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Distribution map of water circulation monitoring section
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Table 2 Hydrochemical characteristics of main spring groups in Huanglong core scenic spot

IR AN I/ LR/

[Ca?

Y/ (Mg*" )/ [HCO,)/

. /4 KEt/C pH yseem-! gL’ gL’ ngeL-! PCO,/hPa SIc
4/2019 6.5 6.2 1163 231.5 25.9 746.5 196. 4 —0.17
ol 5/2019 6.4 6.6 190.0 21.3 877.6 168.1 —0.04
7/2019 7.2 6.4 1143 196.5 19.7 842.1 281.7 —0.26
9/2019 6.7 6.6 1100 183.0 19.6 745. 4 158.0 —0.15
5/2019 5.0 7.1 119.0 14.6 610.7 34.3 0.16
Q2 7/2019 5.6 7.1 987 183.0 18.9 740.3 43.2 0. 39
9/2019 5.2 7.2 946 162.0 17.7 637.2 29.9 0.38
5/2019 4.8 7.4 582 81.6 11.4 388.7 11.7 0.12
Q3 7/2019 6.0 7.4 645 113.0 11.5 431.9 13.1 0.31
9/2019 5.4 7.5 570 85.2 1.1 365. 0 8.8 0. 22
5/2019 4.6 7.6 582 36.8 11.6 367.1 7.2 —0.03
Q4% 7/2019 5.4 7.4 599 95.0 10.8 400. 1 12.2 0. 20
9/2019 5.9 7.6 532 78.8 10. 4 327.9 6.4 0.25
4/2019 4.7 7.0 178.0 21.7 613.8 49.6 0.15
. 5/2019 4.9 7.2 719 98. 4 12.2 456.6 21.7 0.06
7/2019 5.5 7.2 680 121.0 12.0 462.7 22.2 0.15
9/2019 6.5 7.6 591 91.9 11.2 389.7 7.5 0. 39
5/2019 5.0 7.3 593 83.4 12.4 302. 3 11.6 —0.07
Q6% 7/2019 7.3 7.6 577 83.1 10.6 493.5 9.7 0.46
9/2019 6.1 8.2 542 67.7 10.3 334.1 1.6 0.79
4/2019 4.6 7.2 172.0 21.1 589. 2 30.0 0.32
o7 5/2019 4.8 7.2 676 67.8 10.7 428. 8 20.7 —0.12
7/2019 6.2 7.4 586 96.9 10.5 370.2 11. 4 0.19
9/2019 6.3 7.5 580 84.6 11.7 383.5 9.2 0.25
4/2019 4.2 7.4 109.0 21.4 499.7 15.7 0.28
s 5/2019 6.9 7.3 630 73.1 13.3 598. 4 23.2 0.17
7/2019 9.5 7.8 493 73.3 11.6 327.0 4.1 0.48
9/2019 8.3 8.0 496 60. 2 11.5 303.1 2.4 0. 54
Q9™ 4/2019 4.0 7.8 311 46.4 9.6 182.0 2.2 —0.02
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Fig. 2 Typical seepage pattern of Chongshuicai pools
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Table 3 Average hydraulic gradient of groundwater in Jiexian bridge area
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Fig. 4 Monthly rainfall dynamics in 2019
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Fig. 5 Dynamic changes of water volume of each monitoring section (2019)
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Table 4  Flow variation between Jiexian bridge section (I1)

and Zhuanhua pool section (I)

Ao it/ m’-d !
TR SRk TR O RV L TTITR B A

4 11 687.95 2638.49

5 53 576.89 55935.94 2359.04
6 79 244.92 91276.73 12 031.80
7 60 617. 48 88017.36 27399.89
8 46 495.51 56 184. 82 9 689. 31
9 57 710.35 85 681. 09 27970.74
10 40 002. 45 57 677.66 17 675. 20
11 25453.51 40 313.82 14 860. 31
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KRS T AR B, AR T ORI R 5.
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Table 5 Composition of water volume of each section of Huanglong scenic area (In 2019, S is surface water and D is groundwater)

ST /m®-d
HAy I -2 1I 11 v \%

S D S D S D S D S D S D
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11 25454 14 860 238 40076 40314 / 27719 12595 6 467 33 847

PL 2019 4 7 A 2 K A6 3 & 40 fi g w7 4y
CELT) LA 1 A 5, b R I35 0 M R K s
T, LA B A e O B, B R K AR O A
68 166 m'-d™", I I 2 T IR A AR 45 1 TR )X,
PSR ZUA JE IE R o FEANATE LR R K AR I 4 17 44

FefEariE b B

L I iT-2
10 000
20 000
30 000
40 000
50 000
60 000
70 000
80 000
90 000

19852

60617

KA/ mdd?

