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Fig. 1 Location of the study area and distribution of monitoring stations
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Table 1 Corresponding relationship between monitoring stations and monitoring objects
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Table 2 Hydrochemical characteristics of Zhuanghuachi spring group and the outlet of forest area

KR R/

s A4k [Ca™/

[HCO3 )/ PCO,/

[llagil WS 3
W H 3 W3y pH x ps-em’” BemgL mgL’ gL ‘Pa Sle
Al 6.5 7 1152 166.16 210 857.51 20.22 -0.09
A2 6.4 7.1 1146 197.69 212 808.15 23.75 —-0.20
2019/7/20
A4 6.4 7.2 1139 178.94 211 826.66 24.31 -0.19
B 6.9 6.3 1 068 111.63 194 789.65 7.34 0.24
Al 6.6 6.7 1106 129.48 181 748.53 13.99 -0.10
A2 6.5 6.9 1105 151.63 181 748.53 17.61 -0.19
2019/9/20
A4 6.6 6.7 1096 138.00 181 748.53 13.99 -0.10
B 6.9 6.1 1038 109.04 173 692.86 6.54 0.15
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Fig. 2 Dynamics of the total flow of Zhuanhua pond (April-November, 2019)
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Fig. 3 Changes of the total flow in Zhuanhua pond and the inflow quantity of Wucai pool (July-November, 2019)
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Table 3 Dynamics of monthly average water flow (unit: m*-d™")
Ay Ay At SOk TR FE K Bk R B A TR L
20194 7H 10 333 4631 5703 55% 45%
8H 9952 4707 5244 53% 47%
9H 10 736 5115 5621 52% 48%
10H 9 965 5114 4851 49% 51%
114 7462 4054 3408 46% 54%
20204 4A 3933 1559 2374 60% 40%
5H 5912 2939 2973 50% 50%
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Fig. 4 Shrinkage and secondary degradation of Wucai pool in the landscape area (based on UAV aerial survey images in August, 2019)

(blue line: the present range. red line: the range in the early time a. water loss and blackening area  b. the podzolization area near the boundary line of water

displacement)
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OiEE&EZ, KT AR AANLE LR 7em); @F
)2 R ZFLESE(E 18 cm), JeFE M KARFL; K
B EASERR , BP1 (J& 35 cm), Je RETFEMNANER AR .
P AH DA IR BUR, 5 LA E NSRRI S ek AR, 32
BLPE A g () 2 (IR RE A2 ) O 40~60 cm
DA B A0 s A A KUK D0 A S R AF A AR AR
KARFE 60 cm F I, IR A E5HE LA 2%, T A IR
AEANHOERR Y . W1 32 A S ST IR i A AR 2 R
R KRGS E (<50 cm) BA — & 19—k
B DX AR 2R 196 B 5% 5 18 45 k) A o 2 i
F . RS RAFIAS AR ER B E I 051 = T,
SRR, 5 B0 B, 28 A B A A 1R |
BRI B 20 R TR St RS 358 W B A A8 1
MRS E—B(5R 4), i — KT 0.25 mm,
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Table 4 Distribution characteristics of travertine particles in thicket root system after transformation

(A B3l kife /mm i /g S /% kL4 FR*
142.32 36.7 ik
. . 0.25~2 138.04 35.6 Hhok b
A WEAHR 2 SR 1Y e g
0.075~0.25 82.88 21.4 i
<0.075 24.35 6.3 ki
158.47 34.7 ik
. e 0.25~2 112.15 24.6 HoHL RS
WA it AT M R [ 45 4 g
0.075~0.25 155.59 34.1 i
<0.075 30.07 6.6 kL

* 5 0 T AR AR ME(GB/T 50145-2007) B -

*: based on the engineering classification standard of soil (GB/T 50145-2007).

i SEM K F (18] 5), Bl DA 3 o i ) B4R A
BrRL X AR D X35 BRRE AR A, Ul AR B AR
FHBRYRUEE I A 2 — BB GIOK 9%, X5 46 i A=
FLEBRZS A B IR e i HLURIZLAY

P51 JU AR FL B 45 R Hh B TR 5 TR ME AR AR
Wi gl SRY BT A, S5 WA OA TR R 90K 2R
PA-TCFLBR, ok 3 R AL B B4R 1~500 pm, g $5 48 AL
BRASH Y A, BUl RA4F, I T T KB BB

T A, R AR K AR LA B K BE ) ) B A
P LRl . 5 LU MIAR 7R i o e, S AR AR A 4 )N
FLBR . LR 2 5 AL B T2 5L 11 2 2 A IO [ R
FLBRAES, O sRE T A B RUZ, F B i &
LK SRR BRI (R S) .
SEREAG IR S AR, T RS B 5 AR RS
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Fig. 5 SEM images of travertine samples after full destruction of thicket
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Table 5 Main hydrodynamic parameters of travertine loosening process

Al ARSI BB R /m-d” LB /%
FEAERR 2~20 mm 9.09 14.2
Ly 0.075~2 mm 5.41 12.5

AR+ <0.075 mm 2.81 10.6
1EH S S AR e 1.53 8.1

*: BRI 201 94F AR B TR A2 AR AN IR 2 B K 1 27 LI & S N A P AR B ik

*: The data source is derived from the Darcy seepage test of soil column completed by the hydraulic laboratory of College of Ecological Environment, Chengdu

University of Technology in 2019.
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Fig. 6 Change of water quantity in Wucai pool before and after water flow regulation (2020)
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Fig. 8 Variation characteristics of main ion concentrations in different parts of Wucai pool
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Table 6 Dynamics of water quality at the southern inlet of Wucai pool (2019)

