR KL

11 RESEERFLLREYE

LT K R G T VLA A AR, 2 A5
=A% e G IR 1) P ASHA A TN VA S L A
R KRG s N B WA K F RS, = A
— A R K RS, 1K BT 172.69 ks &

B—1EH R AR (1979—), 5, TRMBI, 1E R 2 TR0, 2N FH/K TIR T 7 I 5 TAE. E-mail: 56926747@qq.com,

ks A #1: 2023—01—01


mailto:56926747@qq.com
https://doi.org/10.11932/karst20230604

1184 o

2023 4E

SE VG S L 2R B oA, S B LAV S TH R e TR
WRKFRYE, ARG AR RO
SRR RNDAN Z3 SV N € e < TR G K VA= U W 5 7 N
DL BIE Z 3 Z K 1 R 409, Ja oKk B dedilih
SR M RN ML R 43K e AR H R B gk LT
T — 5 AR AN RN 25 R TR TR 2 I 300 3 Wl VT — 4
VBT 24, ol 7K DRI 2 R0 B 7 2 A ol B 7K i s g v
AN AR VL 35 A0 R R S, Shads K B, R kA e kb
SRRV T K F R, Z2U0R B 50k B R R TR
SN IR KK SRR T (E 1) .

R ILTE 2N H G & 1 R K ARG X,
1 FRZ) 122.9 km?, DIMRIRZE | =)L L 757K
G R A A WL R E, FKE NP =S5t
WA A B, ANBREL0.411, Al 18 A
#6.07 Lskm”, @ KPESE, (HAK L), dhRg g o
JeE G —H @ R AKAR X, 1 FLL 47.3 k', Hb
W22, iR 5°~15°, MR A E , 10Kt TER
) 2R P A2 0, o 58 1 22 DAy O R AR B e i VL4
WHRA Il A 3, A8 REL0.367, i 242 A AL
4.63 L-s "“km?, B K PERCHRE, HUF K 248G N ARAL A
WA AKE, Do DR AE S HEM . Sl &=
I —H7 AR K HEME X, LY 2.5 km?, M #GF 27,
HUERER DU R AN HORERUZ, DLk aR A2 R 221,

1.2 BRG%EH

TR TR T 7K R ST h 22l 1 23 6] 21 5 T
AR 2 E AR B R R GE . R Al
T BT XU R 45 | 3R )2 55 Tl A e T s ]
2, SR R D B | AR I R B i 2
Bt () B2 DU Z AR B AR - rP A AL RS 35 KA s
] 731, BAT B &K DI RE, IFHAT —E i K AR
FHs rh GRFR I L5313 36 e 72 {HL R 5 MR R B
R T WUR KA T R (48 ) O B, B B 1 K
R, B2 E KM

2 TS IKARHER T TR R B S AT

2.1 R HEE SR
RAFEKAB NG 2 R R 7K 2R GEE—4b
2R, ZPIIBR /KR P, R 7K Gd 1 B SRR
VR B A5 2 (] o) PP AR L 2N H O — TR,
LRI O FE B W A g LU B A T s TR ER

R ZR Ge P ) I VLA M T S — i AR,
JUFE (2 802 m) BB e (2 420 m) FEES 24 14.5 km,
1525 382 m, IK Sy EERR K, KB 1 S5 AT, TR 28
Heall i, W2, B U B AR I A — R 10~15 K, Z4B
T B IR ] — M 2~4 .

H itk DX R 0 Ay oy 3 R AR A D e TR AR AR
Yy, R i A AR, YR RREK Z, B B
(R K ABAE 25 A, KE AL T AKAE R L — i A7,
TE R K o PEAN R 565 DO 2R DKOK HEFR Y, 385 K M
g, {E S5 i 3 A 55 VO 2R el WA AR TR ) 7 55, HETEA
W%, 52 Ho i 2E e R T 7K R G804 T K W 24
BT LA KB R, T2 LR TR SR T 50 i
K38 35k 565 DY 2R KoK HE R L B0 1) 275 T VA8 T
KERGE, U2 RHRM 3. I, B N KRS
JE MR “ 7 A K R G, LR KGR A
0 e HE 2 T 7K R G i) = R X8 1)

2.2 RIKBHFSFIMREFE

R 4 28 e AR A I B R (1990—2011 4,
2012 4F 2 A W) ", MO R R AR PR AR LRI 2, £
AESTAAFARTE: 4 040 J7 m’, S KA TR A 8038 J m’
(2001 4F), e/ MEARIREZ 1277 J7 m* (2007 4F), #
253K 6 % AE NI sh S AR bt g R 2, S
(AR R A RAAE, 76— JRIA P, sha el Bl sy,
Ja& U ARV SRK, AR MR — T 35 3~5 £

RN 1Y 1 B A S SRt AT Sl =) A S
VB 27 YK [ 8 BE g e s 7 | 1729—
1960 4F1 200 Z24F [B) 2L Wris 9 ¥k, V34124 25.7 4F W
TL— IR, BF KB ] — g 2—3 4~ H, TG A Wi ;
1961 — 1990 4FE Wi 5 1K, ~“F-44 6 4F Wi — ik, Hr 3
UBS AR WO, WO o ) B K 24 29 A, Wrifi s i 2
B0 #1991 —2020 4F Wi 13 Ik, “F3844 2.3 4F
Wi i — ¢, Herh 2 YIS AR WAL, BT O I TR G 43 A
H, Wi s ol B ol (& 2) o