RIKFIH FE 7K

FEAUMF T

|

88017

5, 7 FEAE 50% LR o Ml A2 4 5 A4 () B 3t oK
Bl A5k . X NATAE A S8 e HE T, 205

AL THEARFIRE VL 1, 26 K855 M R K PR K R
HHES | R | R 8

FARIAE R AR
Ligingav

RN i)

| i TV

53639 49774

86201

m i K

6

B7 HEBMREHTEAKSHEM(2019F78)

Fig. 7 Composition of water volume of each section in a typical month (July 2019)
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Fig. 8 System model of water circulation of Huanglong scenic area in wet season
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Fig. 9 Monthly dynamic changes of Huanglong surface water and Zhuanhuachi spring groups (from April to November, 2019)
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Fig. 10 10 Monthly dynamics of water volume participating in
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the travertine water cycle from May to November 2019
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Study on the structure of multi-layer water circulation system in the core
scenic spot of Huanglong

LIU Xinze"**,SUN Dong"*?, CAO Nan', YUAN Nannan’, HUANG Heping*, TIAN Changbao*,
ZHANG Qingming’, TNG Shu', LI Dameng', ZHOU Daji*, DONG Faqin’
(1. Chengdu Hydrogeology and Engineering Geology Center, Sichuan Bureau of Geology & Mineral Resources, Chengdu, Sichuan 610081,
China;2. Sichuan Huadi Environmental Science and Technology Co. ,Lid, Chengdu, Sichuan 610081, China;3. Sichuan Provincial
Engineering and Technology Center for Environmental Protection & Groundwater Pollution Prevention and Control, Chengdu, Sichuan
610081, China ;4. Huanglong National Scenic Spot Administration, Songpan, Sichuan 623300, China;5. Sichuan Metallurgical Geological
Survey and Design Group Co. ,Ltd, Chengdu, Sichuan 610081, China;6. Southwest University of Science and Technology , Mianyang ,
Sichuan 621010, China)

Abstract In order to find out the water circulation process and water circulation system structure in the travertine
layer in the core scenic spot of Huanglong, Sichuan, in this paper, the methods of surveys and water circulation
section monitoring were adopted to analyze the composition of groundwater runoff flow and surface water flow,
which are formed from secondary conversion spring, in monitoring section and the characteristics of recharge and
discharge in the circulation section, so as to obtain the development scale and level of each water circulation sys-
tem. According to the 2019 survey results and data analysis of 16 water monitoring stations, the results showed
that the structure of water circulation system is the most complex during the wet season, and it is divided into three
levels of regional circulation, local circulation and site circulation, with the local circulation as the main in scale.
Taking July as a typical month, the water circulation in the scenic spot is mainly controlled by four local groundwa-
ter circulation systems developed in series. The regional groundwater circulation system developed in the north ar-
ea of Jiexian bridge. The Chongshuicai pools between each circulation sections were the recharge areas, and the
outlet was secondary conversion calcareous spring with large flow. Groundwater flows in the travertine layer and
the bottom and both sides of the layer are water-proof boundaries. There are 5 site water circulation systems in the
south of Zhengyan pool. The dynamics changes of the water circulation system structure in the scenic spot are
great, and it reached the dynamic equilibrium state only in wet season. The surface water and underground water
of Huanglong stream constitute all the water volume that drives the development of the water circulation system in
the core scenic spot, and the water in the scenic area is completely discharged in Jiexian bridge and the right bank of
Fujiang. The water circulation in the core scenic area of Huanglong reaches a dynamic balance during the wet sea-

son, while which is in an unstable flow state in other periods.

Key words water circulation system, wet season, Huanglong core scenic spot, travertine layer, water flow

monitoring
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