H 101 — ol 7kflt/ EEE'FZAEI/ [Ca”K [HCO; ]/ PCO,/ SIe
ps-cm mg'L mg-L kPa

2019-7-20 5149 6.9 6.3 1 068 194 790 7.34 0.24

2019-8-20 4243 7 6.4 1052 190 718 5.32 0.30

2019-9-20 5113 6.9 6.1 1038 173 693 6.54 0.15

2019-10-10 5292 6.9 6.2 1033 177 708 6.7 0.17

2019-11-10 4414 7 5.9 1 083 196 789 5.83 0.34
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Fig. 9 Comparison before and after restoration of local degraded
landscape in Wucai pool

a.pre-conservation, August 2019 b. post-conservation, October, 2020
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Fig. 10 Comparison of the blackened pool in
the north of Wucai pool before and after conservation

a. before conservation, August, 2019 b. after conservation, August, 2021
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Comprehensive study on characteristics of leakage in the source water area and

landscape conservation by artificial leakage reduction of Huanglong Wucai pool
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ZHOU Yaping', CHEN Hongwei', HAN Meidong', SUN Dong'

(1. Sichuan Geological Environment Survey and Research Center, Chengdu, Sichuan 610081, China; 2. Huanglong National Scenic Area Administration,

Songpan, Sichuan 623300, China; 3. College of Materials and Chemistry &Chemical Engineering,

Chengdu University of Technology, Chengdu, Sichuan 610059, China )

Abstract The study area is Huanglong Wucai pool in China. In recent years, due to the influence of Salix cupularis

thicket in Zhuanhua pond of the upstream source water area, there has been strong surface water leakage, resulting in a

decrease of water conservation and shrinkage of water landscape, which in turn has caused the degradation of pools

such as blackening and podzolization. Through analyzing the characteristics of water conservation in Wucai pool and

their influence on the evolution of travertine landscape, this study discusses the effect on landscape restoration by

artificial intervention in the reduction of surface water leakage, so as to provide systematic results and technical

reference for subsequent landscape conservation and serve the protection of the core value of Huanglong World
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Natural Heritage Site.

By means of field investigation, flow monitoring, water quality monitoring, particle analysis, SEM
characterization, and experiment on water quantity regulation and conservation, the characteristics and causes of water
runoff leakage in the source water area of Wucai pool were identified, and the effects of artificial leakage reduction on
the evolution of travertine landscape in the study area were analyzed. Five monitoring stations were set up to monitor
the total flow in Zhuanhua pond, the water flow entering Wucai pool and the corresponding changes in hydrochemical
characteristics. Meanwhile, pH, temperature and conductivity were measured by a handheld WTW 3310 pH meter, and
Ca’ and HCO, were measured by titration on-site. The monitoring period was from April to November, 2019.
Collected from loose travertine at the forest area of Zhuanhua pond and from the newly formed loose travertine at the
bottom of landscape pool, the particle analysis samples and SEM samples were used to analyze the transformation and
destruction of travertine body by the root system of Salix cupularis thicket. Thin-walled rectangular weir and triangular
weir were used for flow measurement. After water flow regulation of Zhuanhua pond, isolation of channel with strong
leakage, and conservation of Wucai pool, the impact of the increased water flow on the improvement of local
degradation of Wucai pool was assessed on June 5, 2020.

The research findings show, (1) The quality of spring water from Zhuanhua pond in the source water area is
stable, with high partial pressure of carbon dioxide and high calcium. Degassing reaction occurs along the river, and
calcite is oversaturated at a low level to the southern edge of Wucai pool. (2) Due to activities of thicket root and
influences of freeze-thawing, strong runoff leakage occurs in the source water area, and only 49% of the total water
flow can enter Wucai pool to form a landscape conservation water source. The main site of strong leakage is located at
the west branch channel composed of loose calcareous gravel and sand in Zhuanhua pond. (3) The leakage in the
source water area caused a relative decline in the water conservation capacity of Wucai pool. The northern edge of
Woucai pool became blackened and water in the east part was displaced by surface water of Huanglonghou Ditch to
form podzolization. The scale of the landscape pools shrank to about half of its early size. The maximum natural
landscape water conservation of Wucai pool, with the capacity of 5,115 m’-d ', generally occurs in September. (4)
Through artificial conservation, the impact of surface water leakage in the source water area of Wucai pool landscape
is reduced. During the main conservation period (July—October), the proportion of the water conservation into Wucai
pool increased to 83%, up from 49% before artificial conservation, and the average monthly water flow increased from
4,892 m’-d "' to 8,674 m’-d "', with an increase of water conservation capacity of 77%. Before and after the conservation
of Wucai pool, the concentration of calcium and bicarbonate ions in water changed little; Slc changed from
oversaturation to equilibrium; carbon dioxide degassing in the middle and lower reaches increased; the deposition
capacity of travertine generally increased. (5) During the main conservation period, the average monthly water flow
after conservation increased by 3,559m’-d ™. 2,544 m>-d"' of water was consumed to restore the blackened pool in the
north and alleviate podzolization in the east, accounting for 29% of the total capacity of water conservation in Wucai
pool. The landscape water area of Wucai pool increased by 16.3% and remained at the same level after the four-month
landscape restoration and conservation.

The degradation such as blackening and podzolization of Wucai pool caused by increasing surface water leakage
in the source water area by activities of root system of Salix cupularis contributed to the decrease of water conservation
capacity in the landscape area. However, through the artificial leakage reduction and conservation experiment, the
water conservation capacity increased, and thus the degradation was contained and the travertine landscape was
restored to a certain extent in the study area, which indicates that appropriate artificial intervention is beneficial to

landscape protection.

Key words Zhuanhua pond, leakage, thicket, artificial conservation, Wucai pool
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