3 HWTA/KEEFEEILISSHLIE
3.1 KFEEHHEESL

311 BREBHTRKEREGKYEFTFZXN:

a-K-P=Aw+Q,+ 0, + 0
Arh: o —AB REG KM (m®) ; P—FEK i



Fat Hol

AR A5 VLR 8 ) 2R G K S5 405 20 -5 BT

1185

o|[ |o

.-d [le |l

.= rﬂr
=
2 8
=
H
O

PN
n)l
=
ofE

s R

[[ERAR~S:iRIE

— N KRGER L

7| g T kg R

”
RGBS

Wiz

e WFWE

1 - 0K S o ) i 1]
160°

;

RS

—oti |
E ‘I“]lﬂ

HHEDITZ

L lwmna
D M 2 AT 5

[t e

| Sk R
i W TR, A Ls

RO | i e AR

®

&K

> | 1K

2 4km

Y
XX
bt
T
N
-
(=3
(=}

TR MK R TR R G R RE

Fig. 1 Relationship between hydrogeology and groundwater system in the Lijiang basin
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Fig. 2 Trend curve of the historical drying-up of

the Heilongtan spring
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Table 1  Statistics of socioeconomic development and groundwater environment change in the Lijiang basin
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Fig.3 Precipitation relationship between Lijiang station and
Jiuzihai station from 2001 to 2017
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Table 2 Statistics of the 10-year average value change of replenishment and discharge of the
groundwater in the Heilongtan spring from 1952 to 2017
e 201H2 21128 P
53—60  61—70  71—80  81—90  91—00 01—10 11—17
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S K JTm’ 444827 454482 4081.52 363394 429841 385467 23922  3585.84
HiFNG R /% 54.72 53.50 49.54 44.24 48.17 44.74 3.42 42.62
J—— K JTm’ 341247 366896 3884.13  4309.13 433006 447546 653348  4373.38
HiFNG R /% 41.98 43.19 47.15 52.46 48.52 51.95 93.36 54.09
J— K JTm’ 268.99 281.07 272.57 271.81 295.25 285.05 225.66 271.49
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Table 3  Statistics of the quantity change in groundwater resource of the Heilongtan spring and Lijiang City

Ak
A
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H#E (IF3h) FFR ZB  WEEL B H
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Table 4 Discharge changes of the Heilongtan groundwater system in different years
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Equilibrium analysis and prediction evaluation of the Heilongtan groundwater
system in Lijiang of northwestern Yunnan Province

REN Shichuan'**, YANG Xiaoyan'*’, YANG Yingbin'*’, LIU Haifeng'*’, YANG Fan'?*’
( 1. Key Laboratory of Geohazard Forecast and Geoecological Restoration in Plateau Mountainous Area, MNR, Kunming, Yunnan 650216, China;
2. Yunnan Key Laboratory of Geohazard Forecast and Geoecological Restoration in Plateau Mountainous Area, Kunming,

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

Abstract  The karst water system is a dynamic system controlled by the degree of karst development and the
underlying geological conditions. It constantly evolves with changes in climate, human activities, and many other
factors. As one of the main driving forces of environmental change, human activities have caused the change at the rate
and intensity far exceeding that of natural succession in a short period of time. The environmental effects and induced
hydrogeological problems resulting from human activities are extremely difficult to distinguish and quantify, and
hence have been the working focus of local governments and scholars at home and abroad. The Lijiang basin is a
typical covered and semi-covered karst water system developed in the strong uplift zone of the late Cenozoic crust,
which has given birth to the Heilongtan spring, the Xiguanlongtan spring, the Jiudinglongtan spring and other karst
springs (spring groups). These springs are not only important water sources for Lijiang City, but also the city's
highlights of tourism resources. Among them, the Heilongtan groundwater system is the most important karst water
subsystem in the groundwater system of the Lijiang basin. However, the primary discharge point of this system, the
Heilongtan spring, has currently experienced a significant reduction in flow and increasing intermittent drying up,
which have become important factors restricting local economic and social development.

Based on the comprehensive analysis of data over the past 70 years, the investigation of hydrogeological
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conditions in the Lijiang basin area, and the dynamic monitoring of the Heilongtan groundwater system, we
quantitatively evaluated the dynamic flow change of and its influencing factors on the Heilongtan groundwater system
with the method of water equilibrium. Fully considering the impact of human engineering activities in socioeconomic
development, we summarized factors for the drying-up of the Heilongtan groundwater system as follows. (1) From
1951 to 1990, human engineering activities that replaced and reduced regional vegetation increased natural evaporation
capacity and continuously increased evaporative discharge by 10,827,400 m’, accounting for 87.00% of the total
decrease in the resources of the Heilongtan groundwater system (12,445,400 m’). This is the main reason for the drying-
up probability and the increasing span of Heilongtan spring. (2) From 1991 to 2018, with the recovery of vegetation,
the evaporative discharge continuously decreased by 18,303,400 m’, compared with that in the 1980s, which was
beneficial to the recovery of Heilongtan spring. However, the factors such as human mining, leakage from the surface
river system, and urban development and rereconstruction have caused a total decrease of groundwater resources by
50,586,900 m’, which is unfavorable to the recovery of the Heilongtan spring and is also the cause for its drying up.
Among these causes, urbanization and human groundwater extraction reduced groundwater resources by 45,805,200
m’, which accounted for 90.54% of the overall decrease and was another primary cause of the drying-up. According to
the change of influencing factors of the Heilongtan spring in recent years, the future changes of its flow predicted by
the method of water equilibrium shows that: (1) From 2021 to 2030, the Heilongtan spring will change into a seasonal
spring and become drying up during median water year and low flow year. (2) After 2030, the Heilongtan spring
groups will remain drying up for a considerable amount of time with a very slim chance of reproduction. This study
research can serve as a foundation for the dynamic recovery of Heilongtan groundwater, and the development and

environmental protection of the groundwater resources in the urban area of Lijiang.

Key words groundwater system, water equilibrium analysis, the drying-up of the Heilongtan spring, Lijiang City
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